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FOREWORD )
: Today we no longer ask, "Will computers be used in the schools?" We know
that they are, and that they are belng purchased by schools faster than we
can keep count, Indeed, surveys. of computers in schools are outdated by the
time they are publlshed " The computer has excited adm1n1strators, teachers,-

students, and parents in a way that no other educatlonal tool,  theory, or
© curriculum has before. i . . .

“With th1s rapld adoptlon of m1crocomputers, more questlons have been ra1sed
than have answers, however. - What ‘are the optimum 'school uses to which
~m1crocomputers can -and should. be put? What does research in ‘learning
theory, . Acognltlon, " motivation and artificial intelligence have 'to say
about: how computers—\affect +learning?  What . app oaches can be taken in
various disciplines to maximize—the _computer's effectiveness?  How can
‘'schools most eff1c1ently 1ntegrate these f1nd1ngs\1nto their instructional
- programs? T

Pt ‘ : R . —

// \\ . . . . ' " . \\~‘~
-It was . w1th these que ltns in m1nd ‘that the Department of Education invited
a group of educat&onal researchers ‘and . practitioners to the research con-
ference “Computers in Educatlon- Reallzlng the Potential" -at the Un1vers1ty ’

- of Pittsburgh in late November 1982. The results of that conference are

summarized in this Chairmen\s Report.

—

'We are pleased to share’ the results of this 1mportant research conference
with the educatlonal communltf. -On behalf of the Department of Education, I’
would like ‘to extend our sincere thanks to those’ part1c1pat1ng scholars and
,educatlonal practltloners who h&ought SO much ; w1sdom, experlence, and common
sense to the conduct of th1s conference.

<

onald Je. Senesejffp; A
ssistant- Secretary for Educatlonal
: Research and Improvement

.. * . "'U.S. Department of Education -

ﬁ/
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CH"AIRMEN' S PREFACE

{ In November, 1982, "T’h'D Department of Education invited forty ‘people to a

special conference ol the future of computers' in education and the research

needed to realize. the curputer's potential, There were computer scientists,’

psychologlsts, other educational researchers, teachers, school administra- -
tors and parent reprcsentativas, A set of ‘invited papers (published in the

proceed1ngs of this conference) and an excellent series of softwart demon-

strations prov1ded a good foundation for our discussions., .

- The participants discovered quickly that . they agreed on a'number of . issues,
i Theé computer is. perhaps the most exciting potential source of educational
‘improvement in centuries, Although most currently available applications

for schools are medlocre, the poss1b111t1es for significant uses are 1mpres—-
sive. The .agenda for research our primary. charge, was easily agreed: upon.

Many. of us also stressed. the need to develop teachers' abilities to use com—'

puters and .the need to make rich computer environments access1ble to

.teachers, parents . and_chlldren of all. secioeconomic levels. Many of. the

- dations, ‘they.-can’ use, Arthur Melmed John Mays, Susan\chlpman, -and Joseph,'“

participants worked extremely hard to build 'a coherent set of recommenda-

tions; some attended sessions all’ day and drafted recommendations a good

part .of . the night, = Without ‘those efforts, this report would have been

extremely difficult to wr1te. : ' Sl
\

_\\

This report benefited‘from the dedication of‘many’people.: The Secretary of
Education, Terrel Bell, and\Rsslstant Secretary Donald Senese shqwed great
concerﬁ“for\lssues of educatlonal technology and kept us motivated in our
efforts. We, ho that we and. the other part1c1pants have produced recommen-

Psotka filled -the difficult multiple roles of . ‘government representat1ve3,
conference organlzers, cr1t1cal rev1ewers, and colleagues.‘ Jlll ‘Larkin - and
‘Jean Dexheimer helped lay the groundwork for the meet1ngs and pmoduced an

excellent state<of~- the-art samp11ng of instructional computer software. Ms.' C

Dexheimer ‘and "Richard Wolf were respons1ble for, several rooms Jfull of

rellably-worklng computers for demonstratlons. The Un1vers1ty ‘of Plttsburgh :.’5

. and Carneqle—Mellon Un1vers1ty prov1ded excellent facilities . for . -the

meetings. ' Rebecca Freeland Gail Kratt, Steve Roth, -and Carol white prov*—
“ded the h1ghest level of staff . support: at’. .the conference, and Ms.' White

prov1ded technical ed1t1ng for this report. . The summary was prepared wi th ‘jh
‘the help of ‘John. Mays, ‘and Kathleen Fulton' - coordinated - all the detalls‘#"

regard1ng publlcatlon of - ‘the “full’ report. . We thank them all and hope that
the1r efforts result in the k1nds of exc1t1ng educatlonal 1mprovements that
Cwe belleve are poss1ble. : :

“‘Alan Lesgold R L e FredericKNReif Lo

. Learn1ng Research and Development C . Physics Department
. Center:® .. : . Un1vers1tv of Callfornla, '

: Un1vers1ty of P1ttsburgh a I Berkeley
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' SUMMARY

-'INTRODUCTION o e

C,

o The computer is a one—in—several centuries innovation.’ The low cost and

wide, availability of . the computer, combined With other . technological and
scientific advances,’ is- changing the - nature of business, industry, and
" everyday life.f o : :

Preparing students for this new warld makes strong demands on education, at
a time when the cost of education is rising more rapidly than other prices,

P‘Fortunately the computer,‘combined with new knowledge of human thinking and
'learning, ‘provides new means for meeting these needs and eventually for
increasing the productiVity of education.

.Realizing the full potential “of . the computer in education,requires ground—

breaking research ‘that will. allow ‘educators ‘and manufacturers to proceed
, confidently in the development of “advanced computer-based materials for the
~ 'schools. Earller ‘Federally supported research provided the basis for the
' computer—aided instruction of the last decade and a ‘half. . Another such

research program is now needed  to take advantage rof - the vastly increased
' capability of affordable computers.

-

This report proposes a variety of research activities needed to provide a‘

basis  for achieving ' ‘the potential ‘of ~ the computer in education through
refining basic principles for compu*er-enhanced instruction and demonstrat—
ing the effectiveness of these - principles. 7

NEEDS AND OPPORTUNITIES

Educating for a High Technology Future ' Lo ’<T2

We appear to be raiSing a generation of Americans many of . whom lack theE-'

understanding and the skills to participate fully in the technological world
,in which they live and work. _

"The scienti ts and engineers~who will provide the new kpowledge and ideas”

b'required to - malntain our: world leadersh p will need increasingly sophisti-

- cated: education in science and mathematics. “Many others must .be given the- .

background necessary to’ build, maintain, and use the technological devicesf'

that are increasingly permeating business and industry.' ‘All of us ‘need new

- knowledge to..deal - adequately with the products of technology in daily- life‘
“and -to- participate as citizens’ in the increasing number of decisions involve

‘=‘ing science and technology.,, ' o '. o T ,./

“*The rapid changes brought: about by science and technology and . the rapid-f*
- expansion of knowledge require new. emphases in education.‘ The W811-balancedi¥]
citizen “and ‘worker will- need skills: in using computers,'selecting appropri_ o
‘ate: information, reasoning abstractly, solving pmoblems and learning inde- -
‘;pendently. S o - S o

KA
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-This demand for excellence, and for new educatlonal forms and content, comes
at a time when many: good teachers . are abandoning education for higher-
salaried f1elds, and- the better students are tending not to enter the teach-
1ng profess1on. Shrlnklng budgets make schools reluctant’ to purchase

. cdurseware that has not been proven in other schools, and make the school
'market an unattractive ope for firms. which might develop sophisticated
’computer—based teach1ng mater1als. ) ' ' :

l
. Meeting theses new

\

,vl major educatlonal opportun1t1es presented by Lhe computer.;~

-

N

Potentlals for I rovement

Recent technologk\al and sc1ent1f1c advances create a unlque'opportunity for -
educatlonal demands, :

k]

The cost of computers is falllng rap1dly. The f1rst dedicated computer usedu

for instruction "in -a\school cost a third of a million dollars, Current‘;p

systems. with good graphics cost about a thousand dollars. It appears like=-
ly, prOjeCtlng trends ip hardware and software tecbnologles, ‘that computa--
tiohal power equlva?ent to that of present. day super-computers will be
avallable in"a microprocegsor system for under $100 by 1990. videodisc sys~

tems now avallable for under a $1000 allow almost 1nstantaneous access to

54,000 full color 1mages r corded on a d1sc cost1ng $2n to $30.

In recent years there has. come 1nto be1ng a new cogn1t1ve science. Thlq
1nterd1sclpllnary field 1nvolves the psychology of * human comprehens1on,f

problem-solv1ng, and 1earn1ng, urt1f1c1al 1nte111gence (the science of . com~-

‘puter systems that exh1b1t umderstandlng and problem~solv1ng SklllS) lin- =
guistics; and other related fields. Cogn1t1ve science is beglnnlng to pro-
vide a firm foundation of knowledge about how human " belngs comprehend when ~

they read and observe, ‘how they go about solv1ng problems, and how they can ‘

best be helped to become Skllled in these and other hlgher—level 1ntellec-
.tual act1v1t1es. '

By- exploltlng the new technolog1es and bulldlng on new 1ns1ghts into humanr~f‘
"1ntelllgence ‘and its development, educatlon can be made much more effective

and able to meet the new challenges it faces, The follow1ng are. examples of -

'v°

o»Tutorlng. The computer ‘can be an- exceilent tutor. It is patlent and

. ihg,-and the ablllty of computers to "understand"‘ordlnary written andh

even spoken language is being 1mproved. - Thus we :can  expect - tutorlngnz:g
systems tof have'ﬂlncreaslngly ref1nedk teach1ng strategies —and. .

”capab111t1es to commun1cate w1th students.‘g

'“o;Exploratory learning env1ronments.- Computers can be used ‘to prov1de1

. new "1earn1ng environments" "in whlch students ‘can perform 51mu1ated:};f
experiments - quickly, inexpensively, and  without " danger.' - They can - .
explore new ideas and - "learn by dolng" in contexts that are talloredkﬂew

to ‘their current capablllcies.

.~ can adapt - to students"1nd1v1dual capablllties.» Recent progress 1nf;bv
’ develop1ng computer~based "expert systems" is be1ng extended to tutor-
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o Diagnosis. Computers ‘can be used to d1agnose an 1nd1v1dual student'
" current . knowledge, thlnklng ‘strategies, - and learning capabilities.
"This" ass1stance can be very helpful to teachers in- dev1s1ng approprl-
ate learn1ng act1v1t1es for the studenf. n ’
. o Networks. By connectlng computers 1nexoens1vely through new tele-y
~communications technolog1es, it is. “posslble to create 1ntellectual
‘commun1t1es without regard to participants' phys1ca1 locations. For
example,’students who are handicapped, : have speclal 1nterests, or need
.g1fted colleagues could interact . with other students with similar .
needs "through a computer network, Schools without a major library’ -
could be g1ven access to ‘an electronic information bank, ° Teachers

could improve the1r teach1ng by shar1ng ideas and. experlenee with one
another. . :

o Tools for students - and teachers., Computers are - powerful 1ntellectual~.
tools., In add1tlon to performlng calculatlons, they are becom1ng able
to man1pulate equatlons, thev can fac111tate wr1t1ng and encourage the

sort of rev1s10n that is essent1a1 develop1ng preclslon ‘of lan-
guage;. they can retrieve. 1nformatlon from large data bases: and provide
instant access 'to the . meaning- of = words ‘and concepts. . These

capab111t1es allow sh1ft1ng of emphasis from rout1ne .skills - to: more »
3soph1st1cated th1nk1ng processes whlch will be more. necessary 1n the
~ future, ! ‘

>

ofuame technolog1es._ ~ Computer games can provide . mot1Vatlon‘§and

,pract1ce,‘although their effects on ch11dren s cogn1t1ve and affect1ve~'

. development require’ further study. Arcade game technlques are already -
be1ng used 'in a _few -areas of m111tary tra1n1ng, with prom1s1ng
results._lf " _" I »

S o Helplng with adm1n1°trat1ve tasks. Teachers -are inundated“ with

record- keep1ng chores ﬁhlch use .time and energy that could be spent in.

teachlng. 'Computers: can handle many of these rout1nely,‘ free1ng .
'_teachers to- teach.

REALIZING THE POTENTIAL

]
'

,"“he poss1b111t1es we ‘have - descr1bed are: based on  our knowledge of recent

!developments in art1f1c1al 1nte111gence and ‘other areas of\ccmputer science,
© in. the cognitive psychology of ' instruction, ‘and " in ‘computer technology. R
' ;However, cons1derab1y more work is essent1al for these poss1b111t1es to" be.
y}'reallzed. -The basic" ‘conclusion of this'. confererce is that. str1k1ng im-

"provemﬂnt in - the quality and.productivity of education through computer=:.

based instructional .systems is attainable, but only w1th ‘a natlonal 1nvest~

'tems whlch do not promote exploratlon or . 1n1t1at1ve.;'v_> \:

‘»~ment that contlnues re11ab1y for several years..;}'”
fResearch undertaken to exp101t the educational app11catlons of computers canv"'
- also’ guard aga1nst ~the dlscredltlng of prom1s1ng ‘ideas by poor" 1mp1ementa--'

tlon “and: aga1nst harmful use -of technologv.~ Educatlon in the: computer age

must not result in students' be1ng 1solated from’® one_ another by electron1cs,;"

bored or confused by poorly des1gned software, or. rendered pass1ve by sys-?;i

AN
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IWe rec0mmend that/the Federal governmentf:support a oherentoeffort to bulld
“exploratory prototypes ofir

the “intelligent 1nstruct10na1 systems th“t_are,
poss1hleu Such prototypes can. %Fov1de- o - EIREE

e B $

development ‘of
ter1als by prlvate 1ndustry and schoolsh

fthe necessary knowledge and experlence for subsequent
'_1nstructlonal systems and ma

’\' : H - . ‘, . o

| v“readlng, 'ﬁritingfﬂ‘
sc1ence and other 1ntellectual act1v1t'es, R,

mathematfcs,

‘‘new ways to" adapt 1nstructlon to 1nd1v1dual”differencessinfaptitude'“
3and pr0gress 1n learnlng, and S PSRRIV PR ‘

_educatlonal:promlse’ln computer'technology and he cogn1t1ve
sc1°nces ‘come largely from™ 1aboratory researoh “and. from technolog ‘tha
have;yéo}tofbeifullyieprA n lassroom ' :
research, i I which ‘the’ bas ]

B teaCh%ra, school‘admlnlstrators, £
" to’ 'the j work., ""Projects fshould_.be c0nce1ve ‘ A :
researchers, a. school system’"and in some cfses,p;ivaté”"

iy - rvate

Examples'ofdprototyp tobe explored,
section above, are[descrlbed *n some

Assoclgted Fundamental Research

/.a

§

if we are tc reallze the potontlal of computer,technology,
dents ach1eve “nigh levels offcapablllty in mathema ‘cs,,
';and wr1t1ng, we need: fundamental ¢esearch of ever.
recommendatlons here to spec1f1c act1v1t1es from
term pay-off
educatlon.v
“of’ ‘teachers and other educatorv
gﬁitof useful systems wlll rest o
S knowledge.‘

1

1'Research on- Cognltlve Issues

Varlous fr11tfuf’11nes
Y of the thlnklng procesv
SO solv1ng problems. - Thi;

computer-based educatlon Examples?lnclude

e
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.9 Exper and nov1ce th1nk1ng.~ Recent stud1es in sc1ence educatlon have
revealed ‘that students approach learn1ng ‘tasks with many prior  con-
jceptlonS, ‘based on their life experience, which ‘can be obstacles_to
. new. learnlng.‘ These conceptions are’ very res1stant “to change. =~ We
< 7"f“ need to- understand “why students"" conceptions persevere 80 strongly ‘and’

how they can best be modified.;

o Comprehension and wr1t1ng strategies. ﬁven secondary students have‘v
difficulty summar1z1ng texts, defining main p01nts, skimming texts to.
abstract 1nformation qulckly, taklng notes, and planning- and rev1s1ng
compositions, = We envision computer aids:  that “will . help. students
develop these h1gher-level skllls,,but 1mproved understand*ng is first
required of the cognltive processes underlying advanced read1ng and
wr1t1ng. L . o Jw o S e

o

o Knowledge structure. Recent work in- cogn1t1ve sc1ence reveals that
, the manner in- whlch knowledge is, sttuctured in a person s mind can.
= greatly affect the ease with which it"can be used in various: 1ntell—'=
' ectual tasks. We need to know more -about how we should organize 'and’
, ‘teach basic - knowledge so that. it is easier to recall ‘when needed to
s - solve_a problem and eas1er to add to, as more experience and knowledge .
LT are ga1ned.u\ : :

.o'Mental' ‘models. : "Mental models" are. relat1vely s1mple conceptual
~schemes developed by 1nd1v1duals to-.explain, -predict, and - control
phenomena ‘they. encounterpu We need greater understandlng of mental .
models people have " for: various 1ntellectual ‘tasks,. as such models can ?'~»ﬂ
be used in computer systems that allow people to work on complex prob- ’
lems us1ng s1mple buttpowerful metaphors.;f»~ ' '

o COgnitive psychometrics._ If we are to take advantage of the ability
of computers to carry. out complex d1agnos1s of ‘student ab111t1es and
d1ff1cult1es, new- psychometric wodels based on cognitive components of
".school subject matters must be developed. "AS - we discover powerful:
d1agnost1c procedures, ‘we will be able to comblne ‘them with coach1ng
and tutor1ng systems to correct : the defic1enc1es found._;”

‘Other Research Issues S : , : S

",U

'IA var1ety of other issues must be addressed through research 1f we are to
realize - the full potential of - the computer 1n education. Examples 1nclude-‘

‘o Mot1vation., Research is’ needed on’ the mntivatlonal consequences of
.chomputer-based instruction, teacher-led instruction, student group
,:57activ1t1es, -and - ind1v1dual deskwork o that we can create a proper
i balance: in the’ classroom._“j' o DRI

W

o :. »i)"l»»

'o;Introducing computerS“into education. We need to know more about_'ff[
~social: and;psychological factors affecting the introductlon of compu-'

ERI!
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increasing teacher productivity, corresponding to- increased praduc-
tivity in other professions., The conference‘report stresses the need
for well designed teacher training activities..

- o Professional education of teachers., New models are mneeded for effi-
‘ciently training teachers in computer education on a massive scale,

o,ProtoﬁYpe school and classroom designS."ReSegrch is negded'on'the
best ways' of organizing computer-enhanced education inside and outside

"+ . the school., = . , . - - ST : T

o Quality assurance and evaluation\ Quality guidelines should be estab- -

lished f4r authoring -systems, ‘for instruction’ and éésessment, for .
'~ 'selecting software programs, for field testing and evaluating in
schoolvsetﬁings,fand,fdr'develoPing-softwére“in the. private sector,
Long-term evaluations are needed of the effects and effectiveness. of
‘computer-based instruction in schools and. with home "computers,  vith
special attontion to the possible creation of gaps between students of

different economic status.,. .

.

. IMPLEMENTATION OF RESEARCH . - .

' Théf essential basic Yandf'pfotdtype ‘research activities proposed “ here will R

< require-special-stimulus and sSupport. As incentives Forp private investment
_in research on computer applications lie in directions that promise greater
econamic return to the investor (e.g.,.office automatibn),r'Fedéra%.support
"‘for'researChiin'educatiOnal‘applicationsvis essential., The talent available
- for the:proposed WOrkyis’limited,'and care will be~requiréd,t6'assure thét
‘re§uests for proposals attract the bes’t available investigators, . = .°

N .
-

. The successful application of computers to education will require expertise
in subject matter, -in teaching, . in computer technsloqy, ‘in’ cognitive
science, and in désign. It is ‘therefore necessary’ to provide means for
bringing individuals with these capabilities together into team efforts., '

" T To accqm?lish ,thiS'“objective‘.we}_recomménd establishment of .at least " two
research centers dedicated to .applying  technology and new knowledge ‘of human -
. “cognition to improving education, The centers should have a strong resident
_ staffzandfcontinﬁing'involvemént”with-téachers and . schools,  There should be . °
" provision forv,temporary’»appbintme@té_:fOri‘viSiting inveséigators, master
teachers, and persons from the private sector, ‘some supported by the center
and. some by other sources, - . . T TR .

.-

if these Cenﬁefs}aréféstablishéd;injﬁhi&étsiﬁy environments, it will make v
possible new g:aduate“trainingfprogramsflinkedvtd'thg‘researgh progrags,
which will prepare a very valuable new tyge_of,educationalopraCtitioner with

’1infdepth‘know1§dge'of'teaching;gléarﬁing;'andjtéchnolbgy;

Po ensure ‘a -healthy . cofipetition between ideas as well as good ‘geographical -
‘muaccéés;'two,centersaare:redommended;fbné,pIEdominantly for research on new .

lfapplicationsfoffthé.cpmpﬁtef'in‘feadingfénd writing, and one  predominantly . -
" for " comparable research - i_n'.m'a't;hematics' and science. Each . center "should .
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"mdlntaln good commuﬁlcatlon ‘with the othe

r and could also have some work in
the other's prlmary

irea so rhat 1nteract10ns among the areas would not be

: overlooked. x
' \
' To assure that good 1déas for research from any source can. be .supported,
“the~s should ‘be an openarebearch grants program complementlng the centers.
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INTRODUCTION T S

Nobody really needs convincing these days that the compu-
ter is an innovation of more than ord1nary magn1tude, a one—1n—
several-centuries innovation and not - a one—1n—a—century innova-
tion or one of these instant revolutions that are. announced
every day in the papers. or on. telev1s1on. It really is an
event of major magnitude. : ' '

. Herbert A.'Simon

New technologles alter the forms -of knowledge and . product1v1ty that are

"important. to society, The pr1nt1ng press led to the devaluatlon of humans
‘as memorizers and to. increased rewards for those who had 1mportant ideas . to

share, The steam engine led to the devaluation of humans as sources of
mechanical power: and - to 1ncreased rewards for those who creatively used the-
new machines, - The computer is now-. resulting in. the ‘devaluation of routine

v1nformatlon—process1ng act1v1t1es done by humans. However, there are great

rewards' for = those who can ‘creatively exploit the new . information

‘te¢hnoIogies.

: As happened w1th the pmintlng press ‘and  the steam engine, society‘is also

being d1srupted by the computer, = Those. who enjoyed high- wages and- regard
because of their expertlse in rout1ne data processing tasks are being pushed
as1de,'creat1ng ‘the dangers associated ‘with a d1splaced mlddle class., Our
existing educatlonal system. is- under great pressure.v It has not’ increased
its pmoduct1v1ty as  other- sectors of society have; educat1onal costs - have

risen: 1nord1nately relative to those in other areas of the economy {in 1982,
prices 'in general rose le9s ‘than 4%, whlle educatlon—related consumer costs’

ros€ 12%). We also have not succeeded: in educating enough people who can

-adapt to technolog1cal changes.g Ironically, there are many unfilled h1ghl
’ technology jObS at a t1me when- many people are unemployed.

) o L h

Fortunately, the computer 1tself ‘can help our natlon out: of this predica- ;
ment, - Just &as "the advent of pr1nt1ng created new tools for. learning, so -

: can the . computer.~ The price of computer power is dropp1ng rapidly. . Fur=

ther, the sc1entif1c underp1nn1ngs exist for™ the effective ‘educational ex-

: p101tation of - th1s power. It is time to act on . these potentlalities. This

report- recommends relat1vely modest undertakings that, can" greatly increase

‘ the quality of the computer s contributlon to educatlon.

There 1s an- important role for the Federal Government 1n st1mulat1ng devel-d'h
:opmene of quallty computer resources for education, The’ educational compu-

ter: tools that ‘are available: today fall short’ of what is needed.j Unfortun-

.»jately though, they are y1elding relatively r1sk~f1ee proflts -for those’ who';b
" make and sell them.; On the" other ‘hand, . reallzing ‘the - potentials describedv'

in this report will requiré: significant risks. - Prudent business leaders

© will not begin taking those: risks until there are’ demonstrations of ‘'success, .
P Technological and educatlonal principles must  be clar1fied »'There must be )
'ev1dence %hat products embody1ng such princ1ples are’ effect1ve. ’
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Indeed, many of the best programs now available would not have. come about e
w1thout earlier government research investments, Those 'investments were

- made before the’ poss1b111ty of 1nexpens1ve microcomputer technology was
- evident, - They~ showed schools and the pr1vate -sector ' the valueo of even

minimal ‘levels of expenslve computer power. A similar 1nvestment is* now
needed to raise the nation's sights once agaln. " The educational possibili-~
ties of plentiful computer power and- 1mproved display systems must be evalu-.

- ated, In this report, a plan is proposed for ref1n1ng and demonstrat1ng

bas1c pr1nc1ples for computer-enhanced education.

NEEDS AND OPPORTUNITIES
1}

Educatlng»For A H1gh-Technology Future

: Y
We appear to be ra1s1ng a generatlon of Amerlcans, many of

whom lack. the understanding- ‘and the skills to participate fully
in the technolog1cal world. in which’ they live ‘and work..... - The
current and 1ncreas1ng shortage of citizens adequately prepared
by their education to take on. the tasks needed for the develop-
ment of our-economy, our culture, and our security - is rlghtly
called a crisis....’ ; R T ‘
National Science;Board Commission on Precollege‘Education
‘ “. in Mathematics, Science, and Technology, 1982
A society 1ncreas1ngly dependent on compuLer power and other new 1nformatlon
technolog1es will require new educatlonal emphases.' Future . scientists and
.engineers, who will prov1de the - knowledge and innovation: needed by  our
1ndustr1es, will need more soph1st1cated science. and mathematlcs educatlon.
Many other people must be " taught’ to bulld malntaln, and use - the
technological devices on whlch our soc1ety is coming to depend.; All of our

" children need new knowledge ‘in order to deal adequately with the products of
. technology in daily life, and we. adults do, too. BAs citizens, we shall need. -

to understand the scientific 'pr1nc1ples underlying‘ important . publict
decisions.,ﬂ"-b L e ' ~ . ‘ -

The . new educatlon we requlre w1ll be qulte d1fferent from woat our schools
now provide, Instead of memorlzlng lnformatlon, students must be taught how
. to f1nd it and use 1t., Th1s is because .the. very nature of knowledge has
changed.ﬂ Untll recently, a child or young adult by learnlng a. large body -

g? of: facts  and Speciflc procedures, could. assure- a llfetlme livelihood.

Todav . ‘many -people f1nd “that the1r SklllS and knowledge qulckly become-
obsolete, the capab111t1es needed for econom1c product1v1ty keep chang1ng.

The knowledge needed to ea rn a 11v1ng has become more abstract and symbollc.
The ‘tools of the 1ndustr1al age* levers, gears,_chemlcal reactions, and
- even electr1cal dev1ces_- could: be seen- and touched.;” Today, our world is
: dom1nated by processes “that ~ occur on less ‘observable scales of t1me and
size, ' We cannot- watch ‘the: processor ch1p in ‘a home. computer, nor -an we
watch gene—spllced bacter1a>make 1nsu11n. ‘

%
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Schools have been most successful at teach1ng lactual 1nformat10n and f1xed
procedures, such as ar1tnmet1c.« In the past, they were not 'asked to provide
unlversal high-level intellectual preparation, However, in a world driven
by more 1nformat10n than can be tadght, by rap1dly chang1ng knowledge, and
by deeper abstracclons, this is what they must now be asked to do. The
well,educated future citizen will .be adept at selecting information,
reasoning’ abstractly, solving problems, and learning independently.. To

 teach such skills effectively is a major educational challenge., Excellence

in education can no longer be measured by counthg the number of facts a

student has memorized, . Rather, the criterion must be the ability to sort.

through bodies of information, f1nd what is. needed and use it tc solve novel
problems. . .We must ensure that students emerge from our schools with more
than superficial understanding; they’ will need usable core knowledge and the
ability to apply it flexibly to real situations.,

-

This demand for changes in educational forms and content comes at a timeb :
when schools face severe economic pressures,’ Budgets are shrinking. Good .

teachers are abandoning education for higher-salaried f1e1ds, and the better

students aré not entering the teaching profession., We know that teachers

need to learn new content -and: teaching methods 1f we are ‘to: succeed as ‘a
technological soc1ety. But, neither ‘school systems nor teachers can afford
the costs of this. professlonal development,  We--know ‘that computers can be

‘useful in- schools, but experimental innovations that have yet to be fully‘

proven must compete for funds with light bulbs ‘and chalk.' In additlon, low -
equipment - and supply allocations (currently about O0.7%: of a. ‘'school
district's budge't) result in low 1ncent1ves for educational 1nnovation by
the private sector, : : ;

. Potentials - for Improvement .~

-

It appears llkely, progectlng trends 1n ‘hardware and soft-»
ware technologies, that computatlonal power equlvalent to
present  ~day supercomputers will be available in a m1cropro-
cessor system for ‘under $100 by 1990, - .

. Raj Reddy

)

while the needs are great, the very science and technology about whlch we_

must educate teachers has the potential for making them more .productive,

- The computer can 1mprove “education, and enhance teacher’ prod\.ctlvity. It can
- perform routine tasks ‘and can ‘act as an assistant in tasks for wh1ch"

teachers have 1nsuff1c1ent tlme. ."A-broad range- of act1v1t1es in the fields

.of computer technology, art1f1c1al 1nte111gence, and - cogn1t1ve psychology,v"

are maklng m1crocomputer power ' more affordable, eas1er to use, and more .

- relevant to educatlonal needs.

‘The first efforts at computer-based instruction involved expens1ve hardwareh

that was porly designed for children. -In contrast, the quality of- computer

- power is ‘continually’ rising while costs ‘keep dropping. ' The first computerf'
.used for 1nstruct10n in a school cost a th1rd of a mlllion dollars.. Current

B
- N i




systems with good graphics cost about one "thousand dollars.. In addition,
" today's 1nexpensive machines are’ better suited to children than those once -
.used. . A child can interact with a computer by pointing to a display. Com-
- puters 'can control videodisc display systems, . With networks, computers can.
themselves interact. There have been ‘great improvements over the slow
printing terminals used . in the past,- .

r

Recent years have also w1tnessed major advances in the psychology of human,
"information processing, ‘artificial 1ntelligence (the science of computer
systems that exhibit understanding -and problem solving skills), linguistics,
and related fields. Many workers in these fields now share a common goal’ of
understand:.ng both -the specifics and the principles ‘of thJ.nkJ.ng, whether it
is done by humans or by machlnes. © This interdisciplinary - undertaking,
-called. cognitive: science, ig contr1but1ng new rigor cand 1ns1ghts to the
: study of 1nstruction.

»

, .

Cognitive sc1entists of ten express their theories as computer programs.
" .performance of :a ‘computer ' program can then be matched explicitly to human:
performance and modified as needed.. Such programs have been able to simu-
late many aepects\of ‘such -human ‘activities as -proving geometry theorems,
, troubleshootlng computer c1rcu1ts, ~and . ‘solving 'arithmetic problems, The
"'s1mulations can be used\in several ways.: They can be the basis for expert -
computer systems’ that actually carry out intellectual performances, They’
- can also ‘be used in systems that teach people,: -The basic approach is to
combine -a model of skilled performance with .a pw:ogram ‘that attempts to

- __determine which aspects of such a model are migsing in a student, Strate- -

gies for teaching the m:Lssing kno\wledge or skill are being developed. -

‘ ~By explo:.ting new technologies and building on these new insights into’ human
'1ntelligence and its acquisition, it should be possible to make education
much more effective and to help meet the needs discussed in  the preceding
section, In particular, the following major educat:.onal opportunities can
be realized- ' SRR : .

-

o Tutoring. v The computer can be -an excellent tutor. i It. is patient and .

- can adapt - to students' ‘individual capabilities. Artlficial 1ntellJ.-
gence methods developed in projects to build computer systems that: can
be expert consultants (in medicine, molecular biology,; geological
eXploration ‘and - other ‘areas) -are- being adapted for use in computer-l"
based tutoring systems. B Soon, we" ‘can® expect tutoring systems to have

1ncreas1ngly refined teaching strategies.- : 'rools needed - to exploitj'-” ;

‘those strategies° are also being developed. ‘Machine understanding of
-~~written: and even spoken - language -is improving,. .along with other tech-"
o nologJ.es for enhancing human~machine communications., e ~ .

o Dia nosis. Computers can’ be used to diagnoae an indJ.vidual student' .
currently existing. knowledge,vthinking skills, and - learning capabili~
ties, 'Such diagnostié. information can’ ‘help.- teachers devise appro-
priate learning activities'for each child Diagnostic components will o

- ‘also be needed in most of the other instructional forms d1scussed L
here. : » S : k '
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o Exploratory learning env1ronments.. Computers can be'used to provide
new "learning environments" which can facilitate the learning of .im-

) portant new concepts. In such envizonments, even slower students and k
those lacking phys1cal dexterity can perform s1mulated experiments:
successfully, inexpensively, and withoul danger. ° Graphic animation
can prov1de viewpoints on phénomena that are difficult or impossible
to achieve in classroom demonstrations. Students can. even ‘experience
simulations of events that ‘would 'be  physically impossible, allowing

" them to compare the implications of their own beliefs about the world
to those of modern scientific theories They .can explore new ideas’
and can "learn by doing" in contexts that are tailored to their

- current capabilities. : Cs :

o Game technologies. Computer games can provide motivation for the ex-=,
tensive practice that is required for facility in.basic skills: like'
reading and arithmetic. However, it is important that - such games
include enough diagnostic capability (see above) to assure that Chll-'
dren who need better understanding, rather than simple practice, are
also served well. Some games address. issues of understanding. For

© example, there are a variety of business games that are really explor-

'atory learning . env1ronments packaged in game fcvmats.

o Networks. . By connecting' computers through new telecommunidations

- o technologies, it is possible to create intellectual communities with~

out regard for participants' phys1cal locations. For instance, stud-
‘ents who are- handicapped “have special interests, or need more’ ‘intell- .
igent colleagues could use ‘a computer network to interact with other.
students. like themselves. <A school without a major library might
still have -access to a central- electronic 1nformation bank. A teacher
could share ideas with another . teacher: elsewhere who has the - same
problens, Resources used. during ‘the day- at - ‘school could readily be
- sharad with parents through home = computers,- - As a result,i .parents
could be both Iearning partners with their childrer and teaching part- .
ners w1th the school, Thus the home - computer'may become an important
. tool in improv1ng adults! " understanding of science mathematics, and
. computer technology.. - SO RS . S L
o Tools for students and teachers, Computers can be powerful intellec~
tual tools. . They' can’ perform arithmetic. .calculations and. are becoming , B
able\to manipulate equations, they can: facilitate the - writing process . C e
~ . and expedite formatting and revision; they -can’ retrieve 1nformation‘
from large - data- bases..] These capabilities can - be. used to shift.
educational emphas1s from the teaching of routine skills tov the
teaching ' of :the -more- sophisticated thinking skills needed .in our.
'technological soclety. ‘They. can also be used to improve learning in
snontechnology areas, In" fact, the French are already working on small
'dcta bases for classroom history prOJects. “ ,

o'Helping with administrative taqks. Teachersb are finundated with .
record-keeping chores which use time and. -energy ‘that could be spent in
teaching. Computers can take over many of- these chores,ereeing'

teachers to teach. » o _ . L L SR
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While there is a clear sense of how computers .can be used, much wor\ remains
to bBe done, In part1cular, deeper understanding of the cogn1t1ve c abili-_
~ties to be taught is needed.  Furthermore, ‘that understanding mist be
expressed in a form usable by 1nte111gent computer systems, 51mply automat~-
ing the status, quo will not pay off in substantial educational improveme ts.““w
New ideas about effective teaching must be refined; they must be 1ncorpo -
.ated into 1nstructional systems- and teachers need .to be. taught how to us
them. The needed refinements can bu1 d upon recent work on human thlnklng\
and learn1ng. : : j} v

Traditional educatlonal research focused on observable behav1ors and measur-
able products of learnlng, such  as correct answers to test questions.  As a
result, teaching efforts became more focused,'and both teachers' and Students
~had a clearer sense of their progress. However, trad1tlonal theories do not
tell us how to teach as much as how to determine if a student has. learned.
Further, test scores can be deceptive if teachers. concentrate on maximizing
performance on specific test items rather than: teach1ng usable knowledge and’
skill., 1In contrast, more recent work has focused on the thought  processes
‘which underlle effective performance. Researchers have tried to dlscoverff
~ how - experts represent .problem situations to themselves, how they decide on -
) solutlon approaches, and how they carry out solutlon plans. ’
It 1s d1ff1cult to spec1fy clearly the umderlylng thought processes which
,kcharacLerlze expertise.~ Experts in a field ‘are. often not consc1ously aware
of the knowledge they.: ‘have and the ways in which ‘they use it, Indeed,
major problem in teach1ng is that many’ thought processes and kinds of. know-.
ledge are so automatic "in experts who teach that they fail to- reallze what
needs to be taught. o '

Workers in art1f1c1al 1nte111gence also face th1s pmoblem. However, they
are able to observe qulckly the strengths and weaknesses of  their programs

"_and thus to ‘uncover- implicit - knc"ledge that needs to be made exp11c1t.

’>Cogn1t1ve sc1ent1sts now believe that the. same, approach can- be used to
uncover. aspects of Sklll that‘are not- adequately treated in current school-~
ing. " That is, by try1ng to teach a machine, - they learn how better to teach ,
humans.- For example, a mach1ne can be given all: the knowledge contained in
a geometry text and still be unable to prove theorems.f However, by trying

“build. ‘a theorem-proving machine,_ researchers - -learned  that spec1f1c ,
‘ theorem—prov1ng strategies, also need to be taught. The same approach can be"
: taken ‘with a var1ety of Fognitlve skllls .as well as SklllS requ1red on the

job. ' e //..

Coqn1t1ve psychology has also made progress on issues relevant to teach1ng jﬁﬁ
methods,. Of partlcular 1mportance are -emerging theories .of - cogn1t1ve skill"
acqu1s1tlon. These/modern learning theor1es ident1fy stages ;of. learning and
focus on -the nature of the practice required to bu11d skill" faci11ty as well

- as the understand1ng needed to’ support complex thinking.v Learning by doing
-_'and learn1ng by be1ng told both have a role 1n the ‘new learning theories.;f
COgn1t1ve 1nstruct10na1 researchers are wnll On the way toward a r1cher

" sense -of how.to meach and it is clear ‘that the computer will be a. needed

: adjunct for. improved teach1ng.; This is because new theories emphaslze close™ :

V teacher—student/ 1nteractlons . which ‘Vare 1nherently labor-intens1ve.'f.“
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'ing on improved cognitive theory, Indeed, many such advances are already

.extremely promising and less- likely to become classroom rea11t1es without a.

Underlying thought processes‘are best assessed and improved through tech-

niques that build on tutorial dlalogue.‘Practlce has a revised role. More-

practice of skills for which: the requisite underly:.ng knowledge has been
established appears to be crucial, However, teachers do not have enough
time to provide frequent tutorials on a one—to-one basis or to provide fully
individualized practice assignments. Fortunately, some of this work can be
delegated to computer systems, if good enough systems are bullt.

fo emphas1z1ng advances in cogn1t1ve science, we’ do not mean to ‘imply that

subject-matter spec1a11sts, classroom teachers, and 1nstructlonal designers
cannot make substantial use of advances in computer technology without rely-

‘being made in schools, 1ndustr1es, and research .institutions "around .the
country. The emphasis on cogn1t1ve ‘Science and its contributions in this
report reflects our- conclusion that intelligent tutoring systems are both

coherent national effort.

prd

REALIZING THE POTENTIAL

The possibilities descr1bed in the prev1oussectlon depend uzon recent.

developments in art1f1c1al 1nte111gence and- other areas of  computer science,
in the cogn1t1ve psychology of instruction, 'and in vcomputer technology.
However, more work 'is. needed for these possibilities to be fully realized.
As d:Lscussed above, lndustry efforts are concentrated on -low=-risk efforts
at generally fall far. short of. the: potentlal that is ev1dent for. computer

tional computer systems.s_ Second ‘a. number ‘of spec1f1c research ‘issues. need'
solved .so ' that pr1vate developers see ‘artificial 1ntelllgenco and
1nstructlonal psychology ‘as - sources of - pr1nc1ples for product

\stems that . take advantage of “recent ‘scientific advances. To attract -
'ous efforts from the prlvate sector, two things are needed. First,

».developme \ T The basic ~conclusion .of ' this conference is . that'. strlklng-w ’

a 1merovemen

, exploratory protot

.are possible. Such\‘prototypes .can act: as gu1des for ‘private lnduStry and ‘v
ed laboratorles for needed basic ‘research. - They would
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in the ' quality and . productivity .of -instructional  computer

ystems is a\ttainable ’with a coherentvand sustained ~research investment. .

We recommend that\ the Federal Government fund a coherent effort to build

s of -the -intelligent ‘instructional. systems . we:-believe

also as’ classroom-—ba
provide a v1s10n of -

e range - of poss1bilit1es for .the computer in educa-

tion, forcing . attent on " to’ the research issues “needed  to: achievé those S

possib111ties, ‘and- hel} \ing us to solve the. problems -involved in“bringing new
sources of learn1ng wer ,lnto the natlon s ~many and varied school




. . . . . \,
systems’, They would also be a medium: for more relevant basic research on® N
. the specific processes involved in skilled reading, writing, mathematics, \\

/ and other intellectual performances, on new ways to adapt to indiv1dua1

differences in aptitudes and progress in learning, and on the applied psy-
chology of ‘'student and teacher_ interaction with automated instructional sys- )
‘tems, . ) ) : :

I

Research undertaken to exploit the educational applications of computers can
also help guard against some potential dangers. In particular, it can help .
.avoid the discrediting of promising ideas by poor implementations, the’ wast—iv
ing of limited resources  on ;mojects wi th poor prospects, and the use iof ©
good technologies. in harmful ways. :Education in the computer age must not -
cause students to be isolated from each other by electronics, bored or con-r"
fused by poorly deSiqned software, or rendered passive by systems which do o
not promote exploration or initiative. : '

The next few"sections summarize the  general " ‘recommendations of the
conference for (1) a coherent, continuing ‘effort; (2) prototype research;
g (3) =zarceted basic research- (4) some related concerns; and (5) issues of
implementation. More detail'is prov1ded in the conference proceedings which
are printed in a second volume.

. .

a ‘
, . . e A strong National Effort

- e ¢ . . N
In order to be pmoductive, the proposed pm03ects should ‘be- integrated into

, “ coherent combinations of basic, prototype, and field . research. Some of the

- researchers who lay the" foundatiOns for: improved ‘uses  of - computers in the

learning process must be involved in field" testing so " that -research andf

practice can inform each other. Researcher interactions with teachers as

they learn to use these new tools are 659601a11y important. Prototype:

‘teacher training efforts are . a: “partial. responSibility of .some of . the

_ researchers who are funded based on . the recommendations of this conference.v o

< " At the very least, researchers should be major: consultants in the des1gn of .

. . training systems, ‘both to preserve: the involvement of the knowledge producer’]jf

SR § « § knowledge application and because of - the . feedback that teachers can: pro-{ﬂ”
Lo Vide. T . , , Lo L v - :

The appropriatm role of government is to stimulate these new echnologies,+f7
~ after which: private enterprise can more efficiently realize the bulk of -

their applications. This suggests.: that ‘'researchers "must be concerneq: not'“"

only with how their. ideas will work in real - schools with teachers and stud—i

ents’ but also with the practicality of their proposals. T

I

Progects should be large enough in - scope .and" duration to prov1de clear:
outcomes. While there will ;be" need for - both large and small, pIOJects,,theV‘
more exciting pOSSibilities discussed in this report cannot. be realized,"f

- even “in. prototype form sufficient ~fo testing of . efficacy, without
multi-year efforts.‘, Interdisciplinary groups of cognitive instructional,
researchers,: computer scientists,, graphic experts, teachers, “‘other:
subject-matter experts,,school administrators,_and oarents will be needed.:

. The best experts must be attracted ‘to this. effort. . The - work need not be

- . restricted to a s1ng1e institution, indeed that could be a seriou :

' limitation. However, it should be concentrateo mostly in pro;ects whlch useg

2d
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vkexploratory prototype systems as laboratories for baSic research and studies
of school implementation mechanisms, :

'
»

'Prototype Research‘

Successful education depends upon complex ‘interactions .of many people.

Because of this, it is impossible. to. know just - how .theoretical —ideas o

‘developed in the laboratory will work out in practice. Once a science has

generated an instructional principle, it must be tested and refined by using -

Cit, The subgtantial .promise in computer technology and the COgnitive
sciences comes largely from laboratory research and from technologies that
have yet to be fully exploited in c1assrooms. The next step is prototype
research,. in which the basic principles are refbned by trying them out in:‘
pilot applications. o

To be useful, prototype research must be carried out to - reflect and test
explicit theoretical ideas  about  instruction. -~ This will. allow us to
discover why proposed methods ::work (or why they do not) and to lay the.
‘ groundwork for further scientific inquiry. At the same time,  practical -
evaluation of those methods can be started. o
' Prototype proJects “must be of high quality, setting new -standards for
excellence and not discrediting good -ideas with poor implemeﬁtations.' It is
preferable to havez a smaller number: of , high-quality prototype projects,’
carried out by the most talented- scientists, designers, and technicians, .
‘than to have a larger number of lesser quality. S '

..Prototype research should allow teachers;‘administrators, and. students to’

contribute their own ideas to the work., A recent. example of how :this can be.

done is- the. prototype progect to place. powerful computer database resources _
- on the USS Carl Vinson., By . heavily involving. the: prospective captain and
“‘his officer team in the development of this ;mogect, the research team - has
1been able to- discover strengths ' and weaknesses of the system mr\; more

quickly. " More - impo'tant, ‘the syetem has become much more powerful than .the -

researchers originally intended. ~The captain has added other software on’
his own" initiative. " He commissioned an intelligent expert system to’ help
Imanage flight operations .as ‘well as: an instructional system that uses some
of '’ the database ‘capabilities - the researchers wanted to_ test... ‘These -
additions came:. about ‘because. they were evident to ‘the captain ‘ag. sensible_

‘pOSSIbllltieS ‘once he became .a- knowledgeable partner in the project. It ‘is
unlikely that he. or his superiors would -have agreed “to-let the researchers

go as_ far on their own, .The captain used ~his. 'own budget. for . theseﬁjff
additions, which probably avoided conflicts over whether the original. effort
) ﬁ_could be stretched to accommodate both scientists' and officers' new ideas.

Thi.s suggests a model for prototype research on computers in education. .A
- progect should. be conceived as a partnership among researchers; a teacher,
school, or’ school system; and in some cases, private companies. The ground o
B ,ru’es should ‘be that ‘the general research "goals proposed to the. government T
~ will be met,-but that refinements and additions to those goals will be en-
g'vcouraged. Separate unding (not part of the original Federal contribution)~
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ﬁmay be needed for these reflnements

from, local“private-and public’sources:

There should he subst nt1a1 fréedo _
1deas,‘ and ° -some \may e 'pose worthwhile smaller—scale efforts, = However,,

there are seve1a1 prototype pmoyects that seem pantlcularly 1mportant,-andl_
we d1scuss them below.i

"Cdaches”And Tuto:s

fGiVen tatlonal.problems in the level of ‘science and mat‘ematlb
iobv1ou

,ch01ce‘

word pmoblems, develﬂ'

cheﬁistry'problems;v

[

feir'writing.‘ It could also help students thlnk‘:
age them to continue writing,” When the student.

lllgent text analys1s tool could comment‘on"f




h requrred the full power of a. half-mllllon-—
ldren S answers to a set. of subtractlon prob-
*has“now. been reduced to f1t onto mlcrocomputers
It 1s posslble not only to, detect m1ss1ng

through an1mated d1splays, .a variety
These 1nclude both the labora—v

Jhere are’'a number of advantages ‘to such
“ct r, since' no’ speclal equlpment beyond the
i 7'equ1red for, anyaglven simulation. - They- can’ _oper-
‘ allowlng exploratlon -of processes that occur.

“ld see -ou ,the classroom ylndow. 51mulated
_ 1le many 1mportan* laboratory demonstratlons
Most 1mportant -of all, s1mulated phenomena ‘can be pres-'
) 5 “to: focus -on centrally important events
Even when not a: complete sub<"

pl ratlon of hypothetical or. fictltious situ--h“'
' mp0551ble, -inv real llfe. Fbr example, '

; Properly de-,~'
ulate hypotheses,ptest them,.analyze
Moreover, “they .can: prov1de the.
' nvest1gat10ns, permitting

nvolve game formats as
'mentatlon w1th several’
_ame underlying 31mulatlon

Q
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capab111t1es will permit controlled studies of the d1fferent ways in which
each. mode can be effective. '

Integrating computer-based exploratory env1ronments and tutor1ng systems. A:v
number of good simulated laboratories have started to appear on the market,
~For . example, students can pred1ct the: outcomes. of chemistry experiments and’
then see the experlments s1mulated. ‘They can conduct s1mulated multigenera-
tion breed1ng experiments on’ birds ‘ang fru1tf11es. They can even -experience
what flying a plane is like, The area where research igs needed is . at the -
edge of such “systems, . f1gur1ng out how best to incorporate ‘them into suc-
cessful instruction, - For' example, recent . research - findings -indicate -that
many’ students, even after taking ‘a phy31cs course, do not understand the
basic mechanical principles ‘that interrelate- force, mass,. and acceleration,
Their knowledge of .the: physical world is stuck at- the level of Aristotle
while they live in the world cof Newton and E1nste1n.- In a physics. labora—
tory, students can be shown the' effects of forces on objects, but' they mis-
perce1ve those effects. Now, computer programs are: available ‘that allow
students to compare what’ ‘would happen if the1r naive beliefs were true with
‘what happens in a worid governed by Newton's Laws., After ail, th1ngs can
* happen .in ‘a video' display ‘that mighf be .impossible for real phy91cal
-objects. The implicit message ‘for the student is, "If your beliefs were
true, then this is what would happtu, but in fact here is what happens in-.
.stead, "»‘However,vthat message needs to be made explicit; -and we need to
know more about what students actually take away from such s1mulations. One
way to do. this is to build an . 1nteract1ve . tutoring system which could engage
ina conversation with a student, usingthe simulations as a tool for d1scus-
o sion. :Such. tutors are 'achievable “within- a few years. They could bhe. very
‘useful in help1ng ‘regearchers " dlscover how simulations can be used effec-

tively. - They could also be qsed to upgrade the knowledge of science"
teachers. - B : :

RO

' Cbmputers As-Tools‘Fbr students .

Computers ‘can’ be power‘dl 1ntellectual tools and - media of express1on for "
‘students,: With the’ aid of- methods ‘of | art1ficial intelligence, they can- even
"be’ genu;nely intelligent assistants.g For example, computers can do arith-
metic calculations, man1pulate algebraic equations,'and construct and trans~
.form araphs. . They can facilitate writing and- rev1sion by allow1ng easy -
’storage and. manipulation of text. and can: correct spelling and suggest ine- '_
provements in grammar. They ‘can..also | be powerful: visual aids “to. design * B
activities,  However, Just as we' once wondered whether calculators .were good
~or. ‘bad”’ for children;, we now have concerns .about . these new'tools.; ‘Through -
' prototype research programs, -we . can begin to . learn how. they can’ improve
learning and which ought to be made widely available.’* o ‘ v

v

Automated d1ctionaries and interactive text. The conference noted

that the microcomputer and ' videodisc™ technologies can be used . to produce an-
automated dictionary and thesaurus.1: ‘With such a system, def1n1tlons of.
* words :can- “be accessed wh ile reading,.through touching ‘the ‘'screen, or while
wr*ting, by typing an: approximate spelling.; Prelimﬁnary d1ctionary programs
designed fov today 8 classroom microcomputers are already’ available, at low N
cost. e : : ! o ' :
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There is -some ev1dence that rnlldren who ‘do not . learn very well are less
prone to attend to preCJ.se meaning and to detail ‘of a text,- By decreasing
the effort required to -access information about terms used in texts, it may

-.well be possible to create a situation in which slower learners learn that

precision and completeness in reading a text will resuit in better learn1ng.
Prototype research exploring 'such pos51b111t1es could be combined with the
more ba51c research on thought and learn1ng processes mentloned below.

Slmllar benefits may come from extend1ng the auton'ated dlctlonary concept

‘even’ further, into the 1nteract1‘ve _text. The® prototype - conferees had in

mind would include the kinds of" explanatory .resources - just’ described, so-
students could. ask to have a concept expla1ned or a p01nt elaborated, In

. addition, recent work on individual differences in learning skills ' suggests o

that the 1nteract1ve text should have quest:Lons embedded within it for stud-
ents to answer. " Analysis of 'a student's answers to. those questions  would .

‘allow subsequent presentatlons to be geared to h1s or her level of under- -
'stand1ng. : :

Electronic libraries and data bases., A variety of computer—acces31ble
data .sources have recently ‘ecome available, ' These systems. might be
1mportant forces. in improving educatlon. They could allow. ‘students “to .
access much -richer- and more 'recent information than is. present in most

.school. 1libraries, Computer-access1ble databases can. ‘serve -.as source -
.material ‘for student research, and writing progects. When computatlonal aids. -

are also’ avallable, students can dccess. real quantltatlve data and learn to
use it, ' Working with informatlon about a real space-shuttle launch or

example, is- likely to’ "be both ‘more mot1vat1ng and' more informative than
working with unrea11st1cally s1mp11f1ed fictitious datai 1In addltlon, the -
- skills of data base‘:access and information retrieval are themselves _part of

what.e.wa.ll cons titute 11teracy in the" future, Indeed,  literacy has always
cons1sted largely of sorting - through ex15t1ng bod1es of knowledge, putting’
ideas together in ‘new ‘and productive’ ways, . and learn1ng how to - learn.

‘Students can . best ‘learn llteracy 'skills in the context of substantlve-

1nformatlon needs and’ r1ch 1nformat:Lon resources.

e -
L4 - Con

.Computers As Tools For Educators =

)

" Feedback, grading,' ‘and. other teacher aidss There' are -already :
»~conunerc1al' tools - available. . for “incréasing teacher  and administrator .
product1v1ty by fac111tat1ng record ‘keeping," gradlng, homework assignments,’

and ‘lesson plann1ng., :Some " of “the approaches ‘need cons1derable ref1nement,

" but this  is llkely to occur without. further- Federal 1nvestment._ A more
senslble area for new act1v1ty is .on tools for’ 1nstructlon'1n writing,
. another problem area “in® U,.S, educatlon. i Many students already wr1te the1r )
‘essays on word process:Lng systems, and this .can. be expected to .become . even

more - prevalent. . once a student's work is 1n machine-readable form, dt

"becomes possible to provide new types ‘of essay-correcting tools: to teachers.

One | poss:Lb:Ll:Lty is ‘a: . system for . eff1c1ent ‘teacher commentlng on students'
writing - pro:jects.‘ ‘In addltlon, pe’llng and grammar correct:Lon and text

"',summar:Lzat:Lon systems would help save: teacher ‘time, . It is :meortant to
' 'explore the effectlveness of ‘'such- approaches in o*der to ascertain = the
potent1al of - 1ntegrated computer systems for schools. ] ST e

Lo
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Software authorlng and custom1z1ng systems. No natlonal organldatlon,'

whether government or publisher, can decide what is best for all students in

all schools,.. Therefore, it 1s -essential that: teachers be able to modlfy'k

instuctional software systems to .suit the needs of their students and the
community they serve, One ' step toward this end is the ‘development of
software authorlhg languages that teachers can use to adapt software to

- their spec1f1c needs.,' It is too early to' specify a complete authoring

environment for, teachers, but it is ' time to start 'exploring the uses
teachers make of tools that allow them  to customize s<oftware  for their
specific needs.‘ One or two of the proposed prototype systems should 1nclude
spec1f1c resources that allow teachers to make modifications, - - »

Communication Networks = . A'ﬂ - Lo

Networks, videotex facilities, data banks - for parents and ch11dren, and
computer~based bulletin boards: are already starting to be developed.A Such

networks can enable interactions: between students with similar interests or .

similar special needs (e.g., the hand1capped and the gifted). They can also

" allow access to information -and tools not -available in the .classroom.,
AF1nally, they can be a basis for teachers' exchange of resources and ideas

and for interactions between teachers ‘and the developers of new educatlonal

programs or methods, Attention must be given to richer analyses, including o
- observational analyses of usage, cognltlve analyses of the skills requlredvA
to use network' resources, -and ,assessment of the contributions. of such

resources to the development of read1ng and wr1t1ng skllls..,

Computers In Teacher Educatlon

[ERJ!:;?;

Some of. the'prototype'projects to be funded should also eXamine ‘the role of
computers' in instructing teachers about the potentlalltles and limitations

of computers, so they can cope. adequately/w1th the computers they- encounter. © .
in their schools and ach1eve a level of "computer 11teracy" at least on a_;77~
" par with their students. Teachers also need to.learn more about recently-fj

'demonstrated instructional pr1nc1ples and teach1ng techn1ques, and they need
“to develop new educatlonal goals fox preparlng students to 11ve in a techno-A>
;log1cally driven soc1ety. . : .

These teGCher (re)tra1n1ng needs mlght themselves be addressed w1th 1nstruc-75M”J

tional computer systems. This would itself. be a form of learn1ng ‘by d01ng,

' _since teachers: would ‘be using computers for: their own learn1ng in ways. 51m1-'

lar to thosev,used to teach their students.-‘ Thus, prototype research on

computer-based teacher tra1n1ng is ‘an 1mportant part of the overall research'”
’ agenda is R e : :

°

. Bas1c Cogn1t1ve Research -

' -

If we are to* reallze the potentlal of computer technology for help1ng stu-

dents achieve high- levels of capability. in mathematlcs, science,.readlng"wx
.and’ wr1t1ng, targeted basic "research of several kinds' will be needed,

ognitlve research sbould bulld upon advances in the psychology of complex

.

R
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“human thought processes and in art1f1c1al 1nte111gence. 'Intelligent tutor-

ing systems cannot be built without first analyzing. the specific knowledge
they. are to help students learn.. Research is also needed on how such know-
ledge analyses can be ' turned 1nto effective 1nstructlonal strategies, The
necessary research on the nature-of skill and the nature of learning is well
underway, but . cont1nued work is needed, Prototype research progects can-
shape that work 1nto more- practical directions. :

'

certaln types of computer science research are also needed This includes

" research ‘that. explores the uses of computer technology ‘in diagnosing
individual student's: d1ff1cult1es in ]earnlng basic SklllS, acquiring new

knowledge,,,and solving problems. ~In addltlon, existing- work on

. ‘computer-based 1ntelllgent tutors must be refined by test1ng results 1n "the
- course of the prototype progects d1scussed above.'é

In additlon, we need to understand what mot1vates students to become ‘active
readers, writers; and problem solvers, and -how. computers can be used to sup-.
port these’ 1nterests and not limit. them..'Researchersvmust remain alert to
the effects, 'both desirable and undeslrable, that various uses of computers

_may have on students’ patterns of develOpment and on: the soc1al organlzatlonr
‘of ‘the classroom. :

.’The conference part1c1pants support long—range natlonal 1nvestment ‘into’ gen-'

eral ' basic - research in ' all these areas. ~ However, "we limit our

recommendations here to ° specific . activities .from which we expect .a

‘shorter'term"payoff:,venhanced design principles for instructional uses of

computers .in. education. :We also strongly " urge that the research integrate

the 1ns1ghts of teachers and other: education pmactltloners with' those of

v,sc1ent1sts. The development of useful systems w1ll rest on the tw1n plllars

of pract1cal and theoretlcal knowledge.

Thought And Learnlng Processes

L f1c focus of research.gv»;

fIt is - 1mportant to obta1n a better understandlng of the thlnking processes;

; that ‘are needed for acquiring soph1st1cated concepts and for solving ‘prob- _
‘lems. Mathematlcs, sc1ence, ‘and wrlting are "all problem-aclving activitiea,fﬂ

" and - the computer’ appears to” be well suited to coaching students  through - -
'problem 'solution. All bas1c schooling goals involve deeper understandlng :
and the ab111ty to ‘acquire new. knowledge autonomously.' Thus, ‘the skills of’*-'

learn1ng and -of. problem solv1ng 1n school subject matters should be a speci~—

2

Expert and nov1ce th1nk1ng., Recent-—sfudies _have revealed thatf'“f

students approach learning: tasks’ w1th many prior conceptions, based on- 11fei
experlenées, ‘which: can,be oostacles ‘to new ‘learning; These conceptlons are

very . res1stant to change. - “Viork to date ‘has been descriptive.' Future work . -
_should. ' be 1nqreas1ngly analytic,‘ ‘aiming to- understand _why students

“.conceptlons persevere SO strongly, how . they might "be - mod1f1ed,:and how the
,‘conceptual difficulties . students will have. when they encounter new subject
-matters mlght be pred1cted..; ' : :

)

3

_wOrk is also needed on. high levels of competence. ‘Studies designed to make
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explicit the'unconséioﬁs knowledge fhat'enabies expertise will be important

. ’ :

both in ident':ifying,more specific curricular goals and in developing, ways to
achieve. them.: Assuming that current educational Practices are not yet per-
fect, such studies might even go beyond, existing. expertise, devising new:
strategies for ‘thinking _that ‘are better adapted to’ students' limited’ capa- .
bilities._ ~Just as word processing tools and ‘spread-shee‘t analysis programs - -
have increased. the effectiveness of businesses, there may be ‘similar tools

for increasing learning capabilities, = 'Better understanding of the ..
components of high levels of expertise can inform efforts to build such -’
’ tools. ' B o ’ P s ’ '

Until recently, theories of learning dealt “nly- with very simple learning
tasks. However, new insights into human thought -processes. are leading to.
the development. of improved thedretical models that can, account for the ac- -
quisition of more complex knowledge and skill. As we shift our sights from .
basic, primary’ skills to . intellectually demanding activities such as.
science, mathematics, and computer technology, these new models - will be
- especially important, -Principled approaches to instructional design sheculd -
produce more effective and efficient learnirng. o ' '

- -Comprehension' and 'writing'strfategies. Ré'search-to date suggests that
even secondary school. students have difficulty summarizing texts, defining "
 main points, skimming text to abstract information quickly, taking. notes, .
and: planning and revising compositions, " Conference participants envision
‘computer aids that will help students develop - these higher-level skills,
However:, greater understanding of the cognitive components of these ‘skills .
~is needed. before we will know which ‘possibilities are likely to pay . off., °

Even after the strategies- most . effective for various reading and “writing =
~‘tasks are identified, there is still the problem of discovering effective-
ways to teach those strategies. “We also .need to assure. that the automated
- tools that are provided for students do not become barriers.to better human
‘skills. o AR SR IR LS SRR RN

Using the computer “to stimulate. autonomous - cognitive facility,. .
\ specific research is néeded to promote the - design’ of: effective 'computer. .
\programs. for assisting; prompting, and " teaching effective  comprehens ion, = -
‘writing,  and problem-solving skills, Weé'pe'eq “to know how reasoning coached
by a computer mentor “becomes .internalized so’ that'students learn to reason
actively, not to wait for the machine to do. the ‘thinking. . We need to know
,wpenig(anq;_fo;g«hqw{,1ohg);}s;uaénps;hshbuldj'be,factive1y~ éqéched_‘thfough[V ,.
- intellectual. tasks. . The siccegsful’ use of ' coaching _techniques will depend
on the materials: and. context in which' they ‘are -applied « We need to know
- -more . . about.. ‘the  conditions --of - ‘prior . knowledge. . most . ‘conducive - to
int;\er;ia‘]‘.iz_a,tyion of  planning.and reasoningm_prq_cedg‘rgs: and- the ‘conditions ' that . o
will best foster learning of “new content “in-diverse- subject ‘areas. We. also
" need to know ‘which “mentor ‘l’fuhctibné"-ja"ire.f‘ﬁ"béét’; carried out -in “the social '
 ‘milieu of the classroom “and which:in the-more private. space of _the computer
‘terminal, e SRR ’

_ Knowledge Structure And Knowledge 'R‘etx"i"evvali S e

New knowledge "isféécgimilating_;a,t'Ian ‘accelerating ‘rate. In spite of our op- .
tiymi'smf-faboiitb'i_mprvo'vemén'ts ‘in How we teach, work will also be needed -on - :
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what to teach, - Recent work in cognitive science indicates that the manner .
in which knowledge is structured can greatly affect the ease with which it

‘can be used:in ‘various- 1ntellectual tasks., Further efforts are needed to -
‘learn how the form in which knowledge is. represented can facilitate its lat-
,er recall when needed to solve a problem: and its generalization as more ex-
" perience and new knowledge is acquired. It is especlally 1mportant to

1dent1fy core knowledge which. can allow derivation or subsumptlon of large

‘amounts of related informatione. We' need to understand the processes

involved in worklng from core "knowledge, and we need to .know whether the
specific .core requirements .might differ. for. students ‘with- different’
apt1tudes ‘or d1fferent occupatlonal expectatlons. ' ! :

“In addltlon “to better understand1ng of what students need to know, further

research is needed on the cognitive skills: they ‘use to retrleve that know-

fledge wvhen . they neéd it. we need greater knowledge about. how numans (young_

and olé) store, process, and retrieve 1nformatlon already contained in theéir
heads and - how they can improve the efficiency and effectiveness of these
processes, We need to understand the role that self-awareness and self—

' _management strategies play in both the learning and the retr1eva1 of know-

" Mental Models

'ledge of different forms. If‘computer-based instructional . systems ‘and -in-

formatlon resources are to be effect1ve, we need “to know how information-

sources (documents and computer f11es, electron1c and trad1t10na1 11brar1es, .

printed and electronic d1ct10nar1es) can be- deslgned to fac111tate informa-

tlon acqu1s1tlon by humans, - .
L
4. 3
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"Mental models" are relatively simple conceptual schemes used by people to.
-explain, predict, and control phenomena -they encounter, 'For example, the
" "gpread sheet" is a mental model that many business people use to facilitate

the handling of financial data.and the’ preparatlon of ‘reports. Even though'
computers  do not need spread sheets to do - the work ‘for ‘which people once’

'.f used them, the pread sheet has  been retained . to fac111tate human-machlne
'1communicat10n.-.Mental models may be sc1ent1f1cally or technically . prlml-
tive, but they allow people to gain. control over forces in their envwron-.'

. ment, such as. automoblles, computers, ‘and complex bus1ness data.

0

'3 It is 1mportant to ‘study the mental models people use for varlous intellec-~

tual tasks, since such models allow computers -and people to work together on’
’vcomplex problems using simple, but powerful, metahhcrs; Th1s should espe-'

F ol

,”Mc1ally be the case .when ‘a- sc1ent1f1c or .technical, doma1n ‘is belng taught to

" students w1th less: well—developed sc1ent1fic capab111t1es or - interests.,

D1fferent models can be: formulated -to’ deal . w1th the  same phenomenon or

dev1ce. For~ example, ‘a computer sc1ent1st's mental model 'of a'.computer m1ght' ’
"be different from- that of a computer repair. technician or ‘a buslness perscn
:u51ng ‘one for word processing, We need' to understand better the prlnciples,

-thaf might account for the success or fallure of mental models.-i ’




- Diagnosis-of Cognitive Capabilities

A cognitive psychometrics. As the complex1ty of diagnostic assessment
.1ncreases,,new psychometric- models based on cognitive theor1es of competence °
in school subject. matters must be developed, . These models will be needed to
guide dec1slons about how to improve, automate, and. optimize. diagnostic:
testing, They will - also help us summarize and interpret. comp11cated
patterns . of - errors in students' writing and problem—solv1ng performance,
Further, they:will permit us to study and summarlze changes in students'
d1agnost1c proflles over t1me. : : :

As powerful ways to diagnose students' ab111t1es and dlfflcultles are dis-
covered, it will become possible to combine diagnostic assessment - with
coaching and tutor1ng approaches.: D1agnost1c assessment and tra1n1ng of
basic skills by interactive computers may be 1moortant for overcomlng the
_educational: d1ff1cu1t1es of ‘students from special: populations, such as. the'
handicapped, . the 1earn1ng d1sab1ed, and those from environments with d1ffer—
"ing language experlences or d1ffer1ng -exposure to modern technologles. .

A cogn1t1ve psychometrics'-wlll' also' facilitate better  evaluations of -
computer-based instructional tools, - The questious to be asked of 'such tools
include whether they have any positive effects at all; how long - those
effects endale, ‘whether they transfer to everyday situations; and ‘whether
they _repllcate_ over d1fferentv student populatlons,l materials, and

env1ronments. ;*»To " answer ‘these questlons, both conventlonal and - new B
approaches will be’ ‘needed, but the new: approaches ‘based on cognitive %
theorles -~ of competence are : part1cu1ar1y 1mportant. * They may provide

knowledge whlch can help shape better principles of instructional design, .
_ pr1nc1p1es grounded in a rich understandlng of the th1nk1ng processes that
. we want our chlldren to acqulre. o : :

¥

‘ Art1f1c1a1 Inte111gence I f,: e S ',_ﬂ," R

';Although artlflcial 1nte111gence lS prlmarlly c0ncerned with - computerS,
some of the research in. that field is h1qh1y germane to educat10na1 app11ca—

-'tlons. . Because efforts to make computers behave 1nte111gent1y requ1re a.

. great deal ' of: exp11c1tness, ‘they can ~yield: 1ns1ghts about human - thought .
processess . Also,. artificial lntelligence research eftorts to make compu~
‘ters -more . usable by people w1thout sveclallzed tra1n1ng w111 ‘have appllca—"'
tion. to- .the  design of - computer—based 1nstruct10na1 systems,. especially =

'51nte111gent tutors - and d1agnost1c devices. . The' research the ~conference"

g'env1slons should 1nvolve -a number of . sc1ent1sts w1th backgrounds in art1f1-3'
f~c1a1 1nte111gence.k] : , _ A RN

‘_other'Research‘Issues» ' _
- e

rﬁMotivation Research,_

2 -

Students" use of .- computers 1n classrooms may affect their motlvatlon to v
's;learn in both des1rab1e and undes1rab1e ways. The ava11ab111ty of powerful y,!ﬁ
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computing resources to help students acquire baslc skllls may enhance devel- )
opment of a personal sense of intellectual competence, leading the student

to participate more.fully and effectively in everyday classroom activities,
There also may be negative motivational consequences’ arising from misuse of .
computerized tools in the classroom. - Excessive. interest in  computerized
learning games as a means of entertainment may lead students to lose inter-

. est in participating in teache'—led activities or sustained. independent

work., Students who are already poorly accommoda ted to the social life of
classrooms may become . even more poorly adjusted if they 1nteract less with
other students and teachers and. more w1th computers.

Research is needed on the mot1vat1onal consequences of instruction by compu-
ter, teacher-led instruction, student group activities, and individual seat-

‘'works We need to know which approaches should  be used when, We also need .

to understand the motivational consequences of different kinds of computer—
based learning. If less able students use computers primarily for diagnos-
tic and remediation purposes while more .able students are engaged more cre-
atively, w1ll only the latter come to regard the computer as a powerful tool
rather than.a taskmaster? “We also need . to better understand game env1ron-
ments, so that we do-not £all in to the trap of mot1vat1ng children to focus
their attention on Vsuperf1c1al reinforcers while playifig "educational"
games. , _ v . R :

Résearch On IntroductiOn of Cogputers To Edmcation

~

Some research is needed on soc1al and psychologlcal fac ors involved in in-

-troducing ‘new educational : technolog1es into existing:social systems llke the "
.school, Studies are needed to 1dent1fy facuors that lend oeople or institu-

tions to resist or accept new innovatione.:' This knowledge can help-in de-
vising improved methods of commun1cat10n z2nd. nrthlpatlon that might facil-
itate change and- lncrease the- e‘fectlveness of 1unovatlons.b ‘We need ‘speci-
fic knowledge’ of -the perceptlons of teachers,~students, parents, and school

'-adm1n1strators when different forms of technological’ inuovation . are intro- .
'duced.i An’ important compOnent in this research must be- ‘consideratiun of ‘the

costs involved., We need to. nnow both. the monetary and’ scc1al costs attached_

to d1fferent potentlal 1m.rovenents and the ‘effects of such coqts ‘on accep-
tance. ‘Some of this wor”,can be carr1ed out in. the context of the proposed
prototype efforts 1f fho pronects are of suff1c1ent1y long duratlon.

Research 1s-needed on new roles for teachers, ‘new organ1zatlons for class—“

rooms, and new euucatlonal sett1ngs. - For 1nstance, 'analyses should be
‘concerned - with “(a) ‘the- ‘role. of fhe ‘teachér ' as: selector of ex1st1ng:

courseware, -as. ﬁourseware developer, as. classroom manager, as coord1nator of

i‘"1ntellectual communltles"' established through computer networks, ~and’ asf
‘creative tutor and _coachj - (b)" “the: role of the ‘student as peer ‘tutor, . network
'"commun1ty" member, database user, courseware developer, author,;and ed1tor, .
-and - (c) the‘role of - ‘the administrator as- the- person respons1ble for- learnlngﬁ

f resovrces and computer .courseware development centers,‘as a. teacher: training”
‘ spec1alist, as. network llbrary coord1nator, and as research and development
fllalson coord1nator» - B
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HelpingfschoOls Become communities of Educational Coniputer Users

Even the best tools for computer-based educatlon will not be w1de1y used un-
less (a) care is taken to put’ them in forms" that solve school systems' prob-
lems‘ and ' (b) effort is allocated to teach1ng teachers how to use these re-
sources, In this, sectlon, a set ‘of goals and concerns are outlined that
s conference part1c1pants felt should pervade all natlonal efforts to 1mprove
computer-based educatlon., .

COmputer as _helper, not master., The computer can be our servant in
educa‘tlon, ‘a, new }und of - servant that can be asked to do things we have
/. never before tried to do. ourselves. We must be trained in order to best be
/ ~ 'served by it, - In our vision of . new poss1b111t1es, we must also recognize
. . the 11m1tations of our computer helper. = A computer cannot: replace human

role models .in education, -nor is it smart enough to supplant "human teachers

in their sympathetic 1nteractlon w1th children,  Our natlonal _goal for ‘the
computer in education should ‘be to f1nd ways for /it to help ch11dren learn,

help eliminate teacher  tedium,  -and g1ve the -teacher effective support .
“ systems beyond the capac1ty of parents, local schools, and . school- d1str1<.ts. .

Computer enhancement ‘of  teacher product1v1ty offers a way out of th= dilemma

of rising - educ‘atlon costs - leading’ to -lagging’ teacher salar1es and thus to

the loss of many of our most competent teachers to other Drofess1ons. R

-~

Need for tra1n1ng.~ Our experience w:Lth ‘the 1ntroductlon "of -
eduCatlonal television suggests that” schools and- school d1str1cts must plan
for staff tra1n1ng if new. technolog1es are to be fru1tful in ‘the classroom.’
In addmtlon to sub3ect~matter rev1talizat1on, as has been provided by such
resources as NSF. Summer Institutes and the National Wr1t1ng Workshops, there .-’

<. - will need to be opportun1t1es ‘for teachers to become- familiar with’ ‘computer . .
resources -and -to -learn. how to  use ' them well, - ‘Excellence . in the = .
technology—driven education * .world e arejyentering will require the -
development and  evaluation of" 1nnovative prototypes for ‘training present and'_"."

© future school. personnel.‘r Obv1ously, some of this train:Lng m1ght itself be ... |
~delivered by computer, and th1s 1s a matter some of the prototype research :

| efforts should explore. g e ' : :

While the need for tra1n1ng programs is. beyond the purv1ew of this c.onfer- ‘

'/ence, the conference felt compelled to" respond to" teachers ‘who - pointed out_,,
the lack of systematlc concern: for™ tra1n1ng in computer~related educational
approaches espec1ally for teachers of, subject matters other than science and -

' mathematlcs. Teachers are - underpaid ‘and- underequlpped they cannot ‘be-. ex= _
pected to learn about computers on’ their ~own " time and. with their" own' re= --
.sources. - The. conference recommends that issues of* teacher (re)training be

' the subject of a planning effort simllar to the one we have undertaken.

Prototype school and classroom designs.» Research should be supportedj_.y'
that leads.. to well—motivated . Prototype-. designs ,"or computerized learn1ng';'
fac111t1es. computers in classrooms, o ccmbinations in-school ‘and -~ -

»arrangements. Demonstratlon 51tes that ‘can’ be evaluated will be - necessary.'
- Such . s1tes should emphasize joint involvement of students, teachers, and' s
parents in’ “the learning prpcess.;, Aga:Ln, they should address the issue offﬁ__‘
T when computer-based act1V1t1es are” effective, not just whether they “ares

(€)
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' proposecd research. activities bear partlcular responslblllty for expla:Ln:Lng

¢

=models of effectlve ,computer deployments and usage with dlfferent levels of - .
»_computer resources, .- Reports ' should :include accounts of  successful =
_ractivities' generated at “the ; local level and - perhaps also.analyses of - whyé—-~7-
_those 1nnovatlons were successful and h"" they can be rep11cated.b :

Prototypes that prov1de students and teachers Wlth free and rich access to
the ccmputer throughout ‘the day are. especlally 1mportant.

Quality' assurance, The software 1n1t1a11y sold to school gystems ‘was
mostly of mediocre 'quality or worse. - A var1ety of 1n1t1at1ves will be
required if this: situation is to improve. to the polnt where ‘we can think of
computers in the schocls ‘as a major -factor in foster:Lng excellence in

.education, Efforts should be made to integrate pract:Lt:Loners, scholars,
technical experts, computer companles, and publishers into - the computer =’

system development process. 'Work is neéeded on systems for field testing and

evaluating all courseware, .not just. prototypes.v Quallty guldellnes .should

be establlshed “for author1ng systems,' for 1nstructlon and assessment, ~for
select1ng software programs, for field test1ng and evaluating - in school
gsettings, and for developlng software in the pr1vate sector. oL

“relling teachers and paremts about __uses- for : computer in educatlon.
Teachers and parents need to. now what kinds of "=ffs ive user of =

are currently posslble.' The task Of reporting results from the :
research must involve the researchers themselves, This is because the 1deas
from cognitive  and computer science that support . this work ‘are very new,

.Consequently, they - are eas11y distorted as people try to fit. them into their

existing ways of -thinking about the world. Scientists support\ed in the

their - results to ~parents and teachers or at least for monitorlng f:he
explanatlons produced by others. '

-

" In add1tlon,-a research center or a larger research contractor 1nvolved in

other proposed pro:jetts should have the charge of ‘producing’ information on
computer usage for the . schools. ‘A ser1es of reports should be prepared that

‘are easy for. -parents and ‘teachers - t.o understand and* apply. " ‘The series
“should 1nclude reports of . research results and the:Lr 1mp11catlons for excel=-

lence. 1n educatlon, cr1t1cal guldea to available- ‘computer - resources, and -

y Long-—term ; evaluatlon. The ; conference g also ; recotnmends long-'-ter'm o
ongo:Lng evaluation- of computer uses - in . schools to: assess the effects of

' ~71nd1v1dual:Lzed : computer-based f~1nstructlon . gon~ the ach1evement :-and

gself-concept " of “studentS. . ‘studies should be conducted to - compare

_computer-based 1nstructlon to alternative . approaches.;, other assessments
. 'should -review the. effects of- hardware ‘and software ‘on such student var1ables
: as ‘achi. evement, t:Lme-on-task, self-concept, ‘and mot:Lvatlon, and On ‘guch
s v,teacher Varlables as effectlveness -and . burnout. A broad * study of _the’ 1mpact'; -
. of c0mputer and v1deo techno1og1es'on chi1dren s development should be

’ rcons:Ldered. : e e o S . G

challenge of new technology in-a democrai. Scme people fear that the

computer will increase -the already wide ‘gap between the haves and have-nots, o
-'between ‘thoge’ who use. computers routlnely in thelr homes,” and . those who
.~ cannot" afford ‘such . 1uxuries. If this tool is “to ‘be made ava11able in our. .’
,‘-'schools,‘ 1t should be made ava:Llable to all ch11dren equally.. A un:Lque":_*-.’




. to_apply these technologies to’ education are ‘in’ their infancy. -»ALll’ incen-'_ﬂ
tives for talented researchers and “for: private investment lie in: directionst
’with better economic support-'~ office automation, integrated circuit desi\gn,._, 4
and even arcade . game production.< ‘Public- schools are presently beset. by fi-

Q
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»~ up with their child'

: fsuccessful realization of the: potential of: computer and cognitive. technolo- L

.opportunity" of the new techno__ogy for education is to. extend the learning

environment beyond the schaol and the home. Yet, special care must be taken.
~to avoid intrusion on- parents."k rights and respongibilities and to assure
that equality of computer-rela ed opportunities in. the chool is not eroded
;by differences ‘in home compute vailanility. ’ ‘

A community of learning', beyond the classroom. Part of the work of ..
learning, even school learning,-;» ‘is  done outside of school. Students are . -
‘given homework for a variety of ® reasons.‘ It offers a chance to reflect on -

. problems’ outgide . the regimented\‘time schedule of .the iifty-minute ‘hour, 1t
provides,the a'dditional practice that can be done largely without teac.ar

assistance (or at least ‘is not: the highest-priority use of teacher: tlme).~
If the computer—based learning environment moves beyond the. hﬁlls of the -
school, homework can change . substantially.‘ ‘Groups -'of - students. can work .
together even if - they live in different parts of . town. The work of- learning
can occur at home as well as at® school and in ways that 'go beyond homework

as we .currently know . 1t., Parents can. _be active participants ‘in thig
extended learning process as well. ‘fj»; ‘ :

'HOWever, a ‘community of _learners can: exist only if its participants ‘have be-
come socialiked the ‘ways of interaction.. - Parents . need both - specific -
training in n :twork':rnformatiOn aCcess and, more generally, a chance to keep

‘en, oOur) society depends upon - a respect for the wisdom
of age that wi l-,&beI‘Ttseriously eroded if the computer revO,lution leaves par-_
,ents and teachers\ be \ind ! E - :

R

The Visions we have presented must be mediated by the
'n Which providing pencils to students is a- burden some
pocket and in which the costs for home and school ma-

The proposed basic and prototype research ct1vities are. essential to the"'

gies £9r education.& However, fruitful implementation of this research .will

- not be easy. . The. fundamental difficul ty .is that while progress in’ computerf" B

5 and other information technologies has been very rapid systematic efforts-"

'-.vnanCial difficulties, as’are- universities. Both hear most clearly the de--‘.“_

mands from traditional cost centers."

Many school systems and many'university researchers will respond to any call“-.

for- proposals to" do the: “work -that ‘is’ needed. However, few ‘will have ‘the | .

specific talents needed to'pursue the work that must be done. 11f the g
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limited. At the present stage of knowledge,

available computer experts

. * v .,/

Forms - of~pr03ects.‘ The talent avallable for th

efforts in one or. two d1rections,wm1ch,might

productive. Converser,f1t<wouldgbe un umdertake so many diverse

.efforts that talent "and funds are&dissipated in" activities- too small to- be

a i

O

s1gn1f1cant. This suggests4 fbi #large and small projects. -In

riods long enough to assure not

‘SuCcessful appllcations of computers to education will requlre many dlffer-'

»1n.subject matter, in computer ‘techinology, in cogni-

. sual. Rather, each expert ‘must know or. learn a substant1a1 amount
bout the other relevant flelds so that teams can operate effectlvely.

R

_Because of th1s need for collaborative activity, the conference recommended -

the: establlshment of some research centers dedicated t0 the advancement. of
new sc1ent1f1c and : technological approacheS~tO ‘education, - These centers

research dlrectly, th'ough a core staff, and. prov1de resources ‘for others to
do work that requires scecial resources. :

o

These centers ' should have a good res1dent staff- d01ng work of h1gh quality.w-h R
To attract such people,_flnn, multiyear: commltments will be needed. - In ad-'~~'~¢
dition, the centers ‘'should’ prov1de a worklng environment which talented re- -
'searchers -and. designers from other places could. use’ for -more llmited peri-
‘ods. Such v1s1tors would ensure 1ntellectual v1ta11ty by’ prov1d1ng an in=- .
flux: Of new ideas and they would help in: disseminating.the ideas produced in-
the central facllities.y ‘Some’ of these - workers might be supported by -the
7”centers while others would use .grant. fundlng or other. sources., L1m1ted re-
':psources should be prov1ded for continuation of work initiated by a: v1s1torf»
"even after he or she leaves.~ ‘Thisz- mlght be . an 1deal .training vehicle for
'graduate students. .With adequate computer networklng, it is quite feasible
for .a researcher to brlng ‘a student. to a. center,. start:a prOJect,’and have?:
“the .student stay to finish 1t, reporting to the sen1or researcher by
'network. S o ; , . IETEERV R

s

~Master teachers should be recru1ted for,temporary v1S1ts to the centers.
' They could provide realetic inputs to the design - ‘of “new instructional pro-.
. totypes while there -and would return to. their .schools with new approaches
" “which: they could pass on..to - thelr colleagues.E Funding for such v1s1tors
.”'should be included ‘in the research center plans.-_ ‘

lso the translatlon of those advances 1ntov

s, 1n,teach1ng ‘and 'in ‘designe. It is unreasonable to expect
',ese capabilitles will be possessed by a s1ngle individual. Hence
es 1mportant to. prov1de contexts where persons with. different kinds,
.of expe t1se ‘can effectively collaborate as-.a team, . ‘This collaboration can- "

-

'should "be widely-: accessible to educational | researchers and de$1gnersﬂ-'
'throughout the nation. - Like the Fermi- Laboratory, they should both produce
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THE' (OMPUTER AGE '

Herbert A. Simon . : .- -
Professor of Computer Science and Psychologyf
~ Carnegie-Mellon University ’
Plttsnu:gh, Pennsylvan1a 15213

The‘tltle of this conference was chosen w1th e1ther a goodadeal ‘of care or a
good deal of luck--I think care. It is a conference on research, on compu—

_ters, "and on education, which leaves us & good deal ‘of leeway in finding out’

what are the useful and profltable ways of putting computers to work in edu-
cation,  And, of course,d the phrase "research on computers 1s itself
somewhat amblguous.-, ‘It could me€an research -about computers in educatlon.
But it might. mean research in which you do your research on computers.. I
will have someth;ng to say about that in the course of my remarks.. ~

| : $ L -

T

The COmputer Revolutlon

-Nobody really needs c0nv1nc1ng these days that “the’ computer 1s an 1nnovatlon
‘of. more than ordinary magni tude, a’ one-in-several-centuries 1nnovatlon and
-not - a one-1n-a-century 1nnovat10n or a one-1n-ten-years 1nnovat10 “or one of

those -instant revolutlons that are announced. every day in the pdpers or sion

television. It is an -event ‘of major magn1tude. .Every major 1nnovat10n qoes
through a longer or. shorter perlod that might be called its “horseless .car=-

riage" ‘phase., 'Justiias ‘the automoblle when it was- 1ntroduced was. s1mply."

another way of’ pulllng a: cart - ‘along the road,-so ‘with . every really novel

v‘,flnnovatlon our first thought is that it is simply geing. to do- someth1nq we
“*have ‘been . d01ng alil alOng but do it better or cheaper or faster or more con-’

ven1ently. o o ‘,’,'. R ST -;{f“-

number-crunchers“galthough some . of. their 1nventors, like: Babbage-a centurv
ago, : or- Allen Turlng ‘in thls century, “had” the fores:ght fo see that they
-were really very much more than that.;__j:~ : o

_U'We are- always surprised when these 1nnovatlons turn out to have a s1gn1f1- S
~‘cance for us that is .quite d1fferent from the technology we thought we were -
. V~1mprov1ng.v So the real s1qn1f1cance ‘of the autOmoblle for us has ‘not been .
"Q,cartage,:although -an; “awful- lot ‘of: th1nqs are’ hauled over the roads “these
_days.. If we-weren't hauling them over the woads, we would be. ‘hauling them -
“ﬁover the. ra11roads,'wh1ch ‘would” make the. ra11roads feel a lot happler.u But‘-‘
‘it wouldn't. be any qreat thlng, a. few percent ‘one” way or another 1n the’
,]eff1c1ency of our: economy.. The 1mportance of the automoblle was  its crea?
ff*tlon of~the™ suburbs;“andmwas “i'ts -creation—of—the- 12:,000-mile—vacation,-com--:.
: \plete ‘with chlldren and dog. Those ‘were the- real sign1f1cances of the auto-:
vablle.'.‘7“ : v S

_'And 51m11arly, with the computer.} of course, the computer age 1s ‘a . much o
“newer. age: than the autOmobile ‘age, - and- we have .not really found out yet what

\.‘lles beyond -, ‘the horseless carrlaqe phase., Here the . horseless ‘carriage phase.'”

means ' the: number-crunchlng phase.r Computers were, of course, ‘invented to be-




& o , ) &

"Neverthele'ss, after 25 or . 30 years of extens1ve use of computers in the

world and in this country, 95 percent. of the computer power and 95 percent

- of the computer time is still being devoted to crunchi ng numbers- either for

purposes ' of sc1ent1f1c and.- engineering calculation, or .to keep.the payroll

- and- keep the ledgers in bu81ness organlzatlons.

Perhaps the most urgent target on our agenda when we talk about research ‘on
computers, whether in- educatlon or in any:: other f1eld,v is to: devote. mur

. research efforts to f1nd1ng out what lles beyond that number-crunchlng, what"l. o
- computers really are about, what their potential really is, Now, -events of

the past three to five. years--wlth the mJ.cro-computer suddenly arr1v1ng in -
the  household (partly as - a result ‘of miniaturization- and’ ,cost reductlons) :
and the computer ‘coming . to work in the bus1ness place and the home ° as a word
processor-—all of  these things -have made us much better prepared than we

- were even three to five years ago to- understand that the computer revolution

T4

"has very little or- noth1ng to do with. ar1thmet1c. -
Well that 1s not quite right, is 1t? Computers are gOing to continue to
‘do qu1te a bit of . arithmetlc for a long time, and there are  some in-
teresting research auestlons I'am sure we v'ill get 1nto as to whether kids ..
still have to do arit‘lmetlc in the computer ‘age. But we are beg1nn1ng to .
see that this is really ‘:he tip of the iceberg, and there is a lot mre, . P

‘.‘-,

Computers in EducatiOn

That computers mJ.ght ’have ~8ome’ role in . education is not a new idea. I

Jthink- you would f1nd some early proposals,’ if not attempts, at computer-
aided” instructlon going back at least 25 .years, - In- thig building, the M.S. <
‘ students in industrial admlnistration have been playing a busiuess game as

L

part of the1r education s1nce about 1960. " TR o S -

L

"‘As.j I wn.ll p01nt out 1n a’ moment the 1ntroduction‘of the hand-held'

calculator is not only an’ example of computer-aided 1nstruction ‘but  an

‘ interest1ng example. ‘But: if we look at the educational system today, at the
colleqe level,. at' precollege levels, elementary and sec0ndary, I think we‘._f,_?'-'};l'
would" be " very - hard-pressed to- make a: case ‘that computer-aided instruction .

(CAI) has really made any substantial d1fference to the educational system.'

~I'do not mean by this that useful . ‘things have not been done, . Scme useful -
programs ‘have been developed particularly in - the drill "and- practice .area, . -

~And "I mll mention some  other kinds - of - programs “which seem to me. “in the .

longer run-will prove even more useful .and ‘more interest1ng than these. “But

CAT . s1mply has not .made a- great impactvon education.-- And as ‘we  move. ahead"

and talk about research ‘on computers in education, it: is important for us to.

Wl

-ask - why. T If we ‘don't know why, ' then" f1nding out 1s certa1nly one" of the
, tarqets we have to mark for’ research. S . A

If we - look at present QAI there are at least three comments we can make-»
“about it..- The first is Hﬁat ‘ai ‘lot of @I flts the horseless carriage ‘deg-

’ .crlptlon. . We s1mply toOf. over all: sorts of things we - used “to do with kJ.ds'i

(for example, vthere waﬂ, drill and practlce before there were ccmputers,v




usifg such advanced technolog1cal devices as: pencll and paper, and there was
the rogrammed text, which preceded the computer. by some years) .and we took

-those rocedures and . simply put them on a computer.

Perhaps that is cost'effective,'and ‘perhaps it isn't, That depends on tha
current cost of hardware and software. But whether it's cost effective. or
not, it isn't any great shucks. We haven't revolutionized the education’
system, we havén' t even advanced it very far, if we have merely taken’ the
kinds of things we use to’ do with kids with drill and pract1ce and put them
on a computer., If one has ‘any affection for computers (and there -are peo-
ple who have, just as we have affection for yachts and automob11es), one
might even say that using computers in this way is abusing them, abusing

. them because you are not us1ng their real - potent1al, the thgpgs that they '

can really do.

i

‘why use a computer rather than us1ng a pencil or paper? What are the‘comh

parative advantages of a computer over pencil and paper? They can all be"
summed up by the statement that the . computer can  talk back and the paper

. can t talk back. _Paper only talks when you, the user, ‘write on the paper.

.Now, that's a llttle b1t exaggerated. You . can- cleverly f1t a programmed

text so. that the student gets sent: to one page if he answers A and - gets sent -

pfo,another if he answers B, You can do a little bit. of branch1ng. It gets

very cumbersome technolog1cally after a whlle, and a computer can do- that

much better.

“The computer has a.comparatlve advantaqe preclsely in the domaln of an-

- text
pyears or not much more.)“

" of arti r
. 'are 'going to . be: 1nte111gent computers. Whether art1f1c1ally or naturally,
~they are golng to have ‘to’ be 1nte111gent 1n one way or another.

-.-correct:m

swering back,  of .doing someth1ng in response ' to' the student, of be1ng
responsive  to 1mportant aspacts of ‘the student's behavior.  But that doesn t
com for free. . That requires sophisticated software. Computers only.

.respond in intelligent and - 1nterest1ng ‘ways ~ to students- if - they (the

computers) have acqu1red some 1nte111gence along the way,'some artificial

_71nteﬁ:1gence."l_ o SR , ; e o

And. hence the general slowness ‘with which we have been able to create CAIo

The slowness of that- development is- s1mp1y a reflectlon of the slow-
ness . of the development of art1f1c1al 1nte111gence, whlch aga1n is someth1ng

‘systexs that go  very. much - beyond what could ‘be done with the _programmed

that people were talking ‘about and doing a llttle bit “about as . long as: 27.

years . go, but which has gotten up to a h1gh pressure w1th1n the last- f1ve’
sngpoin one about computer-alded 1nstructlon- the rate. at whlch we. are -

goingf | be. 'able to introduce it is paced by the level of  our understandlng’
icial- 1nte111gence, because the computers that do a good job at (AL

-
K

"iSecond,_‘ ere schﬂmes of CAI have been 1ntroduced there has been a falrly

high rate, I think, of " attr1tlon. (1f my facts are wrong in-any. of - these
things,‘there are a lot of knovledgeable people ‘at ‘this conference who can
and so I’ wnll make outrageous statements ton1ght and tomorrow
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you can straighten me out.) - hut I think there has been a fairly high rate
of attr1t10n,.that is, systems are built with a great deal of enthusiasm (I
could even mention- a.couple of local examples in which I participated), hit
when you come back five years later you find that teaching methods are about
what they were in 1970 They re no j?nger us1ng.these new technologles. ‘
And when . you ‘ask why, there 1s usuplly a good reason. The reason is that
‘many of the schemes we develop regiire an enormous amount of work for their

_-maintenance, for their continual - upkeep. For ,example, we had a number  of

';’teachers here, who are enthusiastic about studerit-paced instruction. . As

those of you who have experimented with it know that requires teachers to be .
able to. generate unlimited: supp11es ‘of 1nterest1ng problems, . and ‘providing

. new ones, .Faculties simply have neither the time nor the motivation to con-.

“tinue to'develop these . problems.-‘ If they have to be developed by hand,

after f1ve years or thereabouts of enthus1asm, the student—paced instruction
tends. to fade from the scene aga1n and you go back to tradltlonal forms of
instruction. j<A L o . i o g -;‘ .

Well - here is a. pluce for possible application of the_computer, ‘We already
have some examples of computer programs that ‘generate ‘problems so. that the .
.instructor doesn't have to produce them one by oné, The schemes of this
‘kind that 1I am " familiar: w1th ‘that actually  have reached the 'stage of
practice have mostly used a number -of problem templates, maybe a sizable
number. What the computer does is to plug in: parameters, to. instanticte
these problem templates and create spec1f1c problems.;gw SRR :
That's- all r1ght,,except aga1n it leaves you with a falrly stereotyped col-
‘lection  of problem fOrmS, ‘and - perhaps\less 1mag1nat1ve ‘problems than the
students should be exposed to over a long- perlod. . Here ‘again, if we are. to’
do more automat1c problem generation and do- 1t better, the . computer programs
will need more. 1nte111gence, they w1ll have ~to understand more about the
task demands for whlch they are creat1ng problems. ‘

. : \, -

So we' have to ask ourselves,_lf we. ‘are’ golng to- do more computer-alded 1n-;-

structlon, how are we going to meet ‘the costs of ma1nta1n1ng such systems or,,f

man them? How are we going to make’ those systems exportable? It's complete

' madness to suppose -that materials for each course, . computer-alded or.. other—‘y'

wise should be developed at the p01nt where that course is glven.

W1th tradltional methods of teach1ng, we - solved that problem w1th someth1ng'
called the . textbook. There are bad textbooks, but there .also are: good texts
books,.and I don't. know whether ‘bad - textbooks dr1ve out good: or good dr1ve,v
out bad.- But the fact that textbooks ‘are’ publlshed ~that they are natlon-7<
ally. and” 1nternat10nally ava11able, does raise substantlally the level of .

teach1ng materlals over what would be ava11able,'1f it. were a. cottage 1ndus—
try, if ‘everybody. were wr1t1ng his - own textbook in every s1ngle class that,
was offered : i v : ! . : :

: iy , . : .
We, have got to" develop the . Llnds of 1nst1tutlons that allow ‘the . dlssemlnaej

| tlon of computer software in the same way that tnxtbooks are dlssemlnated.,.ib

RN
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_And that's happenlng, as we knOw, from the software efforts of the personal

computer companles in the last few years, espec1ally.; -

It's happenlng, but -it has. a long way. to go before . we have a stable, under-

standable system for the diffusion of advanced pedagogy in the form. of com-~

puteréproqrams, so that the diffusion 'will amortize the investment in pro--

ducing them and provide the incentives for producing them that- is provided

by textbook royalt1es today. Only then will we begin to .institutionalize

thlS pract1ce.

/.\
/

We/are all aware - (and I am not going .to solve the problem ton1ght) of the
eral difficulty of 1nst1tut10na11z1ng new pract1ces in educatlon. ‘Almost

t le last thing that happened to the classroom' that changed it at all was the
',fnstallatlon of blackboards towards the end of the last century, Perhaps I
,should also mention ‘the vuegraph, .although my fr1ends in the audience know

“that I regard that dev1ce as a. backward step, and you ‘do not see one on the
platform ton1ght. \ . :

We have very definite'problems, then, of advancing art1 1c1al 1nte111gence
to the point where it can support soph1st1cated uses of- computers in in-
structlon, second, of d1ssem1nat1ng materials and motivating the: preparatlon
of those. mater1als, and third, and more generally, institutionalizing any
kind of change 1n our educatlonal 1nst1tut10ns. e .
I am rather opt1m1st1c about the prospect of d1ssem1nat1ng programs, prov1d—
ing we can motivate their’ productlon. "It 'is much -easier to diffuse
"artifacts than to diffuse 1deas., In the spread of. Chrlstlanlty over: a’ large
part of the- world it proved easier to disseminate- the cross than to produce
human hehav1or compatlble w1th the church's preachments.~ S

In the case ‘of computer programs,'we have someth1ng g01ng for us, because
the - technology is -encapsulated in boxes called” computers and  floppy disks.

that contain the software. Hence the technology is’ transm1ss1ble. And‘that :
_hasn't. been true of most of ‘other k1nds of educatlonal 1nnovat10ns, .since,

as I say, the blackboard.~_ Ll Tl R

B LS

Before I leave th1s tOplC, 'I want to say”just‘one more word, because I do
~not want to leave with you the 1mpre~s1on that I think that. ‘the only kind of,

computer-alded 1nstruct10n has ‘been drlll—and-practlce programs., That would

~_u~--be»unfa1r to_the people_who have_ been’ worklng in. CAI, As & matter of fact,

Q
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I mentioned one -counterexample, the management game, whlch is w1dely used in fw

bus1ness schools in this country.,

Another example is 'the art1f1c1al laboratory' that is to say, supplement1ng -

the physics or - the. chem1stry or . the. psychologlcal 1aboratory w1th data banks
s0 developed and. so organlzed that students can -be 1nstructed to design and
carry . out exper1ments using “them, “This” techn1que is not. 11m1ted to the:
natural sc1ences, by the way. = We have ‘had a very. 1nterest1ng exerc1se of
that sort in h1story 1n our: undergraduate college here.'

N

s ‘An 1nterest1nq th1ng about these documents 1s that 1f you try to make a

catalog of places where computers' are ' now. be1ng used 1mag1nat1vely 1n _l?




educatlon, where they are’ now. belng used 1n a significant and important way,t"‘

‘very few of these applications would have exp11c1tly associated with themj

the Jabel "computer—alded 1nstructlon "

. 4
- e :

The éomputer is already be1ng used, partlcularly at - the un1vers1ty level, in -
~‘an enormous- number of ways in 1nstructlon, only a t1ny fraction of which are

called computer—alded instruction, If a psychologlst develops a data bank

of real .oy 1maglnary data for, say, ‘some memory experlments, and then g1ves
his. students asslgnments that' require them to use the system to deslgn -and

carry out experiments and analyze -data, he will ‘think Of that as .part of his :

instruction in: psychology .ard he won't: think that he is d01ng someth1ng

) mysterlous called computer—alded 1nstructlon.

At least he won't. th1nk that in any env1ronment “in- whlch computexs are

: read11y avaxlable, where ‘anybody can- get- their hands- laid on them, Because'

if computers are’ around in suff1c1ent profusion, suff1c1ently accesslble,

then imaginative" people are: 901ng to. find all sorts of " interesting ways ‘to

use them.. . -And these are not necessarlly going to be people who are focused
‘on someth1ng spec1f1cally called: computer—alded 1nstructlon.' They may be
Just pvychology teachers 'who want .to: improve the1r .courses or physics

“teachers who f1nd that they can't do as much in the laboratory with. their
students as. they ‘want, or’ that for certain kinds- of laboratory 1nstructlon a B

s1mulated experlment would be as useful as a real one.,*

And so. if we. made ‘an- 1nqu1ry around a unlverslty like thls one,. we: would

find- computers 'being used-in all: sorts of - ‘ways in. 1nstructlon not only 1nh,»f

the englneerlng and science departments, ‘but, - ‘as I 1nd1cated, in departments
as widely 1mpr0bable -at- f1rst blush as h1story. ‘And’ we need to f1nd ways .of
encouraglng that ‘because: th1s is pmobably where a large part ‘of our" develop—

‘ ment is golng to take place.k.*'

‘ _' drome. We need ‘to gtand” back and try, in. ‘a- var1ety ‘of - ways, ‘to def1ne ‘what.
ﬂv, we'. th1nk the basic problem 1s.~ That 1ncludes character1z1ng not’ ‘only. compu—

Let me leave then the subject of computer—alded 1nstructlon. I am: sure that'”a

is. going . to’ be exam1ned thoroughly and- understood: better over the: ‘next - few

days.» Let me devote the rest of my remarks to’ two other top1cs- 1nformatlon'

overload, and the use of computers for educatlonal research. fﬁz.

Is Informatlon the Scarce Factor? L S 3“ .

1

As we approach“tbe problems of research’assoclated with“computerswln educa-'L

tlon, we do need to stand bwck in-‘order : ‘to’ avoid the horseless carrlage syn-

ters and educatlon but also characterlzlng the- soc1ety 1n which these compu-

: ters are ‘being- 1ntroduced., Here I would 11ke to try to-.correct what I. th1nkvu o
. is a fa1rly wudespread misapprehenslon, probably not; shared by any 1n th1s~* -

‘;room but certalnly shared outs1de thls room’ by lots of people.-,;'

We hear a lot of talk about an age of 1nformatlon.“ We hear a lot of talk.

“-about-the: volumes of - 1nformatlon we produce and constme ‘in our: soc1ety. And

c certa1nly there 1s a lot of 1nformat1on, or at least a. lot ‘of symbols golng
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-3around.’ (1t depends a 11ttle on your definition of 1nformation as to ‘how

much you think informatlon has increased.) . H

‘ To understand how we should go about dealing with a wcold in which. there are

tremendous amounts of information, we have to take 1nto=account not only the

.. producers of that 1nformatlon ‘but its consumers, that is, we human beings.,

i

Another way of characterlzlnggour world,'other than as a world in which

. there is lots of information, is 'in terms of tbe scarcity of attention that

'matlon.

‘Computers are only going to help ‘do . that if they are 1ntelligent. 'I donft

information has produced, . If you-have some information and some information
procesgors, then the more information-you produce, the scarcer the attention
to that information, the scarcer the capabilities for processlng that infor-

4

We approach research on computers in education in exactly . the wrong, way if

~we think that the function of - ~computers is somehow or other to proliferate’

further the information in soc1ety. We have to th1nk 1nstead ‘about: the fact

. that people only” live 24 hours ‘a-day and of that they usually wasts’ elght

hours 'in sleep, and .some - insist on eating‘and so ‘on, Hence, there are only
about 16 usable hours’ a day, ‘and you don't increase that number of hours- by

- increasing the amount “of: information that is .around. So if computers are to-
~ be helpful to us at all, it must be not in producing more information-- we

already. have enough to ‘occupy us:fram. ‘dawn ‘to dusk--but to help us attend to
the information that is the most useful -and interesting or, by whatever your:

;criteria are, he most valuable information.

.ov

: ~want a’ Computer 1shlng the New York Times under my “nose every morning,- (I

have. another lecture in ‘which. X explain why that's bad for your health o) If

I am going to have _any transac tion wltb the New York Times at .all, I want
the computer: “to screen: -the. Times very carefully and. pick out: ‘the few.items -

" ‘that I should be- attendlng to and, preferably, to attract and ‘digest them

:i_and maybe ' even provide -an 1nterpretation of them if it 'is clever enough to, .
. do that--partlcularly' 1f 1t knows about the subject of the item that I

,US.______,,

'.satlsfles lots of my needs for data. .

'know.-"

fComputers are just 901ng to add to the . dln already produced by radlo, tele-_
.v1s:Lon, ‘and tolephone unless ' they have enough intalligernice' to do a -large

amount of procegsing. of selection and of analysls of the'1nformatlon for

—. PUSSO— R U s ~

» And that applles .in the applicatlon of computers to education as well as: to
”]computers anYWhere ‘else, . .We have™ great techn1cal capabilltles for creating

data- banks, ' But,’ who ‘needs data banks? - I have the World Almanac, and that -

Who needs a data bank unless there are soplistlcated routes of access to"1t.

" We don' t have a very. large 11brary at Carnegle-Mellon University as univer-
‘,51ty libraries go. We are mainly an eng1neer1ng school and engineers don t
" read very much, ‘it i3 said. . But. nevertheless, there are more books ‘in . that

iv library than’ I am ever going,to read in my 11fe.» Maybe the library doesn't,
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have just the book I want to read but I will never. know that urless the x
library is sophisticated- enough so that I can find out .effectively from it,
(a) what I might be wanting to.-read, (b) whether it's there, (c) how to get

- 1t and so on.‘

So the task before . us’ 1s “to . f1nd out how to make computers intelligent
enough so that" they will help us conserve scarce attention. That is the
real .nroblem ia our society- today, I don°t mean. we don't have .problems of
lack of 1nformat10n, but the kind of information we “lack, like- what is going
to 'happen to the stock market tomorrow, is not information that computers
"are going to provlde for 'us. e ' '

Computers'for Educational Research B : ' ¢

Now let me .get .back to the more’ spec1f1c topic of computers in educatlon for
my finzl remarks. If we are to ‘avoid’ the horseless carriage syndrome, we
‘must be careful not to assume that the .only or even the pr1nc1pa1 signifi-
cance of computers for education is in their direct use as an instructional

_tool 1n anyth1ng *hat we woqu want to call computer-alded 1nstruct10n. ) S

As ‘a matter ‘of fact I have an a1ternat1ve cand1date, and I hope that our'
alternatlve candldate will receive a great . deal of dlscusslon at this con=-
ference. We have d1scovered in the last quarter century that computers can
be used. ' to mode 1 . human th1nk1ng processes, . We have:: learned that comPUterS
are a powerful tool f01 psychologlcalbtheorlzlng, that . computer programming
. languages seem “to be the right languages in which to’ express. psychological
theor1es, at least theorles about cognltlon, theor1es about ‘how ‘people
,thlnk. : i

Now, these are. mlldly debatable p01nts, and we could debate about them av
little bit., .But let me Just, assert for purposes of the argument . that in-
‘fact we have now" this powerful engine,  What does that have “ to do with edu- .
catlon? It has."a great deal to do w1th the fact that educatlon today as we
~practice it 1s'near1y theory-free, ‘and’. we know from other: realms of human_

,_endeavor, that we can'usually make ordernof—magnltude progress when we move:

- from a state of complete pragmatlsm to a stage where our profess1ona1 prac—"
tice really ‘has an underp1nn1ng ‘of, fundamental sc1ence. :

a5

That change took ;ﬂace in the eng1neer1ng sc1ences beg1nn1ng wnth Newton'
_ probably, hut cont1nu1ng stead11y with ‘the - growth of .modern phys1ca1
<ya~--sc1ence;w—It took place -in-— med1c1ne -in= this century when, for ™ “the "fitst ™
; time, the pract1ce of med1c1ne was . assoc1ated with and strongly 1nf1uencedﬂ
by an 1ncreas1ng1y deep understandlng of how the human organlsm works. j

:Tlme after t1me when we begln to understand how a mechan1sm works - then. we
can improve by very. large measure our ability to deal with the problems that
_ar1se when the mechan1sm doesn t work Just rlght.k:_. ST

© What - d1d I mean when I sa1d that our practlce of- educatlon 1s almost .
pragmatic? We11, we have. a few emp1r1ca11y ‘based pmlnc1p1es.' We know . that .
" people seldom learn th1nqs unless they get feedback from the1r performancé. -
lf;That's called knowledge of - results or- re1nforcement. ‘

U‘
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We' have a second prlnclple, which I am 1llustrat1ng now . not- by the content
of my talk but" by the" fact that I am giving 1t. -The second  principle is

" that-if you.assemble people in a room and spray words at them, some of the

"words will be céntagious and cause fever or other symptoms in the llsteners,-

"and some learning may take place, The_g‘_s ‘a process whereby words’ produced
by some people produce changes in the mental states of other people.

We know how treacherous a process 1t is, I don t know whether you . have ever,
had the experlence, those of you who ‘are. teachers, of readlng the notes that
‘'your students take in class, if - you allow them to take. notes.  It- is a-
searing experience, But we do know that if you allow .the process to go on
" for 20 or: 30'years,>some changes are induced in the people at whom the words 7‘
are. d1rected Now, ‘I think one could" allege without too much exaggeratlon'
that these’ are the kinds of pr1nc1ples on. which education is based ‘today.
" The fact that- people ‘do’ get  educated shows . that the pr1nc1ples ‘work; but
:certalnly doesn't show. that they work with any eff1c1ency, as eV1denced by’
_the fact that now we are. devotlng a third or a. half of. the lives of most -
Americans and people “in other‘?advanced countr1es " to. the educatlonal‘
process. . e ' o

To be honest with. ourselves, we don' t do that ‘just because those years are .’
requlred to build . the necessary skllls. There is also the babysitting func- .
~ tion for: the lower years of . schoolingi There is also the. consumptlon aspect.
of llfe in college, whlch ‘some students at- least, find- enjoyable, SO much so}
that they delay gett1ng the1r degrees and can't be klcked out.'.',e )

,/But nevertheless, we certa1nly are faced here w1th a process that is exceed-

" ingly 1neff1c1ent,'and 1neff1c1ent pr1mar11y because we don't understand ‘the
learning process, althouqh all .the  signs . are ‘that. we -are. very rap1dly
acquiring a- viable theory ‘of it, The- computer -has already played a very
‘large role in. that: acqu1s1tlon 'by allowing' us to model human thlnklng, human
problem—solv1ng performance, human learn1ng, human concept formatlon.

Sso I would hope that our - attentlon here, when we talk about a subject as
broad as  research on computers’ “in education, ~will not by _any “means be
limited to the'. th1ngs we - could rcall = computer-alded 1nstructlon but . would~\
_ focus very much on the roles that computers can play as résearch 1nstruments

:-infgaining;this deeper understandlng of human thought_processes.,,f~~

-

) 51nce there are ‘a number of people 1nvolved in the conference who have been_ ‘
”»quaged in that very effort, -and~I-can't" belleve that they are golng to! re-\,_v*
‘main silent ;over the next couple of days, I do have ‘some assurance that thlS

is g01ng to be taken care of.

" Computer L1teracy ,:,;f fg--;'a_ ' bfv‘h» : ';a" cU LT o

_In asklng why we - should be 1nterested in. computers 1n educatlon, we have a
: _particular challenge ‘that people are -now aware :of . and - are - talking about a -
‘iv'good deal 1n .our’ soc1ety and in. othen 1ndustr1allzed soc1et1es.z And that ls,py

:‘u‘ Do
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R Now, that is an ambiguous phrase, "computer literacy." Everybody is te..lking
about it, everybody wants ite But I -should 'point out to.you that it is
"really not a new problem, because . the problem of computer literacy is really

a part of a broader problem that has been with us for quite a long time,
certainly ‘through most of this century--the problemqof guantitative literacy
for the population of ‘a technical world.

I go back to the thesis of C.P. snow, the English scientist and writer who
talked about “"The- Two Cultures“-athe ‘culture of | humanism and the culture of . -
‘science and of - their difficulties “of mutual communication. My concern about
.this, and the concern of a. lot. of other people, is that if. you. ‘have a socie-
‘ty that is highly technical, then peqple who feel that they are fenced out

fram the technical part of society  will feal that they are also fenced out.'\‘
fram most of. the important decisions that.are, being made . in the - society..
And they  are gOing to end up in the psychological state we. call

| "alienation."'v S - -

: ,There are plenty of evidences a1ready in our society of the mistrust ‘of .
”technology (not that there aren't some things about technology that need - to
be’ mistrusted, or at least ‘looked “at very -hard) based on- exclusion, or

feelings of exclusion, from the vital decisions of the society- R

So we. have a. problem of quantitative literacy, and one 'part of that is the'
problem of computer literacy. . Computer.. literacy may . ‘even. be .part .of . the
solution of the problem of »«wquantitative literacy. -The. computer miy. give 'us
a means: for opening the - world of technology to large numbers of people who,

for good reasons or" bad, “would not have it opened to them by the calculus or'j

by other classical mathematics.

4

I don't" think we know yet whether tiat is the case or not, but there is at
g least ‘the. possibil'i ty that the computer is part of the solution of our prob-
‘lem, And-if it were--now I-am being a little bit optimistic--:Lt would be a’ ’

solution at a very tolerable cost. : e

',I have made a’ few back-of-the-envelope calculations of what it would‘ cost- to

give. all the kids .in. our:'schools at all levels. quite: good access ‘to compu-'

i ters, today. .It would probably not. require more - than ‘an- initial capital - ex=: -

- penditure of the order of. magnitude ‘of $10 billion, or five: battleships out .’

L. of. mothballs, or: about one-tenth of: ‘the annual expenditure for. education .in -

r,’,this country. . But this. .is ‘a one-time rather than -an- ‘annual expenditure.-‘ so -
it.is quite.a bearable cost of our society to give all kids good access to?‘ L
'-i.computers.a' ‘ L Lo ST C i : ‘

Again, ‘we have to worry about the institutional aspects of that.  We "an‘.
" know  horror: stories -about’ computers .that have been “locked in closets,; not .-’

because they. behave badly but because it was feared that children might' be-.

» “have badly with- them. "And ‘wve. have to’ find some way not only of getting the
'computers into the schools but leaving them in unlocked rooms. ,, E )

- It was the experience of the universities a couple of decades ago (the ones
 who went early into . the computer: business) that if the- ‘computers ‘are ‘in un-" |

, "locked rooms, the. students will get at” them ‘and’ the computers will teach the .
',‘students what computers are a11 about, or. af least they will teach a lot ofﬁ[ﬁ,’




’ country._

1

e

‘the_students-and. they will teach the others, And after a while, the faculty

wil® get: embarrrss=d’ that they don't know, and they will get 'into the act
teo. ' : ' ' '

"r first commr=r on this campus was in the basement of this building (the
‘rawuate School of Industrial Administration). It was in an unlocked :room,
ani that °“id happen, That is the way that computers were introduced in this’
institution and in many others at the collegiate level, Although it is a

_sllghtly more d1ff1cult task, a lot of that could happen in- secondary and

pr1mary schools and even is happening r1ght now.

As you know, governments are bluntninstruments; they are not instruments for

- fine-tuning - anything,’ as_wepdiscover'when we try to use them to run the
~economy, They are blunt instruments, and the main thing .they ‘can do is

spend money, - Here is ‘a way in which you could spend ‘$10: ‘billion with a veryp‘
good chance that you would make a major 1mpact on computer 11teracy 1n th1s

cE v ) ) o - .
Now, that is very much llke the spray1ng theory. ‘It'is a remedy that is not
based on any deep understand1ng of what computer llteracy is or how people. .

acquire, it;. I only propose it ‘because all of us have a Leellng of the ur-

gency of doing. someth1ng in the present s1tuatlon.

But, of course, in the longer run, we must ‘ask' what computer 11teracy is,

,what the capabilities are of . people in a democracy to understand enough

" about technical matters, or about" ways of reasoning -on technical matters, so
that ‘they can part1c1pate in. the basic polltlcal dec1sions of the society.
- The only way we are going to find that out, agaln,'ls”by fundamental ref

. search on human thought processes.

For example, on the basls of the 1nterest1ng and important: research that has7
been done on, separatlon of ‘the cerebral hem1spheres-—Roger Sperry's reseatch.

and the research that . haa followed on it--there is a lot of romancing- about“ o

“the two hemispheres. Accord1ng to . this interpretation of the hem1spher1c_t
‘research,  there are the analytical grubby’ thinkers who think “over on the
left side and there are the creative, global, hollst1c thlnkers who th1nk

"v';over on the right s1de.1‘

Well, fortunately, that is nonsense, None of the ev1dence we have about the -
two hemisphéres supports any -such model of the thought processes there, But‘
the fact . that such ideas can even- be entertalned is. an indication of how

much we' Stlll have to learn about human thought processes in order ‘to under—
stand what kinds of th1nk1ng people are capable of, whether different people
are capable- of . different kinds of th1nk1ng, and what' we do about that 1nw
educatlon for l_teracy, whether it be computer literacy or some other. ' '

If I had to p1ck a s1ngle target for research in: cognitlon, 1t would be thef;‘

target of f1nd1ng out enough ‘about human learn1ng and’ th1nk1ng processes so -

that we could even define, and then begin to approach and solve, the. problem
of quantltatlve 11teracy or” technolog1cal literacy ox computez literacy or .
‘whatever' you want: to call-it, . Because I think literacy is terribly impor-

“tant  for :the long-term survival: of any . soc1ety hav1ng the kinds of demo— o
a,cratlc inst1tutions we all want to see preserved C e R
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*»g o ABSTRACT
‘This paper expl ores 'trends in computer technologies and their implications-
" for. -learning and education in the- future.”‘Learning technologies of the fu- -
ture will be multi-faceted: :In addition to conventional drill and practice '
*learning exercises, computer. technology will permit us . to explore technigues
such.-as’ episodic learning, learning ‘from examples -and. simulation,‘and learn- ‘
ing from gameg, It appears:- likely, ‘projecting trends 'in hardware- and soft-

ware technologies, ‘that computational power- equivalent ‘to today s super--

computers will be available inTa microprocessor system -for under $100 bvx;f

1990, This paper examines the reasona for such optimism and some . necessary
“conditions for such a system . to be realized. Finally, the paper presents a -

. research- agenda for a few unsolved pmoblems in learning which may - become‘_"‘

\feasible with the availability of such a: low cost supercomputer.-
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o 'Intfodﬁction‘ , _.

'd ._wonder many of the‘
thé,: classroom.

teachlng and learning. My task',ls"’-"vito _explor
: v,appllcations in educatlon that may ‘become ‘poss:.ble wi

.ters ahd to
- such

‘only\ useful part o

L 1earning- to- learn"

‘,approprlate system of educat:.on and ]
'the .new. knowledge necessar

..one consequence‘
to master a




,wLIBRARYIOF'CONGRESS Sk L . 'DAILY NEWSPAPERS.

62 CHAR/LIN . .. . .- 7 " 4§ CHAR LINE
40 LINE/PAGE . - - o0 ‘. 100 LINES/COL
600 PAGES/BOOK .= : ' s ... . .6 COL/PAGE
.+ olpresyBook - .. < . " 50 PAGES/DAILY
R 5-,_16x1o6 BOOKS = % 0, _ o *500. DAILIES/DAY ,
. 1o pres . °365 DAYS/YR® =~ te

e L 107 BITS/DAILY
i . o - 2%1 012 BITS/YR
Table 2 1. Information Overload

'.<'. “
o "

L 3;yk Learn1ng Strateg1es A
j';_;The rap1d advances in Informatlon Technology provlde us with other optlons
o obsolescence and 1nformatlon overload. We musts flnd more "productive"
[means of effect1ve and eff1c1ent transfer of knowledge to overcome;informa-«
: 1on overload.: The printed book (or even the nlectronlc equivalent of it)
s no‘longer adequate for knowledge transfer. To be sure, an.electronic
‘book" permlts us “to’ transfer “text” infinitely ™ faster than béfore, but it sl T
':depends on a; human ‘to" acquire,,as51m11ata,‘and use the knowledge that is in
the. book.: In one“lifet1me we can: only master-a. fractlon of what" lS known or
.needed., New.: forms of°knovledge transfer, such as learn1ng of skllls from
‘examples and observation,flearning of science through entertalnment, learn~-
,{flng of arts through practice,'and learn1ng on - demand, provide challenging‘
“7opportun1t1es for:: new research . in learn1ng. - In. the following sectlon, we -
'ogshall examine the technological requirements for some - of - these forms of

ﬂ;;3 1.vLearn1ng fro Examplesjjw.:_,'v""’-j ]1v,g; S ‘}'h’ y,,-

;fA great deal of knowledge transfer in human species happens through example,
"'observatlon, ‘and practice. When we' travel to a.place for the first: time,‘we'
~:do not’ read: about every aspect of the Journey from a book-and use that know-
‘ledge.- o - the contrary, AL travel accurately by observing signs. along the
."1way. Interpersonal relations and other fqrms of -behavior: learn1ng are other -
'examples where we acquire a: great ‘deal of knowledge through observatlon.fy
:gvMost of - the vocational skills,,such“as’carpentry, masonry, and mechanius,,
f’ﬁare learned by’ example ‘through: apprenticesh;p mechanisms.; In

cases, knowledge transfer occurs not through,the conventional
bal) commun1catlon process hut through examp1e and observation.,

“.Ujrequires direct one-on~one human contact, which is both time
‘expenslve. ThlS ~in- turn restricts ‘the" avallabillty of - such knowledge to the‘:,” v
chosen few who have been initiated 1nto the profession. Computer, communi-‘;[.f'
catlon, and videodisc technologies, for the first time, provide .the promiseif"

of- break1ng ‘this log-jam "of . knowledge transfer for learning tasks whichj
; could—only be—effected“in “the past by direct contact and observatlon. i !

:I5wLearn1ng from Entertainmsnt

,One"of the biggest barriers to learaing is motivation.- Going to school,f b
education, ‘and. learning;day-in and: day-out for almost 20 years of one's lifeV‘<¢7’
is: the b1ggest'bore ‘When one" realizes ‘that® most of ‘what. one is made’tof; N
" ‘jeither irrelevant{or llkely to’ become obsolete, the apathy in-.i
even further. ‘ : i . : S




'The worldw1de success of the/groductlons of Children's Telev1s10n WOrkshop B
.and its role as ‘a creator/Of 1earn1ng tools does . not requ11e further elab=- -
oration, = The main lesson- ‘for us is that learning can be ‘fun; it can
attract children; it can captivate them; and, most interesting of all, the
material learned through this mechanism can be long . lasting. The only
I lim1tatlon is that TV does not require the interaction of the ‘learner. L

- 4 . .
The more recent video game boom has the potentla) of becom1ng an interactive
learning aid. While we do not have many ‘controlled stud1es of the role of
v games as a learn1ng aid,. there is ‘widespread acceptance of their 1mpact.
, Lesgold [1982] has a more detailed review of - 1nstructlona1 games.

~

.3.3; Learn1ng on Demand : - B EE

-

We have already 1dent1f1ed teCunOluﬂy—lndu”ed obsolescence of knowledge as

° one of the challenges facing  future educators, One possible - solution to
L ©this prohlem'ls to view education as a d1str1buted llfelong process where

one learns the materlal as one needs ite S v
: . B e - i

Unfortunately,‘such learn1ng—on-demand solutlons are neither pract1cal nor

economical. It is a lot cheaper (and- easier) to teachthe principles of bio-

logy to a class of 30 at some predeflned t1me than to wait for each one to
 discover that. blology is important to .some problpm they are. about to solve

and then "engage in an educatlonal exercise at that- 1nstant, However, the
~low retmntlon factor of the material. learned- in.school ° 1nd1cates that the

, " -current educatlon -process pr1nc1pa11y achieves a "know1ng where and ‘wvhat to

-look for" .type . of- learn1ng. ’ Perhaps if this 1s -set’ as the ezp11c1t

objective of early educatlon, then new and. creative strateg1es can be’ devi- '
 _sed to teach children how to "learn-to-learn" and how to locate and utilize -

1nformatlon resources._ L ‘ ' : : o :

e "What then is the role of "learn1ng-on-demand" Independent ‘of - what happens'
"in earlj educatlon, we ‘all. find- ourselves 1n s1tuatlons where: we. need to
-learn. new: SklllS, acqu1re new knowledge, ‘and update ‘our ex1st1ng knowledge =

. base.. There are a number of mechan1sms, such as professlonal sem1nars, tu-
:torials,, adult- education classes, etc., most- of ‘which use ' the - classroom -
~model for- tra1n1ng. Recent 1nnovat1ons, such as: self—paced learnlng,rhave
not ach1eved widespread acceptance ‘due to a lack of teachlng mater1a1s, in-
'approprlate technology,,and the " hlgh cost of prov1d1ng an instructor- to an-

. -swer’ questions around the " clock. However, many " of “the: recent advances -in’

’ ;computer—based educatior research (Lesgold, ‘Larkin) may' make ‘it posslble to

’ :provide h1gh quallty, 1ndLV1dua11zed, self—paced learn1ng systems. '

,3‘4._ Hardware Technolog1es .

'Given"these potential learn1ng ‘strate " what computer technolog1es w1Ll
perm1t us’ to ach1eve our educatlonal g. -+S, in terms of computatlonal power o
fand eéonomlc feasibllitV? If we consider ‘the power of presently ava11able\;7a"”
-;ﬁperspnal computers that cost approx1mately 100 dollars, ‘we- can est1mate the'’ o
rfcomputational power . we- m1ght be "able to get  for ‘under: 100 dollars .in" theap_'
next: decade." If I were to say: we'"ould have ‘a super computer somewhat like
"the Cray—1 for under 100 dollars, you ‘might’- thlnk ‘that it .is too farfetched-
.4 thought so ‘oo when I was- trylng to--make ' such an . est1mate. But’ have
extrapolated the technologles and 1t indeed appears poss1ble to have that

e
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- 4.1, Memory Technologles;g

s

.!
L]

. klnd of’ affordable computatlonal power in the very near future.v Our

d1ff1culty in ‘understanding ‘such. affordable power is the result of the wrong

conception of . what a- computer 1s.: If we think of a computer as all the =~~~

peripherals, discs, and  other components, - ‘then ' the. costs ‘increase

' proportionately. However, if we think of a computer. ‘as a' computational-

engine that has a memory, a’ processor, and input/output capab111t1es, we can .
‘further isolate the cost of the .sheer computational power, If we then ask
what kind of technologles are necessary to build such an electronic box for
under 100 dollars, an estimate by cost in terms of volume of.electronics is
as good as any, It has been observed in ‘the past ‘that a cubic foot of
eleCtronlcs costs about 10,000 dollars. Using this as a rough metr1c, one
can assume that any electronic conf1guratlon that will fit in " roughly 10
cubic inches can be: purchased for about 10C dollars, But-whac can be packed
into 10 cubic inches within the next 10 years? Given the current. level of

, computer sophlstlcatlon, I ant1c1pate that we will ‘have an affordable Cray:

within the next decade: ' ‘a 100. MIPS (mllllon instructions’ per second)
processor, a. mllllon characters of random ‘access memory, and four,mllllon'
characters of program (read only) memory.

" -Since 1970; memory'densities have 'quadrupled - about  every four ‘years.,. . In
1970, we. had a 1K- (1000 bit) memory ch1p,~1n 1974, we had 4K, That trend of .

development has, contlnued such that today we ‘have 64K memories -avdilable on
a routine basis. Assumlng that trend will continue, we will have ™ (mega--
~ byte) of affordable memory by 1990 (Table 4.1, below). A megabyte of random -
access ‘memory requlres 8 chips - ‘that are approx1mately 1 cent1meter square
each; they are very -thin if ‘they have flat pin packlng. slnce .read only
memolles have roughly 4. times the densities of random access memor1es, we'’
‘can have 4 megabytes of program memory, which can hold - operating . systems,
compllers, .editors,: documentatlon, help . fac111t1es, etc., in another 8
chips, . - Lo o

. . ) -
. :

YEAR . . ; SILICON . ~°  BUBBLE

. 1970 e . 1K -

1974 o : 4K ~ -

1978 - .- 16K S _ S 256KB .
1982 - T 64K ot , , 1MB.
1986 - - 256K(?) - . ' - 4MB(?)

1990 C v : m{z) R o 16MB(?)

s

Table 4-1: Memory Technology (Ideallzed)

4.2. MicroproceSSor Technologies :v'"j ; T ;
Processor technolog1es have developed“at a rate comparable to memory techno—
_logies, " In 1970, we had a’4 bit- processor- by 1975, we had increased to 8

. bits; and by 1980, we had 16 bit processors.' If the ‘trerd contlnues at that

_pace, we . w1ll have 32 b1t processors by 1985, and 64 bit processors by 1990

b L ' = T o S
e - ; . o v
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. (Table ‘4ﬂ
measured i
.factor of\

2, below),

10 each five

L . L ) . .
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The' computational power Of ‘these processors,- if -

n millions of instructions- -per second (MIPS) has also grown by a

years since 1970. ‘'The ‘"4 bit: computer 'of 1970 was

“7" o “whatT'we "called a 10 KIPS machine (10. thousand instructions per second),

y

which was 1 1e equivalen

t of an IBM 1620 that cost 100,000 dollars in 1960.

Eacn five ears, the power has increased by a factor ‘of ten,~ such that byw

11980 we haﬂ a 1 MIPS machine,. Extrapolating that same trend, we could have =

a 100 MIPS computer by

1990. - In November, 1982, Hewlett Packard announced a

personal ‘cor nputer using: half a million°’ transistors which is a ‘20 megahertz,
32 bit prccessor with“a 750 nanosecond clock time.  Scientists at other com-

W,Affpanies are ﬁorking on
possible’ with 200 MHz

picosecond- gate-delay technologies.. It is entirely
clock times .will be “available on a priority basis

within the Wext 4 to 5 years, These processors, howeverv will be expen- .

sive. . °

a . Neverthelciss,

I claim 1

t'ought to be possible.for us to have a 100 MIPS pro-

cessor, a megabyte of memory, and four megabytes of read only memory, plus
all the requiired. circuitry, at an affordable price by 1990, = That kind of

‘processor wil
- into a packag

“require

roughly 20 to 25 chips, which will most certainly fit

of 10 cubic inches, . The question for us as educators is,

then: What kinds of experiments can.we create to use that much processor

" capability,

t much raw computational power? I think the answers to that

question contain exciting concepts that -we should speculate about and plan

ourselves what to do wi

L ‘

for now, rather than waiting for the technologies to arrive and then ask_ng,.

th the power. :

YEAR DATA PATHS .  POWER # .OF TRANSISTORS

1970 4 BIT , 10 KIPS . 500 . ..
1975 .8 BIT ' 100 KIPS .~ 5,000 -
. 1980 16 BIT - L 1 MIPS 50,000 ;
. 1985 32BIT° 7 7 10 'MIPS 500,000 (?)

1990f 64 BIT -

4.3._0utput Techn logie

Currently, there are a

aﬁ\e .g

4100 MIPS . 5.000,000 (?)
Microprbcessor’Technology (Idgalized)
.

number of output technofogies on the horizon. - Mogt

_ of us ‘are famili r ‘with graphics and color; there are: about a half dozen

color and graphic techn
sive and: exciting ‘ Man
- image buffer, : Some com
line LCD. di3plays,\and
-for approximately 700
character LCD disp ays

l

Video disc technol gy
) ‘Though ‘the creation of

ologies available : now; many of which are both inexpen- ER

y of ‘the. small personal computersg already come with an
e with- microcassettes, small dot~matrix printers, four -

regular keyboard devices,  Such’ systems are available H;ffl
to 1000 dollars, On a priority basis,_8 line, 80" i

are: already available within certain companies.
‘is already being used in a number of laboratories. ;
software for v1deo discs is tlme consuming, they pro- .



~

. vida the capab111ty for a large- number of discs with the  same software, or
course material, that can be distributed throughout the country at very low
cost, Each d1sc Costs approkimately 15 dollars, and can contain roughly. 15
to 54 thousand 1mages. ‘Further, you can access the. dlscs randomly.

There is a new technology called c0mpact audio dlsc technologY, which is
< just being introduced in Japan and Europe; it is- not yet here in this

country. With this technology, a small disc, smaller than a floppy, can

store roughly a bllllon blts of read only memory.

There is also HDTV (h1gh'definition V) technology, a 1000 by 1200 line
color display ‘that.is already being developed, at least the standards. are
being worked on. . It is.estimated by 1990 there will be such ‘a commercial TV
- receiver, probably all d1g1tal 1nternally. . e

Speech output tez hnologles are already here for s1mple tasks. We have a
single board computer into which you can ' type any English sentence and it

v

* will produce an equlvalent speech sentence of acceptable quallty.~ .This is

now-a commerc1al product.

4.4, Input Technologies - I E . S ,i . D

As for input téchnologies, again the question arises: What can we afford

for .under 100 dollars? ° Today, we already have fairly elaborate 1nput de-»

vices that are very affordable. For example, Casio markets a low .cost equi-

~

valent of an electronic organ; the device has approx1mately 80% of the func-

tlonallty of an elegtric ®rgan that would. have cost’ 1000 dollars a few years
ago. The device is available for around 50. dollars, - It hac about 50 keys
‘that can provide many functions, - Further, it contains a clock with -an

alarm, a calculator, an LCh.display, and a speaker. . That is the.kind of"

media-rich input capability that we can anticipate within the next decade, -

And given its low cost today, ‘how much will it cost .in the future? If we
cons1der the cos* decreases for. other products, ‘such’ as calculators and

-

d1g1tal watches, it seems safe to say. such a dev1ce will become even morebk )

1nexpens1ve over time. S L
. , v _ . N
Therefore, 1t is not unreasonable to assume thc_ we w1ll have 100 MIPS of
computatlonal power ‘and fa1r1y soph1st1cated 1nput/output dev1ces for under
. 100 dollars by’ 1990. There are, -howaver," many issues 1nvolved. It 1s hard
to say what  the. real - cost will ‘be; techno oglcal meJectlons ‘are always -
difficult. to make, whexoas we thought "earlier  that ‘we -would ‘have larger .
processors, we have, - in - fact, . achie72d more. integration ‘and functlonallty,
such as 1nteorated prccessor,” ‘memory, and I/O electr0n1c5, on a single chip.
So, there may be different architectures in' the future that will prov1de
greater anctlonallty w1thout 1ncreas1ng processor power,

-

S - SOftware Technology

3

I am. going’ to bypass prog1amm1ng languages in . th1s paper because Alan
_Lesgold covers. the issues very well in h1s paper [1982]. There ig” one issue
I would llke 0 raise, however. We seem. to be -’ sufferlng from the illu51on

- that programmlng computers is important and that all students must therefore o

-
N
o~
. i




have ~programm1ng llteracy. "I want to differ with this view, however,‘
'because over 99% of the rout1ne, common uses of computers do not require
programmlng knowledge .any more than dr1v1ng a car requires mechanical
. knowledge of tbe workings of ‘the .automobile. Most people will use computers
to assist. them in ways ‘that will not require . programming knowledge,
'Therefore, we need to spend more- time thinking‘about the types of assistance.

we will want: from computers, vhat we want. them .to do, not how to program_ly,
them, I am _not saying that no one should think about programmlng, I am

fsaylng that the questions about programmlng are by no:means the right or the
only Qquestions to ask- when conalderlng the future. of computing in
education, ' ‘ ' o d

-

N

51, Operating-Systems

When we cons1der large operat1ng systems, . whlch may network ‘together an en—
‘tire nation, we must consider the purposes people will use such systems for.~
'One thing we will most certa1nly need is distributed operat1ng systems. - In

" particular, we will need wechanisms for remote procedure calls that will .~

allow us to share programs, perhaps, on,a.nationwide basis., “For example, -
suppose I do .not have a particular- program that I need, but Herbert Simon
has the program,- ‘Will I be able to call that program and run it on my data?.
lFurther, there are issues of.inter-process communication: Some problems are:
too complex for one person to solve., But, if there are ten people who -can
work together to solve a large problem,'how can they pool their creative
- talents? Thus, mechan1sms for interprocess, commun1cat10n are essent1al for"
1arger shared systems such as educatlonal systems. e
Then there are issues of transparent d1str1buted f11e systems- “How .do we
make our interesting and valuable data. access1ble to others who might bene-
tf1t from it? If we ‘have .to know exactly where partlcular ‘'sets. of data are -
located in terms’ of accounts, file names, etc., then .they are not.-very. ac-
ces51ble-’1n fact, the data is completely -useless to” people who do not know
methods for accesslng such valuable 1nformatlon w1th1n ‘the near future.

530.2. Data BaSeS : . - B >v T

B R 0o

it : : v .
perhaps the most 1mportant 1ssue is that of ‘data bases.' The questlon 1s,

"~ what klnd of data bases do. we create? ‘In- general, mhere are a numbér of"
:problems we do not yet. know how to deal with. . Given the: 1nformatlon over-"
- load, " how do we' structure data bases such that retrieval will be’ accurate
“and eff1c1ent. An: example of the problem is- 1llustrated by the fact that
the ‘manual for the T1mex Sinclair: 1000 welghs more- than the computer itself,

. The: manual contains 10 t1mes the information that the computer.is .capable of
‘holdirg in its random access memoﬂﬂ "~ There.'is absolutely no reason why -
’ ;computers cannot be: self-descr1b1an '
‘ters that‘the manual contains in ' ¥4 uumber of read-only chigf
two .or three,-then, Nlth a small amount of software, you could’acceﬁv it,

2 The cost should be : about the same as_ the fost of- pr1nt1ng and’ d1str1but1ng
fthe manual.; Further, you wouldn' t need to . carry ‘around a ‘manual,. 'S0, ' one

nl can put the same number % ﬂhdiég- ,f;

E of the rules for: people 'who design user’ interfaces: is that the . user should'*fnp

&
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~many 'issues concernlng knowledge banks. We need new techniques'for rapid

indexing, intelligent 1ndex1ng, and  other tools. that are useful but not

- currently ava11able on any broad scale.

5.3. User Interfaces

Most present user 1nterfaces in. systems are very pr1m1t1ve. We need

forgiving 1nterfaces -that wmll .accept mindane errors on our part without’

responding w1th an: error message that forces us to correct syntax or
spelling. errors, . We must also develop media=rich interfaces, computers you

‘can speak to ‘and hear, touch sensitive pointing dev1ces,_etc.j There is no

reason that future computers cannot be medid intensive. You should never
have to use a keyboard to communicate with the computer, in fact,¥4n the
User Graceful Interaction Project we forbid the programmers to uss their

'Based Simulations.

keyboards. If they have to rely on the keyboard then there is ‘something
wrong with their 1nterface ‘design.  We need to des1gn 1nterfaces 80 they can
be personallzed to ‘our individual needs to respond to a. user ac<3rd1ng To

that user's needs,  rather 'than prov1d1ng a generic respcns&. They sould
not explain answers to problems in the same detailed way as-the manual; they
should provide a-context specific answer that is immediately usable, o

6. Research Agenda' o ' e

_G1ven these advances in technology, how can we ‘use them to enhance the pro—'
4 cess of educat10n° What are’ the kinds of uses that might be userul and sti-
) mulating? " So .far computers. have been used to assist in read1ng, wr1t1ng,
and some science courses. There are many other areas that might also bene-%‘

fit -through effective use of thls technology. 'How can we use computers to

‘help students learn art, drama, mus1c, or fore1gn languages? = What does it

mean to learn histotry or geography? Learning geography. by read1ng prose is

“not very meaningful. A true geography leszon should allow a student .to see,

smell, and feel . the ‘terrain,- Similarly,. a history- le"son should -be morek

“than .the memorlzlng ‘'of facts, names, and dates. Rather, a student should be

able’ to participate in. historical events, or at least observe them, and feel
them, more rea11st1cally through simulation, It is more 1mportant for stn-

dents to gain a sense. of what happened ‘than it is- for ‘them to' memorize facts

and numbers. Knowledge galned through observatlon ‘of part1c1pat10n throughi‘
seeing and doing appears :to be more long lasting. Such student participa-~
tlon requlres art1f1c1al labs . to s1mulate ‘the -eventsi Technologies are al-

,ready available to prov1de us. with many of - the ‘tools- to -achieve: such new

forms of learn1ng.u However, there ‘are several large research’ prOJects we
may have ‘to: undertake before such ideas become practical and economical:
the creatlon of a World Knowledge Bank, and the development of Knowledge

6o 'The:World Kndwledge Bank T - o

-~

. Even though we can’ rap1dly access much . of the - knowledge in a book 1f it 1s,
“in an electronlc form, ‘all books are not available in that form today. .
Though there are great 11brar1es, such ‘as the L1brary of Congress, few of

o
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us have regular access to them, . The pmlvlleged few who can frequent such
libraries can only read a mlnute‘percentage of the books in a 11fet1me.‘ We
need to develop technologies that will- allow us to convert books to an
electronic form so that more- 'people. can “access the . knowledge, = We need to
develop technolog1es for scannlng,-~character» recognition, and language
translatlons. _Though these technologies are not highly developed today,
they can be reallzed in the near’ future 1f glven the r1ght 1mpetus.-

We need to create a knowledge ‘bank that contains the procedural knowledge
of skills and wvocations. .Such a bank should provide us with the informa-
tion necessary to build a bridge, run a da1ry farm, lay br1cks, repair a TV
- set, or any of the other skills we might need at any given moment, - The in-
formatlon should be useful, accurate, and: easy to access., - -

We should be able to acqulre the knowledge from anc1ent manuscr1pts. There -
-is ‘a wealth of’ untapped knowludge in these" manuscrlpts that .could provide
- us with abundant insights, Perhaps we could learn from them h1story as it

.actually happened. :

We need technologles for 1ndex1ng into very large data bases, and we need
technolog1es for very large archival ‘memories,- Though such: technologies

are not realized as. of yet, they will eventually arr1ve.” Exactly when they .

will arrive is not clear; but it is very. clear that when they ‘do arrive the

Library of Congress will fit into a very small space, because these will be,p

molecular level memor1es where features ‘are’ measured in Angstroms.

6. 2. Knowledge Based 81mulatlonsv"

In general, we need to ‘be able to create s1muJations for tra1n1ng and ndu—/ﬂ5’

cation. . In the Robot1cs Inst1tute of Carnegie—Mellon Un1vers1ty, we are in-’
volved in a project to simulate the workings of a factory. One company d1s-

covered that it was’ wastlng three mllllon dollars per ‘year to train . twenty R

U five new employees Since the company was tra1ning “the new employees on thé -

-~ actual” manufacturlng 11nes, .each mistake by ‘a trainee wasted valuable raw
» materials, . Through s1mulat1on, new employees can be trained to ‘operate
" these manufacturlng processes without the- risks of loss. . Once these em-

: ployees have completed their s1mu1ated train1ng, they can enter onto the =

- factory floor with a: h1gher level  of’ competence.d It is: est1mated that they .
will then ~make. only .ten percent of * the mistakes" they would ‘have made.

,.or1g1na11y. .This type of: simulated tra1n1ng has been used . for many years. to."'

train pllots,_ who' cannot afford to " learn through mlstakes whlle flyings
Once ava11able on a wider ba51s, s1mulation systems will ‘be a major boon to-
”educatlon, v1rtually everything we need to teach can be. s1mulated. Particu-'
- larly ‘complex processes that could. benef1t greatly from s1mu1atlons 1nclude
» des1gn, plann1ng, and logistic Support.

Allan Kay of Atar1 is 1nterested in the concept of an ‘active encyclopedla.
He wants to create an ent1re set of encyclopedlas 1n electronic form. - when -

' you access the 1nformati0n from this conceptualized system, you would not

get prose, you see a s1mulated story.

-




3

7.0 Conclualon /
If the human being is- superlor to other spec1es, it is not because. of the
genet1c material we 1nher1t, not because of the’ capac1ty of: the human bra1n,
‘but’ becausd’of our ab111ty to. create artifacts whlch can acqulre- store,
transmit, /and (more recently) manlpulate knowledge. In order to- ‘quantify
and substantlate this’ observatlon, T would 11ke to exp1a1n what happened
dur1ng evolutlon us1ng computer term1nology., i
Let us/;ompare the genetically inherited information of bacteria and,express
it in terms of 1nformat10n storage.  The génome of bacteria would require
'.about 10 million bits of memory and that of a.man would, requ1re about 12
‘ blldlon bits of memory. Expressed another way, the information in  the
genome - of a bacterium would fill one 500 page book while that 'of the human
would require about 1200 books--not an . enormous amount cons1der1ng how
_+ ,complex ‘we think we are .compared with bacteria which ' have  no sensors, no
//braln, and no ab111ty to communicate except genet1cally. ' ‘

/ The . human bra1n is estlmated to be capable of stor1ng roughly 3x1o13 b1ts
of 1nformatlon.r That means, even if we can utilize one hundred percent of:
this capac1ty, it will hold less than 10% of the information in the Library
of Congress. A more serious problem is ‘that the. 1nformatlon contained . .in
the brain ‘can only- be transm1tted through personal contact or - 1nstructlon.
Thus aquat1c mammals, such as the porporses and whales whose brains are
fully as® sophisticated ‘and about ten times - larger than ours, are locked in
an unfortunate s1tuatlon-f They can't escape from' the. present to use their-
past and, therefore, are forever restricted. to 1nformatlon transfer they can
‘achieve through d1rect contact -'in one 11fet1me-—not unlike the Aryans
communicating Vvedas by rec1tal from generatlon to generatlon in 3000 ‘B C.

] : 2 c

The human ‘was the f1rst (and so far the only) spec1es to break the barr1er

to. communlcatlon and transfer of knowledge through ‘the 1nventlon of a’

mult1tude of art1facts whlch mlght otherw1se have requlred genet1c solutlons

for survival, ~For example, : : :

If he wanted o keep h1mse1f warm, he did not have to change

his genes to grow a fur coatj. he made a fur coat, he built

shelters, he learned how to- ‘use f1re. "If he wanted to fly,'

he didn't -wait to grow ‘wings to. fly,_he invented ‘a machine '

- that flew 1n the air, - If he wanted to ‘go.-.into’ ‘the ‘water,: he,j -
d1dn t walt to” grow gills or ‘a ‘new: breath1ng apparatus, he
s1mp1y 1nvented a ship, If he wanted to . become _resistant to.

] d1sease, he did not have' to- change his .genes; he! created vac-

) c1nes and w1ped out pollo and smallpox (Sp1egelman, 1979).'

The computer is. perhaps the . ult1mate art1fact created by man., In addltlon _
to prov1d1ng access, to world knowledge 1nstantaneously, ‘as ‘a_symbol processor
it ‘provides us with the: potentlal to convert passive knowledge in books 1nto
‘an.active form., . Thus ‘it w1ll, some day, be no lonqger. necessary to spend days

; ass1m‘1at1ng 1nformat10n that we ‘will be able to- access from the World . -
Knowledge Bank in m1croseconds.; In’ short, each person could have an
¢1nte111gent aeslstant, adv1sor, and consultant, wnlch w1ll surely change the
entire role of educatlon! I R o -
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Th1s chapter 1s partly a general summary of - emerglng 1nstructlonal paradlgms

and partly. some personal viewpoints on where to start in exploltlng the com-

puter revolut:Lon for educatmn. My pr1mary b.l.as 1s to concen_trate on forms
needed for educators to beg:Ln deslgnlng and using those forms. - hus, ‘this
. paper begins - w1th ‘a discusgion of what it is that excites.me about having:
‘substantial computer power in the classroom. The next section sketches new
issues of instructional . psychology that should - be attended ‘to in the design
- of computer—based' instruction, . After that, there follows a brief discussion
of icsues of motivation that are relevant to computer-based educatlon. Thisg
is followed by the main body of the paper, in - which recent computer-based
1nstructlon paradigms are’ dJ.scussed. The conclud1ng section deals with ig-

sues that arise with any new medium of expression: understanding its basic .-

'capab111t1es, developing artigtic standards for the medium, and develop1ng a -
sense of what- well-crafted products w1th1n the medlum should be like. «

L I.b‘ WHAT CANNOT BE DONE WITHOUT.'A CDMPUTER? '

It is common among crit1cs of extant computer-asslsted 1nstructlona1 pro-
~ ducts to hear. complalnts that most current commercial programs are nothing
‘but automatic page turners. Indeed, a perusal of the software sold for
-"school use produces quite a few exemplars of a form in vhich exercises found

in workbocks -are dJ.splayed successlvely on “a v1deo screen. Usually, the_
: readablllty and graphic quality of the. exerclse is poorer —;.han in the work- -

book - and ' the acchtable student responses greatly restr1cted. .Short ~ texts
cin cap:Ltal letters with. mult1ple choice resp0nd1ng is qulte common.; Yet, k
teachers often welcome such  aids; the1r novelty results in . some students“

spendlng a bit' more.. t1me spent in drill than would-: otherw1se e the case, -

1""and the - very presence of computers ‘in-a‘school bulldlng relleves parents who.
- .worry- that their chlldren 'will not ‘be 'adequately prepared for the 1nforma-
tion economy in whlch they will have to 11ve. ;

‘We know ‘that these reasons are poor ones. The novelty of the machlne wears,
‘off qulte qulckly unless the machlne ‘is dellverlng ‘an 1nterest1ng message.,

"‘Bel,ng exposed to: computers by us:Lng them tr1V1ally ‘is "no more pu:eparatlon-,'

ifor . a career 1n an automated world: than. WatChlhg soap operas about doctors
is for a career in’ med1c1ne.' The research: world must prov1de leadersh1p and'

'do some . of the analytlcal th1nk1ng -that - m.ll help educators -know what is- -
worth doing with computers. - What follows rlre everal general areas in which
COmpute's can add more subsf-antlally to the quallty ‘of educatlon. : :

-

" I.A, Rapid~Diagnosis- B

One major capablllty that a- computer ‘can have, g:Lven adequate software) is

. to rapidly diagnose. specific sources of istudent errors. . Such .diagnostic -

";,capab:LlJ.ﬁty can be used in: many d1fferent ways. . The s1mplest poss1b111ty is

prov:Ld:Lng the teacher w1th -an assessment of : where dJ.fferent children are: in

their acqu1s1tlon ‘of - sk:Llls. . Such data, perhaps gathered from observat:Lon"'
of ch:leren s playlng of games deslgned to' prcvide practice ‘opportunities;
- B TR AR TP S
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can help. in grouping children for small group activities and can. occasion--
ally -reveal specific skill -weaknegses that might have  passed for general
negligence. The BUGGY program develcped by Brown and Burton 1s a good exam-
ple of thlS sort of capab1r1ry. .

It is poss1b1e to go . qu1te a bit further, though, and to use computer-based'
diagnosis to support coaching and tutoring capability. The WEST tutor by
Brown and Burton illustrates thls type of approach. WEST compares the stu-
dent's performance with a- model of expert performance and then generates a
1list of skili components that  are likely to be missing in the student. it
then has the difficult task of deciding how to intervene in the student's
game—playlng in ways that migh* foster acqu1s1tlon of the m1ss1ng skills.

A substant1a1 extenslon of this approach m1ght take account of how psycholo-
-gists- currently think cognitlve akllls are learned and" might make diagnoses
that differentiate the need for conceptual acqu1s1tlon from the need for
practlce of . procedural gkills. Such a system does not yet exist, but is a
feas1b1e research goal that recent’ advances in computer technology and’ com-

_ puter. sclence make possible. A second research -goal of this sort might be a
‘ capabillty for diagnosing basic verbal,vquantltatlve,-and spatial aptitude

levels and adjusting the formatting of displays-and texts to individual dif-
ferences in aptitude. - The realify of elementary and secondary educatlon is

that many teachers, . in. teaching the curriculum, .are operating ‘perilously
‘close to- the limits of their own understandlng._ Consequently, diagnosis,
wh1ch tends to require soph1st1catlon well beyond the skills being taught,
1s hard. for - them,'and a computer as51st would be a breakthrough

I.B Qu1ck Resggnse And Attentlonal Focus

~

A second capab111ty of computers, and one in whlch more progress has ‘been:

, made, is the ability-to respond qulckly to the student and thereby keep h1sh,

~attention focused on the task at hand, A var1ety of 1nstructlona1 games are
starting to appear that have this property, and other: formats- are also being

~designed.: _However, “ there 1s much ‘left to "be done,  In general much more N
" soph1sticated software and hardware will be needed if systems' are to be

truly responslve ‘and attentlon-demandlng. .”haracterlstlcally, existlng CAI'

’ _ systems make - dec1sions “about prcmptlng -the student at too microscoplc a

level. Rather than- independently assessing the. rate and qua11ty of respon-

 ses by the student, they are able only to branch to a prompt routine if too -
much time - elapses on:a given frame, Th1s sort of context—free dec1slon‘
d mak*ng ‘leads to varlous frustratlons, such . as belng dunned 1ncessant1y on a_

frame while you 1ook up- a;word in the- dictionary or not ‘being allowed to

N proceed ‘to the next frame because the designer thought you should spend at .-

least n seconds on’ each line of text.- Here both mot1vat10na1 regearch and a
small amount of technolog1ca1 development are needed for computers to become

_more usefu1. - . o -




‘ ‘lab.' There are others who 'lack: basic intellectual'aptitudes ‘and  have - diffi-'

’":world that are’ incorrect

7f‘be repealed the ‘gambler

’37r'land extensions of

”'"I'C Improved Laboratory Experien

2

n—‘

' COmputers can greatly enhance- student' opportunities7

eforj laboratory ex--:f
'per1ences.v Educators value laboratory s1tuations.7 We know that some: ccn--‘;
'cepts ‘are best: learned from concrete experience.v We also know: that concrete\,-,
'problem s1tuations allow useful exercise of . newly-learned facts~amd rules.fv
'eHowever, there are many. barriers to effective laboratory fac1llt1es, includ-“'vv
-ing ‘the - cost of . the- necessary manipulables and supplies.,‘ Certainly, the~“
computer can decrease ‘the - costs Tof laboratories ‘and " can . permit laboratory '1
experiences that are tallored to indivddua1,needs. i can prov1de sxmula-~x'
‘tions of. experiments that might be dangerous in” real school settlngs and can

) br1ng those experiences to a wider range of students. {*lc S

uFor example, there are many students who have s1mple motor problems in the e

coulty” gett1ng through the specific instructions foi; a 1experiment and little; e
‘likelihood of . making grand inductions from the experience., More important‘
“there are many situations in which physical limitations limit effectiveness”
© even for the better student1 e
- school ' :
‘fmanifestation ‘of - place value’ -
' exercises involving four or :five places. R i v ,;problems in
handling 10,000 - un1t cubes makes such extreme exercisesfimpossible‘*'* . i
there ig 1nd1catlon -in 'som ”Qof the recent mathematics ‘learning research;.:w
(e.g., work in-the’ Greeno—Resnick group at’ my institution) that the concrete
Nexperiences that’ underpin understanding ‘need “to be: richer and ‘more" extreme
than  is :1likely - to result from ﬂurrent classroom experiences‘ with these
manipulables. : o : o : :

:,*impossible.-=~

I.Cot The Physicmlly Difficult or Imposs'ble

nust, follow the - physicaT"“"“

':of motion“can.
lzThis provides

1mportant teaching.oppo
3;teach young child” ‘
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the goal 1s understandlng, the computer can make these dlspl:
“.dent. In later stages of learn1ng, it can help the", student make
. aids’ for h1mself.

]

I D Cbmputer L1teracy

For parents, and maybe for all of us, the ult1mate reason for hav1ng compu-
“ters 'in schools is to teach students some of the bas1cs of an age they are
enter1ng, in which 1nformatlon w1ll be one currency 1n\our econamy and in
_which" ‘many occupatlons will: requlre "the ‘use of canputers 'to ‘extend one's in-
: formation - manlpulatlng ab111ty. For th1s to.” happen successfully, .schools
. need assistance .n'sortlng out whlch aspectsfof current computer usage will
prov1de,good background for the long term. ‘ .

\‘. . /

':,board;

local 1ndustrial leaders where ‘the were jobs for which not enough people
had the rlght preparatlon.‘lHe wa ught woodworklng, draftlng, and sheet-

-‘;large ext nt, be. tra1n1ng students to ‘do- exactly what automated . programming -
systems w1ll be d01ng for ‘us in. only ‘a’ few.: years.; In areas with run-down
1ndustry, the icall m1ght even ‘be: for hlgh school graduates who can keypunch
or . program obsolete computers. "'Perhaps, with’ _some. luck, the high-tech
*coastal areas would be more fores1ghted,~ but  even there,‘ very temporary-

ewill” dr1v 1ndustrial demands for. computer training unless we
fnatlonal sense of wvhere" the 1nformatlon-process1ng world -is’
our[whole society lacks the ability to. “keep up

'Pen is a task to which tne best avallable talent should be applled
; . /,, l‘/ :

‘che veneer “of skill needed to - f1t into a- current job - or to be a more 11kely
consumer of current home computers, 'we provide a. few: years ‘of JOb secur1ty
‘buti“only - ‘an 1llus1on of 1mmun1ty from obsolescense. . Fundamental under-

»’Lstanding of how to- plan the solution of 1nformation-process1ng problems is

,what‘needs to ‘be. taught, ‘and. much research is needed” to develop . exempLary
;prototypes that the commercial world can tallor to local needs._;

When my father's school |
n 1ndustr1al arts classes, they asked |

fomputer revolutlon., Findlng the r1ght mix of skills to teach. our,

'~qu we<fa111to prov1de any computer 11teracy tra1n1ng, our- chlldren w1ll ‘be
doomedzto the ‘lower. portlon of: the soclo-economlc scale. If we. prov1de only '

.schools would, to ax."“

L

“~
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II.0 NEW ISSUES OF INSTRUCTIONAL PSYCGHOLOGY
This is a presentation about instructional methods, However, I feel the -
need to briefly outline some bf the emerging'pginciples of instruction that
can inform method selection decisions., Just “as the last technology of
schooling, which used teaching machines, depénded on behavioral theories,
the computer technology will exploit cognitive theory. o

,;NII.AiuAutomaticity—The0r§ - — —

'

Our understanding of skilled performances such as. reading has matured sub-
stantially. Wwhile folk wisdom tells us that practice makes perfect, we have
lost sight of this in our schools. Much of education is. organized. around-
achieving the lowest levels of learning,  On tests, we ask students to be
correct 70 or 80 or at most 90% of the . time, - However, correct performances
at 'the limits of our capabilities depend upon very ‘high reliability and
efficiency of lower level skills, No one, for . example, can be correct 80%
of the time on a history test if he‘cﬁnaoﬁlyireéoghizeNBO% of  the words or
if - he must concentrate on word recognition at the expense of integrated
" understanding. = Recent efforts in the psycholody of reading .problems and
even, to some extent, in work on math learning. has developed a clearer
picture of the need for concentration on overlearning or automation of the

PN

simpler subskills that underpin more complex performarices,

Y

T e

II.B Pédagogical Theories

A second area in which progress has been made is the integration of theory
from developmental psychology with the more static'accountsipf ‘campetence
that emerge from cognitive research on learning and performance. We now '
realize that ‘sophisticated understanding of the .world does not simply ac-
crete ‘as .specific principles are learned but rather that there are qualita- .
tive differences between understanding at one level of learning -and under-
standing .at a higher level, Glaser has. suggested that temporary organiza-
‘tions of partial knowledge may need to be taught to the child, That is, in
~_order to,:exercise the‘]earniﬁgfthat_has'alréady takenﬂp1ace;,it‘may;be
. necessary to provide the. child with a: coherent’ organization for what he
- knows, even if that orgahizdtion.qogs;nqtfperfeqtly'matchfmore sophigticated .
views, He calls these temporarynorganizatiohs’Eg@égdgiéal'theories.”u An
example might be providing ‘a more Aristotelean:theory of physics to a young-"
‘child who is not yet ready to understand Newton's laws or using the meta-
_phors.bf,Galilean'relativity:tonhélpvsomeone who is not yet ready to handle

the special theory of relativity.

should 'be: used and the circumstances ;under, which we should avoid = siuch
‘approaches, .t R : B L

‘.

- II.C Téiidred Cbachiﬁg T -

.ﬁﬁ  §éfhaps'the.mqstvimPOrtant nganqés7havé'come from"ﬁorkjaimed at:devglopiﬁg'f

=
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tutoring or coaching_systems., Bulldlng a computer—based tutor forces : many -
issues that cognitive psychologists ' have otherwise avoided. Same of these
issues are so close to the margin of what psychologlsts know how to study
that - they are also philosophical questions (e.g.,. what does it mean to un-

derstand a mechanism? what kinds of explanat:Lons do teachers tend to offer,

and. how adequate are they?). They represent simultaneously the  highest

- levels of basic abstractlon in cognitive research and the most appl:Led work.

Understanding what a good electronics technician knows when he is able to
diagnose..equipment failures' or what a person must know to ‘assemble a
mechan1cal device has immediate payoff for a'spec1f1c applled task and -

' general payoff in principles for attacking other tasks. The WEST and ARITH-
.MEKIT" exa.uples dlSCUS“ed below elaborate on what is learned from building

tutoring ‘gystems, . x .

o o Lo . . .. ¢

II.D 'Articulating Practice And Conceptual Learning

There is an’ area of cognltlve; psychology that is not well developed but that

‘we will need if we are to produce the best 1ntelllgent computer systems. We

need a coherent theory of instructional design., For example, we know that

‘subskills should be practiced at length, We also know that certain-sorts of -

exploratory worlds, especlally when equipped with ‘a ‘tutor, can _provide /deep
levels ‘of understanding. Exploratlon and practice need not be dlsparate
act1v11'3e We must resist the aca/demlc tendency to make lJ.sts of all the

‘ separate kJ.nds of things that might help students learn and then force stu-

dents through one such device after another, It should be' ‘possible for the
very best designers we have ‘to  build systems that integrate several klnds .of

11nstructlonal goals into a single ‘coherent .whole, that articulate practlce

‘and conceptual learnlng poss;.bllJ ties, We will see the beglnnlngs of such

;de51gns in : the. demonstratlons ‘for this: meetlng, but substantlally more in

the way of. pace-settlnd profotype systems is needed. . Perhaps an 1nstruc—:

" tional svstems archltecture competltlon is needed—-along the ll.nes of the
_ARPA speech understandlng competltlon of the sevent1es.'

ie

'.Thls ‘is ‘a conference on computerv in educatlon, and our recommended agenda"

should focus on that specific need, - However, we should bear. -in mind that
the best of ‘such - research will include some pro;ects that are L also good !

‘basic s\.lence, and that we need that basio sc1ence at least as much as we

need speo:Lfic softwareuv .

III.O MOTIVATION . e

v

bubstantlal work on 'notlvatlon issues related to computer—based education is
also needed. - Students: will do certain tasks ‘on certain -computer systems

‘ that .they will not do otherwise, - . Theory needs to be developed and tested -
that can- expla:m the moflvatlonal d:Lfferences between one- system and an~ " .
other. Such a theory, I suspect, will be an amalgam of current social pSy=~ it
chological work, tradltional vievws of relnforcement and feedback,- and prin-
' c1ples of cognitlve psychology »




~

We need to better -understand the differences between reinforcement through

- rewards that are not directly related to what is béing learned (i, e., points
for correct performance, or .a chance to play a valued game) and the rein-

forcement that comes from'knowlng that one is becoming more successful 1n a
skill, We see, in athletic coaching, an even-handed mixture of the two
kinds of mot1vat10n. Social reinforcements are offered, but part of the
reward in pract1c1ng sw1mm1ng or football skills comes frem knowing that one
is mov1ng closer to spec1f1c performance goals,: winning races; winning
games, - ’

€

know that they are beco ing better wrlters or better problem solvers do not
actually recognize that Success., What is the writing sk111 equlvalent of
winning a football game? Perhaps it is recognlzlng that your latest work is

more fun to read than the stuff you wrote two months ago.  Surely, it is

.My personal suspizion ig that many'students who might.find it rewarding to

more.than getting five points on- a scoreboard -display.- We need to know how,
it differs and how to maﬁe ‘such successes ev1dent to the learner.

We also have, in the computer game world, a chance to understand reinforce-

ment schedules at ‘an ent1re1y new qualltatlve level. The Skinnerian teach-

ing machine provided a reward w1th1n about a second after a respcnse., Each

reward was quick, but the. overall pace- of performance was not all that fast

in many cases. Cbmputer games seem rewarding in part hecause one gets im--

mersed in them and seduced by the pacing of action, . The effects are not "at
quite the same qua11tat1ve level as in Sk1nnerian re1nforcement schedules.

Work is’ needed to understand - these effects so that we can use them better . -

and with more certa1nty about posslble 51de effects,

IV.0 REVIEW OF NEWLY-EMERGING METHODS

-

Hav1ng presented several themes that I th1nk are 1mportant to our. delibera-

emerging  forms - of computer-based instruct.ion, . The striklng property of

'.-these more novel- forms is that they provide, in’ one sense. or ‘another, 'an en-

vironment over which the student has 'ons1derab1e fee11ng of being "in

'charge.‘ The respons1veness of . ‘any computer system,,-ncludlng these in-
.structional. systems, to individual needs depends. heav11y on a.system organi-
‘zatlon that ‘permits - several relatively 1ndependent forms  of computation to .

be gcing on simultaneously, with' the student and perhaps the teacher: able ‘to .
1nteract with any of them.. Both students and teachers will sometimes need

to examine. and alter any aspect ‘of the system, 1nc1uding the system s ‘know-=
ledge of its own state, The 1mportance of this requirement for multi-task-

- ing capab111ty will emerge as the spec1fic forms of 1nstruct10n are examln-

edo

Iv.n Instructionalj:émes'5,f"' ' ' 4 o

/

‘tlons,. ‘I now take up my prlmary charge, reviewing ” some of . the recently .

'Instfhctlonal games can be a- powerful force in education. Scme:learning_re-~
quires act1v1ty that is generally du11 and repetitious. An obvious- example




is. practice of simple verbal skills, suech as correct pronunciation of a
foreign language : or. word recognltlon in beglnnlng. In addition, though,
there are concepts to be learned that are hard’ to. apsorb off the printed
page or from a lecture, Instructlonal ganes -can somet1mes increase stu-
dents' ability to get necessary practice done; the best games also provide
learning experiences that are difficult to create in, less realistic environ~ -
ments, What follows are descriptions of several types of games.*!

! . L. - >

-

JIVALT Games As Filters ébr Prescribed Practice

However,, there is considerable evidence -that intellectual skills also re=
quire considerable exercise béfore- they become fully effective,- In mathe-
matics, research efforts are beglnnlng to. achieve a rapprochement between
understanding and drlll- in reading, ev1dence accumulates- for the dependence
of “the. "intellectual" aspects of reading ‘on automatlon of .lower. level
skills, such as word recognition; even in domains such” as radiology, the-
‘"role of hlghly overlearned percéptual skills in the course of diagnostic
‘reasonlng is" i» moming apparent. More important, substantial theory (e.g.,
Anderson, 1982) has been. developed to explain the specifics. of practice
effects, Consequently, even though practice is a less glamorous - goal for
computer-based educaticn, it.is one that should.be vigordusly pursued.

Practice-providing games need several properties, - First, they must. demon-
strably provide the pramtice for which. they are targeted. - Second, they must
be. motivating” enough to keep the student engaged in effective practice,
Third, they must convince parents and teacher° that they prov1de a spec1f1c»'
pract1ce functlon.
amples; Two short examples help illustrate these points.' 'The first is a’ e
game under development: by my colleagues Isahel Beck and’ Steven Roth ‘at the )
Learn1ng Research and Development Center, - .This gam is designed to provide
opportun1t1es tn. practice differentiating words thac have similar starting
and ending consonants but, differlng vowel centers (e.g., bet, balt,obat,
- bBeet, - etc, )+ 'The -game is s1m11ar to certain -electronic arcade games in.
certain respects.  There is 'a maze coverinhg the boatd, ‘with words located: at
various  plzces in the- maze. The child's task is to steer a. small‘creature
around the board with JOYSthk. Tho computer. speaks a . word, and ‘the child
wins points 1f he stners the creature to that word and then presses ‘the joy-
s+1ck button. Addltlonal elaboratlons and complex1t1es are bullt in, ‘allow-
ing the. game to .be played at’ many different levels (for - example, the faster
~ the response af}er a word is: spoken, the more p01nts are -earned; wild cards -
‘can’ be used for any word, but they~w1ll not ‘count unless a related phonics -
performance is done correctly).° The game can be ‘siown to require perfol—‘
- mances that’ are .consistent w1th current practlce goals in reading for
elementary school ch11dren.' - — _ : B

T~ Games also can function as simulations of real-world environments
’that’thefstudent is -studying (e.g., business games, war games, etc.). I
"'treated simulation as a separate topic, which is’ taken 1in below," because it
" imposes a separate onf requ1rements on: authorlng env1ronments.

"
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' However, it will be successful on]y if it keeps ch11dren’s interest, This

. it seems to -do. Intu1tJvely, I can see many similarities between this game
" and games like Monopoly and . PACMAN, However, we need better - research on
. what it takes to make games .such as these mot1vat1ng. We also need to ad-

dress the question of whether children who get regular access to ‘such - gamesm

will "still be able to learn in more traditional environments or whether cer-
tain games somehow destroy the. mental - d1sc1p11ne needed to learn from
teachers, e o - _ _ -

A second example is one of the components in a computer-asslsted wrltlng in-
struction project at Bolt Beranek and Newman. A BBN group headed by Allen
- Collins and . working with outside consultants such .as Jim Levin, ‘has
developed a computer-based classroom newspaper., . Students can function as
both writers and editors of art1cles in- this newspaper and have an array of
word process1ng tools avallable that allow them to concentrate on develop1ng
and. ed1t1ng camposltlons. .- The final - products can then be printed as a

classroom newspaper that parents and " friends can read. Such a system pro-~'

.vides addlhlonal ‘motivation over .traditional homewcrk -assignments and also
optlmlzes student. writing t1me by prov1d1ng tools that facilitate . the
'draft1ng and’ ‘redrafting process. -Work is also in progress at BBN and else-

¥

where on coaching a1ds that help students flgure out what to write about 1n-'

the first place. e - w !

IV.A.2' Games As Discovery Environments T ' (.p" : T

‘The' toplc of games .as d1scovery envlronments overlaps that of the computerr

as a laboratory. -In both cases, the game functions by creating sltuatlons'
in which-the student confronts problems from which he can discover -important

‘new principles, - In the laboratory format, these si :ations are exp11c1tly'f.
crented accord1ng to “an; 1nstructlonal sequence, In the game environment, ..
‘the overall. game is englneered 8o that students often f1nd ‘themselves in.

-such - s1tuatlons no matter. whlch choices. they. make in play1ng the game’-. In.

essence, the game: adds a- feellng of be1ng in charge to the experiences that7'
-other . laboratory env1ronments mlght also- prov1de, at-a. rlsk that the student

.. won't always make 1nstructlonally opt1mal cholces.

‘;called Gertrude s Secrets.v The .game env1ronment is designed to teach simple
‘loglc and set concepts to. young ‘children (e.g., the set of blue - squares isg

".the 1ntersectlon of the set. of blue, thlngs and the set of. squares)., There

"I w1ll mentlon only one emample. Ann Plestrup at The Learnlng Cbmpany hasv
. followed tu) ear11er NSFhsponsored .work - -in develop1ng a ‘game env1ronment g

are a number of . ways ‘in whlch “the env1ronment st1mulates exploratlon by the

child whlle assur1ng that glven suff1c1ent < ploratory time certain. concepts

will be. acquired.. The: env1ronment is slmllar “to .games such . as Adventure in

- some. respects. ‘At the start of a- ses51on, _the chlld controls a cursor with

Ca: Joystlck (the program ‘works - w1thout a. Joystlck, bu not as well) that can -

. be moved anywhere on the screen except through "wall. ." Around -the edges of
- the screen,  there are several openings in the walls, giving the _appearance

of a fioor plan of a room.» Movxng ‘the . cursor through an open1ng produces a

screen dep1ct1ng an adjacent "room 1
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- IV.A. 3 General Issues For Game DevelOpment

H

Slgns along the way point toward games one can learn to play.. Each game is

~in a suite of three rooms, one to play in, one that illustrates the game in

action, and one that containe text with instructions. There is a helping
personality, Gertrude the Goose, who brings the pieces for each game, pro-
vides a "treasure" after each game is finished, and stores the treasures
(p1ctures of valued objects) in a "treasure room," Two rooms provide re-
sources for  the student to modify. the game him/herself, by ‘producing new

- shapes to be used ‘as game pieces.

i
c s

Several dev1ces seem to increase the effectlveness of this game. First, ;

there are mult1ple levels of complexity, st1mulat1ng the ch11d who has play-
ed before or’ who is more gifted as well as the slower or newer player.

Second,.there are elements of student control: if~ you don't want to make

venn diagrams with circles and squares,  you can make some with spiders and

snakes instead, If you don't want to play one game, you can play another. -

Third, it is easy to get help; you just move your piece into the help room.
Fourth, the des1gner is a -good artist, making effectlve use of color,
graphlcs, and, most important, . blank space,

There are not ‘many Ann P1estrups around, and it is worth asking whether it
is possible to move beyond the current stage in which there are two or three

" _ real geniuses designing instruction w1th the rest of us bellev1ng in every-

thing they do because our conviction of its pverall value is' not matched 'by

a clear sense of ‘which specifics matter, We might want to have research
available on.the kinds of motivational properties Piestrup has, used. what
sorts of choices are important for motivation? How many options gre the
right number? How do you assure generallzatlon from snakes and sp1ders to
tr1angles and squares?

Most 1mportant we must realize that P1estrup has only begun, and the novel-
ty of her work hides: future problems. There are currently eight worlds like

- the one just described. This means.that the total set of choioes.of "rooms"
may already beé cu the order of 200, wlth new ideas still being. developed. .
‘Will a ch11d find his way in the- game - environment of . the future that has

hundreds of "rooms"? I think not. = 3oon there wlll be 'need for great

'1ntelllgence in these games, so that. the rooms a child finds nearby are: ones

ccns1stent with not: only his interests but-also some 1nstruct10nal ouals.

o

Games are used as 1nstruct10nal dev1ces in large part because ofﬁthe lJ eli—'
hood .that the student will-be more mc*ivated to’ play the game thzap’ +o engage

“in other learn1ng ‘activities. - Nonetheless, games ~will be.most useful for

1nstruct10n when the motivation to keep playing is 1ntr*ns1c to the game,
(in the sense of Malone, 1981), and hopefully even. “to . the skill for which

ments in  their skills as "success," w1th0uf need- for - a superimposed '
artificial layer of reinforcement. ' ' e

It can be safely assumed that there w1ll be a cont1nu1ng need for an arsenal

of. motlvators whlch hopefully, will - be used sparlngly. In the sectlons

-

. the game was written, Ideally; students should learn: to recognlze improve- :




,that follow, some of the 1ssues this raises are explored. of - overriding im-
portance are several general conccrns that may require research, We need 'to '
make " some decisions about the likely capabllities of software built to run"
on different levels of ‘hardware,. so that schools ‘can have some sense of what.
they will gain or lose by purchasing small-memory, 8~bit machines, 64K 8-bit

" . machines; 16—blt machines—wrth—e—brt—data ‘paths; "true 16-bit = machines;y—amd——
even larger ones such as the lisp machines starting to appear. Work is also

. needed to develop standard toolkits, or authoring environments for different
levels of .hardware, . Hopefully, ‘these authoring environments will lead to

.. some upward compatibility of software, allowing “old tools to be used con new’

" machines, A major .purpose of such toolkits is providing easy access to
standard motlvatlng dev1ces, such as those next dlSCussed. »

. - \\‘ T
1v.A.3.a Sound And Light,'

‘ Even a cursory look at successful arcade games calls uttention to the
variety of surprising sounds and an1mations that are ‘used to entice and hold
the interest of players. At present, most games in arcades are based upon
‘extremely small amounts of ‘memory and process1ng power. - Thus, "“any of the
devices in’ such games should be readily available to' an instructional de- .
signer. ~The- only task for the builder of software authoring toolkits is to
make it simple and straightforward to use them.

A Vche ‘chip of common words and game n01ses should add very little (less
than $250) to the price of a. system,’ what is needed’ is a facility’ ‘that
wouid allow an’ author . to listen to a varieLy of strange computer-game noises

.. and .simple, words and to specify which he wants to use in a: glven 1nstruc-
tional . setting.- ' : : ~ ‘ :
It should be relativel) simple to develop a, software kit which allows the'_
‘designer to specify noists he thinks he. mlght want in ‘the’ game he is creat- -
ing. At the ‘time’ the game' program is compiled, if no further specification L.
for a noise like ." explode or. "pop" has been given,. ‘the system could offer a
'menu of sound types for sampling and ask which one to. use. : '

‘ A similar capability ought to exist for v1sual effecns, though here "the task

.. can get: more complex, - Nonetheless, it should be pOBSible for an author to
ask for a- v1sual explosion at-a- particular pair of coordinates, for an ob-
ject on the ‘screen ‘on - change trajectory, etc, At .a. very. slmple level, this -
ig possible with a very primitive mlcrocomputer, such as the TI 99/4,. when
certain ‘formsg - of -display " control ° c1rcu1try are included.,2- - It wourld

“also be- useful, though a bit more ‘complex to expand ‘the graphics _resources
_ ,discussed ‘above to include some level of animation (at least s1mple changes
.. over short time periods).. ~ C

CoTe I refer to the sprites that ‘are’ available w1th 'TI' LOGO, -and- to
other facilities. on varjous computels that- have separate d1splav co troller s
‘(hardware. . T e T e T . . -
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IV.A. 3. Motlvator berarles ‘ g

"nonfr1volous.n ‘Problems that mlght have requlred weeks or ‘months ' to, solve
" can- sometimes be handled ‘within  hours’ by - announc1ng the problem on . a

T7.A.3.b The aali_'of Fame ,

. .. motivational device that can be seen in ,ame arcades (though it pro-
bably started in instructional -computer uses, such as PLATO) is the "Hall of
Fame.""In its simplest form, the hall -of fame 'is simply a student-accessi~
bie record of the best performance recorded thus far, Hall of fame software
should be- independent of the basic software structure for the game itself.,

The game control ‘modulé should-make.. the_ results. of each game available to

bne or ‘more other modules that evaluate the ‘performance--and_ dggide whe ther

to add it to aTlist_ .of best performances. Neither the ‘writér—of— . _
hall-of—fame software nor ‘the~ deslgner of a spec1f1c game should have to
worry about too many detalls of compatiblllty between those two modules.

The pr1mary use of halls of . fame seems to be in establlshlng goal 1nforma—
tion for game players., while -some players may wish to- become\fam it is
striking that players often use "a nom de  guerre. in record:ia\\t ir
record-breaklng performances in a hall of ‘fame, Also ‘consistent w1thhih:\\\\\
-notion that access to goal setting and game shaping - information is of great’
1mportance to student game players .is the success of more general
"libraries" of information about 1nteresting‘student performances.

]
. s

. Of course, there is a paucity of research on the social comparison issues -

involved here, and - it. would seem useful to : -have some that was conducted
.specifically within the " computer-based 1nstruct10n environment. If it is

- possible to sponsor .fund mental research of ‘this sort while 1nsur1ng that it

is done with a strong mandate to carry the result to- the computer-based in-
structlon arena ° expedltlously, this  might be :an important item: for a T
natlonal research agenda. v o ' '

One . of the 1mportant aspects of computer—orlented work sett1ngs is the sense

of communlty that ‘can develop among ' system usexs- who have a common set of

needs. . In many. systems, the ‘electronic - mall and bullet1n board *3 capa-

b111t1es are the most frequently used resources, gnd the usage is "primarily ;4

bulletin board and ‘receiving mall from colleagues w1th suggestlons. Any‘
system user who comes up with an. interesting idea that ‘he knows will be
helpful to others has a socially acceptable med1um for announclng 1t.'

-

3 A few def1n1tlons.' A mall sysLem is’ .a method for send1ng a message’
from one: computer user " to: another, with automatic notification ‘of the =
addressee -of "incoming- mall (by system broadcast, loqln message, etc.) . T

_bulletin board . system. is one that allows . computer users to -add . notices to a

" file that -any other- user can’ access.. Useful. ‘options in such systems include -

key-word 1ndexed director1es of current postlngs, automatlc resources for v
remov1ng old messages, 'and even automat1c not1f1catlon of a user . when -
_.messages" of a class 1n whlch he is 1nterested are posted - .A library is a-.
long-term bullet1n board w1th enhanced screen1ng and dlrectory Cdpablll—
t1es. R - , : - e ;

tN
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,Experlence in the PLATO project, among other places, has shown that commutii«

. ties of studentsg’ also can  make good use: of 11brary and inter-gtudent com-
muni~ation resources.< In a gsense, this is an extension of the hall of fame
con. 'pt, siice many of ti.. ids ... stored or announced are ‘record—breaklng"
performances.: However, more than this motiva .ion func¢tion is served, The
presence of user llbrarles, bulletin- board, and mail facilities’ in'a compu—j

ter system. for 1nstruct10n _provides a potentially. important form of computer '

.socialization for the students. They learn that their ideas may, be of use
to others and that others may have solutlons to problems they f1nd diffi-
cult. . Just as 1mportant, they get experlence 1n the social aspects of in~
formation sharlng. ' \

‘ It 1s a’' major- design chore “to develop\the background env1ronment for soft—
ware authors and for student’ users of - 1nstructlona1 sof tware, Market fac-
tors will tend to make it hard for any one business’ to take on more support
design work than is needed to bring their own pmoducts to market, = Thaus;
~without some collective act1v1ty aimed  at dec1d1ng which tools are neededv
-and then building them,-we will end up with many good systems that are in-
‘complete--and 1ncompat1ble. This will greatly mu1t1ply software costs and
cut the"value of 1nd1v1dua1 product efforts.

\\\\\\\Y \A.3.d Student De51gned Games’ﬁ ﬁ R
\\\\\1 have already mentloned student tallorlng of games, the more pOWerful;,
machines of\the future will permlt even more dramatlc possibilitiesd, ‘Stu-.

" dents should eventually be ‘ablei to build games from scratch, with the compu~.
ter 1nterven1ng to “asgure that ‘the games satisfy some 1nstructloqal goals.
Systems. or kits (in. the sense of Goldberg,‘1979) for student-created’ games:

will reunre careful desxgn. The Pproblem is to allow the studént to freely’_
invent: varlatlons on a game whlle constra1n1ng the chcices to exactly those

- thai, wiil ‘provide a specific form of_practice.’ Further, ‘the constra1nts -
should not’ be too visible to the student~and should ‘not: be 1mposed in- too -
" post hoc“a manner——that is, the student sh\\l never be in. the p081t10n of .
having speclfled a game only to be told, after d01ng all the work, that the
game was’ unacceptable. T N _ : \53> i :

vy

‘It is possible to wrlte such game k1ts in- any env1ronment.' But," it would be;
especlally pleasant to bulld ‘them °in an env1ronment that ove\\ly speCLfled ‘
‘the obJects that were to be 1nvolved in a game."In such a s1tuatJon, an.ad-
vance constralnt could be that the" obJect could only be ‘accessed through'
performance of- the to-~ be—practlcedwsklll.‘ Clearly,,the need for" student~
llbrarles wlll be partlcularly acute 1f students are able to deslgn thelr ,f\
‘own games. : : : : : :
IVPerhaps the . poss1b111t1es I env1s10n can better be understood via an exam= )
ple. Suppose we wanted - to allow students to bulld thelr ‘cheice of a, varlety' :
of board qames ‘that- were more . or less 11ke Monopoly. That 1s,‘they would - - -
have a’ board (a reglon on a screen) on whlch could be placed a game track.
" The student m1ght be able" to .specify the’ structure ‘of such a track by either '
- drawing it or descr1b1ng it (e.g., a square w1th 12 spaces ‘on a s1de, the
. set of interconnected cells sketched with a light pen, ‘etc.). It would ‘then .
Co be necessary to prov1de some sort of label for each cell (square).i.

' .“- T : ) PR ®
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At this point, the bas1s for a finite state machine exists, where each -
square is a state. Many games, have a move structure of the followlng sort:

‘when it is- your move,* you (a) roll the dlce, (&) move forward the number of

squares 1nd1cated and (c) possibly execute wome "process to find out if

something else will happen. The system should be able to move ‘a piece for-

wa+ 1 ~~ a function of a dice roll, though the student may want to change the

na. .. of the dice, splnner,'or other move generator, What is more impor-~

tan. is wo |, de a means of allowing the students to-specify what the con-

sequence of landlng on any given square mlght be. It is here that attention -
to the practice goals of the game needs to be considered. )

Within‘limited gdme types, it should be possible for the system to .ake tne
student's speclfmnatlons and modestly alter. them to maximize  practice, Ebr
example, the text a student needs to read in order to. know what to do at a
given point’ could contain target vocabulary, a problem_that must be worked

‘before points can accumulate at a glven square,  etc, Alternatively, the . -

student could he g1ven a standardized frame to edlt.' ¥or example, the stu-
‘dent might want a treasure clue to be revealed at a given square. He could.
- request this, leav1ng it to the system to - "encode" the -clue. =~ Sameone land-
ing -on the -square .in questlon would then have to break the code to get the
‘clue. ° Student-modifiable games are a bit.exotic for: present-day 1nstrucv~
‘=t10nal systems, but- should be qulte feas1ble 1n the future.

ZGame development tools, 11ke those for other camputer—based 1nstructlonal
_procedures, should encourage h1g ly modular des1gn, simple access of new
modules “to the ccmmunlcatlons between ex1st1ng modules, _and explicitly
spec1f1ed and managed layerlng oE the softuare being bullt.‘ Such a resource

will' encourage ‘an approach in whlch the- author builds a prototype. game, T

_shapes it by °mplr1cal tr1al~1nto a successful instructlonal camponent, and
then- opens it up to the student by addlng 0ptlons for tallorlng ‘personal
versions, This way requlre’research efforts aimed at further developlng-
languages such as uOGO for this- purpose. :

!

IV.B Tutorlal Aad Cbachlng Systems o . f T

_Tutorlal and coach1ng systems are those in which; some. sort of adv1sory ‘or
- hint..giver 1P superlmposed on top of some other act1v1ty, such 'as a game,
simulation envl ronment, or programmlng env1ronment (eegey- LOGO or Small-
talk). such systems,,ln their: more sophlstlcated forms, are: best represen—
* _ted as a hierarchy, in which ‘a. tutor component "watches"” the 1nteractlon be- |
"tween ‘a student and ‘the rest of the system, dec1d1ng when and how to ‘inter-
vene in that interaction., They pose a somewhat different set of . requlre-..
" ments for. authorlng envxronments." S

Of course, there are coachlng systems that are much less ccmplex, in which
any sense of h1nts as responses to  the pattern of a man-machlne lnteractloh

is at best lmpllclt. “Por example, ‘the TUTOR language -for ‘PLATO, “even in: thei‘.

late 60'sS (Avner -& Tenczar, 1969) contalned a HELP: command- that allowed ‘an -

'lnstructlonal des1gner to speclfV'a plece of 1nstructlonal materlal thata -

student would see if- he asked far.. help or made ‘certain: speclflc errors.f
S\\\Such a:"canned h1nt" capablllty is:not: the constraining- factor in des1gn1ng

W instructlonal svstems, s1nce 1t 1nvolves noth1ng but ar1 expanslon of the

.‘o




ran'ge of‘ responses a give,n' frame 'is .p‘reyéred to evaluate and act upon.

; IntellJ.gent coachJ.ng systens, on the other hand, represent a major new level
- of complexity in computer-baged instruction. = Rather than beJ.ng exle.cJ.tly
vspecJ.fJ.ed, sequentJ.al (or almost sequentJ.al) programs, they J.nvolve :

"J.nteractJ.ng actJ.ve procedural elements ‘or ACTORS.
The crucial issue then bzcomes the design of the sociology.
of ACTORS, that . is, the ccmmunJ.catJ.on and = control
strategies used to organJ.ze the efforts of the.independent
ACTORS" (Brown, Burton, MJ.ller, deKleer, Purcell, Hausman,
& Bobrow, 1975) ) . : J

In such a system, the mainline interactioh between: the student and a game or
other learning enviromment depends upon only one, or at least only some, of
the independent procedural components. - The tutor or coaching system  also
" involves dJ.fferent ccmponentS. " Any - authorJ.ng ean.rorment for systems of
this type ‘must -‘allow for the clean, effJ.cJ.e'xt, explicit . specJ.fJ.catJ.on of
mult:.-compunent structures. It - also must b*J.dge. the “gap between multi-

- component systems in the author's mind and’ substantJ.ally smpler hardware in
““the s‘-udent's clas.srocm. » .

In th‘LS sectJ.on, we rev:.ew the requiranents of lJ.kely future tutorJ.al and

coachJ.ng systems. A good review of issues hJ.ghly related to this section:

can be found in Clancey, Bennett, & Cohen (1979). AIn .that review, other

;_archltectures are proposed in aduition to the one advanced below. However, o

"I believe there are a set of cammon issues. that wJ.ll arise for any system’
with J.nteractJ.ng bu\_ largely J.ndependent procedu.res and that 'such systems
. .will be reqmred far 1ntelligeqt tutor:.ng and- COaChJ.ng to take place. v

"The requlranents for coachrng and tutorJ.al systens are dJ.scussed below in ..

the context of the WEST systeq (Burton & Brown, 1979) That system prov:.des

tutorial levels of hints to a student playJ.ng a ccmputer game called "How
the West was Won" . (Dugdale & Kibbie, 1977), th.ch is a variant “of Chutes
and ladders that provides drill and. practJ.ce in arJ.thmetJ.c for elanentary,‘
~ school ‘students.  In it,” the student is given three numbers. on each move

“(they  are . generated by three"'spmner" displays on the screen). - . The . .

‘student is allowed. tc cambine the numbers into an ar:.thnet:.c express:.on of»

- »hJ.S choiceé. . The value of the expression determines the number 6f squares he
is moved on the qame board. : 'I'here are several levels at th.ch the game can

' '_be played. .
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Flrst,'one can always try for the largest number. Later, one can begin
aiming for. specific numbers that will be more advaritageous because they land
on a "chute" that permits a shortcut or because they land on a square occu~
pled by an 0pponent, who must then move back some dlstance.

. ‘
" i)

In order to provide tutorial hlnts to a student, the system needs to know

* what the student is doing (his move pattern), what the optimal moves are,
“and .what to do to. improve the student's current performances. In WEST, the

task 1is split into two parts, diagnostic modeling and tutorial
~decision-making. ' ' '

,IV.B.1

Dlag'nosls of the student's current -level of sk111 and performance is done by
canparing the output of two system - camponents,’ the student modeler’ and an
expert modeler. The student modeler outputs a canonical statement of the

-student's recent moves. = ‘this’includes the current move and the underlying

skills that gave rise to +it.  The expert modeler similarly provides
lnfomatlon ‘about the best current move and the underlying skills that would
give rise to that. The two are compared, and the result is a dJ.fferentlal

model™in which information relevant to specific tutoring issues' is provided. L

In the case of WEST, the types of issues.

e ~(a) the rules  for composing

o arlthmetlc expressions, (b) the rules, op lons, and- strategles for ‘playing

playlng. ,

the game, and (c) general pr1nc1p1es of g

Of course, the issues lnvolved ‘in dJ.fferent 1nstructlona1 envxronments w111
vary, - but the system architecture o WEST is  a- good example “with
considerable generality.  The system must “have " several personalltles,

lncludlng the game player that plays ‘the game with the student, ‘the student *
modeler that watches student performance and. builds a model of the. student’ s, K
~Skill, . the expert - modeler " ‘that " describes ‘the ccmponents of = expertise
relevant to the current situation/,” and .the- dlfferent1a1 modeler~ that

.campares the  expert and student models. ’ Another” major personallty is the
tutor, descrlbed brlefly m the next sectlon.




lgIV;B.Z Tutoringvstrategiesd. j—v“,f*: ‘ : .‘1'_f:’ J‘h?fu,': 'l;f' ~

There are various tutoring strategies in use- in current lntelllgent compu-},Q§
ter-based instruction.. They all ‘have’ the pmoperty that they 1dent1fy pr1n- e
ciples (knowledge structures) that the student does not know and. then use an’ , -
‘implicit model of learning ‘to" ‘decide which ptinciple to . teach next.. and how‘ilﬁ
to teach’ it Further, they need ‘mechanisms to. deal with the lack of curren-,_,u
_ cy and completeness in the student model, - Thus, they involve rather complexif'”
"intelligent activity. Any system within which" instruction is to be authored‘ o
must provide a-. programnung environment that allows such complex tutoring ;o
modules to be created.‘.u- = : ‘ . '

In. addiflon, the information about correct (expert) mOVes, the student [} beJ‘ﬂ's
haV1or,‘and the tutoring agenda .iileeds. to be represented explic1tly enough . tc_,;;
permit’ the student to ask questions and to constrain ‘the. tutoring - process,’}fi
-at least in part, That is,  the student should 'be able to respond to a sug--

gested move - with ‘the question, "what's wrong with the move I: made?" Thus” we
see the need: for multiple tutor roles, too.' The tutor is® sometimes a- tacti-v’
‘Cian, sometimes a strategist, and sometimes a conVersationalist/adv1sor.‘”j’f

IV.B.3 Motivational Issues o

Some tutoring principles may haVe such generality that they should be 0pera-ﬂ, b
tionalized as a kit ~(or. module) that can be added to any hinting/tutoringg
system,.- A . maJor requirement s’ that other aspects ‘of the ‘system - des1gnu
~should not depend upon whether the kit is in’ place or. not. “Clearly, ‘there .
‘are. also’ genrral principles of tutoring that are damain-independent, cr{f
mostly soO. consider the principles enunciated recently by John Seely Browng@
(quoted verbatim from'M’l he 'TLeVin, 1981) » o

'.,(_1')*'

(an‘al-

”“,‘_,Example



?;.-~ (11) If the student makes a potentlally careless error, be
’ ' forg1v1ng.,,, But " prov1de -explicit commentary in case it
- was. not.. just careless,

“A number . of 1ssues for the des1gn of ‘authoring env1ronments are brought out
by Brown's’ sugqestlons. Consider Suggestion 10, which concerned adjusting
" the- level ‘of game the computer is playing against the- student. - This
--------- pr1nc1ple involves® ‘keeping track of ‘the progress . of the student's game, - Lo
‘ which 'is someth1ng ‘the student nwdel will probably be - .dding,  at least . o
g;lmpllcltly. The action to be taken, ' though, is to modlfy the game-player ’
.module, not to .intervene. with a hint, Suggestion. 7 involves ‘both "hint
‘giving® and: modifyinq the" .game  player (at least minimally). Suggestion -3
‘involves superVising the tutor inTllght of 1nformat10n that must. come from
the expertqmoaﬂl. s I R .
What’is &pparent is ‘that a mot1vatlon prlnClples klt," surely someth1ng:>
des1rable, must. be ablé to: observe the activity. -of various components and
intervene. It would be 1deal if such kits: could be added to any particular
system w1thout regard ‘to 'the spec1f1c content ‘of the system,,knowlng ‘only -
that it was created“1n an. authorlng enVironment that supports this class of
. kits. Much ' more 1mportant, we need ‘to’ yreatly extend the research that.
nrown and others: have ‘begqun.  We need-a- theory of tutoring, 'and -that is a
“major cognitive psycholog1cal regearch task, It is. Jjustified as a priority .
‘-research agenda item by the. sudden emergence of tutoring as somethlng that
.we -can affordnto do—much~more than- 1n the past--lf we know how to do it well
and substantially by machlne. :

- . - . ! C . . kS

~3

) : R » !
IV B4 c0nversat10nal Capab111t1es '~'frf\ ;_* _ﬂ\4$',.::: , ;g
An obv10us area of concern for future authoring environments is that they

II’

prov1de tools for interacting ‘with: the student in’ ar relatively natural vay.:
' A complete natural language generator 1s beyondf current technology and '

next few years._j Nonetheless,
"imperfect will.be of some.use, - CoNT
“'the 'child!’ Thevauthoring env1ronment°used by computer-based instruction;w'“
designers should offer ‘a variety of partlal language parsers/and sentenceﬁp S
-‘generators . that c¢an be used as- tools by the’, instructional systems author. IR U
standardized way. of installing a parser or text . generator as ‘the one”to ‘be -
’*used in-a. particular instructional product w1ll be*very helpful, ‘as w1ll cai. v

;‘ standardlzed means for requesting natural language output and the parsing of,"
new input..;v o N S : . :

lV B, 5 Summary Of Tutoring System Reseﬁrch”Needs
:the koregoing discussion ,ofﬁ tutoring

Q
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.fV,C LaboratoriesxAnd,ExPloratoryvEnvironments : lw i

“~BASIC, 'LOGO, and: ‘Smalltalk.”

£

other's activity. The proqrammlng environments rnéeded
support such efforts. are’ starting to become avaJlable, but
there is need for suff1c1ent support of protioatype. develop-’
ment - to produce clear pr1nc1ples for designing such sys- :
tems, - . . S .

o Intelllgent tutorlng systems represent state-of-the-art ar=- -
tificial intelligence and require author1ng environments ,
that ‘do not restr1ct the range of programhing resources the '/
author uses.,  The trick will be to provide this flex1b111ty .

 while ma1nta1n1ng (or laying. the groundwork for) maximal/. - .

,,portablllty of Systems from one. runn1ng ‘environment t :

~ another. - -Research will be needed to clarify what should/be:,~
portable: = every program,‘certaln run-tlme env1ronme
crossécompilers, 1nterpreters, coe

"o A thecry of tutor1ng must be developed in the contlxt of
: --1ntelligent computer-based - 1nstructlou. »This is fer rhaps = '~
the s1ngle most important long»term ‘research’ need/ if the
power of computers is to be adequately exp101ted. /
o) Research 1% needed to 1mprove the natural language communi-
catlons resiources available for instructional uses. - If we
know more about -the student's spec1f1c knowledge lacks, or
: 1f we ‘know ‘about aptitude weaknesses, we need to be able to
‘tailor  how we “talk to the student in the course ‘of his
'learning.' This is true whethier ‘the ‘we of the last sentence
T is: human or art1f1c1a1._ :

. . . ~

,'_‘

L

T next cons1der open-ended laboratory env1roxments in whlch the student isfil',
; able to: do a w1de variety of act1v1ties.; Such ‘environments -can be mon1tored~;”

by tutors, llke any other.. The1r crucial property should be that almost any“f}f

" reasonable. probable pattern of -behavior - by a 'student ‘in using the enV1ron-’,;°
_“ment should be ‘a useful learn1ng experience. 0pen-ended environments can be
*:used in' two ways.: One approach 1s to let- the student dec1de how to use the
,‘env1ronment, perhaps prov1d1ng some h1nts along the way.‘ A somewhat Aaif-
'*ferent approach is ‘to’ treat the enfirtnment as a’ laboratory in‘ which speci-: o
o fic. exerc1ses are to be carried out.;;‘hese are extreme pos1t10ns on a‘ con-ff‘
hi;ftlnuum of uses.~.v] Lo S U : : i

'"(At least one general computational eneronment;ought to be available on anyf
"finstructlonal system.t Threefprimary cand1dates for such environments arcf
gI.briefly d;scuss each of these possib lities?

DS turn, hoplng to clarify the issues yet to ‘be : faced in designing comvuferﬂ
":.languages for: chlldren.‘ I S :
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‘It is ” fashionable to look down at BASIC, and I tend to follow th1s
part1cular“fashion ‘myself, Monetheless, it is important to realize that
Justeabout every_mlcrocomputer in a school today has a BASIC 1nterpreter.
Thus;, for example, & book of computer 11teracy lessons or lab eéxercises for
algebra that. called for BASIC programs  to be written would have wide
‘generality. - Further,”‘some of the"properties of BASIC were spec1f1cally
designed. to help fac111tate use of computers by people with no computer

. -background. :
.The most - 1mportant property of BASIC is tha* it minimizes the need to-
understand the traditional -series. of events involved in writing and
executing & . program: ~editing, comp:llng, loading/linking operat;ons, and
actual executicn,” What could be. slmpler than typing in- steps of a program
in any order. and then sayihg RUN, . Corrections require no knowledge . of
editors- or ed1tan commands.*s. . There ' are ho"compiler and linker
conventions to lear1 about, The syntax of . BASIC -is stralghtforward. It

- ought to be the ‘dealf playground - and - laboratory env1ronment for the
computer, - S -t
It is not, ' The reasons have more to do W1th advances in what resources are
rout1nely available ‘on & computer than in: any lack of" deslgn skill in ‘the
speople who put BASIC togethe¢r -in “the first place (Kemeny and others), .

' Today, even the smallest 'mﬂcrocomputers have more memory and  faster .

» performance “than the systems “for ~which'. BASIC wes-" wr1tten. "Also, 1nstead of-
printing terminals that can. only output 10 characters per second whlch were
the tools in the f1rst BASIC ° laboratorlos for:? students, we. now have. v1deo v
display systems that can be updatﬂd 12 o 96 times faster .than' ‘the teletype. .o

- AS - a result, tradltlonal BASIC systems have the follow1ng shortcomlngs" e
relative to the state—of the-art-,", R o B .
o = y . . ‘ S _

~%

1. They requlre the user to keep in mind, or on paper, the _—
‘\vlentlre plogzam. “The user can only edit by naming line ~ - Sy
' wnumbers.~ ‘Thus, ~the: sfructure of" the language reflects: the '
- trivial. task of . 1ssu1ng commands rather “than:' the - more
'; baslc tasP of plannlng how a; problem 1s to be solved. .
2, Because the" only mode of ed1t1ng 1s to retype the whole
,llne, ed1t1ng is unnecessarlly 1neff1c1ent, requ1r1ng more:
' key strokes than ,necessary, perhaps by a factor. of 10 to )
‘”30 (cf. Card Moran, & Newell, 1980). j,vaﬂp_. L - g

Ky

"313;ffBecause BASIC was wr1tten to be an interpreted language on
- “slow- .systems, it has only “limited :program structuring.

_ ~fcapab111t1es. ;_ None:.of'"the 'conventlons ‘off'current T
e programmlng prad‘\ce,k ma1nly 4involving hlthv modular, = . - RO

h1erarch1cal des1gn, can be expllclt in BASIC programs..f e
) "  .; »,.'1 B .»v o - 0. _.:_ ’ . . LT " o .
L v RO e IR P , , AR
ﬂ“fsfg A naive user. might find the 110+ ed1tor commands "of - the editor . I
;‘;used to wrlte thlS paper ‘a- s1gn1ficant barrler to rap1d functlonal use of g
o the mach1ne, I suppose.,-, ; . . ~ S
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‘*:version on an enormous s'ale will be requ1red. ,._

_Th1s suggests that a; s'

;«1An 1nterest1ng contrast to BASIC 1s prov1ded by LOGO., LOGO has also beenﬁ ..
x‘designed as. an easy ‘to-. learn language (it ‘also: ‘has’ . a_specific or19ntat10n*7
"toward chlldren s learning that is’ qu1te d1fferent than ‘those that" motivatedg'

;~‘the BASIC originators ‘see” Papert, 950)., It ‘was’ not originally meant as-a;

"~ gtandardized. languay ' '

4. BASIC was written at ‘a time*when computers primarvily hand-
led numbers and -perhaps character strings. There is a
lack:of richness in the data types.available. In particu-

" lar, listcstructures\are not available. h )

5. No recursion is a110wed in BASICL R : : . R

6. No exp11c1t characterization of independent, interacting
actors” is possible with BASIC. ' ‘

’

' 7. No graphics support is available in BASIC.

TFor most of the complaints just llsted there w1ll be challenges that some"”

newer m1crocomputer systems prov1de the reso;rce ‘in- questlon. Thls\ls part- 3'“
ly true., Howeyer,,the problem is . standardization.' The 'standardization of .
BASIC is largely restricted to. the ‘components: it had 1n its early 'years.. . -
Screen-oriented editing,- graphics 'commands,- etc., are not standardized. o
Hence, real. 1nvestments .are- requlrea to bu11d software that runs on multiple«“
systcms.“ Usually, ‘the efforts are nUL made. " Perusal of-any personal compu- -

ter maga21ne will reveal that software advertisements list BASIC “programs:
'.according to the systems under Wthu they will run. Fus xher, problems such
- as  lack of support for modular deﬂign are seldom really addressed ~at all.

Thus, BASIC seems 1nappropr1ate for 1nstruct10nal use.

“One problem is" that much grass roots software development for education is .
"in BASIC.  Hundreds of . teachers .are writlng BASIC . pmograms for their class-vM

rooms today. There has™ been an ‘enormous investment ‘of effort in- BASIC by

. the wvery" people othfrw1se most likely to. be receptive to newer systems.."p”
' .Also, ‘we look .at BASIC as an example of - the problems that arise when efforts-
;iafter standardization are delayed. too lcng._ Just as with other "standard"

languages llke FORTRAN "and COBOL, BASIC surv1ves because of ‘the: 1nvestment{_‘
already made 1n 1t., To, mpve . to another language,'retaining and'program con-“, g

. e

n1f1cant effort should be made. to develop prototypetgy
that" are better than BASIC and to- understand why " theyf_

languages for childre

- +.are better., The next two languaqts are:of that: sort, ‘especially LOGO. They?,kff
‘are. 1mportant, but ‘

ht incomplete steps. So ‘much of the ‘recent " emphas1s lni_ v
LOGO development ‘efforts, for. example, has been on’ fitting the language’ 1ntoi}f‘q

,'.1mpover1shed mach1nes.' A new effort w1ll be needed to’ specify ‘what-a com-;:]”
L. plete JmplementatJon ought to have and to test ‘the valldity of such spec1r1-:5h;}
- cations.,j,;‘ Vo el PR O AT L asn

-
7
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.W'rhaps the~best overv1ew of,itn design ph110s0puy
himéﬁlféﬂﬁzur - o T R

is offered by ,aper.

o
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- of the 'LOGO pro_;ect,"

' LOGO is the name of a philosophy ~of education in a growing
‘family of languages that goes with.it, Characteristic fea- ..
tures of the LOGO family. of languages include procedural
definitjions with local variables to permlt recursion. Thus,\

" 'in LOGO it is possible to define new commands .and, funct:.ons_ :
which can then be used exactly like the pr1m1t1ve ones, LOGO =
"is ‘an 1nterpret1ve ‘language. ~ This means that it can be. ‘used

interactively., The modern LOGO- systems ‘have full list struc- S

.ture, that is to say, the language can operate on _lists whose :

elemencs can themselves be lists, lists of llStS, and so

forth. - o T

Some versions have elements ‘of parailel processing and Of

message’ ‘passing in -order to facllifate graph:.cs programm:.ng.'
An example of a powerful ‘use’ of list strt.cture is the repre= -
sentation of LOGO procedures themselves: .as - ~lists.of ‘lists 80
. that LOGO procedures can constryct, modify, - and run other LOGO
‘procedures. Thus LOGO - is ot -a ﬂ"fo.v." a lanauaan only for:
chlldren. \" s '

...It ‘should be carefully remembered that LOGO is' never con-
" ceived as a final product or: offerr’d as "the definitive lan~-
guage ," Here I present it as a sample to show that somethlng v
',better is posslble. [p. 217]

. 'Ind_eed several éifferent 1mplementatlons exist . already for microcomputers
(e.g., for the Texas Instruments 99/4, the Apple II .Plus,” and “‘the Terak -

. 8510/a). "All of them will be of value in: 1nstruct:Lon.f.~ The * dJ.fferences, .

© however, may ' create compatibility problemss . . For example, the Texas -
'Instruments product 1mplements some graphlcs obJect capab:.la.ty Aine hardware.-_

.. Thus LOGO programs ‘can run an1matlons by passing. messages to""sprltes ~that' .

~,run in’ parallel %o the ‘LOGG . program. ..On- the. other hand, TI- LOGO does not -
*~have real (non:.nteger) ar1thmet1c. Also, 1t does not have ‘the rich ].ist.‘_
structure capabllltles Papert descrlbed..» There mll therefore be many -

) ""programs that cannot be transported from one system ‘to the other. : However,-,__du Lo
*,-various recent books (Abelson, 1982; Abelson & dLSessa, 1981; Papert, 1980) .~ o
~include enough exerclses that can be 1mplemented across all verslons, that - -

it seems’ approprlate to speak of a".core LOGO that ought to be avallable to
an’ mstruct:.onal sysfems author to 1nse_rt 1n spec1f1c systems._;' E

Thls paper 1snot a’ study of the uses of systems but rather of the1rr '
requlrements. . “For’ that reason, ‘I have resxsted prov1d1ng lllustratlons of '

B many - LOGo features.- However, two related aspects o_f the LOGO project s ..

‘..work mer1t brlef mention, First, there ‘is” the turtle
“there™ was aactually a phys:Lcal' turtle that ‘could’ bef

I_Vmoved around by LOGO command. Today, the "turtle" '1s ar dot on the screen

~“In the early years .

.. that can’ leave a. track behlnd it, The turtle.is an’ lmportant ‘way to make
.~":-thé function .of a program concrete and will no: doubt cont:mue to be a major.;', co

"..resource for teach1ng chlldren to use camputers.




i.been completed by Abelson and diSessa (1981). They have bu11t a geometry
using the turtle's capab111t1es as the primitive operations. This procedu-

‘ral geometry is powerful enough to provide-an underpinning for ‘both’ everyday -
" high school geometry ‘and more soph1st1cated concepts,. including the geomet-
ric notions underlylng relativity theory, Presumably, a basis for instruc-
"‘tional systems that use the turtle to- teach aspects of mathematics that in-

- volve. spatlal concepts has been created by this work. This again 1llus-’
- trates .the impoxtance  for future 1nstruct10na1 system des1gners of k51ng
able to embed somethlng with the power of LOGO into‘ their systems., Such
~power wmll need to be fully incorporated in such a way that tutor ‘components
can- 1nteradt with the student as-: programmer jusL as they 1nteract w1th~the
student as game-player. , :

VThere 1s another wa of th1nk1ng ‘about LOGO. ' In essence,_LOGo is a s1mp11-
fied" form of LISP. LISP is- the- language that has emerged as the standard in
art1f1c1al 1ntelllgence appllcatlons. This is because it prov1des an under-
standable br1dge between our most fundamental knowledge of ‘what computatlon
is about and .the kinds of problems and knowledge structures_that constitute
complex 1nte111gent act1v1ty._ Thus, the future of - LISP standardlzatlon,And
development ought to ‘drive future LOGO development. What is- needed in ‘addi-
tion is consideration of the ‘course -of - cogn1t1ve development and//of sthe

_school curr1culum in order to specify: the aspects ‘of LISP -that LOGO should .

;1nclude. The f1nal step of. develop1ng s1mp11f1ed syntax for those needed
'capab111t1es is the eas1est part of the chore.,”,,: .

1

: Parentbetlcally, I mlgb add that recentﬁjmeeting Mark #iller of

Computer*Thought, Inc, - suggested that LOGO mlght also be the authoring lan-;k‘:f

guage -used by 1nstruct10nal des1gners., By that, I suspect he meant that a
subset of the best new. LISP env1ronments m1ght, with' s1mpllf1ed syntax be
5 just the right language for. aLthor1ng. ‘There remains the problem of provid-

,1ng appropr1ate canned tools wathln whlchever language 1s chosen.k. :

N -

’iV;C;1.c .Smalltalk"' o

',Another language to be cons1dered is Smalltalk.; Actually, émalltalk is"

' ”[presently found 1n - research. laborator1es,» most . notably  XEROX- “Palo . Alto.

"'Research Center.. However, the” Learn1ng Research Group at : XEROX PARC has:w
X used Smalltalk for -a. var1ety ‘of 1nstruct10na1 ventures.n Forthcomlng booksf“'
’f(Gordberg,, obson,v& Ingalls, forthcom1ng-a b): w1ll prov1de more author1ta--}.

"ftlve documentation.k However, quite a bit has" already been - publlshed thatff

© deals with Smalltalk- (Althoff, 1981;- Born1ng, 1979-?Bowman & Flegal,v1981;-vﬁi'”
. Deutsch, 1981;- Goldberg, 1979, 1981; Goldberd & Robson, 1981;  Goldberg .&: .
. _Rgss; - 1981; -Gould & Flnzer, 1981, Ingalls, 1981a b;. Kaehler, 1981-'Krasner,¥

- 1981; .Reenskaug, 1981, Robson, 1981; IESler,.1981- XEROX Learning Research;

ﬁ“'aGroup, 1981), .so- it is - reasonable to ‘begin a- publlc d1scuss1on of . 1ts fea-p:’;%f

-tures and the 1mp11catlons 1t has for computer-based 1nstruct10n._

LOGO was or1g1nally spe ifled as’ a language for teaChlng Chlldren'abOUt com-_”t

' ;”:puters (or allow1ng “them. to learn about computers). Whlle such poss1b111-{f?
- ties ran’ through the: m1nds of : Smalltalk 1nventors, the emerg1ng ‘concern ‘has:

ngbeen with “malltalk as a- modern, tallorable personal compufer env1ronment,7“
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“i;"objects, not. the1r representatlon. [That is,. no request to -an.

“in whlch the tallorlng m1cht be done partly by the ‘end user ‘and partly by :
spec1al systems developers. Like LOGO, it” treats procedures defined by the
user as be1ng of equal status (and invoked with the same syntax) as the .com-
mands that are built into the system at the "factory." ‘The result1ng system
seen by a student mlght be extremely specific, as in work done by Gould &
Finzer (1981) with junior college students in a- remedial- algebra class. Or,
it might be rather unconstrained but with specialized. tools, as in a kit for
graphic artists (Bowman & Flegal 1981).,  Or, it might be completely general
(as descr1bed in Tesler, 1981). ' : : -

one way “to get a qu1ck sense of the nature of Smalltalk 1s to cons1der the
design’ principles- that David Ingalls: (1981a), one - of 1ts .designers, has
stated for it, from which "I quote (the pr1nciples are 1nterspersed through—
out h1s art1cle, separated by explanatory text wh1ch I om1t). »

D‘ ] .

Personal Mystery If a system is to. serve the creative
¢sp1r1t, 1t must be ent1rely comprehens1ble to a. s1ngle indivi-
dual. L e } : : W L . iﬁv .
. Good . De51gn:‘ A system should be’ bu11t w1th a minimum set ofn '
“.unchangeable parfs; _uose'parts should ‘be .as general as possi-
'i.blé and 'all. parts of the system should be held in a un1form"
‘:framework.

,Scopg:, The: des1gn of a language for- us1ng computers must deal
with- 1nternal models, external - média, ~and the 1nteract10n,w
?between these in-both -the human and the computer. .
Objects: A computer language should support ‘the’ concept -of
g "object" and provide a unlrorm means for referrlnq to the “ob-
jects Ln its universe, :
Storage Management: To be truly “object-orlented a computer
:system must prov1de automatic storage management [so the user
“doesn t  have to program memory cons1derat10ns 1nto spec1f1c'

. combinations of objects]._' IR - L : :
‘Messages: Comput1ng should be v1ewed as an 1ntr1ns1c capab1—-7
lity of ObjeCtS that can be un1formly 1nvoked by send1ng mes- -

' sages, o
Uniform Metaphor-.* A languawe should be des1gned around a

'fpgd - powerful me taphor that can be un1formly app11ed in all areas.f;v

-'Modularlty ‘No. component in a. c0mplex system should depend on ) .
the 1nternal deta11s of any . other component. ';} . . : A _
, Class1f1cat10n. A language must prov1de a means for class1-f“7"
- fying  similar: objects,tand for add1ng new classes of objects C
on: equal foot1ng with the kernel classes of . the’ system.;., v »
"Pelymorphism: i A program should spec1fyhonly the behav1or ‘of. -

© . object! should depend upon how the object does the requlredﬂ"r
task, only upon what 1s done ] .*il T . o _ Ny
lFactorlng; ;;Each 1ndependent. component 1n a system should”
-appear:irn. on y‘one place.”g' ' S p '

’Leverage-f When a system is- well factoned great leverage 1s;.~Q,.f_ff5

avallable ‘to- users and 1mplementers allke.~- [Tﬁat is, - they:_,m; <
can . covcentrate the1r 'ttentlon on'the speciflc new 1deas they T
.are,addlng 6 .an. exi t1ng base.]j PR N S T
fVlrtual Machlne-Tw v1rtual nachlne spec1f1cat10n'establlshes o
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. mitives: 1t ‘could become more userul. Its ut111ty lies in-the: followxhq pro-'p
:pert1es, accordlng to" one of 1ts desicners (Tesler, 1981, ‘Pe 98-100).p~ ’

the framework for the appllcatlon ofntechnology [by speclfylng
xactly the machlne-dependent core of the system. only that
"core needs ‘to be- re1mp1emented on each new machiney]
Reactive Pr1nc1pler‘ Every component access1ble to the user
should be able to present 1tself in a mean1ngful way for ob—
servation and manipulatlon. : . _
Operating System: An operat1ng system is a collectlon of'y
things- that don't fit into a langnage [and/or don't follow the'
'reactlve pr1nc1ple1. There shouldn' t! be one. .
‘Natural Selecticn: Languages'and systems that are of sound.‘
. des1gn w1ll pers1st, to be supplanted only by better ones.

The best way to get a sense of the value of Smalltalk is to look at descr1p—
tions of 1nteractlons with it, Tesler (1981) has prOV1ded an extens1ve des-

. ..cription to which the reader is referred. .One way to contrast Smalltalk
',”w1th other. programming environments is to examine: the ways in which it exhi- -
‘bits its, varlous personnae ' to the. user.v In ordlnary\systems, one.can only
" talk to. the-computel;lﬁ one mode at'a time. -That:is, the computex only puts

on one personna at'a t1me., when a partlcular personna is actlve, no othar
personnae have any preserved context.lnformatlon that would allow sw1tch1ng
back and forth between them. : :

Lyt

_ Th1s .means that” the same str1ng of characters typed on a keyboard can have.

d1fferent meanlng at d1fferent t1mes.‘ For example, a- g1ven stllng can be

.-the  name of .a program to.run, an instruction to the" program, or data on- vmlch
. the program “should operate.ﬁ Also, it is generally d1ff1cult or- 1m00551ble to
~steo ‘out of ‘one. frame . of reference, do someth1ng else, and -then return to-

that frame w1thout loss of “$ome - context. information. .~ One cannot, for exam-T;“

ple, . stop exam1n1ng the output of a program, look instead at a llstlng of it,- :
‘or: at the data it is process1ng, ‘and . ‘then return ‘to ‘the m“dst of ‘the PrO=. -

. gram's executlon. Smalltalk (along with recent languages for systems with: S
- .§"w1ndow“ hardware) is set" up to permlt th1s.- ‘Also, Smalltalk" depends neav1ly.

-.on menus as the means for: av01d1nq the mult1p1e modeaproblem., ‘At any given " .1
”‘p01nt one chooses one .of the avallable optlons from a menu rather than” typ1ng?lf,

. someth1ng whlch may or may not reflect the ch01ce des1red.;r e

_;fBecause Smalltalk has been de31gned to be-used 1n ‘an’ exploratory programmlng'"l'
’:;hmode, it is. partloularly useful’ for. certa1n forms of student exploratory ac- K
ftlv1ty., ‘Thus we consider it along51de LOGO. It is’ not, as: 1t stands,_very“

acces51ble to younq chlld“en {Goldberg & Ross, 1981), though ‘with added pri-

”The language 1=-rore conclse than most, so~lesswt1me'1s :




R may not be true on smaller mach1nes to whlch Smalltalk is

- ’

4, Any des1red 1nformat10n about the program or 1ts execution 1s
' access1ble in sﬁconds with minimum effort, '
5 The compiler can translate ‘and re11nk a s1ngle change into
the environment in a few seconds (on XEROX's powerful ma -
chines), so the time usually ‘wasted waiting for recompila-
tion rafter a small program- modification is avoided, (This

exported >

One is left w1th great adm1rat10n and covetousness after exam1n1ng Small-

. talk., . However, it is 1mportant to note - that many people have. d1ff1culty'

learning to. program. from scratch in the language: even though ‘use of some of
the resource kits that have been written for it is ‘quite casy. In eosence,
while LOGO provides us with ‘a seénse of how a° language can be simplified
without losing power, Smalltalkdprov1des a-'sense of some of the tools that

- ought to be included in future" language systems. Research is needed to bet-

ter specify which tools are needed and perhaps also the best approaches to’

the. s1mp11f1cat10n process.

. . - - L.

Tv.C. 2 Replac1ng "Wet“ Labs oo

. - o ) |
An extremely 1mportant form of computer-based educatlon is the virtual lab—-.
oratory that prov1des a concrete set of experlences to enhance "book learn-

-~ ing. The traditional type of science lab can be expanded 1nto the computer -

of the poss1b111t1es. N

'*realm. Simply making .lab.experience less costly is an 1mportant contribu-~

tion of. computer-based labs, but they do much. more, :or at least they can. T
shall describe. two laboratory programs that, between them,'1llustrate some’
The f1rst is ‘a product of - colleagues, a mechanlcs s1mulat10n developed w1th,

'YNSF and NIE sponsorshlp by Audrey Champagne, Leo Klopfer, James' Fox, and

Karl Scheuerman. . One . of the1r modules s1mulates the Atwood machlne, which = -

consists of’ a- block on-a table which 'is connected by a. rope to-a. bucket of

‘*,*sand The bucket hangs ‘over’ the edge of the table, with the rope runnlng

'from the bucket, through a pulley, to the block. The bucket 1s "held": until

the s1mulat10n starts, then it is released and falls to the floor, pulllng -
the block.f Such ‘a demonstratlon 1s not too compllcaced and 1t could easily -
and ' cheaply be done in- class.' However, the"computer_allows th1ngs,that are .

th\otherw1se poss1ble.

e

Ai'jFor'example, there have’ been a number of demonst:atlons that students, even.i

Q
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“after. a phys1cs course, often do not understanc the rel at10nsh1ps betweenv'
-—--forces—and- ~object

‘.

cis: 1mpos51b19“
,an1mat10nh

-us—that—force—-—mass—x—ac—

,‘celeratlon,' students'. often assoc1ate force \w1th veloc1ty 1nstead Jof " .
*acceleratlon.f It would be nice if we*couldﬂshow students the world as theyry_a
think it works and compare that to.: the world- the - way it really works. - This = -
>w1th real- demonstratlons but stra1ghtforward with computerﬁ;“
We' s1mply make the block move. at’ un1form .speed whlle the bucket R

is: ‘falling’ if we: want a na1ve v1ew and let it accelerate as the bucket fa

if- we want a Newton1an v1ew.¢ e ;.-,ﬁf;r rf_ L




~——————gent—comoater—based—rnstructicn“1S'so—novel. )
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:takes of other ch11dren.

coee

of course; - the probleg/ls deeper, students often fail to perceive accelera=-

tion when they see’ 1t.7_ To overccme this; ‘Champagne et-al, used several
technlques. In the an1matlon, the block clicked every time it moved a unit
distance;. faster clicks meant faster movement, and the sound change was more
perceptible. ' Graphs were also provided of d1splacement versus time. In

addition, a trace could be -left by the block on the ‘table ‘top every unit -
+ime .period; "more distance between ‘traces. me¢ans faster movement. All of

‘these “methods wexe used” with good effect. “ ALl represent 'improvements over

the~"real" demonstratlon.. All. operate well even if the teacher 1s abit un-

‘sure- of -. the relevant pr1nc1p1es h1mself.

A second example’is the ARITHMEKIT ‘being developed by Brown, Burton, and )

-others at XEROX Palo Alto Research Center., This :laboratory enviromment is

st111 in preliminary form. ~It allows students to perform numerfcal computa=-

"tions, such as -addition and subfractlon and to see parallel illustrations -
- with Dlenes blocks that correspond ‘to their ‘numerical manlpulatlons. ‘Like

the best games, though, it has multiple ‘levels of. function. For example,“

students can use advanced graphlcs fac111t1es “to assemble a "mach1ne" -that’
--does : addlng or subtractlng. They can. connect the various. d1g1t locatlons in
an arrthmetlc problem together ‘with adder carry devices, 0ne-column sub-~-A
tracters, etc. ~This allows a more elaborated level of understandlng of the .~ -~
meaning of adding and . subtractlng._ Finally, . though I haven't seen- ev1dence'

of it yet, one can assume from their past work that the next level of com- .
plexity wWill be *machine"~building, tasks for the students (and perhaps thelrk"

teachers) in which? they" attempt to bulld worklng models that match the mls-.

- Again, the~world of graphlcs that can be'manlpulatai with. a’ joystlck or.

"mouse" provides/ fantastlc opportunltles for exploratory env1ronments,f

‘whether " we. th1nk ‘of - these. enV1*onments as’ laboratorles .or. -as  game~like -
3worlds.f Howeyer, the des1qn ef. such env1ronments requlres ‘solution . of ‘a .

number of fundamental problems of cogn1t1ve instructional theory.» It is no

‘accident that the. work so. far- has been. concentrated - in a-very small numbert x
~of resealch centers “that happen to’ have concentratlons of computer sc1ence,x1: v

_cogn1tive psychology, and 1nStructlonal des1gn specJallsts ‘in close .proxi- -
' mity. ~ Even in these few,locatlons,;the ‘work -proceeds’‘at .a very ‘limited:
‘.pace.' The comolnatlon of equlpme 1t needs, - other financial support requlre-,{‘

ments, and the fact that ex1st1ng fund1ng is- generally t1ed to somewhat tan-uf

,.gent1a1 1ssues has hampertd the rate of advances 1n thlS area.‘

V‘IV D New Types of Needs Iﬁ Computer-based Instructlon j

KX

There are a’" few addltlonal cons1delatlons that arlse s1mply because 1nte111-yi:}i

5

o There is the need to teach teachers how to use riew systems fy '
"ffand what those systems can accompllsh. f{-?“; R . T e,

: o7fThere is the need to .convince ‘a skeptlcal publlc, 1nc1ud1ng
mfyiteachers, that: some of: the novel formats be1ng proposed are.

- f;1nstructlona11y sound., After all, many: people have 11tt1e;f”,

Tfuse for computer-based games at all,, much less 1n the . .




o] Because of the more complex set of objectives for some re-
-‘;cent computer—based instruction, there is probably need for -
intelligent monitoring of student«program 1nter\\t10n to

support’debugglng and ref1nement of instructional strate- o e

g1es and tact1cs. A : , f\\\_
, S N
Each of these is_discussed below, ’ “ N
o o : _ EERNE
. ) _ - i _ - ; BN
iv.D,1 Teachlng-The Teacher .- . . . N
; . ~.

. . , < \
Intelllgent computer-based 1nstruct10n is a means. for d01ng what has. always \\\._ .
gone.on in “instruction, It is also a means for providing 1nstruct10n of a _=‘$\\§

sort not prev1ously posslble. Each” of_Lhese capabll;tles poses. special pro-
blems for the teacher. . : .o : . -

. ~- . s . . . - .,

<In the case of systems that do what has always been done, the teacher still
" faces a somewhat different task;—if+for no:other reason than the individual-
ization of instruction that the- computer permits. This puts*record keeping . -.
‘stresses on the teacher as-well as the burden of" learning how to operate the =~
computer system. 0often, “the burden. is even greater, 1In current school sys-= - RAERIT
tems that face dec11n1ng enrollments c01nc1dent with ‘shortages of teachers , 7 .
in certain subject matter. areas,<it is. not unususl  for, teachers to be as- //,Q_
. signed classes .in-areas for whlchStiﬁy do not have substantial subject- mat- ( C
ter training. 'Often, a teacher in that pesition is perfectly able to follow b
the textbook-and teacher manual but- may not have: the depth and’ automation of |
‘spbject-matter knowledge needed to. design 1nd1v1dual ‘programs of lnstructlon‘
" for different student need;. “Thus, there will be some need for the teacher
to ‘receive an explanatloh and 1nterpretatlon of the progress trajectorles of
: fvarlous;students through the’ curr1cu1um. 5Q S . : T

¢'IWhen the computer 1s used ‘to. expand the 1nstruct10nal offerlngs of a: school,
‘;system, the need to explaln ‘to -the teacher what is’ g01ng on ‘and what: the
. student is. learnlng is even- more acute.s Yet, the promlse ‘of. computer-based'
hlnstructlon of . th1s type ' is partlcularly high, " . It’fs hoped: that gifted ' g
- children will be ‘able to take h1gh schoolrcourses\ n elementary school;v R
' sailors w1ll ‘be’ able to study domalnsf"t sea “even. if no-. human exnert s
ﬂ’avallable, etc., Such a fac111ty would be qu1te useful.s It w1ll still have;fvjympnﬁ
“to be monitored by a human who' wlll want to know “what: the student is be1ngl,;j%~
‘taught., That human also ought to" be able’ to" get vilored explanatlons of’f

: the pr1nc1ples belng taught '’ so. that he/she is ‘1n‘ea Los1t10n to answer

. 'questions, advise' on ' future courses. of instruction’an ' be.

’._~human profes31onal who leads the 1nstruct10nal process.

]‘,; L

fcomputer—1ntens¢ve env1ronments, our ch11dren w1ll'learn how to se and get

»

AL Thls need 1s“not meant to reflect negatlvely on teacher sklll. Rath—;igp
o er, it arlseg any t1me the computer ig. Jused- as ‘an expert to extend the;hff
‘:Capablllties of ‘a human.f My reallzatlon of ‘the 1mportance‘of thls requ1re~':'¥¢
. ment cames’ from watchlng very expert phy51cians ‘try to- ‘convince ‘themselves: .
[that diagnoses prov1ded by the MYCIN (Shortllffe, 1976) were~reasonable.ff;f;p
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along Qith~intelligent -artifacts. ThlS will be both fun and pmactlﬂally‘

useful, Certainly; we ‘their parents, teachers, and leaders should not be

left out cf all this, It may be worthwhlle, even essential, to havée speci-’ -~

fic prototype efforts tnat alm at 1ntegrat1ng teacher tra1n1ng 1nto 1nstruc-_ '
.- tional systems,

3 ’ . N : - . . .

~

IVD 2. Conv1nc1ng The Skeptlc L | .

A f1na1 teacher need is. shared wmth parents, school commlttee members, and
the lay pub11c. .~ This is the need to be convinced that activities on the .. -
'computer that 1ook like idle fun are in  fact 1nstruct1Qna11y 1mportant.-’ po
Much of the current efforts of the best computer-based 1nstructlon authors
"is going into the " design of 1nstructlona1 games,  Ideally, these games.
- should. have relevant mot1vatlona1 devices, That is, the-student should come’
to, be motivated by the, acqu1s1tlon of the target skills, However,. in the.
early stages of learning a- skill, the nature of the skill is not .well enough
undevstood by the student, ‘and other. mot1vatlona1 schemes may. be necessary._f L
- In either case, it. may not. be’ 1mmed1ate1y apparent to an outs1der watch1ng aﬂV-r=
_game that 1mportant schoollng is taklng place. e S

I be11eve that many 1nstructlona1 ‘game - systems w111 .require an 1nte111gent,:
commentator that can provide - a skept1c w1th an’ account of the progress. of. a -
game-playlng child" in master1ng sk111s via game: p’aylng and ‘with an ana1y51s”

- of how a partlcular game . . teaches a part1cu1ar Sklll."Thls need is similar o
. to that. of the teacher as descr1bed above, but it will requ1re ‘focus-on a:: y
'fd1fferent set of concerns and the. assumptlon ‘of "'a lower: level of spec1f1cg,vs'
teach1ng knowledge ‘in the person request;ng this 1nformatlon. Laymen w1Jlﬁ
: have ‘to be able to ‘ask’ questlons about the course of an individual- studentl s SO
1nstructlon ‘and about the 1nstructlona1 'strategles vof the system _infﬁx'; o
general.v I ‘ . _ s

It is 11ke1y that separate program objects (sem1-1ndepej%=nt softwareu_ R
" modules) will Be the: most- approprlate vehicles for prov1d1ng th1s type - of;,ﬂ
”1nformatlon.v Such objects will have. to be. ablé to" access” the 1nformatlon}ﬁy.
“~7created and used : by “the: objects thatactually;movlde the student 1nteractlonf:*
'and h1nt1ng.; They should hopefully be ‘as 1ndependent ‘as poss1b1e of " specl-ﬁ
“{f1c subject matter areas, “to fac111tate the1r transfer to new 1nstructlona17‘A‘ v
f,systems. It is unllkely that market forces will produce such a: capab111ty’bic?h
" 'when there ‘are - cheaper but ‘more art1f1c1a1 ways of ca1m1ng down parent con-. - -
-~ cerns ‘and- of 'selling: 1nstructlona1 products.a However, an: 1mportant govern-jr_
- mental role’is in- ‘raising the s1ghts and’ asplratlons of . the populace, some—;' N
'.‘%hlng a Well-pub11c1zed prototype venture 1n th1s area m1ght do. '

o ‘3' S 7 - R :-l 351. TR f L= R
4 : S - i o o
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'schoollng is that 1nstructlona1 systems des1gners rap1d1y abandoned thelr
initial ties to the psycholog1ca1 research that spawned. the field,  ‘As a

result, a wonderful opportunlty for this area of application to refresh and g

be refreshed by instructional researchers was limited. We should give care-

ful consideration. to possibilities for making new computer-based instruction

efforts more amenable ‘to development in concert with a continuous research
process., The system developer will want to study patterns of 1nteractlon to-

determine whethér the system is doing what he/she. wants it to ‘do, The -

researcher ﬁould like to gather protocols of the 1nstru tional process. ' in
both cases, several constraints apply.. - F1rst, the terminal 1nteractlon
 trace is probably not suff1c1ent.' It. may be d1ff1cu1t-to-d1gest form (if

substantlal graphics are involved and ‘timing ‘information is alsc | wanted).~bS

More 1mportant, 1nformatlon about - the dec1slons and assumptions of the sys-..

" tem ‘regarding . the student's 'skill level and the appropr1ate tutor1ng .and’
lesson ‘chéices will be as necessary as the raw interaction protocols., Given

.the amount of information involved, there W111 be. need to - organlze ano re-

' port 1t 1n summary form 1f it is to be serlously used on a’ rputlne bas1s..

4 . . - - -

- .This’ Suggests the need for a research ass1stant" object that collects pro-3 R

" tocols ‘of 'both the man-machine 1nteractlon and the under1y1ng "thlnklng ac-
tivity" withln the computer that was relevant to that 1nteractlon. Like any
good asslstant, such -a mechanlsm will " ‘be more valuable . Af it can prepare
summarles of the data. so the- user ~does not have to- wade through ‘piles of -
1nformation on multiple: time tracks by  hand. Klts should ‘be concelved so
that “tesearch assistant” modules can- be built ir%»-an 1nstrLctlona1 ‘system
as it is belng des1gned..VSuch‘k1ts are not likely  to come from commercial -
_gources. . ' : e

] .‘ - | - -

'(V O ISSUES OF ARTISTRY ANDACRAFTSMANSHIP '

\ ‘-l .
A .

' So far, I have d1scussed spec1f1c 1nstructlona1 paradlg;
L;extent, the bas1c psychologlcal issues related to themaﬂ

I>w1sh to conclude

“with - severaf suggestlons concern1ng the kind of . exemplary prototypes that .

s
s

'should be encouraged by any: grant competltlon.m My concern is spec1f1caL1y

to a lesser .

_w1th 1ssues of craftsmansh1p that may themselves generaﬁe research needs.’» 5_3,@'

-;SOne 1mp0rtant conce n is human-macnlne 1nteractlon. In1t1a11y, computers‘~7

:delivered instructlon v1a teletypeftermlnals.» Communltatlon was too slow,

_ 7,}too verbal, and too dependeat on: typ1ng skllls. .Today, there are modest im=
’“.fuprovements in the,personal mach1nes used 1n schools.< D1splays are’ generated
' ‘ o8 Jre cs ' the student Tk

dowever,*

ﬂroutines)f




_'Fundamental constra1nts are created by the rellance of many small computersf
. ‘on commeclal telev1slon} _' "'i{Color telev1s10n sets have  very low: resolu- "
’ tion, Perhaps 16 rows -of 32 characters each can ‘be- d1splayed with: clar1ty.fv\

v Thus, - ‘they are 1nadequate for many tyr?Q:of dlsplays that we w1ll want,. - The
low resolutlon ‘results ‘in: poor chara ,,itonts in: these systems' v1deo dis-
plays® (no one would : read . this paper_lr tit ‘were pmlnted in the type stylej-‘
used.on an. Apple II, for example) s An 1mportant reséarch .issue. is the iden-. - -
'kt1f1cat10n ‘of ‘an- appropr1ate new. Gtandard for: 1nst*uctlonal v1deo dlsplays.v~
Maybe - 1ndustry will do . this. for us. if- approprlately st1mulated buf the is-
sue merlts d1scusslon 1nvthese meetlngs. _rt.

,Even w1th 1mproved graph1cs tools,‘we w1ll %@ed to set hlgn standards of ar—_,h
y,tlstry 1n us1ng ‘them and wlll ‘need-to’. foster the development of "tool: kltsj
“‘that make it easy to deslgn screen graphlcs. - More.. generally, we w1ll need;j

..~ . -to create authcrlng env1ronments that are easy ‘to ‘use and that allow a de-;':
' ‘signer to- focus on- produclng a coherent functlonal ‘design and not on’ how tov}_
C.eram new optlons 1nto-an underpowered system that lacks appropr1ate runtlme"’
5suoport softwarei: » : - . o

V'jI am not an expertﬁon operatlng system deslgn, so my flnal comments must be"'

soft—p’
_main-
olderf
“'sof t=
tends

i to cost abOut tej
- right wayfto go?.
~1ng be1ng spent on
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A qualitatively new kind of computing machine (the 16-bit micro-computer) is

coming on the market. It will be cheap enough to be bought by families, in-
dividuals and schools. It is powerful enough to do things that are totally
different from the simple activities of current classroom computers. These
computers completely change the possibilities for use of computers in the
classroom. Furthermore, for two reasons they have a particularly great po-
tential for impact on science education. (1) As I will discuss later, there
is already relevant research that can support principled development of good
science education on these machines, further research could provide an even

- more extensive basis for education development. (2) Education in science is

particularly crucial to our ever more technological society. We cannot em-
ploy more conventional steel and assembly-line workers. We do need (in the
long run) more engineers, computer-programmers, and technical support peo-
ple, all of whom need knowledge of science. Thus anything we do to improve
markedly our teaching of science is likely to have a large societal impact.
The 16-bit micro-computer offers us a completely new opportunity.

To realize the impact of these new machines, we need to figure out how to
use effectively the computational power they will make available. The pur-
pose of this paper is first to describe the new machines and what they can
do, and then. to outline a research agenda aimed at discovering enough about
human learning in science that we can use the power of these machines to
provide gqualitatively better instruction.
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1. The New Machines

There is a new generation of small Computers. Like their predecessors (the
current 8-bit micro-computers), they will be cheap. Carnegie~Mellon
University plans, within five years, to use machines costing about $7,000
each and one would expect them to be even cheaper within a few years,
Unlike the current 8=-bit micro-computers, however, these machines are
powerful, probably anything you are currently doing on a "big" machine you
could do on one of these. You could analyze data. You could edit and-
brepare manuscripts with graphics and special type fonts.

Most importantly, these machines are sufficiently powerful that they can
suppert what is called "artificial" intelligence. For the uninitiated, an
artificial-intelligence computer program or "system" is a program that does
things that we would ordinarily say require intelligence. For example, one
existing artificial-intelligence system reads wire-service articles and con-
structs coherent and correct summaries (Schank, 1980; Schank & Abelson,
1977). Another diagnoses bacterial diseases, interpreting symptoms and
laboratory results, identifying the most likely responsible organisms, and
using these results, together with other knowledge of the patient (e.qg.,
general health, any allergies, etc,) to prescribe appropriate treatment
(shortliffe, 1976).

The text-understanding and medical-diagnosis programs are qualitatively d4if-
ferent from most familiar programs. Do not confuse them either with the
mechanical programs that send you bank statements or with the simple
routines that now support games and activities in the classroom. Indeed,
the potential impact of these new machines is great enough that we clearly
must be careful not to use them in stupid or harmful ways. To reflect this
qualitative difference, I will use the conventional -term "artificial in-
telligence" for modern, computationally powerful systems that do appreciably
more than routinized activities. It is irrelevant whether philosophically
these systems are "really" intelligent, They can do qualitatively more than
any cheap machine we have ever seen,

Machines 1like these have a tremendous potential for impact on education.
Think about teaching English, for example, and imagine having in your class~
room a machine that summarizes stories (including student stories) and asks
Oor answers dquestions about them. A system that understands stories isg
further able to parée sentences, and so this system can give students feed~
back on their grammar or on how difficult their sentences are to parse,
Similarly, imagine senior medical students using a machine that'can provide
individual expert consultation to each student whenever he wants it,

As is evident from these examples, there are many artificially intelligent
systems. What is new, and is the focus of this paper, is that machines
capable ot supporting artificial intelligence are becoming cheap. Thus
. Your family and your school will soon buy machines that have the capability
of doing tasks equivalent to consulting on medical diagnoses or summarizing
newspaper stories. How can we use this power effectively to produce better
education?
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2. A Fantasy

To explore this question, let me share with you my fantasy, set in about
1992, of how powerful computation might contribute to university-level
physics and engineering. With this fantasy, I'll describe the kind of
research that could make it a reality, including both current and possible
future research,

I imagine a student engaged in the primary task of science, trying to solve
a problem, let us say a circuit problem. As he sits down at his computer to
work, one available tool is a circuit "editor" that first allows him to con-
struct circuit diagrams by connecting components drawn on his high-resolu-
tion graphics .screen. This editor developed out of editors for computer
languages (e.d., the GNOME system at Carnegie-Mellon University [Miller,
1983]). Like the earlier computer-language editors, this circuit editor
views circuits hierarchically. The student can work at any level in the
hierarchy, and the editor keeps track of where he is and what components may
appropriately be added. If the student indicates his circuit is complete,
the editor may remind him of missing pieces. The editor handles not only
construction circuit diagrams, but also applying circuit principles. Thus
at any 1level in the hierarchy the student can apply a principle 1like
"current in equals current out", or V = IR. The editor prevents inappro-
priate applications, like V = IR to a battery or current in equals current
out to an undefined sys:tem.

The editor is itself a powerful instructional device for several reasons.
First, its hierarchical structure is based on work by Riley (1983) suggest-

ing that circuit problems are solved most easily when they are represented . .

as embedded part-whole structures. Additional work (Unknown, 1992) has
shown that users of any sort of editor tend to adopt autonomously the
strategies of that editor. Thus, for example, users of the Bell- Labora-
tories Writers' workbench (Frase et al., 1981) avoid cumbersome written con-
structions even when they are writing without the computer~based editor
(Unknown, 1992). Thus my fantasy circuit editor actually helps students to
learn to use effective strategies for thinking about circuits.

Second, the circuit editor, 1like the early computer-language editors
(Miller, 1983), drastically reduces the amount of time required to learn to
use circuit principles to solve problems. For example, an editor for PI1
produced a reported decrease of 50% in the time required for students to
complete the work of an introductory programming course. Subsequent re-~
search on this fascinating result (Unknown, 1992) showed the following rea-
sons for it: (1) By keeping track of many details, the editor frees students
to concentrate on and learn more effectively the important principles of
programming. This result is related to earlier work (Reder & Anderson,
1980) indicating that people learn summary material better if they are not
also required to study supporting details. (2) The editor prevents wany
silly mistakes that are enormously time consuming to correct. Even in 1982
it was almost impossible to make a syntax error while programming with the
GNOME editor.

There was some initial concern that students might become dependent on the”“
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editor and more prone to silly mistakes when working without it. 1In fact,
as shown by research cited earlier (Unknown, 1992), an editor that prevents
silly mistakes is one of the most effective ways of learning to avoid them
yourself, Also, of course, our view about the role of computer tools has
evolved since the earliv 80's, all professicnals now use routinely computer
tools, and we don't judge their "dependency” on tools, but their scientific
creativity using the best tuols available.

Research' on novice problem solving begun in the 70's (Larkin, McDermott,
Simon, & Simon, 1980) irdicates that for quantitative problems, novice
solvers almost always start work with equations rather than with con-
ceptual or "semantic" models of the situation. As expected, our fantasy
student starts his problem solution by trying to write equations describing
"his circuit problem. Because the editor helps him to keep track of the
various systems to which these equations apply, he is considerably more
effective than the ordinary student of the 80's (cf., rarkin & Reif, 1979;
Larkin, 1983), and actually comes very close to solving the problem.
However, he is confused; some of the equationsg don't seem reasonable to
him, -

Considerable research (Unknown, 1992) has clarified and extended what good
teachers have always known: it's very important that equations seem rea-
sonable and have meaning. The reason is that without associated meaning,
human beings quickly forget details and then reconstruct them incorrectly,
Thus a student who doesn't understand why V = IR may weldl remember this

equation as I = VR, This faulty reconstruction is related to the basic
research by (Reder, 1982) suggesting that the primary form of memory is not
recall, but reconstruction from related knowledge, Thus an equation

learned without related knowledge is almost sure to be forgotten.

How does one help students to learn equations or algorithms with meaning?
Resnick (1981) began to work out the details of how children connect the
place-value subtraction algorithm to a model involving visible objects. -
Children acted out subtraction using Dienes blocks (Dienes, 1960), blocks
that represent powers of 10 by single blocks, sticks comprising 10 single
blocks, squares comprising 100 single blocks, etc. Acting out the algo-
rithm while writing its. results on paper dramatically improved the abili-
ties of individual children to use the place-value subtraction algorithm,
Subsequent work (Unknown, 1992) both verified these results with larger
groups of children, and specified more clearly the crucial features of this
procedure for adding meaning to a mathematical algorithm. An experimental
computer-based instructional system (Brown, 1983) provides an environment in
which visual blocks and sticks are strongly connected to written subtraction
notation, ' :

In the more advanced physical sciences, a series of research studies
(Larkin, 1983; chi, Feltovich, & Glaser, 1981; de Kleer & Brown, 1981;
Gentner, 1980; Gentner & Gentner, 1982; Unknown, 1992) have quite com-
pletely elucidated many of the meaningful problem representations that ex-
rerts use. Some of these have been/programmed and are available to my fan-
tasy student. Thus he can visually expand the wires in his circuit, and
watch electrons flowing through the paths. He can deform the circuit
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three-dimensionally so that the height of any part of the circuit indicates
its electric potential. (Preliminary work as far back as 1979 ({larkin &
Reif, 1979; Larkin, 1983] suggested that these two representations greatly
improved students' ability to solve simple circuit problems.) For more
complex circuits, the student can see electric and magnetic field lines
interacting around capacitors and inductors. More sophisticated students

are likely to use more sophisticated causal models based on the work of de
Kleer (1979).

Thus the student has available.to him a powerful. simulation system that can
show him, at varying levels of detail, what is happening in any circuit he
constructs. The software concepts underlying this simulation were
initially developed for the STEAMER project (Williams, Hollan & Stevens,
1981) describing a nuclear steam plant and providing simulations and ex-
planations of both global operation and detailed mechanisms of the under-
lying processes,

The visual effects in these simulations are impressive and important. On-
going work by Kosslyn and his colleaques (Kosslyn, 1979; Unknown, 1992) has
spelled out the exact characteristics that make visual displays most effec-
tive. Kosslyn's early work concerned effective design of charts and graphs
(Kosslyn, 1979). More recently (Unknown, 1992) this work has expanded to
define principles of effective visual design for a broad range of computer
'simulations. All of this work is based on Kosslyn's developing model

of the interaction between human's internal mental imagery and the external
display.

Having worked with these simulations, however, our fantasy student remains
confused. He has always thought of electricity as coming in two varieties
(+ anéd -). The + variety comes from the positive terminal of the battery
and the - from the negative pole. He now understands the new representa-
tions he has seen (electrons flowing in closed paths), but he is rightfully
uneasy because his own old familiar intuitions now don't fit into this pic-
ture at all.

This phenomenon of "novice" models are identified and documented among many
university-level students by many researchers (Lochhead, 1978; Champagne,
Klopfer & Anderson, 1980; Trowbridge & McDermott, 1980; Trowbridge &
McDermott, 1981). Gentner (1980, 1982) validated in the laboratory how
certain novice models lead to characteristic errors in thinking about
electricity, McCloskey and his colleagues related characteristic errors of
thinking in mechanics to a set of underlying reasoning principles,
subsequent research (Unknown, 1992) developed a full taxonomy of novice
models in many sciences, and began to elucidate a theory to account for
them. The early work on the origin of subtraction-algorithm "bugs" (Brown &
Burton, 1978; Brown & Van Lehn, 1980) contributed fundamentally to this
effort, '

Because of this research, our fantasy student can see on his screen simula-
tions of how circuits work according to various common novice models. He
soon finds his own, working pretty much as he had always thought. He's glad
to find his views are sufficiently normal and commcn to appear in the com-~
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puter. He finds scume discussion and demonstration of evidence of his
model's shortcomings. There are also a few tips describing errors that are
common among people holding ©his model, and that he might therefore watch
out for, and a few associated practice problems. However, this part of the
computer instructional system is far from satisfactory. As predicted by
Champagrie and her colleagues (Champagne, Klopfer & Anderson, 1980), helping
students to revise their models is a difficult task, and further research is
s+ill needed. :

The discussion so far has presumed an exceptional fantasy student, He used
appropriate simulations (rather than just equations -- common among
novices). He is aware of his "novice model" and has the enterprise to ex-
plore it, Although students like this do exist, clearly we can't assume
this level of learning expertise for all students (even future fantasy stu-
dents). Therefore, the fantasy computer system includes a learning "coach"
or "tutor". This coach is a direct descendant of earlier work specifying
the rules used in good tutoring. Collins (1976) developed a set of rules
used to generate the questions in an effective socratic tutoring session.
Brown and others developed a coach for the arithmetic game called "How the
West was Won." This coach does not advise a player on every move, which
would certainly destroy any pleasure in the game, Instead the coach uses
strategies for deciding when and how much advice will be effective. Brown
(1983) specifies directly quidelines for designing a computer-based coach.
Brown and DeLoache (1978) contributed to computer-based coaches with their
work on the mechanisms of effective study procedures (e.g., what kind of
note taking is effective and why). Classroom studies starting with Gentner
&_Gentner (1982) began to show how to use these principles in classroom con-
texts (Unknown, 1992),

The early computer-coaching efforts were advanced considerably when they be-
gan to make use (Unknown, 1992) of basic research on learning, in particular
that of Anderson (1982). Anderson's learning theory is rich and
comprehensive, applying to a variety of tasks including learning concepts
and languages, and most recently learning geometry and computer programming.
Modern computer-based coaches (Unknown, 1992) include an Anderson-like
learning model that is constantly updated to match the performance of the
student. Thus the computer coach has a rich picture of what the student
does and does not know, and uses this pPicture to decide what kind of advice
to offer.

Today's computer coaches (Unknown, 1992) make use of two additional strands
of research. . First, there are several computer-based "“expert-advice sys-
tems”  (Shortliffe, 1976; McDermott, 1982a; McDermott, 1982b; buda, Hart,
Barrett, Gashing, Konolige, Reboh, & Slocum, 1978). MYCIN, for example,
provides consultation on the diagnosis and treatment of bacterial ‘diseases

(shortliffe, 1976). These expert systems are based on a large collection of..-

rules, each reflecting a bit of expert knowledge. These rules are used both
to generate advice and to provide an explanation of why that advice was
offered. My fantasy students' computer coach uses an expert system like
this, composed of rules based on research (Unknown, 1992) on” the knowledge
of experts in electricity and electronics, Thus the computer system can
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both give him expert advice on how to solve a problem and explain how that

advice was determined.

Finally, my fantasy computer coach uses the work of (Reif & _Heller, 1982¢
Heller & Reif, 1983) formulating problem-solving strategies that help stu-
dents to work effectively, independent of how current experts perform the
task. Their theoretical analyses were tested (Heller & Reif, 1983) by
showing that students guided to use these strategies performed substantially
more effectively than students without such guidance, Thus the fantasy
coach incorporates the kind of guidance Reif and Heller gave to their stu-
dents.

In summary, in the fantasy we have pursued, the student does his problem
solving using a powerful "editor" that both structures problems for him and
helps him to learn structuring strategies. Much of his work involves run-
ning circuit simulations that are carefully designed to connect relevant
physics principles to meaningful representations, and to help him use these
representations in solving problems. All of his activity is monitored by a
computer "coach" that continually updates a model of the students' know-
ledge, and offers advice when needed. The coach's advice is based on re-
search on human experts, on expert computer systems, and on independent
strategies for effective problem solving for students.

3. A Research Agenda

Throughout the preceding fantasy I have mentioned research, both current
research and research that is still needed to make this fantasy a realivy,
In this sention, I summarize this research, outlining the research we needed
to extend in order to make creative use of powerful computers in the class-
room. I divide this agenda into the following themes: (1) Human memory
and reasoning; (2) Cognitive structure of science; (3) A rich theory of
learning; (4) Computers as objects of science,

3.1 Human Memory and Reasoning .
To build programs that provide intelligent instruction, we need to know
about the minds we are teaching. In this sense, all of cognitive psychology
should be on our research agenda. However, the most needed research con-
cerns how memory works and how people reason, For example, a study men-
tioned earlier (Reder, 1982) shows that after time delays of 2 days,
subjects' recall of a text is accounted for better by a model that says
subjects reconstruct knowledge by considering what is plausible, and less

" well by a model that says subjects’ simply recall stored facts. Thus when

we want students to remember something, we must be profoundly concerned
with making it plausible to them.

At this time we -know little about how to make information plausible or mean-
ingful. Further basic memory research (like Reder's) will help. In addi-
tion, we need research on the kinds of meaningful representations experts
use (cf., Chi, Feltovich, & Glaser, 1981; Larkin, 1983; de Kleer, 1979) and
on how these representations can be conveyed to students (Resnick, 1981;
Larkin, 1983; Brown, 1983).

1u4
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largely separate from studies of memory are studies about how people rea-
son, There is a growing literature on "novice models" -- the reasoning un-
trained people do about scientific topics. For example, (Green, McCloskey,
& Caramazza, 1980; McCloskey & Kohl, 1982) demonstrate that most untrained
individuals have fairly well-defined "principles" that they use to-predict
the motion of objects, and that are totally different from the established
Newtonian theory. Others (Champagne, Klopfer & Anderson, 1980; Clement,
1982; lochhead, 1978; Trowbridge & McDermott, 1980, 1981) have less formally
established similar patterns of reasoning among College physics students,
Understanding novice models ig important in all science for the following
reasons., ‘

First, students come to us using these novice reasoning patterns., If we
fail to make contact with them in our teaching, students either don't under-
stand us at all, or they experience science as a collection of rules totally
separate from their own beliefs, I suspect that novice solvers' tendency to
use equations almost exclusively may come from their experience that equa-
tions never make sense (in terms of their novice scientific models) and
therefore must be applied without any reference to a meaningful model of
what is going on.

Second, novice scientific models are very resistent to change (Champagne,
Klopfer & Anderson, 1980; Lochhead, 1978). They are seen in students with
one or more years of university-physics background and in students who have
experienced programs carefully designed to help them remodel théir novice
conceptions., Thus novice science is not a problem of introductory science,
but a serious problem for all science teaching.

Finally, there may be ways to use these powerfully entrenched novice models
to help students acquire more broadly correct scientific models. For exam—
ple, carbonell and I, with support from the ONR and ARI, are working to
develop computer-based scientific reasoning systems that will use reasoning
patterns that are naturally congenial to human beings, patterns that appear
in these novice scientific models. One benefit we anticipate for this
system is an ability to explain scientific phenomena in terms that are
readily understood.

Powerful computers can support instructional systems that make use of exten-
sive knowledge about how the human mind works -- how it reasons, how it
stores things in memory. To make use of this capability we need continuing
research on how the mind works., :

¢

3.2. Cognitive Structure of Science

To use intelligent computers in teaching science, we need to know how
science is organized in the nind. In the past science educators have
neglected this area of research. Experts have believed that their own intui-
tion about how a discipline was structured was a sufficient basis for de-
signing instruction. However, a large body of research, forcefully summari~
zed by Nisbitt & Wilson (1977), indicates that people's intujition about
their own knowledge and cognitive processes is often highly misleading.
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pPeople may believe, for example, that they solve physics problems according
to a certain strategy, whereas, when they are observed, the process is found,
to be totally different. Thus as we think about designing more powerful
methods of instruction; it is important that we base this instruction on
good research into the way scientists actually think about science, rather
than continuing to rely on our unreliable intuitions about these processes.
The following three strands of research are relevant to this aim.

There is a growing, but still very incomplete, body of literature on how ex-
perts do science, Most of this work involves listening to the experts speak
aloud as they perform various scientific tasks, and then developing
computer-implemented models that account for the reasoning steps stated by
the expert. For example, McDermott & Larkin (1978) developed a computer im-
plemented model that simulated the behavior of a single expert solver on a
group of five mechanics problems. In order to account for the expert's
behavior, we had to postulate and develop in our computer-implemented model
the following set of four separate representations for each problem: the
original English language statement; a basic representation comprising the
real objects in the problem (e.g., wheels and levers); a scientific repre-
sentation comprising the important physics objects in the problem (eeg.s
forces, energies); a mathematical representation composed of equations based
on the scientific representation.. Subsequent work (Larkin, 1983; Chi,
Feltovich, & Glaser, 198i1) suggests that perhaps the single major advantage
that expert solvers have over novice solvers is the ability to construct
ngeientific" representations of problems. These reprecentations involve
special scientific objects (e.cg., enrergies, momenta) that are understood
only by people with special scientific training. These representations have
special powerful properties for use in solving problems. The workings of
such representations are somewhat elaborated by more recent work (Larkin,
1983, 1982), but are not fully understood.

A second type of research that heips to clarify the cognitive structure of
science 1is the building of computer-implemented expert systewms. As
mentioned earlier these systems can, at least in limited domains, exhibit an
expert Jevel of performance. Examples of such systems include the MYCIN
medical diagnosis system (Shortliffe, 1976), and the PROSPECTOR system for
locating mineral deposits (Duda, Hart, Barrett, gashnig, Konolige, Reboh, &
Slocum, 1978). Often examining the knowledge structure of these systems
provides some insight into how knowledge in the discipline could be or-
ganized. of course, knowledge organization in a computer system is not
direct evidence that the same knowledge is organized that way for human
experts. However, any knowledge organization capable of producing expert
performance is probably worthy of our consideration as a structure on which
to base instruction.. For example, the ISAAC system developed by Novak

. (1977) is a moderately expert system that solves problems about systems

subjected to forces and torques. This system works with a set of "canonical
frames". Every system is translated into a set of these frames. Thus, for
example, the system knows that in this context a person is either a pivot or
a weight. When the problem has been represented in terms of these standard
canonical frames, then the physics knowledge of ISAAC develops eguations.
These processes parallel the processes observed in a human expert by
McDermott & Larkin (1978). ISAAC starts with real objects (e.g., people)

P
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and translates them into Physics objects (e.qg., pivots) from which it
develops equations, Thus systems like ISaac provide a very concrete formu-
lation of the kind of knowledge we believe physics students must acquire in
order to solve physics problems,

A third and currently very small strand of research also holds promise for
better understanding of the cognitive structure of science, Reif and
Heller (1982, 1983) have taken the novel view that effective strategies for
solving problems may ke quite different from those currently used by human
experts and also quite different from those that are most-effective for com-
puter solvers. 1Indeed, the latter Seeéms probable since humans and computers
have quite different basic, abilitiesS. Thus Reif and Heller began their work
with an unconstrained gearch for methods of solving problems that would
prove effective for human solvers. They subsequently validated these formn-
lations by showing that if students were guided (by the reading of a pre-
pared script) to solve problems in accordance with the model, problem
solving performance improved markedly. In this research we have a source of
knowledge about how a scientific discipline, in this Ccase physics, can be
effectively organized for use by students,

Powerful computer-basedq instructional Systems can potentially provide more

extensive and detailed instruction than is available to most students to-
day. However, this eXtensive instruction is not likely to bhe effective un-
lzss the knowledge it conveys is organized in a way that human beings can
use effectively. As we extend the power of our instruction, we need to know
in greater detail what this structure is,

3.3 A Rich Theory of Learning

The preceding themes in this research ’agenda have concerned first the

person. This third theme addresses the use of basic capabilities for
acquiring the cognitive structure of a discipline. How does a pPerson with
normal or even superior memory and reasoning capabilities acquire an
effective cognitive structure of science? A
Our theories of learning in the past have been very inadequate for this
issue. Psychological theories of learning have included powerful and expli-
cit-models, but only for very simple learning tasks (e.g., paired associate
learning, simple concept attainment). Educators' theories of learning, in
contrast, have dealt with the full complexity of human learring (cf.,
Ausubel, Novak, & Hanesian, 1978), but at the cost of explicitness. Aas we
move toward the use of powerful computation in instruction, we will need
broad models of learning that are explicit enougnh to specify how instruction
should be designed. '

Fortunately, the last ten years have produced explicit learning models that
are rich enough to be of uge in designing instruction. The best example is

Anderson's ACT model (Andersor,, 1976). As mentioned earlier, this model
accounts for a wide Variety of learning behavior. . Anderson has recently
extended it to account for learning in the semantically rich fields

iy
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of genrmetry and computer programming (Anderson, 1982; Anderson, Farrell, &
Sauers, 1983). The ACT learning model is based on a small number of general
learning . abilities that Anderson assumes are available to all human
learners. For example, suppose an inference rule in the medel initially ap-
plies successfully to one situation, but then produces an inappropriate re-
sult in a different situation, ACT then learns using the mechanism called
discrimination. It adds to the rule's conditions for applicability a con-
dition that discriminates between the two situations. Models of this kind
may ultimately be sufficiently sophisticated that they could track the
learning of a human student, and so provide the basis for the computer-
implemented "coach" discussed earlier.

3.4 The Computer as Scientific Object

The preceding sections have discussed how to use powerful new 16-bit
micro-computers for teaching the familiar scientific disciplines, mathema-
tics, physics, chemistry, etc. We must not forget, however, that computers
are in their own right important scientific objects. Indeed knowing some-
thing about computers is probably not as important a general educational
goal as knowing something about physics or chemistrye. Since computer
science is a totally new discipline, we know even less about teaching it
effectively than we do about teaching the more established disciplines.
Thus we must include on our research agenda some considerable support for
research on the effective teaching of computer science. '

For example, we need to think out what aspects of computer science’ should
be t "2t to what audiences. For most audiences, programming is probably
not appropriate. But every person is likely at some time to need to inter-
act with computers, and therefore should know at least what computers are
and are not capable of doing.

In addition, most people probably should have some exposure to computer
tools, for example, the editors described earlier. Other examples include
tools that analyze truss structures in the design of bridges, tools that
present 3-dimensional draphic pictures ©of objects being designed (e.qg.,
buildings or cars), and data base programs that retrieve and sort informa-
tion from huge files of data (e.g., the U.S. census data base). Certainly
at the university level, in any field that is information rich (e.g., his-
tory, Psychology, sociology) or computation rich (e.g., all engineering) a
responsible educational program must introduce students to tools that are
essential for his discipline.

Finally, computer science, in a sophisticated sense, is itself a growing
discipline. Just as some of us will continue to be concerned about the
education of those few people we hope will become creative physicists, some
new few of us should become concerned about the education of creative com-
puter scientists. '

10y
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Table 1: Agenda of research needed to realize the potential of modern
computation in science education.

Human memory and reasoning

What are the mental capabilities of our students? What are
the general properties of mental functioning? what reason-
ing patterns relevant to the teaching of science are exhibi-
ted by beginners with no scientific training?

"Cognitive structure of science

How are the scientific disciplines organized in the mind?
How do people effectively store scientific knowledge and
access 1t for use? What strategies do they use in bringing
knowledge to bear on problems?

A rich theory of learning

-~ Through what ;mechanisms do people learn? How can these
mechanisms be facilitated? :

Computers as objects of science

What should we teach people about this important topic and
how shall we teach them?

4. Summary

Table 1 summarizes my research agenda. In short, we need to think broadly.
Science instruction of the future can be gualitatively different because we
have a qualitatively different tool. But to realize this potential, we need
to generate fundamental knowledge about the human mind, about the cognitive
structure of science, and about how people learn, '
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THE ACQUISITION OF MATHEMATICAL KNOWLEDGE

Robert B. Davis
curriculum Laboratory and Computer-Based
Education Research Laboratory
University of Illinois, Urbana/Champaign
Urbana, Illionois 61801

It might seem that mathematics is the most sharply defined subject in the
world, with the learning of mathematics running it a reasonably close
second, It might seem that way... as long as we do not look carefully...

I. The Emergence of the Alcernative Paradigm.
In the 1950's and 1960°s, when a ‘significant number of people of first-rate

intellectural powex sought to improve the learning of science and mathema-
tics, one obstacle impeding progress was a widely-held conceptualization of

. learning, and-of knowledge, that did not do justice to reality. Put very
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briefly, within this view—"knowledge?-was-measured by the selecting of cor-
rect responses to a relatively small collection of questions. what was NOT
considered was the analysis that led the student to make his choice, the
thought processes oOr conceptualizations that led to the selection of any

specific answer.

The appeal of such an approach turned out to be surprisingly great, partly
because of its great economic advantage, but also (perhaps even more so)
because it offered intellectual simplicity. Critics of this approach were
not lacking -- indeed, the remarkable career of Jean Piaget grew out of his’
conviction that IQ testing made a fundamental error when it focused on
"right" vs. "wrong" answers, and ignored the reasons why people selected
different answers, More recently, Krutetskii (among many others) has
written sharply critical reviews of research based on answers and ignoring
the processes that produced these answers. (Cf., e.g., Krutetskii, 1976.)

Piaget's precedent, and Krutetskii's criticism, went without response in the
United States for surprisingly long, but in recent years an alternative
approach to the study of mathematical performance has emerged, which has
come to be called the "alternative paradigm." (Cf. Thompson, 1982.) It
studies process as well as product, and relates observations to a postulated
conceptualization of human information processing., Data is often obtained
from task-based interviews; a student or expert is asked to solve a problem
while one or more observers watch, and perhaps ask ‘ occasional questions
(such as: "Would you always multiply there, or would you gsometimes do some-
thing else?", which can often detect conditional processes, such as "multi-
ply A by B if C < D"; or questions such as "How did you decide what tp do
first?", etc.). The postulated conceptualizations owe much to artificial
intelligence (or "complex information processing," to use the Pittsburgh
name) and cognitive science.
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II. What Is Mathematics?

Unsurprisingly, a new view of how to study mathematical performance has
paralleled the emergence of a new view of the nature of mathematics itself,
and also of new ways that mathematical knowledge is used in today's society,
When most users of mathematics performed repetitive tasks in a routine way,
it made sense to think of mathematics as a gpecific, well-defined collection
of explicit techniques, and to test skill in the performance of these
specific techniques, Nowadays, routine repetitive uses of mathematics are
becoming less prominent -- they can usually be automated advantageously ---
and less-routine performances are becoming more common. Mathematicians and
physicists have always been concerned with non-routine mathematics,
Nowadays, even office workers often are, The moment one employs machines --
either calculators or computers =-- much of the routine work is removed from
humans, but non-routine demands increase: every new calculator or computer
is likely to introduce some element of novelty and the ability to deal
effectively with novelty becomes more important than the ability to deal
effectively with repetition. Humans need to do what the machines do NoOT
do.

It is easy for those of us who are close to mathematics and science to
underestimate what a profound change this implies for those who are not so
close.. For most/ office workers, tradespeople, parents, and precollege
teachers, mathematics is DEFINED as a_ specific collection of explicit
algorithms, fThey can think of mathematics in no other way.

Even when curriculum modernization causes a high school teacher to enlarge
the specific collection of techniques, the teacher will not actually change
his/her epistemologic view: math will still be perceived as a fixed
collectinn of explicit algorithms. The adequacy or correctness of this
fundamental view is one of the basic questions in mathematics education
today. We shall see it reflected in several ways in what follows,

How else (AN one view mathematicg? Those who are closer to méthematics
typically see it as:

(1) an open-ended collection of techniques., (You are free to
devise new and better techniques whenever you can, and
- this is seen as a REAL possibility,)
(2) A complex bit of information processing that includes:

i) Creating representations for problems, and
representations for  mathematical situations,
knowledge, etc,

ii) Difficult tasks in selection and retrieval from
memory.

[e.g., Does the series

Z n sin'l
n

converge or diverge? How about



I kln 1+ =5 )7 ]
k=1 k
iii) Heuristics
iv) sSetting goals and--sub-goals
v) The use of meanings in constructing or reviewing

algorithms
vi) The use of non-algorithmic knowledge, such as principles,
etc.

Details: The preceding generalities about the nature of mathematics can be
illustrated by some specific examples. Repres ations: Stephen Young has
demonstrated how a mathematics problem may be easy if one representation is
used, or very difficult if some other representation is used. It is well
known that

is a difficult problem in this form, but if I2 is represented in polar
coordinates, one easily finds that

1
I=73 k3

As Young shows, this phenomenon goes much deeper. Young uses this fact to
develop a detailed explanation of why, on each of two recent PSAT tests,
problems coded with wrong answers sneaked past the experts, only to be
solved correctly (and confidently) by some neophytes [Young, 1982].

Indeed, Young goes even further, showing how the alternative representations
can be built up from simple ingredients learned in everyday experience
[idem]. An Open-Ended Collection of Algorithms. One instance of a student
inventing a new algorithm was reported in [Barson, Cochran, and Davis,
1970]1; many others have been reported. Cf. Suzuki [1979], Kumar [1979], or
the series of studies on addition carried out by Resnick and her colleagues
[(1978]. Any experienced mathematics teacher sympathetic to student
originality will have seen many more, Heuristics: The importance of
heuristics is generally well-known [cf., e.qg., Polya 1965; Davis,
Jockusch, and McKnight, 1978].

The willingness to use non-algorithmic knowledge has emerged as one of the
differences between expert and novice performance, cf., for example, the
following problem from a calculus book:
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A rope with a ring in one end is looped over two pegs in a
horizontal line. ' The free end, after being passed through the
ring, has a weight suspended from it, so that the rope hangs
taut. If the rope slips freely over the Pegs and through the
ring, the weicht will descend as far as possible., Assume
that the length of the rope is at least four times as great as-
the distance between the pegs, and that the configuration of
the rope is symmetric with respect to the line of the vertical
part of the rope. (The symmetry assumption can be justified
on the grounds that the rope weight will take a rest position
that minimizes the potential energy of the system,) Find the
angle formed at the bottom of the loop.

In task-based interviews, pavis [1983] found that two students in a class of
22 gaw this as a problem involving a principle -~ that the weight will des-
cend as far as possible, or that its height will be a minimum ~- and were
thus able to solve it, whereas other students tried (in vain) to recall a
formula that would give the solution. (No explicit general formula exists,
but the applicable principle is stated twice within the statement of the
problem.) Beginning students are strongly disposed to view mathematics as a
specific collection of formulas and algorithms, a phenomenon which needs to
be understood better, It is true that these students have typically had
teachers who viewed mathematics that way, but this fact does not establish
cause and effect. Do students acquire this view from their teacher (which
would be no mystery)? Or is the algorithmic view so natural for beginners
that the studesnts have compelled their teachers to see (and teach)
-mathematics this way? (It is certain that many students are not eagily
induced to abandon the algorithmic approach, Cf., e.g., Davis, Learnina
Fractions [in preparationl,) »a persistent difference between novices and
experts is the tendency of novices to see their work as a sequence of gmall
steps, often neglecting well-known meaning [cf., e.g., Davis and McKnight,
1979], whereas experts sece larger "chunks," more often in the form of
principles or of typical situations (or problem types), Clearly some of
this difference is inevitable, but the observed differences often sgeem
extreme, and may be the result of learning experiences that neglect larger
patterns in favor of a sequence of smaller steps, [Cf., e.g., Beberman

1958; see also Larkin, McDermott, Simon and Simon 1980,

III. Learning Mathematics

A. Given the situation described above, it may be no exaggeration to say
that a fundamental gquestion of mathematics education isg the following:

-
Which should came first,

understanding or algorithms?

Nearly every schcol program in the U.S. that has been carefully observed has
focussed mainly on algorithms, To non-mathematicians, mathematics is algo-
rithms, [Eg., "to divide fractions, invert and multiply."] Reports are es-
pecially numerous on addition and subtraction involving "borrowing" and
"carrying." These topics are nearly always taught, and learned, primarily
as rote,
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It does not have to be this way. Dienes' MAB blocks provide an excellent
opportunity for students to get experience with place~value numerals. In
the base ten version, the smallest block is called a unit, and is a cube
approximately 1 cm. on an edge. Next larger is a "long", which can be
thought of as 10 units lined up ard glued together (although of course it is
not manufactured that way). Next comes a "flat", ten longs placed side by
side and glued together. The largest block can be thought of as ten flats,
stacked up, and glued. Any decimal numeral not liarger than 9,999 can thus
be represented by an array of base-ten MAB blocks. There is a unique
canonical representation if one observes the rule that "thou shall not have
10 blocks of the same"; these representations are isomorphic to standard
decimal numerals. But just as the canonical representation "64" in

64
- - 28
. allows alternative representations

5
4
2 8

so, too, do arrays of blocks (if one allows violations of the "thou shall
not..." rule) -— in this case, 5 longs and 14 units.

Many alternatives exist for the use of MAB blocks, and presumably some of
these are more effective than others. But the underlying fundamental issue
ig: what different forms of learning result if a student first works with
MAB blocks and "trading," or if he/she first works with numerals and
procedures for operating with numerals? (1t is known that many school
programs using MAB blocks are ineffective, in that thinking in terms of
blocks is not allowed -- by the children -- to intrude into their thinking
about writing numerals on paper [Davis and McKnight, 19791, This, of
course, is no argument that other ways of using MAB blocks might not
succeed.) [Lauren Resnick also has some data on this question, There are so-
many different ways of using MAB blocks that the guestion is not easily
settled. Present evidence seems to support the unsurprising result that the
effectiveness of using MAB blocks depends upon how you use them,]

B, Constructivism.

Two themes have emerged so strongly in mathematics education research that
they have come to be regarded as a definite research posture, which has been
given the name constructivism. The first theme is the assumption that a new
idea is built up by modifying or combining ideas that the learner already
hag. When stated that directly, the assumption sounds so familiar as not, to
deserve comment, But, when taken as a serious indication of how one .can go
about studyiig the knowledge in a student's mind, the proposition has
important implications, and is supported by a growing body of evidence.

-2
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Before considering it in detail, it is helpful to state also the second
theme: the foundation ‘on which this pyramid structure of "new ideas" is
built can often be traced back to ideas that were learned early in life,

What does this mean? Or, perhaps equivalently, how does one study such
matters?

In quite a few different ways. One can study language, for example as used
in U.S. . newspapers. One easily finds ‘instanges where abstract or
intangible matters are described as if they were tangible matters, of the
type that a young child meets in the first five or six years of 1life:
"Because he had previous convictions for perjury, the jury gave little

weight to his testimony." "The burdens of the office seems to weigh heavily
on the President's shoulders." "He stuck fast to his contentiocns and
refused to be sghifted,” "Sticking", "shifting", "refusing", "weight",

"heaviness", and so on, are clearly the kind of thing that a child has
experienced very often in the first five or six years of life,

One can study the role of metaphors in the representation of knowledge, How
would people have interpreted Rutherford scattering if they had lacked the
"solar system" metaphor? Quinn (1982) has studied people's discussions of
marriage (most commonly represented as a journéx, or as a container, room,
or enclosed space (".,.affairs outside of the marriage,..."), or as a
valuable product (",..to build a good marriage..."), or as a contract or
agreement or job (",...not doing his/her share..."), or as one of 'a few other

common metarhors), and Dedre Gentner has carried out a long sequence of
fascinating studies on metaphors used to think about quantities or
situations in physics and engineering, {Gentner, 19803, 1980B; Gentner,
1982).

One can study unconscious gestures., David McNeill, of the University of
Chicago, has videotaped mathematiciansg talking to one another, In one
interview, Mathematician A is explaining something to Mathematician B (who
obviously has a strong general knowledge of the area in question), The
earlier part of this interview establishes that A has some unconscious
gestures. Whenever he says "inverse limit" he rotates his right wrist as if
he were screwing in a screw., Whenever he says "direct limit" he extends his
right hand outward, somewhat like a salute (or perhaps someone lauching a
pigeon into flight), What makes this interview especially interesting is
that, in the second half of the interview, Mathematician A makes several
slips of the tongue, saying "inverse limit" wnen he means "direct limit," or
conversely, In each case, B corrects him, and a acknowledges the
correction,

However, in every case where the wreng phrase was uttered, the correct
unconscious gesture was employed (so that, in these cases, the phrase
pronounced did not match the gesture used), ’

Clearly, A's internal information processing is using some representational
system different from his words, and only in a last stage was the
representational knowledge converted into hatural language statements as an
"output" product,
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addition of e.m.f.'s when batteries are connected in series?

More direct evidence for this same conclusion has been reported by Marshall
(1982), Marshall and Newcombe (1966), and Newcombe and Marshall (1980), in
cases of patients with brain lesions that blocked the communication within
the brain. For some of these patients, internal processing was unimpaired,
but communications between some language functions were blocked, making it
possible to get a more direct view of how the internal processing itself was
carried out, [For example, in one form of disorder, patients read the
printed symbol
glad

as "happy", believing that they -had read it correctly. Clearly, no
reasonable theory of phonics or direct visual-acoustic associations could
explain this, The printed symbol "glad" must have been translated into some
internal mental symbol, which was in turn translated into the oral response
llhappy".] . .

The fundamental role of representations drawn from early experience -- even
when one is dealing with extremely abstract and complex matters -- is not
really mysterious. If you wanted to explain "one-to-one correspondence" to
someone who was not a mathematician, - how would you do it? How would you
explain continuity of a function y = £(x)? How would you explain the

i

on the other hand, the constructivist view of mathematics is something new -~
at least to most people, For one thing, the prominence of metaphors has,
in the past, often been regarded a a convenience employed in interpersonal
communication, The constructivist sees it as something far more ‘basic -~
these ‘"primitive" metaphors are essential parts of one's internal
representations of abstract ideas -- they aren't just "communication," they
are how you yourself think about these things. (Cf., e.qg., Lakoff, 1982,]

When you think, you think metaphorically!

Why is this important? Partly because schools do NOT usually view mathe-
matics this way, and do not teach it this way. Ginsburg (1977) has noted
the discrepancy between the way children think about mathematics on their
own, and the way they dc in school (because of the schc:l's expectations),
Underlying this discrepancy is the gap between the school's view of
mathematics as verbal and algorithmic knowledge, and the reality of mental
representations building upon earlier  non-verbal representations within a
child's mind (or an adult's, for that matter).

Kieren, Nelson, and Smith [to appear] report the performances of some
seventh and eighth graders on fractions concepts in non-notational settings,
where they are able to use their "primitive" representations, One
eighth-grade girl, asked to divide four rectangles ("candy bars") equally
among three people, allocated them as in Figure 1.

N /«- A B
. n_ I

\ 1A 15
X C |4+
N4 % _ )
. e C
Give this candy Give this candy Give this candy
bar to Person A bar to Person B bar to Person C
Figure 1
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That is to say, she gave each person one whole "candy bar", One bar was
thus left over. She respected the indicated division into fourths: she
gave one quarter to each person., One quarter was now left over.

She continued this process, always dividing the "left-over" portion into
fourths, giving one to each person, and having one left over.

In effect, she determined that

4+ 3= 1.1111...(base 4 numeral).

This student could not have dealt with this within conventional abstract
notations, but in a setting where all of her "real world" knowledge (about
dividing into halves, or halves .of halves, etc.) could he brought into play,
she was well able to solve the problem, showing an unexpected level of
ingenuity, (Admittedly, if she had divided a remaining piece into thirds
she could have made the process terminate.)

Lave et al, 'in press) report the contrast between the unsuccessful efforts
of some adults to solve some mathematics . problems in paper-and-pencil
settings, vs. their success with similar problems in concrete settings in
supermarkets, in their own kitchens, etc. [One man's diet called for him to
eat three-fourths of the cottage cheese in a cup that was two-thirds full,
He spread out some wax paper, arranged the cottage cheese on it as a disc,
marked two perpendicular radii -- thus getting fourths -- and took three of
them, ] ‘

This pattern shows itself time and time again -- students (or adults) who
are creative, resourceful problem solvers in familiar situations, but who
are. unable to carry this resourcefulness into "abstract" mathematical
situations, even though the problem structure may be essentially the same in
botli. cAses,

We would argue that the task of .an effective educational program is to
establish problems and resourceful problem-solving at some - appropriate
level, which (for some students) may be as concrete as these examples, and
then to carry these problems and this resourcefulness along a developmental

‘path into -- ultimately -- conventional notations.

Schools -- and, all too often, nowadays, university freshman éourses -
usually fail to do this. : _ ?

To X2 sure, a mathematician can deal with the definition of, say, the limit
of a sequence in the form:

The number L is the limit of the sequence

a1 @y Ags sees B e

if, given any € > 0, there exists an

integer N such that

n>N=9|an—L|<€.
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However, this same mathematician will often think of this concept in terms
of something closer to Figure 2,

a A
. vee ST L LT
voe &L Lk L[
— St
! 2 3 Figure 2

In Figure 2 we again see the prominent role of such simple, early ideas as
"nearness" and "there is" ("there exists") and "if you go far enough". The
combined effect ig sophisticated and powerful -- but the constituent
building blocks are very simple ideas, which must be carefully assembled and
carefully juxtaposed.

But of course the main point is that the successful mathematician has, with
great effort, built up a conceptual structure from "primitive" ideas about
magni tude, measurement, nearness, distance, through an elaborate structure
of coordinates, truth values, implication, indirect proofs, etc.,, until he
or she can deal effectively with statements about the "existence" of some
unspecified integer of wholly-undetermined magnitude. (How large is that N,
anyhow?)

Today's educational programs typically fail to promote this deQelopment in
most students, ({ Freshman college calculus and physics courses -- as
actually taught -~- are not entirely exempt from this criticism!)

This situation helps to explain both some of the success, and some u. the
failures of the "new math" programs of the 1950's and 1960's. The best of
these programs did begin with such concrete experiential knowledge that
virtually every-Eﬁild could deal with them -- and children did learn this
material well when it was taught by, say, a David Page, who used this
strategy consistently. This conception of knowledge and this approach to
teaching were, however, so foreign to the conventional wisdom of schools
that the method could not be used in most schools, nor by most
teachers.!

The reader can observe directly how very simple ideas such as distance,
symmetry, interchanging A with B (well-known to young children in their

1 The Page approach =- or something recognizably akin to it =- has' been
advocated by Polya (1965) and used by Bertrand Russell (1958), among
others. It has been discussed elegantly by Papert (1980), Minsky
(1980), Lawler (1982), and others.



spontaneous play), and so on, are . employed in thinking about abstract mat-
ters. Consider the fraction y = f(x) defined by

This has the weird property of being its own inverse:

=1l-x 1=y
y 1 +x x + ¥

[

What are the necessary and sufficient conditions for this to occur, ex-
pressed geometrically? Expressed algebraically?

What basic ideas did 'you use in thinking about this problem?  Even though
they may have been expressed by sophisticated representations, if you trace
them back to the previous "foundation" ideas they were built on, and trace
those ideas back to what they were built on... and SO on... you find a foun-

dation in the experiences of a child who may be 3 or 4 years old.

Interchanging x and y to turn £ (x,vy) /= 0 into f (y,x) = 0 is recognizably
bagsed on such simple ideas as interchanging two blocks of the sort that
children play with. The remainder of this discussion is left as an exercise
for the reader.,

An elegant description of this phenomenon of building complex ideas on a

foundation of simpler jdeas is given in Papert's Mindstorms (1980), where he

describes how, when young, he was given a set of gears which he studied
deeply for a long time, The ideas gained from concrete experiences with the

gears later provided a foundation fer sophisticated ideas about equations,

causality, ratios, and so on.

Lawler (1982) has studied both cause and effect in his careful observations of
his own children. 1In particular, in working with a computer (using the 1.0GO
language), his young son Robbie learned the value of studying a new situation by
systematically stepping one controllable variable. Subsequently, in a wholly
new setting (cutting paper loops to study the resulting éonfigurations), Robbie
made effective use of this same method of stepping (incrementing) one variable
at a time,

SUMMARY. In my view there is compelling evidence that the key ideas of
mathematics are NOT expressed in natural language while they are being
brocessed within the human mind. These ideas are often converted to natural
language for output purposes, just as some computers in Saudi Arabia present

outputs in Arabic, although a program entered into the . machine .in Arabic .. ..

will be converted by the machine to English (and BASIC, APL, etc.), thence to
machine language, processed, output in English, and (in some cases) cofverted
into Arabic listings for the convenience of Arabic-speaking programmers,

This is important for a variety of reasons, ijincluding these:



1) Today's school programs are overwhelmingly verbal, natural-language
affairs. The basic, experiential concepts may fail to be developed in many
students.,’ )

2) CAI may make matters worse, since it so readily lends itself to
precisely this abuse. ("That CAI which is most easily written, should NOT
be." A new Murphy-type law proposed by Jerry Johnson (1982).)

3) someday someone needs to take a new look at courses in physics,
chemistry, calculus, etc., as typically taught in high schools, community
colleges, and freshman university courses. The “"mathematical” content --—
formulas, mainly -- appears to be very great, including formulas from
special. relativity and from Qquantum mechanics -- but this content is
presented unrelated to the ideas of physics and chemistry. The
sophisticated content of PSSC has been seized upon as a precedent'to be

emulated, but the ripple tanks and racing cars and rotating platforms have
been left out,

[We observed some students: trying to solve this
problem (from p. 815 of Halliday and Resnick):

15, (a) What is the separation ‘fn energy between
the lowest two energy levels for a container 20 cm,
on a side containing argon atoms? (b) How does this
compare with the thermal energy of the argon atoms
at 300K? (c) At what temperature does the thermal
energy equal the spacing between these two energy
levels? . - )

The students treated this as a hunt for the correct
formula, and showed little knowledge of, or interest
in, the actual physics of the situation.]

A main message of PSSC, David Page's project, and so on, has been lost: the
need for the gradual experiential development of CONCEPTUAL and INFORMATION-
PROCESSING foundations, often by NON-VERBAL means.

It seems that one of the great strengths of humans has contributed to one of
the great weaknesses of educational programs: humans can often sound as if
they know what they are talking about, when in fact they do not,

C. Principles of Instruction

On another matter, one of the great strengths of the Qurriculum Improvement
movement has nearly been lost: the use of a different set of principles of
instruction. NoO compllatlons or analyses of this seem to have been made
(with the exceptions of Howson, et al., (1981) and Hevden (1982)), but it may
be appropriate here to acknowledge their exist.xo. and to present one
example: »

What Do You Want Students to Learn? (The "Tool" Principle.)

A principle used by some "new math" projects was sometimes called the tool
principle: every mathematical concept or technique or strategy or algorithm
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should be seen as a TOOL to accomplish some worthwhile goal, Typical school
programs, then and now, make little or no use of this principle, The
sin ¢ may be defined as "the opposite side over the hypotenuse" (or in
other, more circumlocutious, ways), but this does NOT appear as an answer to
a recognized need. When one follows the "tool" approach, it does. The need
may be to determine the height of a flagpole in the school yard; the sin
(or, more likely, the tan @ or the cot @) can then be concocted as a tool
for solving this problem. This is not artificial; it is true ‘to the nature
of mathematics, Every piece of mathematics is created as the response to a
sensible challenge, and students should see it that way. Few do.

The contrast can be seen clearly in the treatment of the field axioms as a
foundation for algebraic operations. One "new math" project presented this
use via a sequence of .activities, each sharply targeted at a specific:
learning goal. One activity was a game where, from two sentences, students
were asked to infer a third; this activity was intended to provide an
experiential basis for the idea that some collections of statements can
imply others. Another activity was the use of the word puzzles found in
newspaper puzzle sections: Start with, say,

Ssourp
and end up with
NUTS.

At every line you must have a ‘legitimate English word, and to get from one
step to the next, you may make a change at only one place in the string of
leters -- the last letter, say, might be changed from a "P"- to an "R", while
the first, second, and third letters remain unchanged., This activity is
intended to provide an experiential foundation  for the idea of changing a
symbol string according to precisely specified "legal" rules. What is legal
is specified with considerable precision, but the strategic choices of what
would be useful (would move toward the goal) is left as a creative planning
task for the student. A third task combines these Ffirst two ideas, by
starting with, say,

A+ (Bx Q) A+ (Bx Q)

and deriving
(Cx B) +na

A+ (BxQ)),

by explicit, careful use of the commutative laws. This treatment follows
(more or less, anyhow) the tool requirement. A problem is to be dealt with, -
and a certain method (or concept, or technique, etc.) is used to. deal with

it. The thing to be learned is presented in so clear a form ‘that it
more~or-less has to be learned,

By contrast, typical treatments of this same topic, as observed in some U,S,

schools in the fall of 1982, violate the tool rrinciple. They are vague in

their specification of what students should 1learn, and the learning
s
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activities allow for the learning of undesirable or incorrect "knowledge."
A typical example asks for the solution of the equation

0§7m+4—3m

by using (a modified set of) the field axioms. This proklem confuses many
goals. _]ﬁ the goal is to find a replacement for the variable m that will
produce a true statement, one does NOT need the field zxioms. Indeed, most
students can guess, or use trial and error, or use analogical reasoning, or
graph y=7m+4-3m. -Hence, students typically learn that the axioms are an
unnecessary complication of an otherwise simple task. This is NOT one of
the things we want students to learn about mathematics.

Even worse, the details of this problem are so complex, and both teachers
and students have so much informal knowledge (and so little familiarity with
the axioms), that it becomes difficult to say whether one did, or did not,
follow the rules correctly. For example, if you decided that you ineed to
use the associative law for addition, then you must turn the "subtraction"
into an addition:

0=7m + 4 + [° (3m)],

where °(3m) denotes the additive inverse of 3m, But how does one construct
the additive inverse of a product? In recent observations, both teachers
and students merely replaced "3" with "-3"., What axioms or theorems were
used to justify this? (In this case in question, none were; the matter was
ignored.) Thus, instead of learning a careful use of precise rules, the
student was learning a careless accommodation to a set of ill-defined
rationalizations which were, in any event, perceived as merely gratuitous
obstacles of the sort that give meaning to the word "academic," Is this
what axioms are?

Further, whereas ingenuity in recognizing goals, setting sub-goals, and
devising strategies to achieve these sub-goals should be one of the main
skills to be learned, it was virtually absent from the lessons in question.
The students were merely told "automatic" algorithmic procedures for solving
equations of this type.

The careful and aggrogriate specification of desired learning outcomes has
proved to be a very troublesome matter. Frequently (as we would argue was
the case.in the "solution" of 0=7m+4-3m) these goals are very poorly chosen,
not aimed sharply at major mathematical ideas. Testing to determine what
has been learned shows this same flaw. The attempt a decade or so earlier
to use explicit written specification in the form of so-called behavioral
objectives was a disaster, because it focused on minute matters instead of
large ones, it emphasized the explicit and ignored the elusive, it dealt
with behaviors when it should have dealt with ideas (or "products" when it
should have dealt with "processes"), and it fostered the illusion that a
curriculum in, say, calculus could be designed and implemented by people who
did not themselves understand calculus.
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SZE%%ﬁW, this unhappy history must be seen as informing us of weaknesses in
some of our common research paradigms, Care in research is supposed to
protect us from error, but evidently it does not always do so.
Self-consistent systems can be created and operated while the reality they
are supposed to deal with leaks out through cracks in the Dbasic

conceptualization, -

SUMMARY: It may be desirable to pay more attention to the various
"principles," whether implicit or explicit, that play a role in shaping
learning experiences, and in determining what the student actually learns.

D. Some Typical Research Results,

In this section we summagize, very briefly, eleven themes from recent
research results:

1« A very large number of students can learn considerably more mathematics
than they typically do at present. (Johntz (1975); Kaufman (1964); swinton,
et al. (1978); Davis, Jockusch, and McKnight (1978); Dilworth (1973); and

others.

2. The discrepancy is particularly pronounced in the case of
mathematically-gifted students (Julian Stanley and his colleagues (1977);
Kanfman (1964); Suzuki (1979); Kumar (1979); and others).

3. At the same time, there is bad news as well as good. Many students are
in fact 1learning far less than they are believed to be learning, For
example, Clement studies students who were believed to have successfully.
completed 9th grade algebra, the study of quadratic equations and
simultaneous linear equations and conic sections and even more, but who
could not answer correctly the questions:

””””“In'”a‘Wéeftéihf”éollége'”theté"éfé 6 students for every professor,
Write an equation to express this fact, using P for the number of
professors, and S for the number of students.

The common wrong answer, of course, was

6S = p,

The error was not a casual "slip of the pen." oOn the contrary, students
making this error were convinced that they were actually correct, and
vigorously resisted efforts to change their minds on the matter. [Rosnick
and Clement, (1980) Davis (1980).] DiSessa reports on students who have
"successfully" completed a year of college physics, but for whom dynamics is
really still Aristotle's dynamics, not Newton's (1982). Burt Green and_ his
colleagues report the same phenomenon [McCloskey et al., 1980]. [Note that
the "bad news" in (3) does not contradict the promise of (1) and (2).]

4. Mathematics is rnore diversified than most parents and teachers assume,
In particular, it is NOT merely a collection of memorized algorithms,
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5, Students in many curricula are seriously deficient in understanding what
they are doing (see, e.g., Alderman et al. (1979)).

6. Careful analysis of errors can give important information about thought
processes, and can guide remediation efforts (VvanLehn 1982; Matz 1980;
Erlwanger 1973; Davis 1980).

7. Generally speaking, more effective mathematics instruction is based upon
creating an experiential foundation and building carefullv upon
already-established ideas [Papert 1980; walter 1968; Kieran, et al.., to
appear; Lawler, 1982; Ginsburg, 1977; Lave (in press); and others.,]

8. Computers can play a role in the preceding matters, sometimes in
desirable ways, sometimes in undesirable ways. (Papert 19803 Lawler, 1982;
Alderman et al. 1979; Swinton et al. 1978; and others,)

9. It is advantageous, if not essential, to provide an active role for the
learner,

10. What can be taught within a school classroom is constrained by:
(i) the teacher's knowledge
(ii) the teacher's personal values or personal philosophy
(iii) the use of the curriculum as a tool to maintain social control
within the classroom social situation.
[We shall return to this topic in a later section.]

11. Recent ETS reports indicate that minority students are "closing the
gap," at least as measured by PSAT scores,

Reports from the Center for the Study of Reading (Richard Anderson) indicate
a situation in reading that seems to parallel the situation in mathematics.
Too much attention paid by the school to the mechanics of "calling out
words" appears to hamper the growth of real Ppower in reading (which means,
of course, primarily comprehension).

IV. Do You Need A Theory?

Not only does the "alternative paradigm" in mathematics education research
use task~based interviews, error analysis, etc., to get information about
student thought processes, it also tries to develop, from postulated
foundations, a theoretical conceptualization of these thought processes. '

Is this necessary?

Looking at the history of physics, chemistry, and biology suggests that it
is, How far could chemistry have developed if it had dealt only with
more~or-less directly measurable quantities, such as combining ratios,
densities, pH, etc.? The periodic table, and electron layer explanations of
the periodicity, etc., played an essential role without which modern .
chemistry could not have been created. [cf., especially Matz (1980); Minsky
and Papert (1972); Minsky (1975); VanLehn (1982); Minsky (1980); Davis
(1983).1 :
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Ve Schools

Any consideration ‘of what mathematics is, and how people can (or should)
learn it, must sooner or later come face to face with certain attributes of

schools (although several present-day writers believe that, in the future,

more mathematics will be learned outside of school than inside).

Some recent observational studies of some schools in Illinois emphasize four
points, none encouraging:

1. Schoolé_continue to be "wordy" places. There is a great deal of talk.
It seems to be assumed, implicitly, that knowledge can be transmitted to
people by telling them things in natural-language formulations:

2. wWhat can be taught is presumably 1limited by a teacher's own knowledge of
the content. within mathematics and science this poses severe problems;

3. what can be taught is 1limited by the personal values and personal
philosophy of the teacher (and the expectations of the school)., One
teacher, preparing for a mathematics lesson, remarked to the observers:
"Never set out without knowing exactlz where you're going!"

How do you reconcile this with Alexander Fleming's remark: "The job of a
scientist is to look at something that a thousand people have  looked at, and
see something that no one ever saw before"? It is no wonder that "discovery
learning" ‘and laboratory exploration encountered opposition in schools.
They represent direct challenges to the personal values of many teachers.

4. Finally, as Karplus and many others have pointed out, for many schools
the prime role of the curriculum is to provide a tool whereby the teacher
can maintain social control in the classroom. This surely explains some of
the popularity of workbooks and written exercises, and the unpopularity of
discussion sessions. ' Students can be kept orderly while they are answering
routine questions, perhaps on paper. When they are asked to work together
to think through some perplexing matters of some subtleties, they are not so
easily controlled. (Cf., e.g., Cusick, 1973; Cusick et al., 1976,)

It is NOT an inevitable attribute of all schools == we have found some
exceptions -- but it is the common rule in most. (oettinger's Run,
Computer, Run deals with this briefly -- e.g., "No one is an individual in

the language lab!" So does Silberman's Crisis in the Classroom.)
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Introduction

-

A teacher's view of the potential that information technology has for
improving teaching and learning grows out of classroom experience., Almost
all teachers understand both the possibilities for use of the new equipment
and the practicalities involved. They realistically appraise the problems
associated with using new systems and their ability to overcome these
problems,

The opportunity that technology offers education is as real as the burden
educators bear if they take that opportunity: The challenge is to develop
the methods that will allow teachers to take advantage of technical progress
within the limits of their time, training, and the reality of the classroom
environment.
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Today, new technology can be applied to improve curricula in over a dozen
ways. We must overcome the problems to fully realize the educational bene-
fits for teachers and students alike. Research is the key to those bene-
fits,

Areas of Opportunity and Challenge

1. Teacher Training . i

At a time when having talented teachers of science and mathematics is essen-
tial, the nation faces a crisis, The quick solution -~ attracting talented
students to teaching careers -- is difficult in the face of low starting
salaries, attractive offers from industry, and the. disfavor with which some
view university education programs. '

An alternative solution lies in in-service teacher training; however, the
building consensus nationwide is that the current status of in-service
training is unacceptable and that major changes are needed to upgrade the
system, Interestingly, new technology may be an important part of that
solution; in fact, it may have a unique role to play in teacher training,
This technology must be both the subject and method of in-service training.
The new capabilities of computer, video, and communication systems offer a
potential which must be tested in the schools and with teachers,

A Teacher's View

Already industry has been able to justify the expense associated with
methods of instructicn involving new technology. It would be a sad state-
ment on the nation's priorities if the companies which sell computers and
securities can justify instructional investments for their employees but
education cannot justify the expense to train teachers. In view of the ex-
pense, it is not clear that the private marketplace can undertake an ambi-
tious program to prepare materials for training teachers.

Certainly, this approach toward in-service training deserves to be the sub-’
ject of testing and research, We need to know whether teachers are comfort-
able teaching with a method from which they themselves have never learned.
If there are proposals to use computers and other technology in the teaching
of children, it would be wise to have teachers who have benefitted from this
teaching method. It is difficult to use a method based on theory and pro-
mise rather than personal experience., Yet, for the potential of the new
technology to be realized, there must be people in local school systems who
can make it succeed., If funding for the equipment is a problem, then the
initial expenditures for equipment and software must go toward the critical
area -- teacher training.

If the technology is not successful with adult teachers, there is 1little
point in discussing its potential for students in the classroom. Even more
to the point, if these new approaches are to be used in the classroom,
teachers must be trained. What better way to do the training than with the
method to be taught?
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2. Content and Time on Task in the Elementary Grades

Many educators feel that a major teacher training effort is necessary to improve
the teaching of science and mathematics in the early grades., They believe that
training should be focused on content as well as methods in ordgr to be effec-
tive., Without training, teachers lack confidence in teaching the subject and
may question the efficacy of recommended approaches. All teachers are concerned
about the inability of students to solve problems, even those problems requiring
the most straightforward application of arithmetic facts. Research must be
conducted to see if new approaches can help to address this problem.

Among the many other questions that need answering is a difficult one related to
the required -computer hardward for instructing very young students. Must the
hardware be sophisticated (expensive) for teaching at this level or would large
numbers of the small capacity, general purpose units be suitable? Must there be
equipment in every classroom cr should it be clustered in a central laboratory?

Answering these questions involves exploring the type of instructional applica=-
tions for which the new technology is suitable. The answers are fundamental to
evaluating potential uses of the new technology in the early grades, This is
difficult as there is a tendency to apply the available equipment (one knows
that it can be purchased) instead of working from the top down and designing the
machine with the application in mind,

Unfortunately, the current situation may be a worst case scenario: on one hand,
administrators are not convinced the applications have enough promise to justify
expenditures for expensive equipment; on the other hand, they do not expect to
have a pool of teachers trained to use the affordable equipment in substantive
ways.

Two immediate steps are suggested: research should be undertaken to provide
answers to questions posed above; teachers and administrators should be given
opportunities to learn enough about alternative methods to make informed deci-
sions for their particular school and situation,

3. The Middle Grades

When teachers meet to discuss ways to improve school mathematics, many agree
that something goes amiss in the middle grades. Middle grade teachers report
that their students arrive with poor preparation from the lower grades. After
discussion, proposals usually are made, and attention quickly turns to the
status of high school mathematics. Soon there is disagreement on what should be
done at that level. 4

It is almost as though the excitement lay in discussing the symptoms rather
than attacking the problems. One of the basic reasons for this indecision and
inaction in solving middle grade mathematics failure is teachers' frustration at

.not knowing what needs to be done and their realization that many colleagues,

who have the training to teach in the middle grades, chose to teach in the high
school, where again, there is a shortage of trained teachers and a better
teaching environment, :
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The new technology has a role to play in improving mathematics teaching in
these critical middle grades. For example, -there must be a way to capita-
lize on students' fascination with video games, There also should be a
possibility of using methods now available through teleconferencing, video
disks, and computers to provide specialized instruction for accelerated or
remedial students,

Certainly, the remedial student should be able to benefit from new delivery
systems for instruction., It is sad to see teaching methods which have
already proved a failure with remedial students being used with these same
students. . ‘

Perhaps the new technology offers an alternative method Of teaching Algebra
1 and Algebra 2 in the middle grades, where the small numbers of students or
the unavailability of trained teachers make offering the courses a difficult
undertaking. -

Currently, there are not many affordable alternatives o structured classes,
tutoring, workbooks, and ditto sheets, but the new technology has the poten-

tial to change the situation. It is worthy of extensive research.

4. Advanced Courses at the High School

Many schools suffer from a lack of faculty prepared to teach advanced
courses in mathematics, science, and foreign languages. Efforts should be
made to provide an alternative method of instruction for the often small
number of students prepared to take these courses. This particularly
applies to rural schools where teleconferencing, video disks, and computer
networks could be used to provide a student an opportunity to learn and to
face challenges currently unavailable. The master teacher idea once envi-
sioned with television may be successful with video disks, teleconferencing,
and computer networks,

5. Early Identification for Remediation

For a number of reasons the testing in schools today is not always accom~
plishing its purpose. The style of testing may be disruptive to a school
program; often the results are returned in a form that cannot be processed
in a sophisticated way by the local unit; and expertise necessary for the
successful use of diagnostic and prescriptive tests is not always available
at the local level.

Recent advances in teleconferencing and computers may provide significant
help in this area. At a minimum it would appear to be possible to use a
microcomputer to grade tests, to develop software to enable local districts
to process test data easily, to design inexpensive computers which can ad-
minister interesting tests (tests which are chosen from a large collection
of problems so that two tests do not have many questions in common), to use
teleconferencing for training staff in inﬁerpreting' test results, and to
offer remediation in a variety of delivery systems. Computers and video
disks " 'may be particularly good for implementing an individualized testing

program for mastery based learning.
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6. Handling the Wide Range of Abilities in the Classroom

Individualization is extremely difficult in today's classroom, The new
technology makes a variety of approaches possible. Research must be carried
out to ascertain the effectiveness of new approaches toward instruction at
various levels of education, Recommendations for a successful mix of modes
of instruction are essential to help local districts.spend limited funds
wisely.

7. Treating the Applications of Mathematics

8., Doing Justice to Computer Literacy, Computer Programming, and the
Computer as a Tool T

9, Covering the Material in the Syllabus
10. Including Additional Topics'in the Curriculum

When one reads the syllabi for courses in the mathematics sequence, one is
struck by two facts: 1) it is wvery much a calculus sequence for those who
are in a college preparatory program; and 2) the syllabi could not possibly
be an accurate description of what is actually being taught. This last
point is of utmost seriousness. If the syllabi were being covered, the
achievement of the students would be vastly different.

Also, if the syllabi were to be covered, the mathematical background of
teachers would need to be different. Since the teachers are unable to cover
fully the desired course material, suggestions to include additional topics
are viewed with skepticism, Teachers realize that additional topics should
be included@ in the curriculum, that students should receive an introduction
to the computer, and that applications deserve better treatment in-the cur-
riculum; however, in the teacher's view, attempting to include _these topics
in courses where important parts of the subject are already belng omitted is
unrealistic and leads to dlsapp01ntment.

The failures in execution of the current curriculum are serious; the pro-
blems occur across all grade levels. Clearly, we must address them in order
to establish a classroom environment which is flexlble enough to permit
changes in thc educational methodology and which is conducive to the full
development of recommended changes.

Again, it is possible that the new téchnology can be a major tool in enab-
ling teachers to give proper coverage in their courses. This would especi-
ally be true if the treatment of the topics in the early grades ensured that
each student arrived at the next grade better prepared. Just as calculus in
the schools is often taught on a poor algebra and precalculus base, many
current applications of computers in the schools are applied over a syllabus
as though  the mere presence of computers will improve the quality of
instruction, It is of :some concern that most attempts to improve instruc-
tion are "layered products" over 'a possibly "deteriorating operating system"
(the quotes are those of the'authors).

e 133 136



11+« Student Behavior

It is awe inspiring to contemplate that teachers must work both with wonder-
ful young people (some brilliant, some not so gifted, some motivated, some
unmotivated) ard with other young people who in a few years will be winding
their way through an overcrowded judicial system or shortly be dead as' a
result of violence. The broad spectrum of people served by the schools is
both a strength and weakness. One weakness will have direct bearing upon
the success or failure of introducing technology into the classroom.

Systems designed to aid instruction cannot always be placed in a classroom
of well-behaved students, and educators cannot assume that expensive equip-

. ment will not be open to vandalism. This is a sad gituation, but many great

theories are "murdered by a gang of cruel facts" (Kafka)s Research must be
conducted in representative teaching environments to ascertain the appro-
aches that have a chance of success in a "real" school as opposed to the
theoretical school of our hopes and wishes. Administrators are well aware
of the true situation in their schools and will not fund programs which do
not address this environment,

Poor student behavior is often attributable to a feeling on the part of the .
student that school is irrelevant, Given current manpower shértages in
fields requiring training, what could be more relevant than vocational
training utilizing the new technology? It is a question worthy of research,

12. Implementation of the NCTM "Agenda for Action"

13, Modernization of the Attitudes Both of Parenfs_and Teachers Cited in the
NCTM "PRISM" Summary - ,

A reading of the "Agenda for Action" reveals that the list of eight recom-
mendations was a product of much thought and discussion. Teachers support
the recommendations, which are sensible and yet innovative, but there is a
sadness in viewing the factors which limit attempts to implement the recom-
mendations. Teachers are frustrated by their text books, by their workload,
by the school environment, by parental attitudes, and by the inadequacy of
their own preparation in the content area. While the new possibilities for
approaches to instruction will not solve all problems, there is reason to
believe that research will lead to recommendations on how new technology may
aid in implementing the "Agenda for Action.” Teachers can be expected to
respond positively. The groundwork has been established. Now new ideas are
needed on how these recommendations can be implemented. Approaches . which
make use of microcamputers, video disks, and other equipment offer a vehicle
for these new ideas. New applications are so much in demand that they could
lead to an acceptance of the vehicle itself, .

A list of questions needing investigation in this regard may include #he
following: Are the roadblocks present in mathematics problem solving? How
can computers enhance problem solving for the typical student other than
merely programming an algorithm already memorized? What areas are particu-
larly open to interdisciplinary approaches using new information technology?
What are situations where individualized instruction is advantageous and how

Lot
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can recent advances in technology be used in such situations? What are

. factors that prevent some students from successfully using computers? Is

there a situation that exists similar to "math anxiety"? How may coordi-
nated approaches toward the teaching of science and mathematics be imple-
mented? Can the computer serve as the common interface?

The "PRISM" report indicates that attention must be given to teacher and
parental attitudes toward the purposes of instruction and alternative appro-
aches, Society's view of the teaching profession is a major problem for
education today. It is possible that the status of the profession can be
improved by using modern day tools in instruction; however, that possibility
will be lost if new approaches are forced into unsuitable applications.,
Research must be conducted to find the areas of application which are suit-
able and effective and which both teachers and parents will support.

14, The Heavy Paper Work Load for Teachers and Administrators

For a teacher, it is discouraging to see the substantial tools being placed
into the hands of managers in business to ease their tasks when the paper
work for teachers and administrators continues to grow and no new tools are
offered, Industry easily justifies convenient editors for word processing,
data management systems, electronic scratch pads for budgeting and schedu-
ling, and other modern tools., Expenditures in this area have led to the
development of total packages where all of these functions are menu driven
and operate on the same file structure.

‘Common sense marketing dictates that the cost of developing these packages

for education are not justifiable, Otherwise, the packages would exist.
One factor which retards development of educational packages is industry's
fear that educators are reluctant to use the tools. Again, it is society's
image of teachers and principals as being different from small businessmen
that obscures the fact that much of the paperwork is similar. Research
should be supported to prepare software packages which aid the teacher, the
pr1nc1pa1 and the superlntendent.

More is required for implementation than making specific recommendations
regarding the applications of existing software. It also is essential that
the cost effectiveness of this approach toward the non-classroom tasks be
demonstrated., Some readers may consider this application unimportant and
unexciting. To the teacher, however, it is clear that a reduction of the
time spent on clerical duties can lead directly to more time spent on
teaching task be it preparation of lessons, more carefully graded papers, or
clearer communication with parents, An electronic time 1line capable of
updating, among other tasks, may enable supervisors to keep abreast of what
is actually being taught and may help the teacher become a better planner.
An electronic grade book and absence recorder could be a tremendous time-
saver. A text editor would be invaluable in writing tests and student eval-
vations. For the principal, the applications are many and obvious. Recom-
mendations by experts can clarify which applications are suitable for a
microcomputer and which reguire a minicomputer. More importantly, the
availability and cost effec*iveness of these tools must be communicated to



the 16ca1 units., It is difficult for a superinﬁendent to justify a large
expense for software packages if success is not documented or if no one in
the local unit has had first-~hand experience with the packages.

Comments

The preceding remarks clearly indicate a strong bias toward the importance
of teacher training. Any attempt to make Substantial changes in what is
taught and how it is taught (should that course be desired) will require a
strong base of trained teachers to be successful., The area of technology is
a perfect area in which to focus training. Not only can training take place
on how to use the technology, but also the technology itself can be used to
do the training,

The communication of research results to the classroom teacher is currently
haphazard and has small impact in the classroom. The area of the applica-
tions of technology to instruction and administration is an ideal wehicle.
for changing this pattern. If research and innovation which are applicable
to the real school environment are supported, teachers will be eager to
explore new ideas. If, however, the products of the research are applicable
only to the ideal school environment, teachers again will be disappointed by
another lost opportunity. The acquisitions of microcomputers by schools
over the past three years is testimony to teachers' desires to improve

teaching and learning@”EQuipment~was~purchasedfwd1mf1Mmds—frcm—tight“budz"

gets, with little promise of expert support at the local level, with modegt
access to educational software, and without a true sense of the overall
potential of the equipment. These purchases are a response to a need. The"
impact upon students would be immediate if the results of research led to an
organized approach for the use of the equipment, if equipment is integrated
into the total school curriculum instead of limited to narrow applications
related to the study of programming, if the equipment is the precursor of
even more sophisticated teaching tools, and if the equipment is the first
step in a determined effort to improve the preparation of teachers. The
opportunity before us is unique; the local school districts have taken the
first steps even before an organized set of recommendations is established
at the national level. The environment for change is real; however, any
proposals for change must be predicated on use of equipment in real schools
with real students. Administrators recognize the new possibilities and are
eager for sound advice on how to take advantage of new technology to benefit
educaticn, Advice is also needed on addressing the dangers encountered in
placing computers in the schools. Some staff and students guffer from "com-
puter adolescence" -~ a tendency to spend time at the computer keyboard
insiead of attending to required auties. Research in this area may provide
answers which teachers need today. !

Research efforts can take many forms. Prototype software is esgential. '
Software for training teachers could be modeled on packages industry uses in

training employees. Also, prototype applications for the classroom are

essential in order to measure the success or failure of the new approaches,

Research on the type of equipment best suited for the schools should also be

supported.
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Conclusion

As many recognize, the opportunity before us is real just as the burden is
real. First a broad range of equipment, in addition to microcomputers, is
entering school systems and offers opportunities for improving instruction,
Second, if the initial uses of the equipment are unsatisfactory in teachers!'
opinions, future applications of a broader range of equipment, based on more
substantial research, will be hindered. This comment deserves attention.
]

Micros are entering the schools. In some cases this entrance is disorgan-
ized and in some cases there is little expertise to support those attempting
to use the equipment. The resulting environment is not conducive to suc-
cess., A significant failure now to live up to teachers' hope for improving
instruction could lead to resistance in the future, when attempts are better
organized. This is the price which must be paid for technological advances
(especially in hardware costs) when they outpace planning by those respon-
sible for the future uses of egquipment in the schools. This "bottom up"
approach may in the end be a blessing as it is often a precursor for major
change.,

It is also important to realize that changing how people do their jobs is
always a difficult task unless the changes are clearly an improvement.

‘Teachers have an understandable reluctance to use methods in which they do

not believe:s This is espec1a11y true when the methods appear designed for

" ¢Tassroom environments which- few--have -experienced or when the methods do not

place due emphasis on the motivating role of the teacher. As suggested
above, teachers tend to use methods from which they have benefitted. This
is a major reason for suggesting that the new approaches using technology be
used in the training of teachers.

The reluctance to adopt new methods easily is not limited to teachers. It
is not only education that may be failing to take full advantage of these
advances. It would appear that education shares many things in common with
other businesses, especially in the area of training and serving adults.
ihese shared applications may provide a base for a partnership with industry
in funding proposed research. Such cooperation between government and
industry is essential for the products of research to have a significant
impact in the classroom.

The current situation encourages a skepticism toward the applications and
the effects of technology in the schools. Previous unfulfilled promises
(film, overheads, television, slides, phonographs) will cause many exper-
ienced educators to question the value of more new and untested equipment.
They are aware that current research provides few answers that support
applications of the new technology. The purpose of this paper is to propose
that there be a two-pronged approach: do the fundamental research necessary
to find appropriate areas of application, and use the technology to address

"the need for in-service training of teachers., Of the two areas, the latter

is the more important. Both are appropriate for a national role in educa-
tion., Training teachers and administrators permits decisions to be made at
the local level based both on personal experience and research.
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One large danger looms ahead if application of the new technology to
instruction proves immensely successful, Potentially, such a result could
lead to a dramatic improvement in education. Unfortunately, this improve-
ment may occur for only the chosen few, t would be very sad if the gap
between the wealthy districts and the poor districts widened due to access
te modern equipment, ’

There are many potential areas of application for the new information tech-
nology. The remarks above are intended to initiate discussion, It is
important that discussion be based on reality. The schools -- the students,
the facilities, and the teachers —- are likely to remain as they are.
Technology may help improve the schools, but it would be a mistake to wait
for schools to improve before applying that technology.
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THE MATHEMATICAL SCIENCES (URRICULUM K-12:
WHAT IS STILL FUNDAMENTAL AND WHAT IS NOT
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EXECUTIVE SUMMARY

Our charge from the NSB Commission was to identify what parts of mathematics
must be considered fundamental for education in the primary and secondary
schools. We concluded that the widespread availability of calculators and
computers and the increasing reliance of our econany on information pro-
cessing and transfer are significantly changing the ways in vhich mathe-
matics is used in our society. To meet these changes we must alter the K-12
curriculum by increasing emphases on topics which are fundamental for these
new modes of thought.
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This report contains our recommendations on needed changes -- additions, de-
letions, and increased or decreased emphases -~ in the elementary and middle
school mathematics curricula and a statement of more general concerns about
the secondary school mathematics. curriculum.

With regard to elementary and middle school mathematics, in summary, we re-

" commend s,

o That calculators and computers be introduced into the mathematics class-
room at the earliest grade practicable. Calculators and computers should
be utilized to enhance the understanding of arithmetic and geometry as
well as the learning of problem-solving. _

© That substantially more emphasis be placed on the development of skills
in mental arithmetic, estimation, and approximation and that substan-
tially less be placed on paper and pencil execution of the arithmetic op-
erations,

© The direct experience with the collection and analysis of data be provid-
ed for in the curriculum to insure that every student becomes familiar
with these important processes,

We urge widespread public discussion of the implications of the changing
roles of mathematics in society, support of efforts to develop new materials
for students and teachers which reflect these changes, and continued and
expanded experimentation within the schools,

With regard to the secondary school curriculum, in summary, we recommend:

o That the traditional component of the secondary school curriculum be
streamlined to make room for important new topics. The content, empha-
ses, and approaches of courses in algebra, geometry, precalculus, and
trigonometry need to be re-examined in light of new computer technolo-

.gies. '

o That discrete mathematics, statistics and probability, and computer
science now be regarded as "fundamental"” and that appropriate topics and
techniques from these subjects be introduced into +the curriculum. Campu-
ter programming should be included at least for college-bound students.

Modern computer technology clearly has vast potential for enriching and en-
livening the secondary school curriculum, However, we are not now in a po-
sition to make firm recommendations. There is need for research on the ef-
fects of incorporating technology into the traditional secondary school cur-
riculum, We urge Federal support for investigations into this question, in-
cluding development of experimental materials and prototypes of actual
school curricula.
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Although we are generally optimistic about the future role of computers, we
feel we must highlight one point that worries us even though it is not
directly within our charge. The disparity of access between children who
have a computer at home and children who do not threatens to wgden the edu-

cational gap that already exists between different economic strata. It is
urgent that programs be designed to address this problem.

We clearly recognize that the most immediate problem is not the mathematics

curriculum, but the need for more,. and better qualified, mathematics
teachers., One section of this report is devoted to recommendations on at-

tracting and training prospective teachers, better utilizing the talents of
in-service teachers, and retraining teachers who are inadequately prepared
for teaching mathematics. We feel that the coming changes in subject matter
and emphasis not only will bring a new sense of  vitality to K-12
matHematics, but also will encourage teachers actively to seek and partici-
pate in programs of professional development.

The Conference Board of the Mathematical Sciences stands ready to assist
efforts to develop immediate strategies for addressing the teacher shortage
and to develop long-term strategies for bringing about the curricular
changes envisioned in this report,

I. The NSF/CBMS Meeting

In response to suggestions made at the July 9, 1982 meeting of the National
Science Board (NSB) Commission on Precollege Education in Mathematics,
Science, and Technology, the Conference Board of the Mathematical Sciences
(CBMS) held a special meeting to address the topic THE MATHEMATICAL SCIENCES
CURRICULUM K-12: WHAT IS STILL FUNDAMENTAL AND WHAT IS NOT. The meeting was
held on September 25-26, 1982 at the headquarters of the Mathematical Asso-
ciation of America in Washington, D. C.

participants in the meeting included the presidents of the American Mathema-
tical Society, National Council of Teachers of Mathematics, Mathematical
Association of BAmerica, American Mathematical Association of Two=-Year
Colleges, and Society for Industrial and Applied Mathematics, The other
participants included two members of the NSB Commission, two members of the
commission staff, and representatives of the CBMS constituent organlzatlons
and the CBMS officers, .

II. Recommendations to the Commission .

INTRODUCTION .

In the limited time available during the conference, it was not possible to
establish full consensus on every detail of the working group reports. How-
ever, there clearly was broad consensus on the need to incorporate calcula-
tors and computers, as well as additional data analysis, into the K-12
curriculum and to make the necessary adjustments in the mathematical topics
and modes of thought traditionally taught at these grade levels.
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Some detailed recommendations on the fundamentals in the k-8 curriculum,
what should be emphasized more and what should 'be emphasized less, are given
in the working group report "Elementary and Middle School Mathematics." fThe
corresponding adjustments needed in the secondary school curriculum, where
the impact. of technology is even greater, are ‘described in more general
terms in the two reports "rraditional Secondary School Mathematics™ and in
the report “Non-traditional Secondary School Mathematics," In this area
much more investigation and experimentation are required before a firm
consensus cail be reached,

Recommendations on dealing with the challenge of providing children with
access to, and understanding of, computers and calculators pervade this
entire report., They are dealt with specifically in the report "Phe Role of
Technology." A statement of the relationship between the mathematics curri-
culum and what is, or can now be, taught in other disciplines is given in
the report "Relations to Other Disciplines." fThe report entitled "Teacher
Supply, Bducation, and Re-education" contains a variety of recommendations
on attracting and retaining well-qualified mathematics teachers,

There was general agreement at the conference that the most pressing immedi-
ate problem is the need for more, and better qualified, teachers in the
classrooms. No curriculum, no matter -how well-founded, can possibly succeed .
without dedicated and competent teachers to teach it. However, many parti-
cipants felt that appropriate changes in the curriculum at this time, rather
than detract from efforts to deal with the teacher. shortage, could bring a
new sense of vitality to K-12 mathematics and could sexve to encourage
teachers to actively seek and participate in programs of professional
development,

Participants ir the conference were also in agreement that their
suggestions, even if influential in full, cannot be expected to constitute a
"cure-all" for all the shortcomings of K-12 mathematics. 1In fact, a funda-
mental improvement in K-12 mathematics can be hoped for only within the
framework  of a general improvement of the total school environment,
Remedies for the difficulties facing the teaching community (low teachers®
salaries, low prestige, lack of support by society, lack of discipline in
the classroom, irregular attendance, etc.) are societal in nature and fall
outside the mandate and the competence of this group.

SOME ADDITIONAL RECOMMENDATIONS

In addition to the concerns and recommendations in the working group
reports, a few points were emphasized in the general discussions which are
of vital importance in the implementation of any curricular changes:

o Textbooks

Textbooks play a key role in the mathematical sciences curriculum at all
levels. Any major changes in the curricula at the elementary, middle, or
high school levels must be accompanied by corresponding changes in text-
books, For this to happen, the groups responsible for preparing textbock
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series and for adopting textbooks must be deeply involved in efforts to up-
date these curricula. :

o Testing

To a large extent the grade and high school teachers are under strong pres-
sure to train their pupils so as to maximize their chances of doing well on
standardized tests. As long as these tests stress computations, the pupils
are bound to be drilled in computations, regardless of any other guidelines

the teachers may have received, and even contrary to the sounder convictions
the teachers themselves may have. '

We call the attention of the Commission to the power and influence of stan-
dardized tests, Properly modified, these can have considerable effect in
hastening the hoped-for improvements in the present teaching of mathematics
in grades K-12,

o0 Articulation

The entrance requirements and course prerequisites of the nation's -colleges
and universities are major factors in determining the topics in the secon-
dary school curriculum as well as the amount of time devoted to them,
Efforts to.change the curriculum at the secondary level must be carried out
in a cooperative effort with the colleges and universities,

o Equal Access .

The disparity of access to computers between children who have a computer at
home and children whe do not threaters to widen the educational gap that
already exists between different economic strata. It is urgent to design
programs to address this problem.

0 Women and Minorities

The conference noted with satisfaction the improvement during recent years
in the participation of women in upper secondary mathematics. The many
efforts that have led to this improvement must continue to be supported. Wwe

look forward to corresponding success with minority and handicapped
students.”

WORKING GROUP REPORT: ELEMENTARY AND MIDDLE SCHOOL MATHEMATICS

Arithmetic, and, more generally, quantitative thought and understanding
continue to become more important for more people, but the importance of
various aspects of arithmetic has changed and will continue to change. as
computers and calculators become pervasive in society, The suggestions
below are designed to equip students better for life and effective func-
tioning in the developing age of technology. We believe implementation of
these suggestions into the K-8 curriculum will make students more adaptive
to future change, better equipped to use modern technology, bhetter grounded
in the mathematical bases for other sciences, and better grounded for
further school mathematics. ‘
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A principal -theme. of K-8 mathematlcs should be the development of number
sense, inciudimg the effective use and understanding of numbers -in appllca-
toons rasswell =m o Zmy other mathematical contexts.

Th : chanu=s-we-propose are fairly substantial, but are primarily in emphasis
Z¢ :her "Ziemn ir wowerall content, We believe they are consistent with, and
are nat:~al outjrowths of, recommendations relative to K-8 education of the
earlier valuuble documents, Basic Mathematical Skills by NCSM and An Agenda
fer Action by NCTM.

When implemented, the changes will be only modest at the K-3 level but more
significant at the 4-6 and 7-8 grade levels. They essentially replace
excess drill in formal paper-and-pencil computations with various procedures
to develop better number sense on the part of the student.

Here is- a list of various special concerns:

1) Thorough understanding of. ahd facility in one-digit number facts are
more important than ever,

2) The selective use by students of calculators and computers should be
encouraged, both to help develop concepts and to do many of the tedious
computations that previously had to be done using paper and pencil,

3) Informal mental arithmetic should be emphasized at all levels, first
aimed at exact answers and later at approximate ones. Such activity is
necessary if students are to be able to decide whether computer or calcu-
lator printouts or displays are reasonable and/or make sense. Informal
mental arithmetic involves finding easy, not formal algorithmic, ways of
looking at number relationships,

4) There should be heavy and contlnuing emphasis on estimation and approxi-
mation, not only in the formal round-off procedures, but in developing a
feel for numbers. Students need experience in estimating real world quan-
tities as well as in estlmatlng numerical quantities which appear in compli=-
cated form. Methods requiring explicit (right or wrong) answers should. be
used where possible to help develop estimating procedures. For example,
many exercises on comparing fractions with easy ones (e.g., 12/25 with 1/2,
‘and  103/299 with 1/3) can be used to get students to think of more compli=-
"cated fractions as close to, but less than (or more than) easy fractions.

5) There should be a heavy and continuing emphasis on problem-solving,
including the use of calculators or computers. Trial and error methods,
guessing and guestimating in solving word problems should be actively
encouraged at all levels to help students understand both the problems and
the use of numbers. Naturally, examples and illustrations should be
appropriate to the students' age, interest,-and experience,

6) Elementary data analysis, statistics, and probability should be intro-
duced, or expanded in use, including histograms, pie-charts, and . scatter
diagrams, The understanding and use of data analysis is becaming a wvital
component of modern life.. The collection and analysis of data should
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include personal data of meaning to students,(e.ge., number of siblings,
students' ages, heights and weights), data culled from newspapers, almanacs,
and magazines, random data such as that produced by urn schemes and ‘data
from experlments in other sclhiool subjects, :
z

7) Place value, decimals, percent, and scientific notation become more
important., Intuitive understanding of the relative sizes of numbers that
arise in the everyday world of applications becomes even more vital,

8) More emphasis on the relationship of numbers to geometry including, for

example, number lines and plotting, should lead to better understanding of
the concepts of arithmetic and of geometry, '

9) Understanding of fractions as numbers, comparison of fractions, and con-
versions to decimals should have more emphasis while drill on addition,
subtraction, and division of fractions with large denominators should have
less., '

10) Drill on the arithmetic operations on three- (and larger) digit numbers
should be de-emphasized. Such computations can and should be done by calcu-
lators and computers,

11) Intuitive understanding and use of the mensuration formulas for standard
two~ and three-dimensional figures should be emphasized. More stress on why
the formulas make sense is needed,

12) Function concepts including dynamic models of increasing or decreasing
phenomena should be taught. (For more details, see 4) in "Traditional
secondary School Mathematics.")

13) The concepts of sets and some of the language of sets are naturally use~
ful in various mathematical settings and should be used where appropriate.:
However, sets and set language are useful tools, not end goals, and it is
inappropriate to start every year's program with a chapter on sets.

14) Based on motivation from arithmetic, algebraic symbolism and techniques
should be encouraged, partigularly in grades 7 and 8,

15) More extensive use of mathematics and computers in social science and
science courses should be actively pursued, We encourage'the consideration
of this matter by experts ”in‘“these fields and welcome opportunities to
collaborate on further work in this area,

A discussion of possible computer programming or computer literacy courses
is left to other groups for further study.

Implementation Concerns

i) We hope the Oommission will encourage widespread public discussion of
the implications for K-8 mathematics of the changing roles of arithmetic in
gsociety. As an early step, we suggest discussions and conferences between
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teachers, supervisors, mathematics educators, mathematicians and editors of
textbook series concerning this report and others on the same general topic.
Such conferences could be quite inexpensive if most participants are local.

2) We hope the Commission will seek ways to encourage the development and
use of student texts and teacher training materials in the spirit of these
questions.

3) wWe hope the Commission will seek ways to encourage change in standar-
dized tests toward number sense and away from single-operation computational
skills.,

4) We hope the Commission will encourage school systems to reassign inter-
ested teachers at the 4-6 grade level to become specialists at teaching
mathematics and other disciplines, One mode might be a simple trade cf clas-
ses between teachers with each teacher concentrating in areas of particular
interest and competence, The needed changes-in emphasis will be much easier

- to effect if those actually teaching any - subject are selected for their

special interests and attitudes. " Special inservice training programs should
be developed for all such semi-specialized teachers, whatever their sub-
jecto

5) We hope the Commission will seek ways to improve the status of teachers
and the conditions under which teachers attempt to do the important and d4if-
ficult job of educating future citizens,

6) We believe that the needed changes can be brought about somewhat gradu-
ally and with general support of those concerned. There already is discus-
sion in teacher—and—supervisor groups concerning many of the ideas put forth
here, o - N

The proposed changes generally involve modifications in the way mathematics
is introduced and used in schools rather than adding new subject matter,
The changes should permeate texts and not just be add-ons that can be ig-
nored. There appears to be an approximate balance in time between topics
needing more emphasis and those needing less, With the exception of compu~-
ter use and the possible exception of parts of data analysis, the topics

-needing- added -emphasis- have been-taught ‘and learned "in Américan schools at

various times and places in the past, The diminished role of. paper and pen~-
cil computation is perhaps the topic which will provoke most concern and
possible disagreement, o : '

WORKING GROUP, REPORT: TRADITIONAL SECNDARY SCHOOI, MATHEMATICS

Current secondary school mathematics curricula are organized into separate
year-long courses covering algebra, geometry, and precalculus topics, There
are proposals that éhalienge this traditional division of school mathematics
and the position of calculus as the primary goal for able college-bound
students, . Thus, the following analysis uses conventional course headings
for discussion of proposed changes in traditional topics, not as endorsement
of the status(quo, ' S
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1) Ooverall Recommendation

The traditional component in the secondary curriculum can be streamlined,
leaving room for important new topics. However, since breakthroughs in
technology which allow this streamlining are so recent and the conceivable
implications so revolutionary, it is not yet entirely clear what specific
changes are appropriate.

2) Algebra

The basic thrust in Algebra I and II has been to give students moderate
technical facility., When given a problem situation, they should recognize
what basic algebraic forms they have and know how to transform them Znto
other forms which might yield more information. In the future, students
{and adults) may not have to do much algebraic manipulation -- software like
mu-Math will do it for them -- but they will still need to recognize which
forms they have and which they want. They will also need to understand

‘'something about why algebraic manipulation works, the logic behind it. 1In

the past, such recognition skills and conceptual understanding have been
learned as a by-product of manipulative drill, if learned at all. The chal-
lenge now is to teach these skills and understanding even better while using
the power of machines to avoid large time allotments to tedious drill., Some
blocks of traditional drill can surely be curtailed, e.g., numerical calcu-
lations using look-up and interpolation from logarithm and trigonometry
tables.

3) Geometry

A primary goal of the traditional Euclidean geometry course is to develop
logical thinking abilities. But not every fact need be given a rigorous
proof to pursue-this goal. Nor need this be the only goal of geometry, nor
geometry the only means towards this goal. )

we recommend that classes work through short sequences of rigorously-
developed material, playing down column proofs, which mathematicians do not
use, These proof sequences should be preceded by some study of logic it~
self. Important theorems not proved can still be explained and given
plausibility arguments, and problems involving them can be assigned. The
time which becomes available because proofs are de-emphasized can be devoted
to study of algebraic methods in geometry, aﬁalytic geometry and wvector
algebra, especially in three dimensions, Work in three dimensions is essen-
tial if one is to develop any pictorial sense of relations between many
variables, and handling many variables is essential if one 1is to model
phenomena realistically.

There is much room for using computers in geometry. "The power of graphics
packages makes it much easier for students to get a visual sense of geome-
tric concepts and transformations. The, need to use algebraic descriptions

of geometric objects when writing graphics programs reinforces analytic geo-
metrye. Finally, the algorithmic thinking needed to write programs bears
much resemblance to the thinking required to devise proofs.
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4) Precalculus

What often happens in this course is that students see the same topics vet
another time, with more drill but with little new perspective. For better
students there may not be a need for a precalculus course if drill is no
longer so important and if algebra and geometry are done "right," with the
concepts made clear, For instance, one justification for the precalculus
Course is the perceived need to develop the idea of functions; functions
appear in Algebra I and earlier, but current teaching may give too static an
understanding., wWith computers, the concept of function can be made central
earlier and more clearly. The computer supports qualitative analysis of the
graphs of functions, in a dynamic mode of display, and also allows detailed
analysis of zeros, rates of chanye, maxima/minima, etc.

5) Algorithmics

Computers and programming have made the creative human talents and skills
involved in developing and analyzing algorithms extremely important. These
talents and skills, emphasized by the group on nontraditional topics, can be
exercised quite naturally through traditional topics as well. Much of high
school algebra consists of systematic methods for handling certain problenms,
€.9., factoring polynomials. Such methods are algorithms. Instead of
making the student carry out such methods with paper and pencil a boring
number of times, have the student do it just a few times and then program a
computer to do it., The understanding gained should be at least as great,

6) The Average Student

For the many students in Secondary school who are not specially talented in
mathematics and not headed for careers in science or technology, current
Programs are a source of discouragement, anxiety and repetition in a dull
"basic skills" program which serves them poorly. we cannot ignore the needs
of this large and important group. Computers, as mathematical tools and

media of instruction, offer a fresh window into mathematics for them.

N . o
. o
A
at

We have suggested that technology provides an cpportunity to devote less
time to traditional technigques while boos ting understanding and allowing
more time for more complex, real}stic problem~solving, However, there are
several cautions, First there are widespread and deep reservations about
how much traditional goals should give way to technology. Second, there isg
little research data on the feasibility of such changes, and there are
almost no prototype school curricula emb ‘ng the new priorities. EXperi-
mental programs, and research on the res. .s, must be given major support,
Third, changes in secondary programs must be carefully articulated with the
expectations of colleges and employers, who often have conservative views
about curricula. Finally, the syllabi of an extensive range «f standardized
tests play a very influential role in setting curricula and the {actual
classroom emphases of teachers. If curricula are to change, the tests must
be changed. Clearly, strong national ‘leadership and cooperation are
necessary, from teachers, mathematicians and public policy-makers, to meet
these challenges and implement significant change.

7) Cautionsg
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WORKING GROUP REPORT: NOI‘?-TRADITIONAL SECNDARY SCHOOL MATHEMATICS
Oon two basic principles the panel was unanimous:

- There is need for substantial change in both the subject matter of and
the approach to teaching in secondary school mathematics. .

- If changes are to be made in secondary school mathematics, we must make
haste slowly, taking care at all times to insure full consultation with
and support from the secondary school mathematics teaching community.

Our specific recommendations are grouped ,under five headings: Subject
Matter, Approach to Teaching, The Use of New Technology, Teacher Training
and Implementation.

1) Subject Matter

Carefnl study is needed of what is and what is not fundamental in the
current curriculum. Our belief is that a number of topics should be intro-
duced into the secondary school curriculum and that all of these are more
important than, say, what is now tavght in trigonometry beyond the defini-
tion of the trigonometric functions themselves. These topics include
discrete mathematics (e.g., basic combinatorics, graph theory and discrete
probability), elementary statistics (e.g., data analysis, interpretation of
tables, graphs, surveys, sampling) and computer science (e.g., $mogramming,
introduction to algorithms, iteration). :

2) Approach to Subject Matter

The aevelopment of computer science aé well as computer technology suggests
new approaches to the teaching of all mathematics in which emphasis should
be on:

- algorithmic thinking as an essential part of problem-solving

- student data gathering and investigation of mathematical ideas in .order
to facilitate learning mathematics by discovery.

3) Technology

‘New computer technology allows not only the introduction of pertinent new

material into the curriculum and new ways to teach traditional mathematics
but it also casts doubt on the importance of some of the traditional curri-
cula, just as the hand calculator casts similar doubts about instruction in
arithmetic. Particularly noteworthy in this context at the secondary level
are:

- Symbolic manipulation systems which even now, but certainly far more in
the near future, will allow students to do symbolic algebra (and calcu-
lus) at a far more sophisticated level than they can ke expected to do
with pencil and paper.



- Computer graphics and the coming videodisc systems which will enable
the presentation and manipulation of geometric and numerical objects in
ways which should be usable to enhance the presentation of much
secondary school mathematical material.

One caveat which we would stress is that this technology and related soft-
ware packages must be used not to enable students to avoid understanding of
the essential mathematics but rather to enhance such understanding and to
allow creative experimentation and discovery by’ students as well as to

reduce the need for tedious computation and manipulation.
. /

4) Teacher Training
There are two aspects of this:

a) Retraining of current teachers in the new topics, approaches and tech-
nology. One possible new approach to this might be the use of college

students to aid and instruct secondary school personnel as part-time
.employees and perhaps through such incentives as forgiveness .of student
" loans. :

b) Education of new teachers

Crucial "'to long-term solution of the secondary school mathematics
education problem is that the requirements for degrees in mathematics
education be, as necessary, changed to incorporate modern content and
approaches. In particular, we believe that all prospective teachers of
secondary school mathematics should be required to take at least:

-~ one year of discrete mathematics in addition to traditional calculus
requirements

- one semester or one. year of statistics (with focus on statistical
methods rather than mathematical statistics)

- one year of computer science,
S) Implementation
We recognize that the kinds of changes proposed here not only require much
more study than has been possible by our panel but that also they will never

be implemented unless there is dedicated cooperation among:

- secondary school teachers of mathematics and their professional organi-
zations

- college curriculum people in schools of .education and in mathematics.
departments and including their organizations

- state and local education authorities and their organizations,

(9] ]
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A conference at an early date bringing together these groups to discuss the
relevant problems and plan future action might be the most fruitful next
step to provide some momentum for the changes we believe are necessary.

WORKING GROUP REPORT: THE ROLE OF TECHNOLOGY

Computers and related electronic technology are now fundamental features of
all learning and working environments. Students should be exposed to and
utilize this technology in all aspects of school experience where these
devices can play a significant role.

We recommend:

1) The potential of technology for enhancing the teaching of mathematics
and many other subjects is vast., Development of such resources should be
supported at a national level. Specific examples include- computer-generated
graphics, simulations, and video-disc courseware materials. There should be
efforts to create a network providing sasy access to such banks of material.

2) wWhile computing technology offers promise to enhance learning, differ-
ential access to the benefits of that technology could widen the gaps in
educational opportunity which already separate groups in our society. It is
imperative that every effort be made to provide access to computers and
their educational potential for all sectors of society.

3) As a general principle, each mathematics classroom should have available
computers and other related electronic technologidal devices to facilitate
the computing and instruction required for mathematics learning and compe-
tency. Such availability of computers and other electronic technological'
devices in the mathematics classroom is as important as the availability of
laboratory equipment for science instruction.

4) Hand calculators should be available in mathematics classrooms (both in
elementary and secondary schools) for students on the same basis- that text-
books are now provided. ) -

5) Support should be given for broad developmants in software that may be
useful in the schools. School districts should encourage their teachers and
students o engage in cooperative development activities and to find ways to
recognize and disseminate the products of those efforts.

6) Computer literacy involves not only the use of computers to accomplish a
great spectrum of tasks but also a general understanding of the capabil’ ‘ies
and limitation of computers'and their significance for the structure #f ouzx
society. Development and implementa’.ion of appropriate programs *# teach
these more general concepts should be supported.

7) vPossible structural changes emanating from technological changes will
require careful study and deliberations over a long period of time. This
activity"must pe encouraged and supported from a national level. The ex-
ploratory projects bring together teachers, curriculum developers, mathema-
ticians, and affected interested parties from business and industry. The
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new programs developed should be tested extensively in a variety of settings

L0 insure that they work with real students and schools before extensive
implementation is attempted.

8) The interplay between word-processing, computers, data bases, and data
analysis methods assist in breaking .down barriers between disciplines thus
offering an opportunity for schools to prov1de .a range of holistic problem-
solving experiences not typical in school today. Using the technology as an
aid, students can plan and conduct datz collection, analysis, and report
writing that is realistic, attractive, and far beyond normal expectations in
today's schools.

9). The need for well-trained, highly qualified teachers of mathematics is a
must in a technological society, Support should be given to organizing
programs for inservice training and retraining of current teachers of
mathematics (elementary ~nd secondary) who are inadequately prepared to
teach a technologically-oriented curriculum), but have the capacity to profit
from such programs to strengthen their mathematical preparation and teaching’
skills.

10) While technology provides opportunity, it also makes demands. The world
becomes a more complex place in which to live. If we are to insure that a
broad spectrum of society can function and participate actively in the
business/industrial community and decision-making of the country, it is
imperative that students become adept in the precise, systematic, logical
thinking that mathematics requires,

WORKING GROUP REPORT: RELATIONS TO OTHER DISCIPLINES

As this group has considered the effect of (computational) technology on the
mathematics curriculum and the need to revise this curriculum in the light
of this expanding technology, it is also necessary to consider the effect of
this technology and the proposed curriculum changes on "other disciplines.”
We have interpreted the phrase "other disciplines" rather broadly.

First, using a narrow view, and thinking in terms of "academic disciplines",

we must look at the effects these curriculum changes will have on science
education, There has always been a necessary interaction between the
science and mathematics curricula. 1In the case of the high schools where
the disciplines tend to be separated and segregated, there has always been a

- necessary coordination of syllabi and curricula, particularly with the

educationa: programs in the physical sainhces.' At a minimum, this revised
curr*culum, which encourages a good Fllger of estimation, prov1d‘5= an

Wy %ﬁucatlon to be more rﬁx} RRTES
and eliminate the use of spec;alized problems w1th "easy numbers.,” £ W
raise our sights a bit, this approach to the maﬁhematlcs curriculum provxdes
an opportunity for a better coordinated and integrated total science educa-
tion. Furthermore, the introduction of statistical ideas, data handling
procedures, and discrete mathematics provide an opportunity for a more
mathematical discussion of social sciences programs at the elementary and

‘high school levels. Similarly, changes in currently available tools will
- undoubtedly affect courses in "business" and commercial programs.

-
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Related questions arise on the other side, what do the school programs and
the college programs in natural sciences, social sciences, and business
expect or desire in the mathematical preparation of entering students? We
believe the suggested curriculum can only be an improvement, but discussion
with leaders of those disciplines are required,

Taking the broad view, we also believe that this modified curriculum, which
provides students with the same (or greater) ability to use mathematics as
well as an ability to use and appreciate the technology, will provide for a
wiser citizenry. The graduates of such a program should ke better equipped
to deal with "poll results" and statistical data references to the economy

“and sociological problems,

We believe there is one serious area in which the nation needs more data for
the development of an appropriate mathematics curriculum, Naxmely, what are
the needs, in terms of mathematical skills, of the students who seeX. techni~
cal vocational employment without going on to further schooling? Wwhat ar
the needs of students going on to technical or wvocational schools? Never-
theless, we believe the new curriculum will do at least as good a jcb as th=
existing one. A conference or meeting to explore this area would be an e~
cellent idea and complement our work, '

WORKING GROUP REPORT: TEACHER SUPPLY, FEDUCATION AND RE-EDUCATION

Efforts to improve and up-date the mathematics curriculum and to increase
the mathematics, science, and technology literacy of all citizens require
the support of qualified mathematics teachers at all levels. At present
there is a serious and well-documented shortage of teachers of mathematics
at the elementary and secondary school levels in many areas of the country.
Economic, employment, and social conditions forecast that the current short
supply may indeed be a long-term problem. Furthermore, even in geographic
locations where adequate supplies exist the frequent turnover of mathematics
teachers tends to impede learning.

The following recommendations address the need to increase the supply of
mathematics teachers as well as improve the quality of the teaching and
thereby the learning of mathematics:

1) while state and local efforts by industry, business, and academia to
deal with .the teacher shortage are laudable, and should continue, the
magnitude of the problem is national in scope, An articulated national
commitment with federal leadership and support is needed for its resolution,
The public should be made aware of the problem through more effective

publicity. e

2) 1Incentives of all types need to be studied to attract and retain quali-
fied teachers of mathematics. Financial incentives should be given special
attentlon with priority assigned to those which do not create undue inequi-
ties and tensions among colleagues in order to avoid being counter-produc-
tive., Examples of following incentives and support systems include the fol-
lowing:
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a) Forgiveness on student loans or interest on loans for those who
enter the teaching field

b) Higher entry level salaries for those with special expertise (e.q.,
computer training) :

- ¢) Reduced teaching loads to allow mathematics teachers to pursue
graduate studies or other advanced training in mathematical sciences
and applied areas _

d) Financial support for graduate study or other advanced training in
mathematical sciences and applied areas

e) Salary differentials by discipline

f) Summer positions and other cooperative arrangements with business
and industry to supplement a teachers income (with the obvious
caveat that the short supply of teachers is largely due to the fact
that higher industrial salarizs lure teachers away; industry would
have to be discouraged from using this arrangement for recruitment
purposes) .

3) In an era when content and technology are changing so rapidly incentives
are needed to keep qualified teachers in the field abreast of current trends
in the mathematical sciences. Inservice workshops, NSF-type institutes,
retraining courses, industrial experiences, and other forms of continuing
education can serve to refresh the faculty and renew their commitment to
teaching.

4) 1In some parts of the country, teachers from other disciplines are being
assigned to teach mathematics classes. These teachers need speclal subject
matter training and assistance in developing appropriate teaching strategies
in order to succeed in their new assignments.

5) Encouraging colleges and universities to loan their faculty and business
and industry to loan their mathematically-oriented employees to teach
courses in the secondary schools could be mutually beneficial. Qualified
retirees or near retirees might also be recrnited to enter the teaching
field. Exposing college and university teachers to the high school
experience might be eniightening and beneficial for them. (of course, the
issues ' of appropriate teacher training and certification need to be
addressed.) '

6) In states where this is not the norm, it is recammended that teacher
certification requirements be stated in terms of specific topics to be
covered in the subject area rather than in terms of just total number of
credits. ‘

7) Recommendations regarding the mathematical fundamentals to be covered in
educating qualified. teachers of mathematics include:

L .

a) Elementary level

It iz strongly suggested that mathematics at the @lementary school level
be taught by teachers who specialize in mathginarios., whether the teach-
er specializing in mathematics should bé astigned to all grades or just
to grades 4-6 (or 4-8) requires further study. An alternative  approach
would be to identify those teachers 1in a given school who most
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.enjoy teaching mathematics. Those teachers could be assigned to teach
all mathematics courses across a grade level, while other teachers do
similarly in reading and writing,

The following recommendations pertain to both the regular elementary
school teacher and the teacher specializing in mathematics:

For entry into the mathematics education program for elementary school
teachers, at least three years of college~track mathematics in high
school are recommended. College mathematics courses should provide a
sufficient background to understand the relationships between algebra
and geometry, functions, elementary prcbability and statistics,
instruction in the use of a hand-held calculator, and some exposure :to
computers, Creative approaches to problem-solving should also be
included in the curriculum. Training should be at least a level above
what is being taught. This background is particularly important in
light of children's awareness of the world around them through
television, other media, computers, and so on.

b) Secondary level

Secondary school mathematics teachers should have course work in
mathematics equivalent to a major in mathematics, Requirements for
those who will teach mathematics should include the equivalent of a
two~year calculus and linear algebra sequence, discrete mathematics,
probability and statistics, and appropriate computer training. These
courses should develop in the student a sense of "mathematical maturity"
in the approach to problem-solving,

Note: College and university curricula for educating mathematics teachers
should be re-examined and revised in accordance with the above guidelines
and goals, Contingency plans should be developed in case separate
departments of mathematics and computer science are established at the
secondary level in the future,

¥

III. Conclusion

The recommendations cited here require careful planning and implementation.
with high technology a mainstay of our present and future society, it is im-
perative that we recognize, and promote mathematics as a powerful, useful,
and enjoyable component of our lives,

I P
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INSTRUCTION '‘FOR DEVELOPMENT OF UNDERSTANDING

Jim Minstrell
science and Mathematics
Mercer Island High School
Mercer Island, Washington 98040

PREFACE

-

Although there are many important aspects of instruction which might have been
included in this paper, I have chosen to focus on Instruction for the Develop-
ment of Understanding. In my opinion, when students understand ideas, they
are more literate ahout scientific language and ideas; they are better able to
solve problems which involve scientific ideas; they are better able to reason
about the natural world; they are more likely to value the scientific ways of
knowing; they are more comfortable about the world around them. Whatever our
reasons for studying science, I believe they are enhanced by a better under-

" .standing of the ideas of science and of the processes by which those ideas are
developed.

Existence of Initial Conceptions

Research' suggests that students enter science classes with their own ideas
about the world.lr2,3,4/ (ften they are unable to articulate their mental
framework, but when confronted with a situation, they will make, with consi-
derable conviction, a prediction of what will happen in the situation., One
might think that these are unreasoned guesses, yet responses made by introduc-
tory physics students bear a similarity in terms of both the predictions
themselves and the reasoning used to support these predictions. Large propor-
tions of entering physics students believe, for example, that stationary,
rigid objects do not exert forces; that a constant unbalanced force is requir-
ed to keep an object moving with a constant wvelocity; that components of mo-
tion in two directions (e.g., vertical and horizontal) are not independent;
that heavier objects fall faster; that images are located on the surfaces of
mirrors; that the temperature of ice is always 32°F; that the earth's shadow
causes the crescent phase of the moon; and that air pressure causes gravity.
All of these views have some basis in prior experience. I refer to these ini-
tial conceptions as "alternative conceptions," because they are alternative to
the current view of science, T

-

Many alternative conceptions not only appear as students make predictions
about what will happen in a particular -situation, they also are revealed when
students describe representations of the natural world. A careful analysis of
errors made in interpreting graphs has revealed that some students confuse the
line on a position versus time line graph with the actual path of travel. A
graph which is concave downward, for example, is not interpreted as repre-
senting slowing down or a possible change in direction but rather a veering to
the right along a. curved path. Many students interpret the intersection of
two velocity vs time graphs to mean that the two objects have the same
position.ﬁ/
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These alternative conceptions have significance for how we use representa-
tives in science classes,

Alternative conceptions exist before students enter the science classroom
and some develop early in the instruction. Students may begin’ to organize a
new set of phenomena through analogical reasoning, Often the analog which
they have selected does not adequately represent the entire set of pheno-
mena., For example, after manipulating and observing several combinations of
bulbs in series and 'in parallel circuits, students may conclude that what
they have seen can be represented by water flowing through pipes with
sprinklers taking the role of the bulbs. While there is some similarity
between the flow of electricity and the flow of water, this common analog is
inadequate., It is an alternative to the present understanding of resistance
and flow in a circuit,

The existence of these alternative conceptions has direct implications for
our instruction. Much of the present instructional materials and techniques
reflect the assumption that students enter science classes with minds 1like
blank slates. We have often bequn to cover -~hese slates with new ideas with-
out acknowledging that there are alternative conceptions already upon them,
Philosophers fram the past (Socrates, Galileo, Dewey, and Piaget among them)
have advocated that teachers begin with students' present understandings and
guide development from there, This is my position also. This paper
presents a style of instruction aimed at the development of understanding
which acknowledges the existence of initial alternative conceptions.

Engagement of Initial Conceptions

If the instruction is to take into consideration the initial conceptions
which the students have, one must begin by drawing- these ideas from the
students. One specific way to learn about students' conceptions is to pre-
sent the students with a situation which has been known from past classroom
experience to elicit a variety of responses, Describe the situation and ask
them for their predictions and how they arrived at those predictions,

For example, in the context of gravity, I ask my students, "If a wooden ball
and a metal ball (same size but about five times as heavy) are dropped from
the same height, which will reach the floor sooner? How will the times of
fall compare?" I find that about one quarter of my students respond with the
prediction that the heavier ball will take less time; many say it will take
about one~fifth of the time of the wooden ball, «n answer consistent with
that of Aristotle, After making this prediction, these students are
generally surprised when they observe the two. balls falling together and
making one sound when they hit the floor, When the students consider their
own ideas in the light of this concrete evidence, they are likely to recon-
sider their initial thinking and search for a more consistent conception,

Another technique is to ask students to explain an observation they've made.
For example, "You've seen a crescent shaped moon. What causes the dark,
part of this'phase of the moon?" The response of nearly half of my students
is that the earth causes the shadow on the face of the moon and that ‘it
occurs when the moon and sun are on opposite sides of the earth (a situation
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the scientist calls an eclipse).

At times the experience of participating in a show of hands will require
students to make a commitment to one point of view or another and, as a
result, heighten the students' readiness for conceptual change, For exam-
ple, prior to a demonstration discussion of forces.on static objects, I have

asked students to consider a book on a table. I ask how many believe the
table exerts an upward force and how many bélieve the table does not,
Approximately 50% of the students "voted" for each alternative. On this
issue, there were bright, articulate students on both sides and the stage
was set for a lively discussion.3/

All of these techniques have a common goal, to encourage students to verba-
lize their initial understanding and to have them record the understanding
in writing or publicly so they have made some commitment to it. Making this

commitment involves them immediateiy in the learning process. It engages
their thought structure., Their alternative conceptions have served them
well; they have allowed them to make predictions or explanations, It re=-
quires a convincing, concrete experience which conflicts with their concep~
tions before the initial thinking will be modified or replaced, Without
raising the initial conception to an awareness or commitment level, it is
possible for students to fail to recognize the conflict between new evidence
and their primitive understandings, Unless students' present understandings
are explored, new experiences can be learned context in which they are pre-
sented, but students may rely on their old framework yhen presented with a -
related situation in a different context.

¥

Direct, First-hand Experience

In the development of "understanding, it is particularly important to have
early observational experiences relate to the initial conceptions which have
been articulated by students. This provides students with an opportunity to
determine whether their initial ideas (recently raised to awareness) are
adequate and- consistent in terms of explaining the new phenomena. Students'
interest is already heightened when there is a lack of consensus in the
class, They are ready to explore and resolve their conflicting positions,
In the case of the gravity example, I drop objects. of different materiais,
shapes, sizes, colors (?), etc., and observe the results. For the crescent
moon, I ask students to record their observations the next time they see a
crescent phase, also observe and record the location of the sun. Hypothe-
sizing the existence of an upward force exerted by the table seems more rea-
sonable after experiences of hands and springs supporting bocks and after
observing the sagging of a table under a heavy weight,

The sequencing of activities can have a profound effect, Farlier experi~-
ences which relate to initial conceptions should be as concrete and direqgtly
related to observations as possible. More abstract experiences should come
later, This may sound like familiar advice, but in some cases it can mean
breaking with the traditional order of ‘curriculum. For example, most phy=~
sics instruction dealing with forces on moving objects begins with an object
moving at a constant velocity (applying Newton's First Law) and proceeds to
the accelerating case (Newton's Second ILaw). The development of my
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students' understanding has been enhanced by reversing the order, Using a
spring scale and a cart, students can record data related to the motion of the
cart, and readily experience that a constant unbalanced force produces con-
stant acceleration, They are then ready for a logical argument (constant
velocity can't be explained by a constant unbalanced force, an increasing un-
balanced force, or a decreasing unbalanced force, therefore...) to show that a
constant velocity can be explained by requiring no unbalanced force, It is my
experience that students are prepared to accept and understand that there can
be constant velocity without an unbalanced force once they have experienced
the effect of a constant unbalanced force on an object; the abstract following
the concrete experience.g/

Interaction Between Experience and Alternative Conception

~ When students realize that evidence from their experience is in conflict

with their existing ideas, they often are ready for the development of a new
understanding. They are more willing to reconsider their alternative ideas

and perhaps alter them or reJect them 'in favor of an idea more con51stent
with the experience,

In some cases, the phenomena of the first-hand experiences are themselwes com=..-
pelling enough to suggest a need for resolution of differences. For example,

‘if the students' initial idea is that heavy objects fall in times inversely

proportional to their weight, when they experience objects falling together,
they recognize the discrepancy with their prediction and are ready to use some
help resolving the conflict.

In other cases, the students need to have the discrepancy between their
ideas and their experience pointed out to them. Consider those students who
believe the earth's shadow caused the dark part of the crescent phase of the
moon., Many of them went on to make and record elaborate observatlons of the
moon and sun positions at various -times for a month or two. It waen't until
I pointed out to them that they had recorded observations of the crescent
moon during the midday while the sun was also high in the sky that they per-
ceived a discrepancy between their explanation and their observations. "How
could the earth cast that shadow when the sun and moon are clearly not on op-
posite sides of the earth?" They knew their original ideas, and they knew the
observations they had made, but without the encouragement to note the discre-
pancy, they may never have paid attention to it. Now, however, they were
ready to attempt to come up with an explanation for the crescent moon that
would explain the observations,

I might note that while many people require a forced interaction like the pre=-~
ceeding, others recognize the discrepancy more readily. It is as though they
carry their conceptions at a higher awareness level.

Perhaps the most difficult pre-conceptions to affect are those which cannot
be shown "wrong" merely by noting discrepancy between:observations and ini-
tial conception, The concept of force is such an example., With the book on
the table, there is no way to "see" the table exert an upward force. With
these sorts of abstract conceptions, the encouragement of rational thought
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about a variety of first-hand experiences is necessary and particularly im-
portant. For example, it was only after the puscular experi2nce of pushing
upward to support a book on the outstretched hand and notiny thac the effect
in all the static object cases was the same, i.e., in each case the object
was at rest, then the students began seeking a consistent way to expiain the
same outcome for various situations., "If my hand exerts an upward force to

support the book, I guess the table must do so as well, because they both
give the same result,"3/

Another difficult teaching situation is vaen concrete observations can be
made to challenge the initial conception, but the procedure in the experi-
ence is quite elaborate, The students need careful guidance so that they
are clear about the purpose and conclusion of the'experiment. They may need
to review proportional reasoning so that they understand the meaning of the
data they have, obtained. When the experience is completed, and the data
analyzed, there needs to be an opportunity . to congider whether the regults
were consistent with their ideas before the experiment, and if not, how
might they begin to resolve any discrepancies.,

There are various ways to encourage students to evaluate the results of an
experience in light of their beginning conceptions. A discussion with
fellow students, a preséntation by the teacher, or reading from a text can
help tie together their learnings. I prefer class discussions because they
actively engage students in the resolution process, Once a consensus is -
reached, the processg is still not complete. The new idea needs to be tested
to ensure that it does account for all of the observations which have been
made. Students need to conclude for themselves that the new idea can ac-
count for their earlier experiences as well as the latest classroom experi-
ence, that it is wofEhy of replacing their initial conception,

Building a Conceptual Network

Even the invention of a new conceptual idea to account for an experience
will not- necessarily generate a permanent change in understanding, Two
other instructional strategies can help., = First, it appears that lasting
change involves change in a network of related concepts, For example, in an
activity that focused on the arrangement of forces that would keep .an object
stationary, my instructional goal was- to have the students conclude that for
each force in one direction, there was a force in the other direction to
balance it (i.e,, the vector sum of the forces would be zero). In the con-
text of a bock at rest on the table; it was necessary to discuss the nature
of force and more specifically how each force could be caused. Ideas that
the students wanted to discuss included the nature of gravity, air pressure,
friction, the nature of rigid bodies, animate versus inanimate objects, and
active versus passive actions., T '

After a lenghty discussion involving all of these ideas, most students were
' prepared to believe that the table exerted an upward force equal in magni-
tude to that of gravity.>/ Those who were not ‘quite ready to believe
this, at least were willing to consider balanced forces as a tentative way
of explaining the "at rest" condition of an object.s A willingness to adopt
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the idea of a table exerting force seemed to depend on small changes in under-
standing of several other concepts as well.

A second factor which enhances lasting conceptual change is the extension of
a concept into other contexts in subsequent lessons Or units. For example,
in the context of circular motion, it appears useful to revisit some of the
arguments used in generating the idea of inertias - "when an object is travel-~
ling in circular wotion at a constant speed, is it necessary to have a
' forward' force? a force away from the center of the circle? a force toward
the center of the circle? Under the influence of each of these forces, what
would be the resulting motion?" Earlier while developing ideas about forces
on moving objects, our introductory physics students could understand, and
eveg\suggested the logical conclusion, that no unbalanced force is necessary
to"keep an object moving with a constant velocity. They could even use it in
most other situations involving straight line motion, but the power and long
term understanding was enhanced by repeatedly facing new situations, new con-
texts, having to explain them, and coming to one's own realization that no
forward, unbalanced ivurce was necessary to explain circular motion, projectile
motion, or constant velocity against resistive forces, etc. Our results show
that when ideas and arguments developed by the class during early discussions
are used to help develop other ideas in subsequent units, then those ideas and
arguments take on more lasting meaning.

POS%SCRIPT

In preparation for this conference, I was asked to characterize ideal
science instruction from my point of view. Realizing that I could not cover
every attribute &7 science instruction, I chose to concentrate on describing
instruction which will promote the development of understanding of ideas.
By acknowledging the existence of alternative conceptions, by identifying
and engaging students' initial ideas, by giving them first-hand concrete ex-
periences to challenge or reinforce their understanding, by comparing their
beginning ideas with their recont observations, and by extending new ideas
into a 'network of other developing ideas and other contexts, then we. can
help students learn and retain the ideas and processes for developing ideas
in science. If we can change students' understanding to a level more con-
sistent with the phenomena of the natural world, then we have achieved a

-major goal of any science classe.

v
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READING RESEARCH AND READING PRACTICE

Richard C., Anderson
Center for the Study of Reading
University of Illinois

Champaign, Illinois 61820

There will be three parts to this paper. First, I will summarize major
ideas about the process of - reading that have emerged from research.
Second, I will discuss problems with education that undermine the quality
of the reading instruction that children in this nation receive. Finally,
and more briefly since this was not my specific charge, I will comment on
how computer technology might be used to capitalize on what we have learned
is fundamental in the reading process and to ameliorate the problems in
current school reading programs,

Nature of the Reading Process

I suppose that there is one point upon which the lay public, the
professional educator, and the cognitive scientist are in complete
agreement, namaly that reading is~~or ought to be~--a generalizable or
transferable gkill. where the public's view falls down is in the
assumption that what gives  reading skill its generalizability is
understanding of lestter-sound correspondences. From this assumption comes
the conviction that the major emphasis in reading research ought to be to
see how phonics works and the major emphasis in reading instruction ought to
be on getting phonics across to our youngsters.

Please be clear that the public is not entirely wrcng about phonics.
Research leaves no doubt that goocd readers have a facile understanding of
the relationzhips between print, sounds, and meanings whereas lack of
understanding of these relationships is a most notable shortcoming of most
poor readers (see Perfetti & Lesgold, 1977). The preponderance of evidence
from instructicnal research favors direct instruction in phonics as a part
of the beginning reading program (see Pflaur, Walberg, Karegiances, and
Rasher, 1980; wWilliams, 1982),

The problem with the preoccupation that some segments of the public have
with phonics is that the view is too limited. In the words of S. J.
Samuels, 1982, p. 17, Y“the development of automatic decoding is but a
single factor amony many factors which influence comprehension and cannot
carry the entire burden and responsibility for ensuring skilled reading.
Accuracy and speed of decoding are necessary but not suificient conditions
for good comprehension,” Beyond deccding there are at least three other
requirements ror a high level of reading comprehension.

The first is that the reader possess the organized knowledge, or schema,
presupposed by the text. Consider, for instance; a chapter from an
elementary school geography textbook. It is very 1likely to simply-
presuppose the knowledge that a country is a political subdivision, that
countries have different kinds of governments, that countries have
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locations on the surface of the earth that can be characterized in various
ways, that countries have climates and economies, that climates and econo-
mies interact, that countries have histories and cultures, and so on. A deep
knowledge of any of the concepts that are part of geography would in turn
entail a large infrastructure of supporting knowledge,

So, young readers who are able to translate correctly the printed symbols on
the pages of a geography textbook still will not be able to understand the
material unless they possess the prerequisite knowledge, Evidence has
accumulated that the schema embodying what a person knows about a topic is
one of the principalkdeterminers of how much he or she will comprehend or
learn from new material on this topic (adams & Bruce, 1980; Anderson,
1983).

Questions about how schemas are organized and the specific manner in which
schemas facilitate reading are currently réceiving active attention from
researchers in several disciplines., For example, there is a growing body
of research on the structured knowledge required to understand simple
stories of the sort found in basal readers. Formal representations of:
"story schemas" have been proposed, subjected to empirical test, criti-
cized, and refined (see Stein & Trabasso, 1983).

Schema theory has strong implications for reading and reading instruction,
The most general one is that it is a mistake to make narrowly linguistic
assumptions about reading, Any knowledge_,av,child,,might.,acquire”,could
eventually help that child understand some text or other. A curriculum

empty of anything but drill on words and grammar is likely to produce empty,
noncamprehending readers.

Schema theory also has a number of specific implications for curriculum and
instructions. Young . children and 1less able children of every age
frequently do not possess thz knowledge presupposed by authors of texts
they are expected to read. More newsworthy, even when they do possess the
needed knowledge, they often do not activate it and bring it to bear; that
is, they tend not to reason about texts in the light of what they already
know (Owings, Petersen, Bransford, Morris & Steiu, 1980),

Instructional research has demonstrated that there are straichtforward pro-
cedures that will help young and less able children use what they know while
reading. For instance, children who get a regimen of discuscion relating
what they know to an upcoming reading selection schema activating discus-
sions, ., if you will--show génepal benefits in reading new texts (Hansen,
1982).

My second major theme is that proficient reading requires command of strate-
gies, tactics, and procedures. Of course, procedures are part of knowledge
in every domain and such procedural knowledge may be required for reading
comprehension, For instance, knowing how to take blood pressure may be
required for an understanding of a umedical text and knowing how to execute a
squeeze play may be required fc- an understanding of a baseball story.

Of general importance for reading is a class of mental procedures for which
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the term metacognition has been coined. "Metacognition" means knowledge
about how one's mind works. A substantial body of evidence. indicates that
insight into the workings of the mind, how to use the mind efficiently when
reading, and what to do when the mind fails to work well are critical to
skilled reading. It is well-known that many children who do not have prob-
lems with primary school. narratives, experience breakdowns later when they
must try to learn from science and social studies textbooks. A closer look
indicates that one reason for this is that such children do not understand
that reading entails management of their own cognitive resources. They are
not planful; they do not get ~lear on the goals for reading; they do not
monitor progress in reaching these goals; they do not engage in mental re-
view to assay whether information they are supposed to be getting is still
held in memory (Brown, Bransford, Ferrara, Campione, 1983).

Instructional research indicates that direct instruction in metacognitive
strategies can lead to generalized improvement in reading comprehension.
Notably, Palincsar {1983) has developed a technique called "reciprocal
teaching," an importau.t part of which is having a teacher and children al-
ternate roles in askiny and answering good questions about sections of text.
Apparentlymthe children learn to think about wvhat the important questions
are aswthey read and to monitor their comprehension in terms of whether they
are able to answer these questions.' Reciprocal teaching has produced ex—
cellent results with middle school students whose word identification skills
are satisfactory but who lag a couple of years behind their agemates in
reading comprehension. Especially significant is the fact that the children
show improved performance in science and social studies class when the
special teacher and environment are not present.

The third big theme that has been supported by recent research is that good
readers are fluent readers. The theory to explain why fluency is important
is that when a process has been very wall-learned it becomes automatic and
can be done with little or no attention. People's attention capacity is
limited. Thus, the more automatic each' process in reading the better; the
attention saved on one process can be invested in another. The hypothesis
is, for instance, that a child who is fast and accurate at word identifica-
ticn will have more capacity available to reason about the flow of argument
in a text whereas the child who is laboriously sounding out words letter by
letter and syllable by syllable--even when the words eventually are identi-
fied correctly--will have 1little capacity left to deal with the text's
meaning.

Research on automaticity has dealt with the lowest~“level processes in read-
ing, identifying words and bringing to mind their meanings; however, it is a
plausible conjecture that the principle applies to higher level processes in
reading as well (Samuels, 1982). '

In summary, research of the last decade suggests that for a high level sof
reading comprehensicn, the reader must have a schema that can serve as the
framework for understanding and assimilating the information in the text,
must have metacognitive strategies for managing the proce«ses that give
birth to understanding . " carning, and must have mastered component pro-
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birth to understanding and learning, and must have mastered component pro-

cesgses to a high level of avtomaticity so that attention bottlenecks do not
—=cC Y

cause comprehension breakdowns.,

Status of school Reading Programs

I will discuss four problems that give cause for alarm about the quality of
school reading programs, The first is the precipitous declin over the
last decade in the talent of teachers,

At the University of Illinois a decade ago the students choosing education
as a major ranked just behind ' the students electing engineering in terms of
high school ~rades and college entrance examinations., 1In recent years the
average for students electing education has not been far above the minimum
that the“University of Illinois will accept. The experience at Illinois is
mirrored at every education department in the country,

And the story gzits worse. A recent article by Kerr (:1983) summarizes evi-
dence indicatirg that talented people continue to leave teaching at every
stage: Among undergraduates who initially elect an education curriculum,
those who remain are less able than those who switch majors., Among gradua-
tes who get a teaching certificate, those who search for a teaching job are
less able than those who do not, Among those who are interviewed for teach-
ing positions, candidates who get jobs are less able than candidates who do
not. (Whether this happens because of further self-selection on the part of
the candidates, or ineptness on the part of school administrators, no one
seems to know.) Among candidates who get teaching jobs, those who remain in
teaching for five years are less able than those who leave for careers in
other fields, :

The reasons for the declining talent of teachers are not hard to find.
There huaven't been jobs available because the downswing in the population
cycle has meant a period of falling school enrollments, Teachers' salaries
have declined relative to other professions during the past decade. The
feminist movement ig clearly a factor, The talent of men entering the
teaching profession has remained approximately constant over the last ten
years, whereas there has been a sharp drop in the talent of women. Many of
the bright, highly-motivated viomen who used to enter teaching are now
getting MBAS, law degrees, engineering degrees, medical degrees-~and why
shouldn't they? But the fact poses a problem for education,

A second major problem is the quality of school reading materials, By
school reading materials I mean (1) basal readers--the graded anthologies
especially prepared for use in teaching reading (2) textbooks in social
studies and sciance, (3) teacher's manuals, and (4) workbooks and exercise
sheets,

The Center for the Study of Reading has made a major .uvestment in the
analysis of school reading materials, so I have available volumes of data
and examples (see Anderson, Osborn, & Tierney, 1983), However, time permits
only a brief summary.
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With respect to basal readers, they are different in important ways £rom
material for children that can be found in a library or a book store. For
instance, they less often reveal directly the feelings, goals and motives of
characters (Bruce, 1983). Probably this makes basal reader stories both

"less interesting and harder to understand.

It is easy to be a sensationalist if one chooses examples from the very
earliest selections in basal readers. These selections frequently do not
tell a story. They do not tell a story because they have been graded
according to something called a "readability formula." For those among you
who are uninitiated, -a readability formula says, "Use easy words. Use short
sentences."” In the first grade, this means extremely easy words and extre-

mely short -~entences.

The readability formula has a baleful influence on school reading materials.
Early basal reader selections are full of words such as "he", "it", and
"one." The problem is that it is frequently impossible to determine the
referents of these terms. Thus, the text has been made more readable in
only a superficial sense, It has “been made less readable by any reasonable
definition. : '

At all grade levels, short sentences are frequently achieved at the expense
of coherence (Davison, 1983). Connecting words such as "after", and "but"
are removed. The consequence is that the children are left to figure out on
their own how the propositions are supposed to be related to one another.

My colleagues and I believe that textbooks in social studies and science are
distressingly poor. Many consist of little more than vaguely related lists
of facts. Abrupt, unmotivated transitionrs are frequent. Textbooks are as
likely to emphasize a trivial detail or a colorful anecdote as a fundamental
principle.

For instance, in a section of a text about the building of the transcon-
tinental railroad, one quarter of the words and the most salient paragraph
in the text was about someone named Leland Stanford who in Promontory, . Utah
on May 10, 1869 swung a sledge hammer at a golden spike and missed. A close
analysis of the sections f£from several textbooks on ‘the building cf the
transcontinental railroad revealed that none of them explained cleariy why
people in this country wanted to build the railroad, what the plans were for
accomplishing the task, how it was actually done, or what happened as a con-
sequence (Armbruster, 1982).

According to publishing executives, there is an insatiable demand for work-
books and exercise sheets among school teachers. This is regretitable since a
thoughtful analysis by Osborn (1983) suggests that such "seatwork" is seldom
instructive for children who do not understand some skill. On the other
hand, for children who do understand it, the sheet is probably busy work.
The directions for workbook pages and exercise sheets are frequently confus-
ing for the hard-to-teach child. Responding to pages and sheets involves
circling letters, drawing lines, or writing words in blanks. It almost
never involves writing as much as a whole sentence.
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As a rule there is little correlation between seatwork exercises and the
basal reader selections and lesson guidelines in the teacher's manual. One
reason for this is that it is current practice in the publishing industry
for independent teams of peuple to prepare these components, Often seatwork
exercises are subcontracted to wther publishing companies, 8

%

A thorough study of teachers' manuals indicates that most contain a smorgas-

bord of suggestions that encourage teachers to flit from topic to topic and
activity to activity (Durkin, 1983)., fThis is part of the explanation for
the fact that the typical reading lesson is disjointed (Mason, 1983).,
Manuals are ' painfully explicit where reasonable people would be able to
figure out what to do on their own, but they become vague and sketchy where
what a teacher ought to do to bring life to a worthwhile lesson might be
difficult to conceive. There are surprisingly few suggestions for direct
instruction in teacher's manuals. Most space is given to suggesting
questions to be asked and to recommendations for practice and review.

Systematic observation indicates that there is very little actual instruc-
tion in reading in most classrooms. Durkin (1978-79) completed three
studies involving a total of 17,977 minutes of observation during reading
and social studies periods in a number of third through sixth grade class-
rooms in several Illinois schools, Of this total, she found only 82 minutes
that she was willing to count as direct, teacher-led instruction in study
skills or in reading comprehension beyond the level of individual words.,
This amounts to a little less than one-half of one percent of the time, A
strict definition of instruction was used in these studies, according to
which, for instance, all questioning was classified as assessment, not in-
struction. Still, these and other studies around North America (e.qg.,
Neilson & Rennie, 1981) show little instruction by anyone's definition,

What does happen during reaiing period? In the typical classroom in the
first three or four grades, the children are divided into several groups
according to ability. While one group works with the teacher, the others
complete skill sheets at their seats. The children in the reading group are
introduced to the new words in the day's basal reader story., Then the story
is read, It may be read silently, but more often the children take turns
reading it aloud with corrections of mistakes by the teacher as needed,

‘Next the story is discussed and the teacher may provide instruction in some

aspect of reading. Finally, directions for seatwork are given,

Taking turns reading the day's story aloud is an activity that consumes a
lot of reading period time, This practice is generally deplored by reading
educators. ' Even casual classroom observation will reveal that it is boring
and inefficient. A good, recent study completed by Leinhartdt, Zigmong,
and Cooley (1981) showed a negligible relationship between the amount of
class time children spend in oral reading and gains in reading profi-
ciency, ‘

By far the greatest amount of time during the reading period in most class-

rooms is devoted to workbooks and exercise sheets, Estimates range from
35% to as high as 70% (L. Anderson, 1983; Mason, 1983), Leinhardt, Zigmond,
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.id a nonsignificant relatior {p-=tr~n?ing negative--betwecen
AN _u.2 spent on seatwork and gains in reading.

In the Leinhardt, Zzigmond, and Cooley study, the classroom activities that
had significant positive associations with improvement in reading were
amount of silent .reading and amount of direct, teacher-led instruction.
The problem is that there is very little time devoted to silent reading in
most classrooms and, to repeat, there is even less direct reading instruc-
tion. Leinhardt, 2zigmond, and Cooley - (pp. 357-358) "observed students
engaging in many nonreading activities throughout the day, even during times
that were set aside for reading. For example we found close to one hour of
each student's day was spent on management chores or waiting... Teachers
used an average of only one minute per day... to explain or model correct
elements of reading. Teachers must organize their time so that these
activities are increased."

A fourth and final problem is inadequate teacher education, supervision and
staff development. Teacher education in this country, perhaps never what
it should be, is now in disarray (see Sykes, 1982, for an analysis). With
respect to supervision and staff development, school effectiveness research
indicates that schools in which there is strong instructional leadership
and in-classroom help for teachers produce gains beyond the expected on a
variety of indices (see samuels, 1981, for a summary of this research as it
related to reading). Regrettably, there is not a tradition in this country
of principals being instructional leaders. While there is state and local
variation, too often the elementary school principal is a former high
school teacher who has never taught a ‘child to read, and never tried to cope
with a child who cannot read.

+n.. har candidate for the role of instructional leader is the reading
“gpecialist," usually a person who was a good classroom teacher who has
received extra training in reading. Unfortunately, reading specialists are
deployed as remedial teachers who pull children out of regular classes to

provide one-on-one instruction. This interrupts the regular teacher's
lesson, Indeed, I have heard reports upon more than one occasion of
children being taken out of class during the reading period in order to
receive reading instruction! Pull-out remedial programs are costly and

inefficient. Common sense suggests that they lead to divided and diminished
" responsibility; no one is fully accountable when children fail to learn to
read.

I have painted a bleak picture of reading instruction in the United States
t.day, but I submit that within the limits of available data it is an

accurate picture.

computers and Reading

Can computer technology help solve the problems in reading instruction?
Well, there is no doubt that it could help. I am not sanguine about much
help within the foreseeable future, however, because despite our best inten-
tions, it is my expectation that the principal "use of computers in
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reading over the next decade is going to be to automate Practices of du-
bious educational value, Most of the programs I see sweeping onto the mar-
ketplace could be called automated workbooks dressed up as games,

There is no a priori reason to suppose that the _<dagogical acumen of peo-
Ple who write computer software is going to be any greater than that of
people who write paper-and-pencil workbooks. In fact, probably the same
companies who now subcontract to do seatwork exercises for Ginn or Houghton
Mifflin will be selling their material to Apple and Texas Instruments in the
future. Thus, my dismal forecast is that educational researchers in the
1990s will find that whereas children spend much of their school day at a
computer terminal there is slight relationship between time engaged with the
computer and progress in reading.

If computer technoloéy is to make a positive contribution to reading . in-
struction, a large research and development effort will be required, I wili
mention three projects that may be worth the investment,

One that would demand a long lead time and nontrivial advances beyond the
current state of the art is the development * of intelligent tutoring
Systems. Such systems require a model of the expert's knowledgs of texts
in a certain domain, a model of the learner's current state of knowledge,
and teaching strategies, Collins and Stevens' (1983) analysis of Socratic
teaching might serve as the basis for the development of one kind of intel-
ligent tutoring system, Whether or not such systems proved economically
viable for use with school children, they would be valuable as models of
exemplary instruction for human teachers,

Another difficult, but probably achievable goal is computer aided diagnosis
of reading difficulties. Reading is only a partially observable, partially
decomposable process, It is best conceived as a system of interacting com-
ponent. processes (see Rumelhart & McClelland, 1981), This means that root
difficulties cannot be counted upon to wear their symptioms on their sleeves,
and this is one reason that much that passes for diagnosis in reading verges
on the occult, The achievement of Brown and Burton (1978) in modeling
"bugs" in children's procedures for doing arithmetic illustrates what may be
possible,

An application that is possible now is using computer technology to extend
learning environments., Several groups are developing child-oriented word
processors and computer networks that link children so that they can cor-
respond with one another and work jointly on projects such as school news-
papers. The computer serves as an aid that allows the child to keep mec-
hanics like spelling under control and make them subservient to larger and
uitimately more important goals of communication,

Finally, I would be remiss if I did not underline the'point that the compu-
ter is, at most, a small part of the solution to improving literacy in this
country. For large and lasting improvements in standards of literacy,
salaries and working conditions must be improved so that a continuing  supply
of talented people will choose to become teachers, remain in the profession,
and advance to positions of leadership., The most pressing material need of
the schools is better books,



fhdeed, it gives one an.odd feeling to contemplate the enormity of the
investment in research, equipment, software, and maintenance that would be
required for large-scale introduction of compufer technology into the
schools when everywhere around the nation there are districts unable, or
unwilling, even to finance an adequate supply of paper and pencils.
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THE PLACE OF COMPUTERS IN THE
TEACHING OF WRITING

Robert A. Gundlach
Director of Writing Programs
Northwestern University
Evanston, Illinois 60201

I am told that one of my qualifications for this assignment--to review cur-
rent writing research for a conference designed to create a research agenda
for studying the educational uses of computers--is that I am thought to be
neutral on the question of whether computers should be used in the teaching
of writing. I am willing to say that I am neutral if you are willing to
accept neutral as’ a synonym for naive. Naive though I am, I have recently
Leen reading reports of new developments in computer-assisted writing
instruction-~as has any writing teacher who keeps up with the pedagogical
journals or who, for that matter, simply keeps an eye on the education
columns in the Sunday newspapers. Reading these accounts has made me want
to learn more about such projects, of course. But reading them has also, I
admit, got me wondering how English teachers are likely to react to the news
that computers can help them teach writings  To investigate, I conducted a
most unsystematic study: I checked my own-reactions, and I asked a few of
my friends for theirs, As limited as my investigation was, it still turned
up several different reactions; let me cast my findings in the form of
predictions. Some English teachers, I predict, will be delighted by the
prospect of having computers help them teach their students to write. No
doubt such teachers will be especially eager to engage the assistance of a
computer in the chores of proofreading students' papers and helping students
repair their errors. Many teachers will also be impressed by reports
suggesting that computer programs can be devised which will provide coaching
and tutoring to students all the way through the composing process. And in
either case, the English teacher who looks forward to a new era of
computerized writing instruction is 1likely to be a teacher who wants
computers to assume some of the more routine and tedious chores of
composition teaching so that he or she is free to concentrate on helping
students recognize and solve the intellectual problems that, their writing
projects present them.

Other English teachers, it seems safe to say, will be far from enthusiastic
about the use of computers in the %tw&*hing of writing. Some teachers may,
at the outset, resist irrationally, raught in the throes of the fear and
trembling that Ellen Nold has observed in humanists who encounter computers
for the first time, But even after that fear is conquered, a sizable per-
centage of English teachers will, I suspect, continue to oppose the use of
computers in their teaching. .Some may resist because they fear for their
jobs, especially in places where administrators, or teachers themselvés,

. conceive of writing instruction in medical metaphors: diagnosing problems,

prescribing remedies, administering treatments, and assessing the effects of
it all. Such teachers may worry that, in time, a well-programmed computer
will replace the well-trained teacher in conducting the cycle of diagnosis,
prescription, remediation, and assessment, Other English teachers, espec-
ially those who do not view their work:.in these clinical terms, may well
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resist computer-assisted writing instruction on the grounds that computers
are irrelevant to the job-at hand and that innovative instructional software
is a distraction, or worse, a compromising enticement to members of the
video generation. These teachers will argue that in order to. learn to
write, all a student needs is a pencil, -some paper, and a few intelligent
and helpful readers, ' '

Such, in any case, were the reactions T found in myself and in my friends,
I note them here not, certainly, as the results of research, but simply to
make the point that the effectiveness of computer-assisted writing instruc-
tion will depend to a considerable degree on whether English teachers under-

_stand its possibilities and believe in its value. Not even the most intel-

ligently developed software will have much effect on students' writing
development if teachers .do not arrange for students to use it regularly and
in the contexts for_ whlch it is designed. Among the issues, then, that
merit attention in deliberations on the uses of computers in the teaching of
writing are what English teachers believe about computer-assisted writing
instruction ‘and how English teachers interact, or fail to interact, with the
machines that are turning up in their classrooms or in their schools'.
resource centers. I cdwell on this point because I think it would be a seri-
ous mistake to allow the prospect of computer-assisted writing instruction
to revive the fantasy among educ:z‘ional leaders of a teacher-proof curri-
culum; down that path, I believe, lie boondoggle and dashed hopes of the
sort that were strewn in the wake of proposals for instructional television,

While I am at the job of proposing items for a research agenda, let me press
a bit further. The reports of experimental programs I have read suggest
that the microcomputer revolution- offers teachers a new technology for
accomplishing the traditional goals of composition teaching, But what
exactly are the traditional goals of composition teaching? It is not diffi-
cult to -assemble a reasonably consistent set of very general objectives from
a century's worth of .commission reports and curriculum guides, but anyone
who has worked in the trade for a while (and anyone who has tried to create
a valid and reliable writing test) knows that specifying .the goals of
writing instruction as they are embodied in classroom practice has long been
a vexing undertaking, Yet specifying sensible goals for teaching writing--
goals that are at once worthy and realizable--would seem prerequisite - to

developing computer programs that usefully'support writing instruction. Sad
0 say, my experience as a member of advisory groups that have been asked to
specify goalsmfor~comp051tion teaching has been that such efforts quickly
become either bouts of polemic-swapping or, in cases where the group must
produce & consensus, exercises in strenuous abstraction. Part of the
trouble, I think, is that such discussions murt proceed utterly uninformed
by a historical view of the composition teaching enterprise; we simply do
not have a thorough and penetratingly .critical history of composition
teaching ir American education. No one, that is, has sorted out for us how
much of what composition teachers do, and have traditionally done, is pro-
perly understood as aimed at helping students learn to control the process
of composition and the conventions of written language, and how much -is
better understood as giving pedagogical wxpression to attitudes, values, and
goals which, though perphaps defensible in wtheir own terms, bhave 1little
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bearing on hazlping students learn to 3rite., Thus I propose that an impor-
tant item on an agenda for research on the uses of computers in the teaching
of writing would--and should--be a careful and tough-minded historical study
of the goals of composition teaching in American schools and colleges. At
the very least, it would seem that before we embark on costly research pro-
jects designed to develop computer programs that will do more eificiently
what English teachers have been trying to do for -a hundred years or so, it
would be prudent to figure out why the English. teacher's various consti-
tuents--employers, parents, teachers of other subjects, English teachers at
higher levels, students themselves--have been complaining variously about
the English teacher's inadequacies, excesses, and evident failures for

nearly as long as English teachers have been in the business of teaching
composition. ‘

Having said this much about research we do not have, let me turn now to my
assigned task of surveying the research at hand., Research activity on the
learning and teaching of writing has inceased enormously in the last six or
seven years, stimulated principally by widespread public concern about a
decline of writing ability among American students and indeed among Ameri-
can- in general. Much might be said about the character and significance of
this public séﬁse, of an BAmerican "writing crisis"--we might ask, for
instance, how public worrying about students diminished writing skill fits,
on the one hand, with predictions of an "information revolution" brought on
by advances in computer technology, and how it fits, on the other hand, with
the current sentiment that schools must get "back to basics,” must restore
the discipline of some earlier Golden Age in American education. But here I
must set aside considerations of +the recent publicity about a writing
crisis, except to observe that because much recent writing research has been
undertaken as  a response to a perceived ‘social problenm, some researchers
(and some interpreters of research) have been tempted to make grand claims
about achieving a revolution in writing instruction, claims that rest on
evidence from relatively modest 'studies, I do not believe that writing
research over the past few years has provided the basis for a revolution in

.writing instruction, but I do find that recent research does yield a number

of insights and does raise some challenging questions. I ‘should also note,
as I clear the ground for my review of this work, that recent writing
research has been kaleidoscopically interdisciplinary; studies have been
undertaken by cognitive psychologists, by linguists, by anthropologists, by
specialists in rhetoric -and = literary criticismé-and by - educational
researchers who have adapted to their purposes .various goals and methods
from one, two, or even three of the research' traditions I have just listed.
And yet, perhaps because the field has so recently expanded into an educa-
tional research specialty of its own, “here are very few lines of inquiry
which have attracted several different research groups whose studies build
gystematically on solid conclusions from work done in earlier investigation.

Because the recent work is various and in some respects scattered, any

scheme for organizing a brief review is necessarily somewhat arbitrary. My

method here is to formulate four large questions which seem to me to contain
most of the recent research., (I recognize that some readers may find alter-
native schemes more appealing."The curious reader who wishes to develop his
own overview may wish to start, as .I did, by considering the reports and
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essays in recent volumes edited by Cooper and Odell [1977, 1978], Gregg and
Steinberg [1980], Whiteman [1981), Frederiksen and Dominic [1981],and
Nystrand [1982], Taken together, these collections make = good starting
point for anyone interested in surveying current  writing theory and
regsearch. The questions I have fashioned to organize my discussion are:
1) What is the status of writing in American society? 2) What are the char-
acteristicg of effective written texts? 3) What are the components of the
composing process? 4) How do children learn to write? My plan is to tzke
up each of these questions in turn, and then to conclude with some general
comments about how people learn to write and how computers might be able to
help.

What is the Status of Writing in America?

My phrasing in this question is borrowed from the title of Edward P. J.
Corbett's essay, "The Status of Writing in our Society" (Whiteman, 1981),
which Corbett first prepared as a presentation to the National Institute of
Education Conference on Writing in 1977. Corbett begins his discussion by
asking whether writing will "continue to play a significant role in the
political, professional, cultural, and business affairs of our society
during the last quarter of this century." The question is an important one,
Corbett suggests, because the answer will control what English teachers will
be teaching in the years ahead, Corbett concludes, more on the basis of
rumination than extensive investigation, that Americans will indeed continue
to write, and he suggests that the kind of training Americans will need, and
for that matter need now, is in practical types,of writing ("when students
are exercised solely in writing literary essays, to the exclusion of more
utilitarian kinds of writing, they are being scandalously short-changed®
[p.49]1).. The English teacher who sees this much will  also see, Corbett
notes, that "students will have to he exercised primarily, if not exclu-
sively, in Edited American English, That is the power dialect in our
society. That is the dialect that provides studentsS with an entree into
the mainstream of society" (p. 52).

These are familiar observations--that English teachers too often emphasize

the special discourse of literary analysis when their students in fact do
not want or need training in literary criticism, and that English teachers

who allow students to write in spoken forms are failing to prepare students

for life in the mainstream of American society. But the large issue Corbett
addresses, the future of writing in America, has only quite recently begun
to draw the attention of composition teachers and researchers. The empiri-
cal gide of this interest has taken the form of studies of writing in the
"real world" (as distinguished from writing in school)., A number of inves-
tigators have undertaken surveys, often sending questionnaires to alumni of
the institutions in which the investigator works. (See, as an example,
Robert R, Bataille's article, "Writing in the world of Work: What our
Graduates Report," which appears- in the October, 1982 issue of College
Composition and Communication.). A few researchers have conducted thoroagh -
observational studies--a notable example is the work done . by Lee 0Odell ani -

Dixie Goswami (see their article,. "Writing in a Non-Academic- Setting," in
the October, 1982 issue. of Research in the Teaching of English). Yet more
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ambitious studies have been proposed by John Szwed (see his essay, "The
Ethnography of Literacy," in Whiteman, 1981}, ’

Research on.thc status of writing in American society has an important
place, I think, in the larger field of American studies, and it would seem
especially productive if ethnographic studies of the kind Szwed proposes
were placed in the intellectual context of recent work by socia). historians
on the history of literacy in America. I have the impression, however, that
when composition researchers study writing in the real world, and particu-
larly in the work place, the hope--among those who grant money for such
projects, if not among the researchers themselvey~--is that such research
will have very practical value for composition teachers. When studies
reveal brisk writing activity in the world of work, they can be used to

_ support the argument that composition teaching should have a significant

place in school and college curricula. Writing is pervasive in Aamerica
today, such arguments usually run, esrz2cially in the professions and in
managerial Jjobs; the rise of electronic media has not rendered writing
obsolete., People, especially successful people, still write, and schools
must continue to prepare students for the writing tasks they will face out
in the working world, Studies of writing in non~academic settings can also
be used, of course, to support the argqument that schiool and perhaps college
comp031t10n programs should emphasize practicai skills and offer practice in
using non-academic forms of discourse. This argument rests on the assump—
tion that writing instruction should be utilitarian, indeed in a general
sense vocational; it is an argument that can be heard these days in most
realms of composition teaching, but most frequently, I find, in brofessional
discussion of teaching writing to the academically disaffected or unsophi-
sticated (for a particularly interesting example, see Heath, 1981).

The uses in institutional politics, of research on the status of writing in
American society are, I suppose, obv:Lous enough, but I am not sure of its
value to the teacher in his teaching. We who teach writing should, of
course, be interested in the writing that people do outside of school; in
fact, we probably ought to be doing some of it ourselves from time to time.,
And when we teach specialized writing courses that are supposed to train
students for a specific job, or even a particular kind of job, our under-
standing of the pertinent vocaticnal forms and uses of writing ought to
inform our teaching very closely. Even when we are teaching more general
courses, we are wise to inform our teaching with facts and observations
about writing in many situations, and not to limit our ideas about writing,
or our students' ideas about writing, to the sorts of discourse familiar in
schools and colleges. But we should, I think, resist too complete a
utilitarian conception of the goals of writing instruction., We ought to
keep in mind, and inform our teaching with, the conception of writing
instruciion *that holds that the development of writing ability involves, at
least in part, ‘the development of the use of language as an instrument of.
thought--the use of language to raise difficult questions, to {ormulate
careful answers, to read ané revise one's own formulations. This way of
using language is not limited to academic discourse, and it is an act1v1ty
available, in the right circumstances, to children as well as to adolescents
and adults; it can result as easily in narratives of personal experience and
thoughtful practical communication as in such specialized fcrms as the
critical essay. :
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And certainly the case can be made fhat a student who has practi.ce in using
language as an instrument of thought (the phrase is from Bruner, 1977) has
developed analytic skill that may be useful to him in some jobs; but even in

. making that case (which is one aspect of the familiar argument for the

liberal arts in American education), we must be ready to concede that the
student who is exploring the use of language as an instrument of thought is
not necessarily learning a vocational skill,

Much more might be said on this peint, but it seems most appropriate here
simply to underscore my earlier point that if we are to recommend research
on how computers can help teach writing, we had better be prepared to think
hard about the goals--and hence the justifications~--of school and college
composition programs. Recent studies of the status of writing in American
society, and the ways in which the results of such stddies are used both to
support the existence of composition courses and to shape their contents,
will press the issues of goals and justifications upon us, whether we like
it or not. .

What are the Characteristics of effective Written Texis

Writing teachers need good descriptions of effective writing, both to define
the target we are teaching to and. to establish criteria for evaluating our
students' written work, Traditionally, our notions about what makes prose
effective have come from three sources: 1) models of readability, on the
plausible’ assumption that the features that make texts readable are the
features that students ought to strive for in their writing; 2) what we, or
our textbooks, understand as the characteristics of especially admirable
pieces of writing (the essays of E. B. White, say, or George Orwell, or,
more recently, Joan Didion and Lewis Thomas); and' 3) what the folklore of
our profession, as it is transmitted in textbooks. or in the faculty lounge,
tells us are useful devices :for imposing order on students® essays--one-
paragraph introductions, three-paragraph bodies, and one-paragraph conclu-
sions, a topic sentence at the head of every paragraph, and the like. When

. we are judging the writing that students produce not in our courses but in

more formal testing circumstances, our criteria tend to be light on
discourse features (we settle for a general orderliness, gauged
holistically) and heavy on usage and style (we prefer usage that is formal
but not frozen, to use Joos's terms, varied sentence structure with
occasional periodic sentences, and diction that is definite, specific, and
concrete). Whether judging classroom compositions or examination essays, we
also, of course, want students to observe conventional grammatical
principles, to punctuate properly, and to avoid misspellings, and we
evaluate their writing on the basis of their success in managing these
mechanics, ‘

What has recent research to say about all of this? For <ne thing, some
composition teachers and a number of researchers have been influenced by the
new emphasis in reading research on discourse structures larger than: the
sentence, We have always been interested in having students produce
coherent texts, but lately we have become more interested in specifying the
elements that contribute to ccherence, Influenced by recent research in
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cognitive psychology, some writing researchers huve begun to 1look for
evidence in writers' texts of their cognitive schemata--their frames, their
scripts, their plans., Some composition teachers have told me that they see
little more than attenuated rhetorical analysis in recent theories of the
influences of cognitive structure on textual form. Whatever the merits of
their complaint, I think it is fair to say that writing researchers and
teachers alike have been slow to consider the implications of recent reading
comprehension research for helping students become adept readers of their
own writing-in-progress.

Some composition researchers have also been greatly influenced by Halliday
and Hasan's Cohesion in English, which was published in 1976. The attrac-
tion of this book is that it offers a theory of linguistically specifiable
features--cohesive ties--that, taken together, make an extended text cohe-
sive and give it Lexture, Working on the assumption that "incoherent"
student writing is insufficiently cohesive, a number of investigators have
sought to apply the theoretical scheme from Cohesion in English to the job
of evaluating samples of students' writing, No doubt interesting results
will emerge from some of these studies; the sticking point, though, in much
of the work of this kind is that it is very difficult to establish what
Roger Brown calls "obligatory contexts" for specific cohesive ties. It is
difficult, that is, to establish a fixed "mature" or "expert" model against
which a student's use of, say, nominal ellipsis or lexical collocation may
be evaluated. There are, it turns out, many options writers exercise in
establishing continuity and texture in their writing.

In addition to supplementing our traditional interest in usage and style
with new, or newly formulated, insights into text structure and textual
continuity, recent research has also pulled us up short at the question of
how composition teachers do in fact judge students' writing. Studies by
Rosemary Hake and Joseph Williams . (1981) suggest that although we composi-
tion teachers say we prefer a lean, verb-based style in our students'
writing, in fact we award higher marks to students whose essays are cast in
a formal, ponderous, nominal style. Either we are careless (a term we use
often +to describe our students) or we are stuck in a sociolinguistic
dilemma; I do not know which. - I do know, though, that we could use more
sociolinguistic ingquiry to help us frame, or situate, the general question
of which features characterize effective writing, We need, that is, to
bring closer to the center of our attention what seems to me the obvious
point that to speak of the effectiveness of a piece of writing is tc speak
of its effect in a particular set of circumstances, and we need to overcome
our tendency to allow vague labels of purpose ("persuasive," "expressive")
to substitute for useful descriptions of the circumstances in which people
write, I hope that recent work on the contrasting features of spoken and
written language in modern literate societies by such sociolinguists as
Michael Stubbs and Deborah Tannen, and recent wide-ranging studies of oral
and literate cultural modes of thought and expression by such scholars as
Jack Goody, David Olson, Walter Ong, Michael Cole, Sylvia Scribner, and
Shirley Brice Heath will lead composition researchers to work on the ques-
tion of how ispecific contexts influence particular textual features in
students' writing. Once we are better able to situate the question of which
characteristics make & written text effective, we are likely to produce

179

182



Q

ERIC

Aruitoxt provided by Eic:

answers that are more useful than those we have not for evaluating students’
written work,

In the meantime, we are becoming more insightful in our understanding of the
features of ineffective writing, Mina Shaughnessy led the way with her
analyses of the unconventional writing produced by inexperienced writers at
CCNY; Linda Flower has contributed the useful concept of "writer-based
prose"; Aruthur Applebee has begun to characterize the textual weaknesses in
inexperienced high school students' writing. Joseph williams, on_the other
hand, has analyzed the features of what he has called "bad mature writing,"
and has offered counsel for those who wish to avoid such features in his
book, Style: Ten Lessons in Clarity and Grace. ' Recent analyses of clumsy
bureaucratic writing and proposals for antidotes are also offered in the
Document Design Project's Writing in the Professions and Richard Lanham's
textbooks, Revising Prose and Revising Business Prose.

The upshot is that we are becoming more precise about the features we hope
to see in our students' writing, and thus we are becoming increasingly abie
to program computers--those tireless and relentlessly patient proofreaders=--
to search out features in our students' writing that do not make our list of
characteristics of effective texts, The value of enlisting a computer as a
proofreader both persistent and patient, even generous of spirit, should not

be underestimated. 1In my experience, composition teachers are often either

generous of spirit. or persistent, but rarely both, I assume that any
computer, on the other hand, can, in time, be programmed to respond to
students' writing with both a steady understanding of at least some of
William Strunk and E. B. White's rules from The Elements of Style and an
unflagging appreciation of .E. B, white's lament: "The English language is
always sticking out a foot to trip a mane o« o o English usage is sometimes
more than mere taste, judgment, ani education--sometimes it's sheer luck,
like getting across the street," Indefatigable and patient though computers
may be, however, I do not imagine that any machine will help composition
teachers figure out how to cope with the simple truth contained in Robert
Frost's remark, "You can be a little ungrammatical if you come from the
right part of the country."

\

What Are the Components of the Composing Process?

The process of writing--what writers do and how they think--has attracted a
great deal of interest in recenﬁ years from researchers and teachers alike,
Some even regard this new interest in composing (as distinct from an
interest in the qualities and effects of written texts) as evidence of a
Kuhnian paradigm shift. ~That claim seems to me open to dispute, but there
can be no doubt that recent studies of composing have drawn attention to

/ important questions about how people write and how people learn to write

that have not received much attention in the hundred years or so that
English composition has been a staple of school and college curriculae.

‘There are several researchers participating in this;meetipg (John R. Hayes

and  Mar1ene Scardamglia,“’to, name two) whose understanding of the new
composing process research is more current and more sophisticatgd than mine,
and so, assuming  that they ‘can .ably brief us on its particulars, I will
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limit myself here to some camments aimed at placing the recent work in
historical context and some notes on questions about composing that we
continue to neglect.

It was Porter Perrin, I believe, who brought the idea of the process of
writing into the modern composition textbook tradition. In his first.
edition of his Writer's Guide and 1Index to English, published in 1942,
Perrin included an entire chapter on "The Writing Process," a subject which,

‘he notes in his preface, he regarded as "basic for the work of composition.”

Perrin makes clear in his opening sentences of the chapter why he considered
instruction in the writing proc¢2ss crucial: "Writing is either hard or
easy, as a person makes it. For most people who have not written very much,
the chief difficulty is uncertainty as to what they should do. Worry takes
more out of them than work." After explaining his assumptions about th-
causes «f inexperienced writers' difficulties, Perrin lists nine stages in
the process of writing an academic paper and then takes up each stage in
turn, noting the contribution of each stage to the finished work and elabo-
rating with tips for the novice. In the 1950s and 1960s, perhaps in part as
a result of the success of Perrin's textbook and surely in part also as a
consequence of the rise of several New Rhetorics, many composition textbook
authors followed Perria's lead and incorporated in their books & chapter
that instructed students in the steps or stages of writing papers.
{ ‘

It is interesting to note that Perrin himself was evidently firmly committed
to what nowadays is often called a "process approach" to teaching writing.
In an essay entitled, "Freshman Composition and the tradition of Rhetoric,"
published in 1960, he sought to persuade composition teachers: to reduce
their emphasis ' on teaching grammar and to increase their attention to
rhetoric, by which he meant "the study of the making, the qualities, and the
effects of verbal discourse" (p. 124). He especially wanted attention given
to the "making"; "The basic premise’ of rhetoric," he argues, "is that
discourse is an act (something done) studied as an art in the old sense. It
is the result of a process that can be seen in stages for each of which
pertinent advice can be given" (p. 124). He also makes a point of noting
tl.at the particular process a writer follows in a given instance is
iafluenceé by the circumstances in which the writing is undertaken. "A
second premise of rhetoric," Perrin writes, "is that discourse occurs in a
situation that defines to a considerable extent the mental 'set' of the
writer as well as the content, arrangement, and tone of what is written" (p.
124).

Of course the textbook writers who put the writing process into a ‘tidy
sequence of steps were engaged in a pedagogical act, not an attempt at
empirical description. It was Janet Emig's study, The Composing Processes
of Twelfth Graders, published in 1971, that launched the recent wave of

emplrlcal work on how people compose. Among the researchers who have
develoncd this line of research are Donald Graves, Donald Murray, Sondra
Perl, Nancy Sommers, James Britton and his colleagues, and Anne Matsuhashl.
The studies of composing undertaken ‘by these and others in the field of
English education have tended to concentrate on the behavior of writers,
with the researcher drawing inferences about a writer's intellectual
processes from the behavior observed. More often than not in such studies,
the inferences drawn from observed behavior are eventually mod1f1ed .or
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amplified on the basis of the researcher's interviews with the writers who
who have been under observation. Other researchers--notably- John R. Hayes
and Linda Flower, and Carl Bereiter, Marlene Scardamalia, and their col-
leagues--have brought the goals and methods of cognitive psychology to bear
on studies of composing, and have thus concentrated directly on the writer's
intellectual processes, Still, it should be noted that, as some cognitive
psychologists readily concede, even the researcher. who concentrates directly
on the writer's intellectual processes must find ways to do it with mir-
rors--cognitive oOperations are interior phenomena, and are not easily,
perhaps not ever fully, made available for inspection.

What have been the effects of recent research on composing? In the first
place, such studies have been useful in supporting, and in some cases
further articulating, the pelief among many composition teachers that good
composition teaching emphasizes the process and not merely the product of
written composition. Although some theorists argue strongly against it, the
notion of writing as a sequence of operations is still influential, and,
certainly in some teaching contexts at least, that view is quite useful,
Sometimes the notion is cast.as a series of specific steps, but more often
is formulated as three broad stages--"prewriting, writing, and revising," or
"conception, incubation, and production," Yet while many composition
teachers continue to think about the composing process as a series of
stages, cognitive theories of composing are beginning to get wider circula-
tion and are challenging the image of writing as a step-by-step procedure
with a picture of the writing process as a network of problem solving tasks,
tasks that interact in a hierarchical system rather than lining up in.a
simple 1linear sequence, I suppose that some of the fine points of such
cognitive tlieories elude many of the composition teachers who study them;
but I also suppose that anyone who has: been reading the pedagogical journals
or who has spent a summer in a local branch of the National Writing Project
is likely to have developed the impression that composition experts have
reached a consensus: writers solve problems; revision is recursive.

'Recent research on composing, whether from the perspective of cognitive

psychology or in the tradition of English education, has given us not only a
more detailed  and more complex sense of the components of composing, but
also some intriquing and potentially very useful hypotheses about the
differences in composing behavior and cognition between expert writers on
the cne hand and novice writers on the other. It seemsg likely that program
developers will work at using these hypotheses to create computer-based
tutoring programs in' composing, programs® that predict the shortcomings of an
inexperienced writer's composing strategy and that instruct him in how to
adjust his strategy to make it match more closely a generalized@ model of how
experts.compose. Basic research on composing and technical refinements in
computing are needed, however, before the potential of this use of computers
in teaching writing can be fully evaluated, ‘

For all the insights produced by recent studies, it must be noted that as a
general line of inquiry, composing process researsh stiil has a way to go,-
We have had, to cite one important limitation of tre work to date, virtually

‘no research that seriously attempts to unite the two premises of rhetoric ~

that Perin noted more than twenty years ago--fiyxst, that writing is an
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activity, a process, and second, that character of the activity of writing
in a particular instance is significantly shaped by the situation that gives
rise to the act. At the moment, the first premise serves as the guiding
assumption of the writing research undertaken by most cognitive psycholo-
gists, and the second premise is the central assumption of writing research
conducted by educationa. anthropologists, Too often, these two camps of
researchers regard each other with great suspicion. The result is that we
generally get abstracted models of the composing process from one camp and
detailed analyses of the contexts of specific writing activities from the
other camp, with few attempts to discover the relationship between these two
kinds of knowledge.

perhaps the most important reason to build some idealogical bridges between
these two camps is to enlist the help of both sides in formulating produc-
tive methods for studying the act of sustained writing, writing that is not
composed in one sitting but rather is ccmposed over days, months, and even
years. We know very little indeed about how people produce writing that is
longer and more complex, or which demands more sustained thought, than
writing that can be disposed of in one or two classroom periods. We have
plenty of material from literary studies and interviews with professional
writers to enrich our understanding of sustained composing, but so far as I
know we have no data of the orderly sort usually gathered in social science
research to help with the job. Vera John-Steiner, I am told, is now at work
on a study of how people complete long-term intellectual work, including...
extended writing projects-~her working title is said to be Notebooks of the
Mind--and we can look forward to the results of that project; algo, we can
observe that, for future studies, new word processing technology would seem
to greatly facilitate the gathering of data.

In the meantime, though, we must recognize that the knowledge we have accu-

mulated and continue to accumulate is knowledge about the process of

composing relatively short and uncomplicated pieces of writing, Such know-

ledge has its value, to be sure, in part because composition teachers are

often expected to teach their students how to write short and uncomplicated

Ay reports and essays. It seems a shame, though, tollimit the domain of our

“ﬁ? ingquiry, and perhaps thereby to limit the ultimate value of our research,

i chiefly because we lack the imagination or the academic diplomacy required

to develop methods for studying how people ‘produce complex and sustained
pieces of writing.

How Do Children Learn to Write?

Elsewhere (Gundlach, 1981, 1982) I have reviewed at some length the recent
research on young children and their writing; here I will comment on this
work very briefly, noting ust one theme that I believe has some bearing on
the teaching of writing to students of any age. 1In making these remarks, I
have in mind._particularly studies by Bissex, Graves, Sowers, Calkins, Read,
Harste, King, Ferreiro, Clay, Sulzby and a number of others whose work has_. .
been strongly influenced by the methods and spirit of recent research in
children's language acquisition. Partly as a result of that influence, I°
think, the results of these studies point to the conclusions that' all
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children can learn to write and that young children are able, given support
and guidance from teachers and perhaps parents, to adapt the powerful
language learning strategies they employ in learning to speak to the processs

of learning to write, The more sophisticated arguments advanced in support
of these claims, it should be noted, usually depend in some measure on a
Vygotskian theory of the child's development of the functions of language,
I mention this, alas in passing, because interactive social theories of
children's language development no doubt have implications for the construc-
tion of interactive computer programs that might help children develop as
writers.

The central lesson of recent studies of children's writing development is
that the process of learning to write involves more than being taught, or at
least more than being instructed in a formal and deliberate way. Children
apparently draw on a number of resources as they begin to learn the uses,
forms, and processes of writing, and some children, perhaps many, conduct
their own experiments .with writing well Lefore they encounter formal
instruction in either writing or reading, In my view, any composition
teacher or curriculum builder stands to profit from speculating a bit about
the resouvrces children bring to the process of learning to write: children
have, of course, their knowledge and experience as speakers, which can pro-
vide them both a knowledge of linqguistic form and a "sense of situation"
that will serve them well, though not comprehensively, when they begin to

-write; they have the sense they have made of their observations of people

writing and their encounters with written lanquge, they have their reading
experience, including their experience of hearing written language read
aloud; they have their inclxna+1on tc experiment with cultural tools and
cultural roles; they have their ability to engage adults and other children
in helplng them solve technical problems; and they have their inclination to
cooperate, to accept direction. Such are the resources, I suggest, that
virtually all children--and most older students, too--bring to camposition
instruction., As James Britton has suggested, we who teach composition, if

we are alert enough to recognize it, "ssek to reap continually a harvest we:

have not sown." (Britton elsewhere formulates this point about the complex
relationship between teaching and learning in less metaphorical and more
ominous terms: "We teach and teach," Britton notes, assuming the rhythms of
Samuel Beckett, "und they learn and learn: if they didn't, we wouldn't.")

I do not mean to suggest that students will become mature or expert or
compvtent writers without any coaching or instruction; most will not.
Rather, I want to make the simple point, obvious yet too often lost from
view, that a theory of how people learn to write must be kept distinct from,
and must receive our attention prior to, a theory of how people should be
instructed in writing.

How People Learn to Write--

And How Computers Can Help: A Coda

Recent writing regearch has not yet provided enough answers--or even, it can
be argued, raised enough of the right questions--to give us a general theory
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of how people learn to write, I trust that I will be forgiven, then, if
here at the end of my discussion I depart from current research and turn to
more incidental sources, Consider;, for example, a remark made by Elizabeth
Hardwick in her recent review of a biography of Katherine Anne Porter
(NYTBR, 11/7/82). Hardwick observes that Porter, early in her development
as a novelist and short story writer, was "in and »ut of Greenwich Village,
where she met writers and no doubt increased her sophistication about
literature and the act of writing." Hardwick joins her clauses with a
8imple "and," but I think it is fair to infer +¢hat she means that Porter
became more sophisticated as a writer because she was in touch with, and
very likely was reading intently, writers who formed a literary community,
This remark caught my attention because I believe that participating in a
community of active readers and writers is one way, and perhaps the way, a
person develops as a writer, I think this is true not only of novelists and
poets, but also of people who learn to write good term papers or effective
office memos.

-

Because I have this notion, my attention also fastened on some comments made
by the historian Robert Darnton in his essay, "What Is the History of
Books?", which appeared in a recent issue of Daedalus (Summer 1982). In
this essay Darnton proposes a general model to account for the life cycle of
a book. The model he sketches is of a "communications circuit” in which a
book is produced by an author, passed along to a publisher, then to a
printer, then to a shipper, then to a bookseller, then to a reader, and
then, in a curious sense, back to the author again., Explaining this last
connection, explaining, that is, how reader "influences the author both
before and. after the act of composition,” Darnton writes:

Authors are readers themselves. By reading and associating with
other readers and writers, they form notions of ¢genre and style
and a general sense of the literary enterprise, whether they are
composing Shakespearean sonnets or directions for assembling radio
kits, (P' 67)

I am not working my way around to the argument that formal instruction in
writing is worthless. I do not hold with Flaubert, who said (if Paul Engle
is to be trusted; I have this second hand) that all a +eacher can offer a
would-be writer is a kiss on the brow and a kick in the parts. Nor do I
mean to suggest that students are I!.ikely to become writers merely by fol-~
lowing the biographical traces of lixterary figures, what I am suygesting is
that if a person participates in a community of active readers and writers,

if he reads and writes regularly and if his reading and writing put him in

touch with other people, he stands a reasonably good chance of forming
notions of genre and style, of developing a general sense of the literary
enterprise, and of becoming increasingly sophisticated about the act of
writing itself. And I suppose we must conclude, on the evidence of
experience if not research, that some people can, by participating in such a
community, develop considerable writing skill without much formal writing
instruction at all, while others, though they read and write and rub
shoulders with fellow writers, stand to profit from all the composition

“instruction man or machine can provide.

-
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What does this mean for research on the place of computers in the teaching
of writing? It means that we ought to ask first how teachers can assemble
true communities of active readers and writers, and how teachers can give
even the most reluctant students a clear shot at participating in such
communities. Then we can ask how computer technology might be useful in
these efforts., : )
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READING

Catherine Cobeland
Southern Boone County School
Ashland, Missouri 65010
CEE . .

Questions by any teacher when considering the -place of computers in- the
classroom should range from those relating. to theoretical issues to those
about practical application. Foremodst, computers should focus on teachers,
their curriculums, and their students... Research in the effectiveness of
computers in the classroom .should not exclude looking in depth at children,
classrooms, teachers and learning. We should not be so much interested in

statistics as in good descriovtions of how children are using computers in
_developing their use of language and how the computer affects children's be—-

coming literate.

Too often evaluation has become confused with research:. The research relies
on collecting standardized test resq}ts,' not looking at the reading.and
writing processes themselves. What is needed is a wider. range of reading
research methodology and interdisciplinary research’ within the classroom
with real readers and writers using those processes, nqt standardized test
results which do not present enough discourse to really test the reading and
writing ability of children. ' : '

Reading researchers have become more independent today, although they draw
on the work from other fields such as psychology, physiology or linguistics.
They develop their own research paradigms and develop their own theory base.
Reading researchers and classroom teachers are beginning to work together;
perhaps it is also time to add the computer programmer to that team.

. If teachers become a part of the computer programming procedures, the

materials will not be in conflict with their .curriculums. - Additionally, the
prbgrammer.will have an opportunity to learn how the teacher views literacy .
and: learning.. By working with the informed teachers, the programmer can use
that information to address instrﬁctional needs.,

Unfortunately, one of the main concerns in:the'field of readirig today is the
recognition there are gaps betweeh theory, research and curriculums. Class-
room  teachers are at odds about what theory on which to base their curricu-
lum or, worse, they haven't developed théir own philosophy. Therefcre they
rely solely on textbook companies to dictate their lesson plans.

~ s

Consequently the overall objective of qany research should ke to build and
disseminate reading theory Whieh will truly contribute to the development
of literacy in the classroom. By helping teachers understand the reading
process, this will" eénable them to build their 1nd1v1dual instructional
model, implementing that theory into pract1ce.
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At this time materials teach\fs use to gu1de and help’them improve teaching
methods " are stating two major theories, For example "in a 1977 book,
Phonics: Why and How by Patrick "Goff, the teacher is told: _

Phonics teaching does, in fact, “offer the child significant help in
learning to read and spell. The research on the teaching of reading
makes this clear. ' As Eleanor Gibson puts it, the heart of learning
-to read would seem to be the process of mapping written words and
Jetters to the spoken language; a process of . translating or matching
one symbol to another., "
Teaching reading has been based on the idea that reading consists of a set
of identifiable skills and publishers have produced materials® aimed at
giving practice with these skills. _ ' \\>\\\

M. Clark, however, brings oﬁt in her book, Young Fluent Readers (1976}?\,
Teachers have too long been too 1little aware of the complex1ty ané\\\\
range of skills that even the beginning reader brlngs to the reading
situation.,.. the teacher concerned with the young child and the begin-
ning reader has had her attention directed mainly if not exclusively,
to the lower decoding skills.

Yet, education still feels the effect of Flesch's "why Johnny Can't Read,"
Family Circle, November, 1979, which emphasized a phonetic approach., The
article pressures .and 1nfluences teachers to continue such an approach and
naterials without looking at *esearch on the reading process.

As an undergraduate, in 1967, ‘the only readlng theory my course presented
was a phonetlc approach promoting activities such as presented in the text
Personalized Reading Instruction (1961) by Walter B. Barbe:

At the readiness level it is importdnt for thé child to learn how to
match letters and -match words. By® listing in two columns different -
letters the child should be able to draw a line from the word in the
column on the left to the column on._ the right which is the same. This
can be done in a variety of ways but should begln with matching either
single letters or words that begin the same. The teacher can then lead

- into matching words and small. 1etters when the child has 1earned tou;
match these, . ‘ _ . -

From the other viewpoint Lynn L. Rhodes staes in her paper,: "Predictable
Books: An Instructional Resource for Meaningful Reading and Writing": fThe
Affective Dimension in Reading: A Resource Guide, Indiana University
Readlng Program-1977: . e -7 : »

Readers have three& 'language systems available for their use. These
three systems, the syntactic (grammar) system, the graphophonic (sound/
symbol) system, and the semantic '(meaning) system, are used in an
interrelated manner, The redundancy of the language . system and the
reader's active predictions about content and language of the story
permlt an eff1c1ent reader to sample the graphic information on the
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page. The overemphasis on the graphophonic system prevalent in reading
instruction causes the reader to have to use far more- visual informa-
tion than would be necessary if the same graphic information was
embedded in whole, natural language.

Kenneth S. Goodman expresses concern about thie "Back to Basics" movement.
(Commentary, Language Arts, November/December 7978):

Logically, we should be gearing our schools and preparing our teachers
for grand innovations. New curricula, new materials ought to be pour-

‘ing forth to put the developing knowledge to work. But, in fact, in

our very zeal tc make literacy universal, in many school systems we are
locking out knowledge. The battle is Back to Basics. Truth is to be
found by closing our minds to new knowledge, facing to the rear, and

_ glorifying ignorance. This know-nothing movement is institutionalized

by state law, board policy, federal guidelines, and even court order.
It is set in the concrete of minimal competence, management by objec-

- tives, arbitrary skill hierarchies, mandated -"testing. - Schools are

ordered to teach- all children to read quickly and well, but they are
then cut off from new knowledge and the possibility of using it in
creative innovations. o

Further, two studies that have helped prove that teaching letter sounds is a
waste of time -were done by Robert Hillerich in Elementary School Journal,
"Teaching About Vowels in Second Grade" (Fall 1970) and "First Grade Reading

Achievement™ (Feb., 1967). Hillerich studied the effectiveness of teaching
vowel generalizations to first grade pupils. He compared all first graders
(N=742) "in -two comparable school districts in terms of reading achievement
at tEE\end of grade one, In one school district, first graders were taught
vowel generallzatlons as part of the readlng program. In the other school
district they>were not.

™~
™~

Results at the end\sf\the year indicated that those pupils who had not been
taught vowel generaliEatlons scored significantly higher in reaching
achievement. Most 1mportant» the entire difference in reading achievement
of the two groups was reflected\1n the subtest of comprehension, suggesting
that excessive attention to the vowels led to overanalysis of words rather
than concern for meanlng. : .

~ .
~
™~

In a follow—up study, Hillerich invéstigated the. effectiveness of teaching
about vowels in second grade. In this study of s1§\classrooms, two classes
“of second -graders were taught vowel generalizationms, two™ classes were taught’
about vowels only at the hearing level, to listen for and to\recognlze the
various sounds, and two classes were not taught anything. about vowels during
the entire second grade year. At the énd of ‘the’ year, the readlng achleve—
ment test indicated that those who had been -taught only at the hearing level-.
"scored significantly higher than the next highest group, while the group
tha: had been ‘taught vowel generalizations was lowest in reading -achieve-

In the conclus1on of h1s f1nd1ngs he stated:
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From the standpoint of analysis of language, vowel generalizations
have 1little validity; from the standpoint of 1nstruct10n of primary
children, they have little effectiveness,

Children have difficulty with vowel rules and are often given extra
practice sheets on vowels. Such activities require time for filling
in blanks, time which could be devoted to reading or to having fun
exploring the language, Most teachers recognlze that, once started,
ch11dren also learn to read by reading,

Teachers have a commitment to teach the way they feel is professional . and
' theoretically sound.The teachers, feeling the respons1b111ty to guide ch11d-
ren into. literacy, must resolve differences,

How true the statement in the 1978 November/December issue of Language Arts
~editorial by Julie M. Jenson: "In what field (referring to reading) has so

much that violates sense been published, packaged, and inflicted on teachers
and. children?" : o

_Because of ‘the research I have stud1ed and applied in my own classroom I
believe as R. Van Allan expressed in" his article, "Personal Language and
Beginning Read1ng," Early Years (November 1978):

As language matures and positive attitudes about. books and reading
develop, teachers assume responsibility for helping each child- concep-

tualize, habituate, and internalize:- a few truths about self and
language. .

Ch11dren, who from the beginning have related speaking, llsten1ng, and
writing to the reading process, begln to read naturally. It's as -
natural as learning to converse, Reading for them is not a separate
subject ‘in school but a natural part of send1ng and receiving messages.

My students beneflt by participating in a comprehensive 1anguage program,
bezause the emphasis is on the development of 1anguage processes, basic con-
cepts and the integration of these processes and .concepts into a strong lan-
guage base for effective communication, This approach to 1nstruct10n in
language arts allows for the integration of read1ng, writing, speaking, and
listening in a mean1ngfu1 context,

The program is comprehension-centered and helps the ' students focus on
gaining -meaning while reading,  The individual and group  activities are
.designed to develop and broaden concepts and experiences., These activities
also generate many natural reading and writing experiences, The oral lan-
guage which children use .and hear daily is utilized as material for instruc-
tion rather than fragmented sounds and syllables that are not a meaningful
part of their everyday experience., To help the children gain meaning from
print, instructicn incorporating the three systems of ‘language,
graphophonemic, -syntactic, and semantic, is' used. Isolated use of one
system is avoided. The children are encouraged to use the information from
the integration of all three systems to gain. meaning. The language arts
become meaningful because children read, wr1te, listen and talk about
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activities in which they participate.
This program helps improve existing receptive and expreésive skills and
develop a desire to read and write to gain meaning for pleasure.

ILike listening -and speaking, reading ~nd writing are acquired because they
are functional and sccial in nature. As children interact with others in
their societies of home, community, <r school, they find it necessary to use
language in a variety of ways and for a variety of purposes. "MJ.A.K.
Halliday has identified seaven functions through which a child acquires’ oral
language or, as Halliday puts it, "learns how to mean," Learning How To Mean
(Halliday, 1975). These seven functions have provided others a basis for
drawing parallel functional motivations for learning to read, and a-third
parallel follows easily--motivation for writing.

(K. Goodman and Y. Goodmén, "Learning to Read is Natural." FPresented at the

conferehce on Theory ané Practice of Beginning Reading Instruction, Pitts-

burgh, April, 1976 and Barbara Burk, "How Children Learn to Mean Through

Oral and Print Activities." Presented at the conference on Reading,

University of Missouri-Columbia, October, 1978.)

Functions of Language Activities
Instrumental 1. Write captions for pictures and
"I want" stories.

2., Create situations such as setting
up a store, . »

‘3, Ask others for things in writing
(ordering from an ad, letter to
Santa, information from a resource |

person).
Regulatory : ‘1, - Make signs to express saﬁety}
"Do as I tell you" : health, eating habits.

C 2. Create in maps, pictures and print
directions to homes.
3. Write rules for pet and plant
care. .
4. Write science experiments.,
5., Write recipes.

Interactional 1., Use a classroom post office. -
"Me and you" : 2. Set up work and interest groups
oo ) with elected officers as a club.
3. Form commi ttees for -special
projects. S
4. Engage in partner reading gand
writing. ‘

5. Engage in written conversation.
- 6. Write text through the language

3
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experience activity,
7. Share work with other children, -
groups or classes,
8. Work together to write and act out

plays.
Personal “ 1. Write bocks about own interest,
"Here I come" : : ' letters to penpals, autobiograph-

‘ies, personai survey,
2. Express feelings thkrough dis-
cussions and writing and draw-

< . ‘ ’ ‘ vings.
Heuristic - T+« Discuss, read, and write about

"Tell me why" - points of interest in, science,
o ; math, social studies.

2. Ask and answer questions through
direct experiences (make apole
butter, visit petting farm, fire
station, etc,).

3. Read to children daily., -

4. Children read and write daily.,

Imaginative . ; . 1+ Story-telling, drama.
"Let's pretend" 2. Writing of plays,
Informational - , 1. Produce language by describing an

"Something to tell you" ' object, event or person; make a
. newspaper, a poster, a report,
2, Send messages,

Every teacher waits for an incident which makes all her years of training
and devoted work seem worthwhile, The moment I cherish came when I was in-
terviewing children about reading, "What would you like to do better as a
reader?" I asked. "I'd like to write books for kids," some replied. "1'd
like to be a writer," others responded,- "Maybe someday I'll be a famous
author," answered several more, Why did these replies excite me as a read-
ing teacher? Because these children had underscored the basis of my reading
theory--that, in constructing meaning for others through ‘writing, children
gain.the understanding that reading is a process of getting meaning from
print. : -

From the very beginning of school, I address my first graders as readers and
writers, An exciting atmosphere prevails, one in which risk-taking, experi-
mentation, and persistence in reading and writing are accepted and en-
couraged, with an emphasis on "making sense,"

Robyn, using a picture as a stimulus, writes,.. .
My wave's ror i make reflektions i carry boats for i am the river

- 197y
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‘In writing to a professional author, it is obvious that Matt views himself
as an author as well: : e L

Dear Walter -

I Like The Book you roet The Drragen taeks a wiEF, I Like KietS
and Drragens alot. I Like To Make BookS too, How Log did it take to
‘riet the Book? I will sand you a Book I Maes. Waet is Your aaedrrase?
and ziq cowd?

©

from Matt K.

After deliberately stomping on my bare toe with his combat boot, Bill, the
class challenge who would test any teacher's endurance, writes...

Dear Ms Copelan - ) : .
I am vre sre for stopeg on yor feet and doegg rog tag I am goyg to
bee good ' ’ - 4
- : ' From Bill
Not too many years ago I would have viewed these writing pieces quite
~ differently, focusing upon spelling, punctuation, and grammatical errors,
handvoverlooking the power of children as meaning makers., I firmly believe
that these children write because the classroom atmosphere encourages taking

risk with language and because they know they are respected as individual
learners,

In my. ninth year as an.elementary teacher, I began to question my method of

teaching reading, upon hearing of the approach called "whole language.”

Because I needed and wanted justification and proof of its effectiveness, I

began a five-year graduate program in the area of reading, and became

" actively involved with research in my -own classroom to determine what in-
structional method would most ‘benefit my students. ‘

Like many other teachers, I previously relied'onnmy-textbobk manuals and
standardized tests td guide my instruction, not formulating a personalized
theory base of teaching reading. Due to the information, research, and.
mostly the progress of my students, I formed a strong theory base which .
reflects the whole language approach, : ’

whole language teachers foremost respect children striving to learn the
reading and writing processes. A whole language classroom is a place in
" which children can continue their -language learning in a positive way, one
in which they can take risks, not being afraid to make mistakes while making
sense of their world. The whole language teacher is concerned. with the
effect schooling has on children, realizing that classroom encounters can
make the difference between children becoming active learners and passive .
casualties of the educational system.

_Teachers become facilitdtbrs of language learning with a major goal being to

issue invitations to gtudents to read and write, helping them become respon-
gible owners of their own language. They are encouraged to be risk-takers
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and independent decision-makers. Invitations are offered with the use of a
vast number of materials and activities that give children a real purpose
for reading and writing, :

The materials and activities offered in a whole language classroom take the
place of . the all-too-frequent reading groups that waste readers' and
‘writers' time by using artificial réadingfactivities and fragment language
by teaching isolated skills, consequently stifling progress and_frustraﬁing:'
children. '

The whole language approach personalizes that reading program by meeting the
specific needs of each student. Children do not learn isolated skills, then
read and write, but become proficient readers and writers by reading and
writing. When children learn to ride bicycles, we don't have them memorize
all the parts before getting on to ride, Instead, they  learn by riding,
falling, and trying again. They learn through practice and mistakes.

By sampling print, pmedicting, confirming or rejecting their predictions,
children construct meaning--through reading.

By selecting and considering topics, drafting, revising and editing, child-
ren construct meaning through writing. Their writing should never be judged
on the basis of a rough draft., = After all, how many writers stop there? we
may have loust many gifted writers because the expectations of teachers con-

cerning quality in writing (form) were out of perspective with the focus of
the child (message), : . :

April: ' . _
Terry, a new boy in class, writes a story:
"i A tger A gril. '

Writing from the perspective of ‘a puppy, Matt’J; produces a‘rough draft; to
be revised, and then edited. . :

After Matt writes his rough a:aft, he and I hold a coriference, in which he
finds many of his punctuation, spelling, and grammatical errors.’ After the
‘revision process, he consults friends and the dictionary to share his final

story. ) r-’,/ ¢

My brother Russell and I were playing when we were getting ready to be
sold. We heard Matt say that -he need a puppy. We tried to be real
good so that we could be one of the puppys. Then w2 found out how it
was. When we got home he shut us up and wouldn't let us out of the .
house or feed us, so we got hungry. Finally he let us out but we had
to find ‘'shraps. one day I told.hiu that a puppy .was a big responsi-
bility and that he would have to feed us everyday and a puppy is not
just let in and out. He said that he didn't have enough money I said
you should have thought about it before you got-us, . So he got a doctor
feed and we got lots of food.

.The following classroom activities are some.frequént19 used in the develop- .
ment and implementation of the whole language approach:

N Y
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a. A Sustained Silent Reading Program - in which the class silently
reads self-selected materials for a given period of time daily - is recom-:
mended because it is believed that children learn to read by reading as
suggested by Frank- Smith in Reading without Nonsense (1979).

b. Yours, Mine, and Ours Selections - This is an individualized method
of book choices. The Yours selection is made by the teacher. The Mine is

the student's choice made without adult influence. The Ours selection is

made by mutual agreement between reader and teacher. The class could be
divided into interest groups for discussion of reading material (Goodman and
Watson, 1977)., A reading program to live with: Focus on Comprehension.
Language Arts, Nov./Dec. 1977, 54(7)-

c. Personalized Reading® - This is a method for providing books that
include stories of people who have similar problems or experiences relating
to the reader., A good resource is The Bookfinder by Dreyer.

o

.d. Writing - In agreement with early writing researchers, an important

aspect of the whole language concept is the student's ability to use writing

to get to reading. <C. Chomsky "Write First, Read Later," childhood Educa-
tion 1971, proposed that by dealing with writing before reading, children
will have the opportunlty to become active participants in teaching
themselves to read.

-./ .
Donald Graves suggests'three stages ' to encourage writing. ("Balance\the
Basics: Let Them Write." Learning, April, 1978.) First, there is a pre-

composing. stage which is a. preparation time for st1mu1at10n through art,

reading, discussion, reflection or reaction to experiences. The next stage
is composing, when the actual construction of materials occurs. The last,
referred to as the post-composing stage, is the time to observe what child-
ren do ’w1th the product created. They may share it, solicit approval,

proofread, "edit or -ignore it. Graves believes, "Children should rate their
own work and be aided in developing their own criteria.”

Since 1t is recommended that children be encouraged to use their writing
ability, some of the possible activities are: Sustained Silent Writing,

" based uvpon the Sustained Silent Reading concept, a daily journal, written
_conversations, letters to pen pals, 'writing text for wordless bOOkS, making

their own flctlon and nonfiction books. -

e, Predietable'Books - Use of stories with predictable language allows

'readers to predict what the author is going to say. The more 'readers can

predict the content-and the language of a story, the more readable the story

‘becomes to them, making the reading process more accessible to beginning

readers. Using predictable materials develops the readers confidence in
the1r ab111ty to handle print,

f. Extended Literature Activities =~ 1Involving children with good
children's literature is of prime importance; children need to be read to
dallY. The stories can also ke used to stimulate additional read1ng and
writing act1v1t1es. For example: \ _ —

. i o
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The teacher reads The Little 0ld Man Who Couldn't .Read . by Irma S. Black.

This bock relates to jobs, economics, reading, writing, art and math., After
the book has been read, discussion of the story follows. The children are
then endpuraged to play a game using food product containers. As the
teacher holds up a box a ¢hild reads the label becoming the owner - of that
box. After all the children have an item they are given paper to make an

-advertising poster of their product, Discussion of how the posters will be

used in a grocery store they will set up follows in a brainstorming session
to decide how they should. set up the‘store. Such things #s the jobs at
which people work in grocery stores, how various foods are arranged within
the store, and what customers need before going to' the store are discussed.

" The store is then set up. Problem solving activities are centered on making

objects .for the store, making money, making a cashier stand, making
advertisements, where to place products, making shopping lists, actually
shopping, A field trip to a real grocery store adds wvaluable means of
bringing the child's real world to the classroom.

Material on makihg.money, grocery store ‘settinys, food processing, are made
available for the children to read, :

Using these types of activities raise a concern about the use of computers
in the classroom dealing with reading and writing because language learnihg
is being viewed as a social and natural process and the language arts curri-
culum is being generated by the needs of students to interact with others to
become proficient: language users, N
To date the computer software I have seen comes directly out of a skills
acquisition model of reading. . The focus is on small units of language .
(sound symbol relationships, syllables, morphems, etc.). At best, I've seen
rather contrived short stories (one or two paragraphs). In effect,
the skills sheet or the textbook format of a story followed by end of
chapter test questions has been transferred to the screen,

Bécausé of my reading program T feel it is essential . that the use ' of
computers not be a means of providing meaningless time-wasting tasks; rather
the. use of computers should advance children in their encounter to become
proficient readers and writers, supportive of. the language arts.curricula
that respect children's natural language ability 'and desire to become
literate, = '

O
<
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TEACHING AND TEACHING WRITING IN THE AMERICAN SCHOOL

‘Brooke Workman
English Department
West High School
Iowa City, Iowa 52240 . -

I have .been asked to describe and assess the teaching of writing in the
american high school today, as well as to reflect on computers in education.
That's a big job. If I were teaching. in New Zealand, a country which I
closely observed the past summer, I could analyze their writing program. It
is a national program, mandated and operated by the federal government in
the capital of Wellington. But here in the United States we live and work
in high schools- whose teachers, administraters, and curricula are guided by
myriad forces--local, state, national, individual and departmental.

So what is the Truth?

For the moment, 1 am going to take my direction from those 19th Century
Transcendentalists who believed that Higher Truth or "‘Macrocosm can be dis-
covered by examining Microcosm. And so I am going to discuss flrst Moncay.

‘September 27, 1982, at West High School in Iowa City, Iowa--especially in
Room 105. That's my school; that's my classroom. Microcosm. Ané then I

will try to relate my experience to what I believe is happening in America.
Macrocosm.,

Teaching in an American High School: September 27, 1982

(1) 7:30 a.m. ' : ' .

I arrived at West High School with ten paperback copies of works by Ernest
Hemingway, which I had purchased at a Des Moines used book fair on Friday
night. " Our low English department book budget needed some personal assis~
tance, and I was already thinking ahead to my spring seminar on the Nobel
Prize winner. Even though that seminar would now be three sections, I knew
that this was the perfect setting for teaching both literature and writing:
only. sixteen students in each section working together in a dynamic process
of in-depth study of a 51ngle author. Here we would read aloud, discuss
Hemingway's style and themes, and’ explore everything from pre- wrlting to’
peer evaluation, from skill goals on such things as introductions and sen-
tence combining to com9051ng and edltlng seven position papers in. twelve
weeks.,. : -

With less than an hour before my first class, I hurried to the school of fice
for my mail and then to my classroom where I stacked the books and checked
my lesson plans for the dday. My mail included an approval, without funding, -
for a one—day profe551ona1 leave to attend a writing conference at Drake
University and a reminder that my faculty committee on writing course des-
criptions for next year's 9th grade handbook would meet Thursday. The
comnittee of four includes two English teachers.’
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noting an 80% improvement on their previcus scores.

Just as I prepared to go to the media center for today's audio-visual equip-
ment, Electra Coucouvanis came into the room--smiling. A senior who had
been a member of my college prep classes last spring, she had just received
notification that she was ‘a national finalist in the writing. competition
sponsored by the National Council of Teachers of English (NCTE).

(2) 8:20 aem., Period 1, American Literature

o ~

After taking roll, I returned the corrected 30 Line Alternate Basic Skills
Test answer sheets to those students who had voluntarily come in after
school last Thursday to improve what I believe are the cosmetics of writing-
~twelve mechanical skills ranging from spelling to parallel structure. Con-
cerned about student maintenance and consciousness of these important mecha-
nical skills, especially in content courses, I had developed a proofreading
test program which included review and instruction of the twelve skills, a
test with high interest content, a student .diagnosis -sheet to record indivi-
dual errors, and a reward system for students willing. to take an alternate
test after the answers had been discussed. I complimented those students,

N .

Next I announced that John Leggett, author and director of the University of

Iowa Writer's Workshop, had agreed to meet with our;combinéd American 1liter-
ature classes next Monday to discuss writers and writing.

Finally, I reminded the students that Wednesday would be the day for writing
and proofreading their latest assignment, an anélysis of a short story of
their choice., Though we had spent nearly four weeks discussing moderh short
stories and a method of literary analysis, some students revealed very‘
natural concerns about focus, Some were concerned about the gquality of
their latest drafts. I encouraged the first group to focus on two key ques-
tions: "Does your story relate to you, to your life? Can you relate to the
plot or a character or the central idea in. concrete terms of something you
have read or felt or done?" Then I set up appointments wiith the others to
see me during my conference period or éfter school today or tomorrow. ‘

Now came the lesson: the American author. Since I wanted my students to
know something about people who write and publish, we had spent last Thurs- h
day discussing how authors are published and on Friday seen a film on Ernest
Hemingway. Now it was time for them to become actively involved through
research, speaking, listening, and writing. So, I described their next as- .
signment, pointing to a list of fifty writers' names on the ' chalkboard.,
Each student would select an author; find ranecdotal, biographical, " and
literary material about the author; and present a speech which his/her
classmates would eventually use in wfitipg a profile essay on what American
authors seem to have in common. After the students volunteered for their
authors, I began” their note-taking by giving a seven minute speech on Thomas
Wolfe. In the final minutes of the period, I showed slides of Thomas Wolfe

“and the Munich Oktoberfest, having already discussed the writer's unfortu-

nate fistfight at the fair in 1937 and his account of the fair in The wWeb

and -the Rock (1939).,
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" -what young’ people .

(3) 9:20 a.m. tb 11:20 a.m.

I rdpeated the American literatura leaaon ‘to my second and third period
sectlons. Ndw ‘T had taught a’ total of 82 studenta. '

{(4) GLunch

puring our half-hour lunch, I ate with a youny nngliah department collengue
and a student teacher of nnglish. Kevin, who teaches one of our school's
three strictly defined writing courses, was depressed. He had just read a
newspaper article about proposals for encouraging mathematics and asclence
toachers to stay in high gchools., "They want to pay thogse teachers wore
than the rest of us," he. sald. "this has got to be my last year. I have
. all but the dtssertation, but there .is no future in this profession.," Kevtn
“ia a popular and”'fll—trained rnglish ‘teacher; and I told him .that he way
{esperately. need, "f"By the way," I asked, "how many hours

mv do you have in. wr{tinq or tha’ tanching of writing?". "At least thirty," he

Tk

. told me. - Then I asked the atudent teacher the same question, "I took
raquired Rhetoric as’ a freshman," she sald, “and a frtend and I taught a
unit on wrtttng in our Lngliah methods course.

(5)~ 11:55 QeMey Period 4 Amertcan Humanittqs ' _~'Q f ﬁ

This: 1nterdiaciplinary alactive of twenty—fivo juniorﬂ "and’ seniors fad
. finisiied "rhe Idea of Culture“‘section and thenkchoaon the 1960'3 for Htudy.
Last week thay began rending aocial hintory for their amall qroup discuu—
sions next waok. _‘:1 . . : : :

R

Today, T would initiato u necond aaaiqnmont: Acttvity Committeos.

Activity commtrteea would qive tho ntudents an opportunity to axplore tho'

. .1960's 1in a diffcrent way—-through reeearch, writinq, spaaking,. visualizing.

After. I explained the choices,. thoy voluntoered: gome ;to Mmake a ¢lagaroom -
bulletin board to- dovelop ‘a visual conccpt ‘of . the decade, others. to. collect
and preqent 1960'3 artifacts, nnd un .aven lnrger group . to make a class hand-
book. while the' firat two committ@ea would work cloaely togather, . the hnnd—
book committeo would divide into writing teams on such thinqs ag "The Story
‘of the Year", alanq, fadﬂ and- fnahiona,'“Mnn of Deuado“ and  "Woman of the
Decade". rinally, I dasCribed the available materials 'in the classroom and
thae plans for tomorrow' R ruaaarch in tha 1tbrury and for commtttoo ‘meatings,

- (8) Conferenco Portod Sth Period

No claaans now," I hurried to tha ltbrnry to remind the head- librarinn of
tomorrow's ragearchers ‘for both literature and: humanities ‘classes--and -I-
' “took alooq the A-V equlpmunt for the media centar. I knew that I mukt get

g back*for my .conferances on rough drafta.] :In the halls T met Tukknr Hokan-

fgcn, now .a. nanior and another  former atudont. - Hie nsked me to look as a
rough draft of ‘a puper ‘that would be part of an application for bacomtnq a
Pruqtdential SCholar. >
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() My 6th Period is a 1930's gection of Amorican humanities, and T pre-
- pared  them for Actlivity Comm? tteas--only I took _voluntoors for a radio
goript which thoy would tape as thalr final product,

(8) " 3:50 p.m, .
The buzzer sounded, ending 6th Period, and I roturnod to my desk to study
Tukkar'g manuscript. I saw thnt ha had good ideas and organization, -but hin
-focus was too genaral,. too flat. When he arrived, I' suggested that he con-
vay his love for Iowa City by doing what he does best., “"Take them on. a
bicycle ride," 1 suggested, * "You are a champion racor,” and you have riddon
evory streot in this town." ‘ukkar smiled, his eyos wldening. “"rhat will
work. T'll do .itt" he said, reaching for his manuscript. ‘Then ha * headod
for the door, saying, "See you tomorrow." '
Tomorrow. T bogan to think of tomorrow's lasgsons and those 82 short story’

analyses for Wadnesday. Brain-wave, click: about ton minutes a paper, 820
- minutes, over 13 hours of correcting and suggyesting, mostly at homa.

And then I was brought back to rvality. "Could you halp ma?" a troubled
voice asked. There was Laurie Schintler, a junlor from my 3rd period. And
béhind.hag'wnn Phil Chu, another junfor. "I think I understand my story,"
~Laurie said, "but I would like to talk with 'you about it ‘before I bogin

writing tonight.” “Sure," I said. "Lot's talk about {t,"

- "Before you begin," sald Phil, "ig it all right 1f I turn in my analysis on
computer paper? We have a word processor at homa, "

Teaching Writing In America -

-The Trangcendentalists beliove that a drop of water reveals the river. Bnut
can an English and humanities clagsroom at Wost High School in a university
community in the state of Iowpa reveal anything about the state of writing in
- America?. .I'm not sure. WBut I think so0. )

If I can réiy on my exparience and my-rondihg of public and -professional
‘journala, I think that I can transcend my'immodiatq sltuation, And I think
. T can. translate my September day -and my 24 years of teaching and my work
with the NCTE, the National Education Association, and tha North Contral
Assoclation into at least five obsorvations, ' o

One. The teaching of writing 1s an exercise in discourse. Just what “in
writing anyway? I have listened to inaxparienced teachers and ‘thomae who do -
not write give mo their dafinitions: making an outline and than ‘writing from
i1ty a ’five paragraph paper that. always has a thosis in the Introduction;
being conacious of mechanical eorrors and’ circling ovary ona that is incor-
.ract; a procass that begina with outlining smentences and roviewing parts of-
spaéch.' For me, writing is diacourse, a complicated process that involves
thinking. This thinking process includas. talking, rasearching, Ccoaxdng

TR L
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what one means to the surface through writing words on paper, being aware of .
“an audience. Experienced teachers know that writing is more than the neces-

sary cosmetics of spelling and punctuation or the ralationship of grammar to
written expression. i :

Discourse also must ultimately answer an ovon more important question. for
our studentg: "wWhy should onc want to write anyway?" Rgain, exparienced
teachors know that writing, whether it be an analysis of a ghort story or a
1930's-style radio script, 1is essentially self-expression based on ox-
parience, on a student's own parceptions. and research. ' Thoy.-know that lead-
ing gtudents through the process of writing, from praevision to revision,
will not only give young paople practical skills for success on the Jjob or
in college but also will make them better learners. Writing gives students
a chance o review and revise their thinking, to match ir, words what thay
are ;hinking. Ultimately, this procesns contributos to remembering. ’

Through discourse, my students creata knowlodge about themselves and thus
record tholr porsonal growth. _The result is a kind of human development
that Henry David Thoreau once called "being alive", .

1

Two. The teaching of writing shoula occur in a  supportive environment.
while oxposure to a variety of writing modes can provide motivation, the
inexperienced writer also needs continual support from both pears and the
instructor. Unfortunately, most classrooms are taught by those without much
formal training in the teaching of writing, often in classrooms wi th mora
students than recommended by Gena V. &lasy and Mary Lee Smith of tha Class
Size and Instruction Project. Nevertholess, there are expearienced teacheors
who write and know how to create suppor tive environments through small group
activity, private conferences, positive and useful written commonts, poer
" evaluation, and recognition through local or “contest publication, These
toachers know that writing is hard work with succesues and fallures; and
thsy. invite other authors to their classrooms to share their experlance.
Always they roemain confident that students can write and can be helped to
write batter. :

Three. The teaching of writing is hard work, ofiten unrewarding drudgery,
often oxploited and yet criticized by those wlio should suppert it., We live
-In a society that delights in exploiting problems by overaimplifying them,
then reacting to our overﬁimplifichtionﬂ, and finally reacting to our re- -
actiona. Such hag boen tho case filnce 1975 when Newsweek hit the panic but-~
ton wLth its cover story, "Why Johnny Can't Write". A nation, then hauntoed
by vietnam and Watergate, gourod on the altruism of tha 1960's with ita’ be-
linf that education could solve most of our national problems, began to find
fault with the Miss Doves in the English classroom, with the graphs chart-
‘ing the rise of inflation and unamployment and the dacline of standardized
test scores, there appeared the so~-called "writing crisis" which was part of
a broader "back-to-basics crisis". I o
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But some things did not change for my colleagues: bundles of themes to carry
home, large class slzes, a base salary that did not rise with the cost of
living, and the old burden that writing is largely the concern of the
English departnent, .Yet, soma things did change: daclining budgets which
meant problems of attending profeassional meotings and conferences, fewar of
our top students interested in becoming teachers, more television advertise-
ments encouraging students to call--not write, and more book companies goar-
ing up their old grammar books  and workbooks on the cosmetich of writing.
Worast of all, many of our best teachers have decided that it is time to
leave the classroom. A the Chairman of the University of Iowa Education
Department sald recently, "How can you keep teachers who don't earn as much™
ag refuse collectors?" - -

Four. fThe teachiig of writing hus underqone a revolution in the past twenty
years that is beginning to filter down to . the claasromu, It seems ironic
that as the misery increased so did the exciting theory and research on the
teaching of writing. It is more than sad that those same teachors who feol
they. cannot afford an NCTR membership or a trip to a writing confarence (and
are /often not even allowed to attend such a conference by districts that
cafinot afford substitutes) are Just beginning to hear of the work of such
qﬁucatorﬂ as Janet Emig, Sondra Perl, Frank O'Hnro,"pinda Flower, Lee Odell,
James Britton, Dhonald Graves, Nancy Martin, Willinm Strong, Charles Cooper, -
Donald Murray, and James Moffatt. However, thanks to the Carnegia Corpora- -
tion and the National Rndowment for the Humanities, many teachers have bagun

to discover the ravolution in teaching writing at summer writing projects,

Ingpired by ‘the 1974 Bay Area Writing Projoct-ap'thc University of calilfor-

nia at Berkeley, over eighty such programs now gather -teachers to write and

to explore the now ideas about oral composing, dialect, free wreiting, sex-

iam, and holistic grading--to nume;a few concerns of the writing procass.

<

Now the revolution is providing waaponry against what Frank Smith calls the
twenty-two myths about wrlting, which include: "Poople who do not thom-
selves onjoy and practice writing can teach children how to write,"

Five, “ he computer is a “tool. not fully understood by most teachers of '
writing. . The computer ig largoly uncharted Ffrontior. Whila the 1981 NCTE

‘English Journal mAy contain an article entitled "Electronic Editing an a

Tool" and the 1982 Octobar session of the Phoenix’ Southwest Writing Con-
ference may include a prosentation on "Micro-computers in the Languaga Arts
Classroom",® most Knglish teachers mstill work with beoks, papar, pancila,
pens, and chalk. My high school has six Apple II computers--for the mathe-
matics department. We have no word processors, Nona of my English collea-
ques owns a computer or processor. ' '

For most teachors concernad about budget, paperbacks, texthbooks, and thao
XEROX machine, the computar is no mora real than walt Disney's 'TRON. And
they must be forgiven for, thair skapticlam, 1f not- for their concern, . be-
causae they have road woll thaolir Orwell, Huxley, and Vonnequt, Thay are
concerned about machines that conld replace tham--or aven worse dentroy the
supportive classroom. "bon't let them gell you an eolectronic workbook,"
they ;oid me after T deucribed the Pittsburgh conference. They do not
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understand how a computer can correct all those bundles of essays, how it
can narrow a topic or create concrete support, define a student's exper- |
ience, and humanly and humanely reinforce ‘learning.

I don't know. I'm not sure. ‘But T admit that I am afraid of losing the
irreplaceable. Perhaps I can best explain my feeling by quoting a note that
I recently received from a former student now at Carleton College:

. Dear Dr. Workman, . e T T

I was in the bookstore and when I saw this card I couldn't resist
sending it to you. I'm seriously considering sending one of these to
ole J.D. himself. I even found another Salinger nut--I live in an
apartment with four girls, one of . whom is a sSalinger freak 1like
myself. That was the best class! I think I have yet to write a
paper that I was more satisfied with than the ones I wrote for that
‘'seminar. :

Jennifer

Jennifer had gone through an intensive reading and writing process. She had
defended her papers in front of the group and later written a hilarious
parody of J.D. Salinger.' She had thought about everything from zen Buddhism
to the problems of non-conformity. Will computers be able .to create the
depth of her experience?

of course, I also know Phil Chu. I like him, and he writes well. I even
envy his word processor, as I did those owned by three seminar students last
spring. And I worry,ébout my other students. When former FCC com@issioner
Nicholas Johnson visited my classroom and told my students that they had
better learn about computers or be doomed, I worried about that. While I
cannot see myself in Alvin Toffler's electronic cottage, I think that I am
ready to ride the Third Wave. After all, I have just begun to understand
the writing revolution created by my own colleagues. ' If computers--or any-
thing for that matter--can enrich the lives of my children, my students,
then--hey!--I am ready to listen and to learn.
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CULTURAL LITERACY®

EeDs Hirst;h, Jr, .
. Departme%%héf English
—University-8f Virginia

R R Charlottesville““Virginia 22901

I. The Dispersed Curriculum and the New Illiteracy

For the past twelve years I have been pursuing -technical research in the
teaching of reading and writing. I now wish to emerge from my closet to
declare that technical research is not going to remedy the national decline
in literacy that is documented in ‘the decline of verbal .scores, ye already
know enough about nethodology to do a good job of teaching reading and

-writing, Of course we would profit from knowing still more about teaching

methods, but even using computers, better teaching technique alone would
produce only a’ marginal improvement ' in the 1literacy of our students,
Raising their reading and writing levels will depend far less on our methods
of instruction (there are many - acceptable metliods) than on the specific
contents of our school curricula. Commonsensical as this proposition might
seem to the man in the street, it is regarded as heresy by many (I hope by
ever fewer) professional educators. The received and dominant view of edu-~
cational specialiste is that the specific materials of reading and writing
instruction are interchangeable so long as they are "appropriate,™ and "high
quality,” ' ) ' :

i
K

But consider this nistorical fact. The national decline in.our literacy has

accompanied a decline in our use of common, nationwide -materials in the

subject most closely connected with literacy¢ "English." From the 1890's to
1900 we taught in English courses what amounted to a national core curricu-~
lum. As Arthur Applebee cobserves in his excellent book Tradition and Reform
in the reaching of English, the following texts were used in those days in

more than twenty-five per cent of our schools: "The Merchant of Venice,"
"Julius Caesar," "First Bunker Hill oOration," "The Sketch Book, "
"Evangeline," "The Vision of Sir Launfal," "Snowbound," "Macbeth," "The Lady
of the Lake," "Hamlet," “"The Deserted ‘village," Gray's "Elegy,"
"Thanatopsis," "As You Like .It." Other widely used works will trike a
resonance in those who are over fifty: "The Courtship of Miles standish,™
"Il Penseroso," "Paradise  Lost," "L'Allegro," "Lycidas," "Ivanhoe," "David

Copperfield," "Silas Marner," etc., etc. |

Then in 1901 the College Entrance’ Examination Board issued its first "uni-
form lists" of texts required to be known by students in applying to col-
leges. This core curriculum, though narrower, became even ‘more widespread

than the -earlier canon, Lest anyone assume that I shall vurge a return to

‘
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*A version of this paper will appear in the Spring 1983 issue of. The,/
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‘those’ particular texts,- let me at once deny ite By way of introducing my
subject, I simply want to claim that the decline in our literacy and the
decline in the commonly shared knowledge that we acquire in school are caus-
ally related facts. Why this should be so, and what we might do about it,
are my twin subjects. ~ .

. That a decline in our national level of literacy has occurred few will seri-
ously doubt. The chief and decisive piece of evidence for it is the decline
‘in verbal SAT scores among the white middle class. (This takes into account
the still greater lowering of scores caused by an increased proportion of
poor and minority students taking the tests.) Now scores. on the verbal SAT
show a high correlation with reading and writing skills that have been
tested independently by other means. So, as a rough index to the literacy
levels of our students, the verbal SAT is a rel le guide. That is unsur-
prising if we accept the point made by John Carroll and others that the ver-
bal SAT is chiefly a:vocabulary test, for no one is surprised by a correla-
tion between a rich vocabulary and a high level of literacy. A rich -vocabu-
lary is not a purely technical or rote-learnable skill. Knowledge of words
is an adjunct *to knowledge of cultural realities signified by words, and to
whole domains of experience to which words refer. Specific words go with
specific knowledge. And when we begin to contemplate how to teach specific
knowledge we are led back inexorably to the contents of the school curricu-
lum . whether or not those contents are linked, as they used to be, to
specific texts. : : o

From the start of our national life, the school curriculum has been an espe-
cially important formative element of our national culture. In the schools
we not only tried to harmonize the various traditions of our parent cul-
tures, we also wanted to strike out on our own within the dominant British
heritage, Being rebellious children, we produced our own dictionary, and
were destined, according to Melville, to produce ‘our oOWwn Shakespeare. In
this self-conscious job of culture-making the schools played a necessary
role. That was especially true .in the teaching of history and English, the
two subjects central to culture-making. In the'nineteengh century we held
national conferences on school curricula., We formed The College Board,
which created the "uniform lists" already referred to. The dominant symbol
for the role of the school was the symbol of the melting pot.

But from early times we have alsc resisted this narrow uniformity in our
: culture. The symbol of the melting pot was opposed by the symbol of the
ste:~ .pot, where our national ingredients kept their individual charac-
teristics and contributed to the flavor and vitality of the whole. That is-
"the doctrine of pluralism. It has now become the dominant doctrine in our
schools, especially in those subjects, English and History, which are
closest to culture-making. In math and science, by contrast, there is wide
agreement about the contents of a common curriculum, But in English
courses, diversity and pluralism now reign without challenge. I am per-
suaded that if we want to achieve a more literate culture than we now have,
we shall need to restore the balance between . these two équally American
traditions of unity and diversity. We shall need to resctore certain common
contents to the humanistic side of the school curriculum. But before we can
make much headway in that direction, we shall also need to modify the now
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dominant educationa;’principle which holds that any suitable materials of
instruction can be used to teach the skills of reading and writing. I call
this the doctrine ¢f educational formalism.

“

II. Pormalism and Pluralism;ih the Schools

The current curriculum guide to the study of Engish in the State of

California is a remarkable document, In its several pages of advice to

teachers I do not find the title of a single recommended work. ‘Such . "curri-
cular guidel" are produced on the theory that the actual contents of English
courses are simply vehicles for inculcating formal skills, and that contents
can be left to local choice, But wouldn't even a dyed-in-the-wool formalist
concede that teachers might be saved time if some merely illustrative, non-
compulsory titles were listed? Of course; but another doctrine, in alliance
with’formalism, conspires against even that concession to content-~-the doc-:
trine of pluralism. An illustrative list put out by the state would imply
official sanction of the cultural and ideological values expressed by the
works on-the list. The california Education Departmeht is not in the busi-
ness of imposing cultures and ideologies.' 1Its business is to inculcate-
"skills" and "positive self-concepts", regardless of the students' cultural
background. : The contents of English should be left to local communities,

¢

~This is an attractive theory to educators in those places where spokesmen

for minority cultures are especially vocal in their .attack on the melting~
pot idea. That concept, they say, is nothing but cultural imperialism.
(true), that submerges cultural identities (true), and gives minority child-

ren a sense of inferiority (often true). In recent years such attitudes
have led to attacks on teaching school courses exclusively in standard

‘English; in the bilingual movément (really a monolingual movement) it has

led to attacks on an exclusive use of the English language for instruction,
This kind of political pressure has encouraged a retreat to the extreme and
untenable educational formalism reflected in the California curriculum
guide. .

What the current controversies have really demonstrated is a truth that is

. quite contrary to the spirit of neutrality implied by educational formalism.

Literacy is not. just a formal skill; it is also a political decision. The
decision to want a literate society is a value-laden one that.carries costs
as well as advantages, English teachers by profession are committed to the
ideology of literacy. They cannot successfully avoid the political implica-
tions of that ideology by hiding behind the skirts of methodology and-
research, Literacy implies specific contents as well as formal skilils,
Extreme formalism is misleading and evasive. I wish now to illustrate . that
point with some specific examples.,

III. The Limitations of Formalism

During most of the. time that I was pursuing research in literacy I was, like

. others in the field, a confirmed formalist: In 1977 I came out with ‘a book

on the subject, The Philosophy of Composition, that was entirely fofmalistic
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_in outlook. One of my arguments, for instance, was that the effectiveness
of English prose as an instrument of communication gradually increased,
after the invention of printing, through a trial and error process which .
slowly uncovered some of the psycholinguistic principles of efficient commu~
nication in prose. I suggested that Freshmen could learn in a semester what
earlier writers had taken centuries to achieve, if they were directly taught
those underlying psycholinguistic principles. (With respect to certain
formal structures of clauses, this idea still seems valid,) I predicted
further that we could learn how. to teach those formal principles still more
effectively if we pursued appropriately controlled pedagogical_ research.
/ .

So intent was I upon this idea that I undertook some ‘arduous’ research into
one of the most important aspects of writing pedagogy——evaluatlon. After
all, in order to decide upon the best methods of inculcating the skills of
writing, it was essential to evaluate the results of using the different
‘teaching methods. For that, we needed non-arbitrary, reliable techniques
for evaluating student writing. In my book I had mide some suggestions
about how we might do this, and those ideas seemed cogent enough to an NEH.
panel to get me a grant to go forward with the research. For about two
years I was deeply engaged in this work. It was this detailed engagement

with the realities of reading and writing under controlled conditions that
caused me finally to abandon my formalistic assumptions. (Later on I dis-
covered that experlmentatlon on a much bigger scale had, brought Richard C.
Aanderson, the prem:.erg scholar in reading research, to 51m11ar conclusions.,)

The experiments that changed my mind were, :riefly, these, To get a non-
arbitrary evaluation of writing, we decided. to base our evaluations on
actual audience effects. We devised a way of comparing the effects of a
well-written and badly written version of the same paper. Our method was to
pair off two large groups of readers (about a hundred in each group), each
of whom when given the same piece of writing would read it collectively with
the same speed and comprehension. 1In other words, we matched the reading
skills of these two large dgroups. Then, when one group was given a good
version and the other given a degraded version, we measured the overall
effect of these stylistic differences on speed and accuracy of comprehen-
‘'sion. To our delight,.we discovered that good style did make an appreciable
difference, and that the degree of difference was replicable and predict-
able. So far so good. But what became very disconcerting about these
results is that they came out properly only when the subject matters of the
papers were highly familiar to our audiences. When, later in the experi-
ments, we introduced unfamiliar materials, the results were not only messy,
they were "counterintuitive," the term of art for results that go against
one's expectationé. (Real scientists generally like 'to get counterintuitive
results, but we were not altogether disinterested onlookers, and were dis-
mayed.) For, what we discovered was that good writing makes very little
difference when the subject is unfamiliar. Wwe English teachers tend to
believe that a good style is all the more helpful when the content is diffi-
cult, but it turns out that we are wrong. The reasons for this unexpected
result are corolex, and I will not pause to discuss them at length, since
the important issues lie elsewhere, '
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. Briefly, good style contrlbutes little to our readlng of unfamiliar material

because we must continually backtrack to test out different hypotheses about
what is being meant or referred to. Thus, a reader of a text about Grant
and Lee who is unsure just who Grant and Lee are would have to get clues
from later parts of the text, and then: go back to re-read earlier parts in
the light of surer conjectures. This trial-and-error backtracking with
unfamiliar material is so much more time~consuming than the delays caused by
a bad style that style begins to lose its importance as a factor in reading

- unfamiliar material. The contribution of style in such cases can no Jlonger

be measured. with stat1st1ca1 confidence,

_ The significance of this result was, first of all, that one cannot, even in

pr1nc1ple, base writing evaluations on audience effects--the only non-arbi-
trary principle that makes any sense. The reading skill of an audience is

" not a constant against which prose can be reliably measured, Audience

reading-skills vary unpredictably with the subject matter of the text.
Although we were trying to measure our prose samples with the yardstick of

‘paired audlences, the contrary had in eéffect occurred; our carefully con- .
_trived prose samples were measuring the. .background knowledge of our audi-

ences. For instance, if the subject of a text was "Friendship," all
audience pairs everywhere we gave the trials ' exhibited the same

~differentials, Also, for all audiences, if the subject was "Hegel's

Metaphysics", the' differential between good and ‘bad . writing tended to
disappear. Also, so long as we used university audiences®a text on "Grant
and Lee" gave the same sort of approprlate results -as did a text on
"Friendship". But for one -Community College audience (in Richmond,
Virginial) "Grant and Lee" turned out to be as unfamiliar as _"’egel'
Metaphysics"--a complacency—shattering result.

Wh11e the varlablllty of reading skills w1th1n the same person was making
itself disconcertingly known to me, I learned that similar variability was
showing up in formal writing skills--and for the same reason.. Researchers
at the City Unlversrty of New York.were finding that when a topic is unfami-

liar, writing skill declines in all of its dimensions~-including grammar and

spelling!--not to mention sentence structure, parallelism, unity, focus, and
other skills taught in writing courses. One part of. the explanation for
such results is. that we all have limited attention space, and cannot pay
much heed to form when we are devoting a lot of our attention to unfamiliar
content. But another part of the explanation is more interesting. Part of
our skill in reading and in writing is skill not just with linguistic struc-
tures but with words, Words are not purely formal counters of language;
they represent 1arge underlying domains of content. Paxrt of language skill
is content-skill. As Apeneck Sweeney profoundly observed: "I gotta use
words whén I talk to you."

When I therefore assert that reading and writing skills are content-bound, I
mean also. to make the corollary assertion that important aspects of readjing
and wr1t1ng skills are not transferable, The content-indifferent, how-to
approach to literacy skills is enormously oversimplified. As my final exam-
ple of this, I shall mention an ingenious experiment conducted by Richard C.
Anderson and his colleagues at the University of Illinois., It too was an
experiment with paired audiences and paired texts. The texts were two
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letters, each describing a wedding, each of similar length, word-familiar-
ity, sentence complexity, and number of jdea units. Each audience group was
similarly paired according to age, educational level, marital status, sex,
professional specialty, etc. Structurally speaking, the texts were similar
and the audiences were similar. The crucial variables were these: - one
letter described a wedding in America, the other a wedding in India. One
audience was American, the other Indian. Both audiences read both letters.
The results were that the reading skills of the two groups--their speed and
accuracy of comprehension--were very different in reading the two linguisti-
cally similar letters. The Americans read about an American wedding skill-
fully, accurately and with good recall. They did poorly with the letter
about the Indian wedding. The reverse was the case with the group of Indian
readers. Anderson and his colleagues concluded &hat reading .is not just a
linguistic skill, but involves " translinguistilc knowledge beyond the

" abstract sense of words. They suggested that reading involves both "lingu-
istic-schemata" (systems of expectation) and "content-schemata" as well. . In. -

short, the assumptions of educational formalism are incorrect.

\

IV. The Concept'of»Cultural‘Literacy ' \

\
Every writer is aware that the subtlety and comple*ity of what can be con-.
veyed in writing depends on the amount of relevant .tacit knowledge that can
be assumed by readers. As psycholinguists have shoﬁp, the explicitly stated
words on the page often represent the smaller part! of the literary trans-
action. Some of this assumed knowledge involves such ‘matters as generic
conventions, i.e., what to expect in a business letter, a technical report,

~a detective story, etc. _An .equally significant part of the assumed know-
‘ledge--of ten a more significant part--concerns tacit knowledge of the exper-
iential realities embraced by the discourse., .Not |only have I gotta use

wprds to talk to you, I gotta assume you know something about what I am
saying. If‘Iihad to start from scratch, I couldn't sﬁart at all..
i L ! .

We adjust for this in the most casual talk. It his been shown that we
always explain ourselves more fully to strangers thiﬁ to intimates. But,
when the strangers being addressed are some unknown collectively to whom we
are writing, how much shall we then need to explain?i This was one of the
most difficult authorial problems that arose with the advent of printing and
mass literacy. Later on, in the eighteenth century, Dr. Johnson confidently -
assumed he could predict the knowledge possessed by'-‘ a personage whom he
called "the common.reader." Some such construct is a |necessary fiction for
every writer in every literate culture and sub-culture. Even a writer for
an astrophysics journal must assume a "common reader" for the sub-culture
being addressed. A newspaper writer must also assume a "common, reader" but
for a much bigger part of the culture, perhaps for the literate culture as a
whole. 1in our own culture, Jefferson wanted to create a highly informed
"common reader," and he must have assumed the real existence of such a per-
sonage when he said he would prefer newspapers without government to govern=-
ment without newspapers. But, without appropriate, tacitly shared back-
ground knowledge, people cannot understand newspapers. | A certain extent of
shared, canonical knowledge -is inherently necessary to literate democracy.

»
O
[V
sy



Q

ERIC

Aruitoxt provided by Eic:

For this canonicallinformation I have proposed the term "cultural literacy."
It is the translinguistic knowledge on which linguistic literacy depends.
You cannot have the one without the other. Teachers of foreign lariguages
are aware of this interdependency between lingquistic proficiency and

- translinguistic, cultural knowledge. To get very far in reading or writing

French, a student must come to know facets of French culture quite different
from his own. By the same token, American children learning to read ang
write English get instruction in aspects of their own national culture that

are as foreign to them as French.

National culture always has this "foreignness" with respect to family cul-
ture alone., School materials contain unfamiliar materials that promote the
"acculturation" which is a universal part of growing up in any tribe or
nation. Acculturation into a national literate culture might be defined as
learning what the "common'readerﬂ\of a newspaper in a literate culture could
be expected to know, That would include knowledge of certain values
(whether or not one accepted them), and knowledge of such things as (for
example} the i -st Amendment, Grant and Lee, and DNA., 1In our own culture,
what should :theue contents be? Surely our answer to that should partly
define our school curriculum. acculturation into a literate culture (the
minimal aim of schooling--we should aim still -higher) could be defined as
the gaining of cultural literacy. o

Such canonical knowledge could not be fixed once and for all. "Grant and
Lee" could not have been part of it in 1840, nor "DNA" in 1940, The canon
changeth. And in our media-paced era, it might change from month to month=--
faster at the edges, more slowly at the center, and some of its contents

‘would be connected to events beyond our control. But much of it is within

our control, and is part of our traditional task of culture-making, One
reassuring feature of our responsibilities as makers of culture is the
implicit fand automatic character of most canonical cultural knowledge; we
get it through the pores. Another reassuring aspect is itg vagueness, How
much do I really have to know about DNA in order to comprehend a newspaper
text directed to the common reader? Not much, Such vagueness in our back-

-ground knowledge is a feature of cultural literacy that Hilary Putnam has

analyzed brilliantly as ."the division of linguistic labor." An immensely
literate person, Putnam claims that he does not know the di fference between’

.8 beech tree and an elm. Still, when, reading those words he gets along

acceptably well because he knows that.under the division of linguistic labor
somebody in the culture could supply more precise knowledge if it should be
needed, Putnam's observation suggests that the school curriculum can be
vague enough to leave plenty of room for local choice regarding what ¢things
shall be studied in detail, and what things shall be  touched on just far -
enough to get us by.. This vagueness in cultural literacy permits a reason-
able compromise between lock~-step, Napoleonic prescription of texts on the
one side, and .extreme laissez~faire pluralism on the other, Between these
two extremes we have a national responsibility to take stock of the’ contents
of schooling, : ‘

v. Cultural Literacy and Politics
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Although I have argued that literate socioty doponds upon shared informa-
tion, T have said little about what that information should be. ‘That in
chiefly a political question. Estimable cultures exist that are ignorant of
Shakespeare and the rirst Amendment. Indeed, estimable cultures oxist that:
aro ontirely ignorant of reading and writing. on. the other hand, no culturae
oxists that is8 ignorant of 1its own traditions. 1Tn a literate nociety, cul-
ture and cultural literacy are noarly synonymous terms. MAmorican culture,
always large and heterogoneous, and increasingly lacking -a common accultur-
ative curriculum, is perhaps getting fragmented cnough to lose ilts coheranco
as a culture. Television is perhaps our only national curriculum, dueapite
tho justified complaints against it as a partlial cause of the 1litoracy
decline. My hunch ta that this complaint in overstated. ‘Tho decline in
literacy skills, 1 have suggosted, is mainly a result of cultural fragmenta-
tion. Within black culture, for instance, hlacks arec wore 1l torato than
whitos, a point that was demonatrated by Robort A.  Williams, as I learned
“from A recent article on tha SAT by Jay Ambarg. {American Scholar, Autumn
1982.) The big political question that has to be decidad firgt of all is
whother we want a broadly literate culture which unttan our cultural trag-
ments "anough to allow us to write to ono anothar, and read what our fallow
cittzonﬂ,hava'wrtttan. our traditional, Jeffarsonian answor has been “"yos."
But ovon Lf that political docision remains the dominant one, as I vofy much
- hope, we still face the much more difficult political docision of c¢hooning
tha contents of cultural litoracy. - J .

Tha answer to this queation is not going to. ba supplied by thooratical spec-
ulation and cducational - research. Tt will he worked out, Lf at altl, by
discussion, ‘argumant, and compromiso, profoasional. educators have undor-
atandably avolded this- political arena. Indoed, oducators should not be the
chief deciders of so momentous an issue as tho canonical contonts of our
culture. within a democracy, educational tochniciang do not want and should
not be awarded the function that Plato roeserved for Philosopher Kings. hut
who is making such dacisions at a national level? .Nobody, T faar, bacaune
wo are transfixed by the twin doctrines of pluralism and formalism,

ftaving made this technical . point where I have some axportise, T wmust o
loave any pratonsa.of authority, ercept ag a parant and cltizon, fThe quon-
tion of guidanco for our national school cuvriculum Ls & political question
on which I have only a citizen's opinion, For my own part, T wish wo could
have a Natlonal Board of Education on tihe pattern of ‘the Now york State
noard of Regents--our moat successful and admirablo body for aducational
leadorship. This imposing body of practical idealists is insulated by law
from short-torm demogogic pressures, ~ It 18 a osluralistic group, too, with
reprosentation for minority as wall as majority cultures. TIts influonco for
good may be gauged by comparing ‘the pattorns of SAT gcoras 1n Naw York with
those in California, two otherwise comparable states. 'To glvo - just one
oxample of tho Ragents’ leadership in tho field of writing, thoy have Insti-
tuted a requiremént that no New Yorker can raceive a high uachool dlploma
befora passing a gtatowide writing test that requires throo typos/p: prysoe
compesition. : . . uf<:£:v~3_ {;
Of course I am aware that the New York Regents have powers that no Nﬁﬁiéﬁhl
Roard in this country could possibly gain. But what a National noard could
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hope to achieve would be the respect of the country, a respect that could
give it genuine influence over our schools, Such influence, based on
leadership rather than compulsion, would be quite consistent “with our
federalist and pluralist principles., The Board, for instance, could presént
‘broad 1lists of suggested literary works for the different grades, 1lists
broad enough to yield local freedom, but also yield a measure of commonali ty
in our literary heritage. The teachers whom I know, while valuing their

independence, are eager for intelligent guidance in such matters,

But I doubt that such a curriculum Board would ever be established in thig
country.- So strong is our suspicion of anything like a central "ministry of
culture" that the Board is probably not a pPolitically feasible idea, gyt
perhaps a consortium of universities, or of national associations, or of
foundations could make ongoing recommendations that arise ‘from broadly based
discussions of the national curriculum. ol

In any case, we need leadership at the national ievel, and we need speéifig
guidance, . : : ' '

It would be useful, for instance, to have guidance about. the words that high
-school graduates ought to know--a lexicon' that would include not just ordi-
nary dictionary words, but would also include proper names, important®
phrases, and conventions. Nobody likes word lists as objects of instruc-
tion; for one thing, they don't work. But I am not thinking of such a lexi-
con .as an object of ingtruction. T am thinking of it ratﬁe; as a guidé‘to
objects of instruction. fTake the phrase "First Amendment," fo: instance,
"That is a lexical 1item that can hardly be used without bringing - in a lot of
associated information. Just what are the words and phrases that our school
graduates should know? Right now, this seems: to be decided by the makers of
the SAT, which is, as I have mentioned, chiefly a vocabulary test. The
educational techniciang who choose the. words that appear on the SAT are.
already the implicit makers of our national curriculum. 1Is then the Educa-
tional Testing Service our hidden National Board of Education? Does it
sponsor ‘our hidden national ccurriculum? If so, the ETS is rather to be
praised than blamed. For, if we wish to. raise our national level of liter-
acy, a hidden national curriculum is far better than no curriculum—at-allsy———
How ‘can” computers help in raising our national level of literacy? I have
suggested that they will help very little if they are used merely as skill-
enhancing devices.' But they could help a lot if they are used as knowledge-
enhancing devices as well.. They could, for instance, give teachers quick
access to first-rate course materials on canonical subjects. They could
bring into being George Miller's wonderful idea, of an- automated @ictionary,
This could do more than. just show an aardvark eating termites and doing
other things that aardvarks do. Suppose a student. asked his computer to
"définé "The First Amendment" (which, by the way, is not go listed in either
The Columbia Encyclopedia or The American Heritage Dictionary). He might
get a twenty-word definition, and a quotation of a typical use. %he machine
might then ask "BRANCH DEEPER?" and if the student said-"Yes," he then might
get a brief history of the Bill of Rights, along with a select, up-to-date -
bibliography. In a utopian world to which we surely could arrive, the
machine might offer to branch still deeper. . But before that day arrived, we

o o
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would want to be sure that at least the key canonical words, phrases, and
proper names had been put effectlvely into the data bank, at a depth of two
branchings. - What a- tremendous labor that would be! But what ;otentlal
beneflts it could bring to our system . of education!

where does this leave us? What issues,are-raised? If I am right in my
interpretation _of the evidence (and I have seen no alternative
interpretation in the literature) then we can only raise our reading and
writing skills significantly by consc1ously defining “and extwndlng our
cultural literacy. And yet our current national effort in the schools is
largely premised on a culturally neutral, skllls—approach. to reading and

‘writing, Should we insert terms like ."Grant and Lee,” "DNA," "The First-

Amendment" into the SAT test? should we+« re-examine the whole humanistic
side of our educational enterprise in the schools'J Do we really want a

,;twentleth—century literate democracy that corresponds to an eighteenth-cen-
_tury Jeffersonian vision? The reader will forgive me if I gét scared in

contemplating the number and power of "those educators whose assumptlons I

" may have: subverted, and if I feel like Dr. Johnson after he had cha;lenged

the traditional unities of the drama-
I am almost frightened at my own temerlty, and when I estimate the fame
and the, strength of those that maintain the contrary opinion, am ready
to sink down in reverential silence; as Aeneas withdrew .from the

defense of Troy, when he saw Neptune shaklng the wall and Jund heading-
the besiegers. o ° '
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Exploiting Present Opportunities of Computers
in Science and Mathematics Education

Report of the Panel on Science and Mathematics Education.
C Frederick Reif, Chair* . . e

Educational Needs of Today's Tecﬁnological Society
The functioning of our society -- our daily lives, our jobé, our national
economy and security -- all depend increasingly on scientific and technolo-

gical knowledge, "Furthermore, many new information technologies (computers,- -

various video technologies, sophisticated communication technologies, . )

are increasingly permeating our society and transforming our lives, Indeed, .°

we.are witnessing. the beginnings of ‘a second industrial revciution which is
prolifératihg“machines that process. information =- in. the same way as the
“first -industrial revolution 'proliferated machines doing mechanical work,
The implicatidns are likely to be as far-reaching. :

o . :
Serious attention must, therefore, be given to the following question: How
can;odr educat%onal system cope successfully with our increasingly gcienti-

R BN >

fic-and’technélpgi;al‘éﬁéiet??

-Needs and Challenges

-

There are obvious, but urgent, needs to prepare all people to function ade-
quately in the technological society in which - they will have. to. live and
work, A sufficient number of such people must be highly . educated to become.
the scientists or engineers who can advance knowledge and provide ‘the inno-
vations 'vequired by our industries. A much larger number must be- educated
to congt*-ict, service, and *use the -technological devices . pervading our
society. :nd all must be educated to achieve at least a minimal level of
"geientific and technological literacy",,iﬂe., the knowledge needed to deal
adequately .with the manifestations of science or technology in daily life w=
and, as citizens, to make adequately ihtelligént:décisiongkgbout important
human affairs affected by scientific or technological considerations. .
Meeting these needs is particularly difficult because scientific and techno-
logical advances have markedly changed the nature of knowledge in' our time.
(a) This knowledge is becoming so extensive and super-abundant that one may
rightfully talk about a "knowledge explosion", . (b) ; The knowledge is wvery .
rapidly changing, Thus there are today many fields ‘where people may become
obsolete in a few years unless they keep on 1earning-n?w information and
skills, (c) - The knowledge is increasingly abstract and highly. symbolic,
. For example, the machines of a few decades ago (e.g.,, ‘engines or automo-
biles) had levers and gears which could readily be seen and touched} but the
‘information: machines of today (e.g., computers or "television) function
' because of' invisible electrons, electro-magnetic fields, or other abstract
concepts. \ S . : ' S :

Ll

Y Mr, Reif is a member of the Depértment of Physics and Group in Science
and Mathematics Education, University of California, Berkeley, California,
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In former times most people could cope with.available knowledge by remem-
bering useful factual information and applying it in fairly standard ways.
But this is no longer sufficient today when knowledge is so abundant, rapid-
=Iy changing, and abstract. Coping successfully with such knowledge requires
judicious decision-making to select pertinent information from vast amounts

-of knowledge, skills of abstract reasoning, prcblem-solving skills for deal-

ing flexibly ‘with diverse or new situatiéns, and skills of independent
ilearning ‘needed *o acquire and apply ‘new knowledge. These are all highly
‘'sophisticated intellectual skills, much more demanding than the remembering -
of factual information., Teaching such intellectual skills effectively is a
major educaticonal challenge and one difficult to achieve, Yet it is a
challenge which must be addressed.if people are to be prepared to functlon
adequately in cur technolog1ca1 society.

a

" Major dangers loom'ahead if these educational needs and-challenges are not

adequately met. Individual persons, unable to cope effectlvely with a.
scientific and technological society, .are in increasing danger of becoming
.obsolete, unemployable, and -marginal in the society. Furthermore, if our

_nation is unable to cope effectively, it is in danger of becoming economi- -

¢ally less viable and productive, losing out to foreign competition, jeopar-

.dizing its security, and imperiling a democratic system dependent upon a

well-educated population,

»

Existing Educational Diffjiculties’

The preceding educational needs and challenges coutrast)sharply with exist-

- ing actualities. 1In many ways current educational systems and practices are

deficient in’ meeting our society's needs in an increasingly _technological

-world.,

O
<

Indeed, thicre is a growing awareness of present educational inadequacies,.
For example, a recent report  prepared by a 'special commission of the
National Science Board (the policy-making body of the National Science Foun=-
datlon) asserts that "We appéar to be raising a generation of Americans,
many of whom lack the: understandlng and the skills to part1c1nate fully in -
‘the technologxcal world in which they live and work.... The current and in-~

s crea51ng shortage of citizens adequately prepared by their education to take

on -the tasks needed for the development of our economy, our culture, and our
security is rightly 'called a crisis by leaders in academe, business, and
government, "1 Even . the popular ‘press has displayed increasing concern
,about ‘current deficiencies in science and mathematics education, For
example, a recent issue of TIME Magazine states that “"the U.S. is rapidly
becomlng a high-tech. soclety w1th low-tech education,"?2

The d1ff1cu1t1es extend con51derab1y beyond students' inadequate exposure to
sc1ent1f1c or mathematical SUbJect matter.,

(1) The knowledge and skills taught in schools often:do not. adequately re-
flect. changing circumstances and correspondingly changing student needs.,
Furthermore, most attention is focused on conveying factual information, but
few systematic attempts are made to teach centrally important intellectual

" skills such as reasoning, problem solving, or independent learning.

a
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(2) " cCurrent teaching is often fairly ineffective and inefficient. For in-
stance, studies .have shown that, even after nominally good performance in
science courses, students may emerge with rather superficial understanding.
For example such students often display gross misconceptions of scientific
concepts and may be quite unable to apply the1r knowledge in redl situa-
tions.

(3)- Current teaching methods are largely based on intuitive notions and
rules of thumb, rather than on systematic design exploiting reliable theo-
retical principles.: In short, even when scientific topics are being taught,
the teaching methods used are quite unscientific (str1k1ngly different from
the systematic and pr1nc1pled methods used to approach scientific or engi-
neering tasks).

(4) There is a marked shortage of - educational- resonrcesh In ;artlcular,
there is an increasing shortage .of adequately quallfled science-and mathema-
tics teachers in primary and secondary; schools., Furthermore, many of these
teachers are over-worked, are burdened with time-consuming administrative
tasks, and have neither sufficient time nor opportunities to upgrade their
knowledge or improve their productivity.

(5)  Access to adequate educational opportunities is difficult for some stu-
dents because of their geographlcal location (e.g., in rural d1str1cts) .in-
d1v1dua1 handicaps, or other special personal c1rcumstances.

Present Educational Opportunities
Educatlonal Potent1a11t1es of Recent Technologlcal and Scientific .Advances

Although the growth of science and technology is at the root of many of our
educational problems, recent -advances in some technologies ‘and ‘scientific
d1sc1D11nes offer promising opportunities for solving some of these pro-
blems, . : : : -

Recent years have witnessed impressive advances in computers and other in-
formation technologies (such as video-recorders, video discs, and new commu-
nication technologies)., These technologies have become. enormously “more
powerful, cheaper, and more widespread throughout our society, 1In particu--
lar, as a result of impressive advances in VLSI (very-large-scale integra-
ted) electronics, the ldast few years have seen the development of micro-
computers and their rapid spread. into homes, bus1nesses,'and schools, -It is
almost certain. that thege developments will continue., Thus one can expect
that, .within the next few years, powerful microcomputers, having capabili-

. Ls
ties ‘similar to those of 1arge-sca1e computers now available only in univer-—

sities and major ‘businesses, will become available and cheap enough to be
owned by 1nd1v1dua1s and schools.3 Such mlcrocomputers will also
increasingly be used in conjunctlon with other information technologies
(e.g., with- communication technologies to interconnect mlcrocomputers, and-
with v1deo-d1scs to gtore v1sua1 or other 1nformatlon).

o

Recent years have a1so w1tnessed impressive advances in “the psychology of -

human information processlng, artificial intelligence (the science of

designing’ computers capable of performing tasks exhibiting human-like

¢
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Computers prbvide'powerful intellectual tools for calculating, for the word
processing involved in writing, for designing . technological- artifacts or
artistic creaticns, etc. These potentialities can be exploited to shift
educational emphasis from the teaching of routine skills to the teaching of
more sophisticated thinking skills of the kind increasingly important in our
technological society- : : ' : ’

Computers can be used to ‘design special'"learning envirdnﬁents" which can-
significantly foster student learning even in. the ahsence of any formal in-
gtruction. In such environments students may perform simulated eXperiments

‘inexpepSively and without danger to themselves, they can explore indepen-

dently to discover 1important new ideas, and they can "learn by doing" in”
contexts carefully adapted to their current capabilities., ' o

Computers can be used to act as private non-human tutors; available to any
student at any time or place of his or her choice, They can be flexibly
adapted to the student's individual capabilities and rate of learning. They
have "personality characteristics"” facilitating learning, e.g., they can be

'very patient and engagingly motivating, wi:thout being intimidating or embar-

rassing. Most important, they can be superb teachers (sometimes superior to

» human teachers) if the teaching programs incorporated.in the computers have

originaily been designéd by. the best available talent investing extensive
time and effort in the preparation of the teaching programs. Finally, by
incorporating recent techniques of artificial intelligence, computers can

increasingly act as non-human tutors with genuine subject-matter expertise

and human-like intelligence.

Computers can potentially be used to provide detailed diagnostic information
about an individual student's currently existing knowlege, thinking skills,
and learning capabilties, Such diagnostic information can greatly. help
teachers and students to devise appropriate activities for teaching or

"learning.

Finally, computers, used in conjunction with modern. communication ' technolo-

' gieg, can be connected together into networks whereby individuals may read="

i1y communicate and interact with each other. Thus it is possible to create
intellectual communities transcending the limits imposed by spatial proximi-
ty. For instance, students who are in some ways special (because of special
interests, special giftedness, or special handicaps) could interact closely
with similar students in remote schools or homes ---and might thus overcome
the sensé of isolation felt by ‘them because of their special status in their

-own “school.

When .all the preceding capabilities of computers are used in combination,
they offer the promise of outstanding educational effectiveness. (Some of
these capabilities will be discusaad in greater detail in a later section
dealing with prototype development.) ' :

Powerful means of educational distribution, Computers can be very effective

agents for distributing‘good education on a large scale.

Educational prégréms and methods incorporated in computers can penetrate al-

.most everywhere, especially as computers become increasingly widespread
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intelligence), 1linguistics, and ‘related = fields., Very recently . these
sciences have coalesced into a new interdisciplinary field of "cognitive
science” dedicated to the detailed study of the thought processes of humans

Or computers., Cognitive science is investigating complex thought processes

-more systematically than traditional psychology, is providing powerful new

modes of analysis and experimental methods, has 1éd to valuable theoretical
insights, and has attracted some good talent to work in this field.,

These ‘technological advances in computers and other information technolo-

gies,/éombined with new insight5<from cognitive science, presently offer .
some ‘unique opportunities with far-reaching: practical implications., 1In par-
ticular, there exisc prospects of'developing an applied science of human
thought processes, or "human'kn0w1edge_eﬁgineering", capable of improving -
human tﬁqught,processes_and designing more effective ways of using know-
ledge, ( For example, such knowledge engineering is' being successfully
applied to tackle the formidable-intgllectual problems encountered in the
design -of complex: very-large-scale-integrated electronics,4) Correspond-
ingly, there also exist promising’ opportunties of more scientific and
technological approaches . to edycation, - particularly in science or

mathematics where complex symbolic thought processes are of utmost

importance,

Such innovative approaches to educatior, exploiting_ new  information
technologies and building upon new insights about human thought processes,
could potentially go a long way toward making ‘education more effective and
meeting the educational needs discussed in the preceding section. ~ Indeed,
these educational needs are too severe to be met by traditional approaches
which focused predoﬁiﬁéntly_on curricular innovation and teacher training.
But more scientific and technological approaches to education offer the hope

" of- teaching sufficiently many students the sophisticated intellectual skills

Y

required to cope with our technological society.

The next few sections outline more specifically some of the. promising

educational opportunities offered by computers and other information
technologies, by the scientific analysis of human thought processes, and by
correspondingly new approaches to'educational delivery, :

Potentialities of Computers and other Information Technolgies

. or. in conjunction with other new information technologies,

The following are some of the major educational opportunities made possible
by the judicious exploitation of presently available computers, used alone

!

Versatile media of instrxuction, Compﬁters provide instructional media po-

tentially more flexible and effective than books, movies, audio or video

- tapes, or other media. In particular, they can be used interactively, pre-

senting information_as well as reacting appropriately to questions posed by
students, = They can involve students very- actively in their own learning,
They can also be readily adapted to the differing  needs of "individual stu-
dents, . . ! . ’ o : T

Powerful teéchingﬂcgpabiliﬁies. Computers- have some unique teaching capabi-

‘lities that can be practically exploited to achieve great educational effec-

tiveness,
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throughout ocur society. Such educational programs may be used effectively
not only in schools, but also in less formal enviromments such as homes,
offices, museums, community centers, etc. They can greatly help and
supplement human. teachers, but may be quite effective even in tie absence of
such teachers, ' ’ )

Computers ‘can potentially make excellent instruction available to all
students. This can be achieved if the teaching programs incorporated in the
computers are designed by first-rate talent devoting extensive time and

effort to the preparation and testlng of such programs., As a result orf such

large initial invessments in program preparation, the quality of teachlng
available to the majority of students can become appreciably better than
that currently available through teachers who often lack adequate time or
superior expertlse. : .

Finally,'lnstructlon prepared for delivery by computers can be” repeatedly
used, readily modified, and cumulatively improved: to -remedy observed
deficiencies or to: reflect changing circumstances)_

e

" Promotion of greater scientific literacy. . The increasingly widespread

availability of computers is likely to foster greater popular interest in
the uses of computers--and thus also to enhance people's  motivation to
understand the quantitative and analytical modes of thinking required for
the effective use of — computers. Such motivation can potentlally -be
exploited by deliberately de51gn1ng computers to be readily usable’ by people

in all walks of life, to provide such people with appealing opportunities to
engage in quantitative thinking, and thus to promote greater mathematical
and scientific literacy.. |

Facilitation of teachers' administrative tasks., computers can greatly -

facilitate many of the burdensome record-keeping -and administrative tasks
carried out by teachers. the valuable time freed in this way could
fruitfully be used by teachers for less routine and more productive
educational activities. - o

"Tools for  educational research. Computers can be -powerful tools for

research in education, For example, recent years have seen very fruitful
applications of computers in basic : studies of human thought  processes
relevant to educatien. :

Important cautions. ~The educational potentialities of camputer and other

' infoxmation technologies can be realized only if these tecnnologles are used |,

with careful educational design based on adequate theoretical undexrstanding.
As pointed out’ before, current teaching methods are often fairly primitive,
unprinelpled, ‘and ineffectlve. Hence the mere iise of such teaching methods
with new computer technologles can not be expeéted to lead to substantial

educational improvements.

Real dang~rs exist if the preceding warning is unheeded. A primary
preoccupation - with techriological hardware- and gadgetry often leads
manufacturers .and technologlcal enthusiasts to pay unduly small attention to
the less visible "software" and educational design requlred for the

! o
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effective functioning of the technology. Furthermore, flashiness and sheer
novelty are often prized more, and likely to lead to quicker commercial
profits, than genuine educational effectiveness which- may be . less
immediately apparent.

Thus it is important to keep in mind that powerful technologies, unwisely
used, may not only be ineffective but harmful. For example, "injudicious -
educational uses of. computers might merely spread mediocre education on a
large scale. -

L

Potentialities of the Scientific Analysis of Thought Processes

As mentioned préviously;-recent'developments in cognitive science provide

‘modes of agalysis_ and ‘insights that can be exploited for the principled

design of instructigon ‘and the effective educational application of
computers. ‘ ' :

Understanding underlying thought processes. Traditional educational efforts

have focused predominant attention on overtly observable behavior and

- products, e.g., on exhibited knowledge or on problem solutions, By
' contrast, recent work on cognitive science has indicated the fruitfulness of

studying the underlying thought processes léeading to such observable
behavior or products, e.g., the thought processes Jleading to the flexible |
use of knowledge or the underlying thought processes needed - for solving
problems, - ' »

To gain adequate theoretical insights, underlying thought processes must. be
studied in sufficient detail to explain how the resulting intellectual
performance is achieved, For . example, in trying to understand the
underlying thought processes involved in problem solving, ' one must specify
in detail how to . describe situations, how to choose useful symbolic

- representations, how to make .judicious decisions to find a possible path
- toward a solution, how to organize relevant knowledge to facilitate the

retrieval of appropriate informaticn, and so forth. The validity of
theoretical ideas derived from such analyses neéds then to be tested by
detailed observations of the thought processes of individual persons, '

The elucidation of underlying thought processes is a challenging task. For
example, experts in a field are often now .consciously.aware of - the thought
processes and kinds of knowledge used by them (qo more than most speakers
of a native language are aware of the underlying rules for forming correctly.
structured sentences). 1Indeed, a major reason why students have learning
difficulties .is that teachers do not teach explicitly many important thought

processes and kinds of knowledge--because they themselves are - not.

consciously aware of them,

Workers ‘in. artificial intelligence, who have tried to program computers to
perform intellectual tasks exhibiting human-like intelligence, need to be
very explicit in designing such programsﬁénd have 'thus. become acutely aware
of how difficult it is' to elucidate ‘underlying thought. processes ordinarily
outside the range of conscious human awareness. This is why recent work ' in

‘artifiicial intelligence is relevant to psychological studies of human
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_tual skills, - o

thought processes and to educational concerns for teaching complex intellec-
o s | ; c.

Practical educational applications. _An improved understanding of ﬁnderlying

thought processes offers promising opportunities for improving educational
effectiveness., Indeed, without an adequate understanding of this kind, it is
difficult to develop reliable approaches for teaching the complex intellec-
tual skills required in mathematical or scientific’ fields. g

As pointed out before, the scientific analysis of thought processes is
beginning to be successfully applied in other fields, such as the design of
complex electronic circuits4, There exist similar opportunities of
applying such analyses to educational applications, thus achieving more

. principled and effective approaches to education. In particular, theoreti-

cal ‘insights about qnderlying thought processes could then be deliberately
exploited” for -the systematic design of " good instruction and for
well-conceived educational applications of computers.

Possibilities . of New Approaches to Educational Delivery

New technological and scientific approaches to educatior, like those des-
cribed in the 1last couple of sections, allow educatisnal tasks to be.

,approached in distinctly new ways, with potentially major scrial benefits.

conversely, the effective exploitation of th2 potentialitie: of computers

_ and other new information technologies may require some distinctly new ways

of approaching educational tasks.

optimized combinations of instructional means.- rTraditiorally most educa-’

tional tasks have been implemented predomz.zatly by human teachers in
face-to-face contact with students, even wheu the teachss faced students in
large classes and had little time to give them individual attention. But
modern information technologies permit educational tasks to be approached
from a more efficacious point of view. .After all, effective education can
today be provided not only by human teachers, but also by books, Mmovies, au-
dio and video technologies, ari computers acting as private non-human tutors
in other capacities. Each cf these instructional means, incluyding the human
teacher, has some unique strengths and some appreciable limitations. Better
educational effectivenescs can therefore be realized by careful design which
uses an optimum combination of such instructional means to attain desired
educational goals. ' ’ S

In particular, such instructional design "would judiciously aim to exploit
the unique .capabitities for each instructional means and try to minimize its
limitations., =~ Human teachers would then be used to maximum advantage in -
those situations where their unique capabilities eare most valuable. °~ But
their potentialities Wwould not be wasted on other tasks better performed by
other media, nor would human teachers always necessarily play a central role
in. every educational task. furthérmore, education would then become less

synonymous with schooling, with more education~Effgctivélywprovided in homes

.and other informal settings.

-
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Exploitation -of significant initial .investments. Our present 'educational

" system still operates largely like a cottage industry, i.e,, it is highly

labor-intensive and uses many. small-scale repetitive efforts. But computers

- and other new information technologies now make it realistically possible to *

implement alternative educational approaches which, 1like modern 'industry,
involve ‘the effective exploitation of large initial investments, 1In parti-

. Cular, large initial investments of talent, effort, and time could be made

to produce high-quality educational programs  which would then be incorpora-
ted in computers and other information technologies, These initial invest-
ments would. then be amortized by repetitive and widespread use of these pro-
grams- by many students, ' ' :

The advantages resulting from such large initial investments would be simi-
lar to those achieved in modern industries . where large initial capital
investments are, of course, the rule. (a) Economies of scale might reduce
the educational costs per student, (b) Better education could be made
available to larger numbers of students, including those in remote locations
and - those with special problems, (c) Some important educational
undertakings, of a kind and quality presently not attainable, might
successfully be undertaken., The reason;is that it would then be possible to
invest first-rate talent in systematic development efforts extending over
prolonged periods of time, with attendant opportunities for cumulative
improvements. (Analogous comments can be made about modern ‘industry which
has been able to generate” sophisticated products which could not possibly
have been produced by a cottage industry, For , exampleé, only enormous
initial investments in first-rate talent, in research ‘and deVelopment; and
in extensive production facilities allowed. modern industry to produce the
marvelous electronic calculators which are today so cheaply available to
everyone.,) ' ' ) - s

'Continuing education. OQur present educational system makes provisions for

people’'s education until adulthood, but views their education as completed
after that initial time, However, it is becoming increasingly necessary to:
provide continuing education throughout persons' entire lives .so that
teachers, engineers, doctors, and most other people can cope adequately with
rapidly changing knowledge and thus maintain their professional competence,
Computers and other modern information technologies can’significantly help
by making good continuing education readily available to working adults in
their own homes or workplaces. '

D

Research Needed to Realize the Opportunities .

The preceding educational opportunities, made possible by recent advances in
computers and cognitive science, are both promising and attainable, - How-
ever, the effective realization of these opportunities is far from simple or
automatice. In particular, it requires ‘improved knowledge and understanding
about some important issues, i,e., it requires appropriate research.

Indeed, the successful utilization of educational technologies will probably
require scientific approaches similar to those which have proved so- very
successful in exploiting technologies in most other fields, In all such -
cases systematic ~approaches, based on adequate theoretical .understanding,
have ultimately proved far more successful and cost-effective than haphazard
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‘ful.

efforts, have ensured cumulative progress and improvements, and have led to
impressive practical applications. It would be very surprlslng if educa-
tional technologies were different in these respects,
Appropriate research, undertaken to exploit the educational applications of
computers, can also help to guard against some potent1a1 ‘dangers.,: In
particular, it can help to avoid the discrediting of promlslng ideas by poor
implementations, the wasting of money and’ other valuable resources in
projects with poor pay-offs, or the use of new educational t‘thologies in
potentially harmful ways. ' : i_ %

. : \

Two kinds of research seem predominately needed at the present time. One . of
these is basic research undertaken to obtain improved knowledge and vnder-
standing of some fundamental issues important for the effective, educational
utilization of computers, The other is appl:ied research involving the
development of good prototypes exemplifying, on a relativ#?, gmall -=ale.

particular educational applications of computers and of ass.ciated irn.struc—
tional methods. (Such prototypes can provide very valuable information use-
ful for subseqguent larger-scale applications.) \

The distinction between basic research and more applied pmototype research’

‘is not very sharp. Furthermore, these two types of research can frultfully

interact with each other.: Thus basic research may of ten suggest theoret1ca1
ideas or methods which can best be tested in some prototype situatlons.
Conversely,. prototype rasearch may often lead to questlons or dlﬁflcultles
suggesting 1nterest1ng basic 1nvestlgatlons. . _ \
\

The 1mportant areas of needed research are those which would contrloute sub-
stantially to the realization of the educational opportunities discussed in’
the preced1ng sections, At the 1982 pittsburgh Conference on Research in
Computers in Education, I and the other members of the Science and Mathe-
matics Group of that COnference tried to 1dent1fy some particular lanes of
research which’'seem most needed and promising at the present time. Our con-
clusions and recommendations are summarized in the next several sections.
Needless to say, our -suggestions represent merely our own judgment and are
not meant to be exhaustive, Other lines of .research might thus also be
worthy of pursult if they can be shown to be needed and likely to be fru1t—

|

The next section outlines some suggested 1lines of basic research an\d the
subsequent section some suggested lines of prototype research. Finally, the
last section recommends some ways for fostering the effective 1mp1ementat10n
of these klnds of research, - . _ : : \

'

Basic Research

§

The basic research needed for effective educational applicationsrof compu~-
ters involves research dealing with cognitive issues (i.e., with thought and
learning pmocesses) as well as -research dealing w1th some pertinent soc1a1
issues,
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Research on Cognitive Issues

Research on cognitive issues should build upon the methods of analysis and
the insights derived from recent work in cognitive science (e.g.,, the
psychology of human information processing and artificial intelligence),
The ultimate aim of this .research is to obtain a sufficiently detailed
knowledge and understanding of complex human thought -processes (of the kind
encountered - in scientific and technolog:.cal fields) to provide a sound.

- theoretical basis. for designing effective instruction provided by means of
. computers, other new information technologies, or human teachers.

Thought and learning processes.' It is clearly important to obtain a better

understanding of the underlying thought processes needed to use scientific
concepts or- to solve scientific problems (especially" since a major aim of
education in mathematlcs, science, or’ engineering is -to teach students
conceptual and problemj-_solv1ng_sk111s in these. fields),

One line of pertinent investigation"‘ concerns the thought processes and
conceptual structures of novice students, Recent studies have revealed that
students approach learning tasks with many prior conceptions, acquired in
daily life, which are often remarkably resistant to change and present major
obstacles to the learning of new scientific concepts, " Most of these studies
have been descriptive, reporting rich observations of the pre-scientific
misconceptions exhibited by students, "It would be useful if future studies’
were somewhat more theoretical and analytic, aiming to understand why
students' conceptions are so resistant to change, how conceptual structures
can beé effectively mod1f1ed or how to predict common conceptual

_difflculties exhibited by students.

Another 'line of useful investigétion concerns the underlying thought

processes -and. forms .of knowledge responsible for the good performance. of
experts in mathemat1ca1 or scientific. fields., As pointed out previously,
much of this expert knowledge is "tacit", i.e., outside the range of
conscious awareness of the experts themselves. Studies designed to make
this knowledge more explicit are clearly important since they would lead to
a better understanding of this knowledge and to more systematic ways of
teaching such knowledge ‘to” students,

Another line of fruitful 1nvestlgatlon, going beyond the study of experts,’
concerns the underlying thought processes and forms of knowledge leading to
good human intellectual performance--without necessarily aiming to simulate
the behavior of actual experts, Such studies would forgo the assumption

~that experts always perform optimally, could devise some - thought processes

superior to those of current experts, and could also design- effective
thought processes " deliberately adapted to the limited capabilities of '
students, Such studies, approached from the point of view of "human
knowledge engineering", could contribute substantially both to education and
to the design of improved forms of human-computer interaction,

Until very recently, theories of learning dealt only with rather si;npfe
learning tasks. It is only now that, building upon newer insights into
human thought processes, attempts are being made to formulate detailed
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theoretical models of human learning in more ~complex symbolic domains.
Studies. dealing with the formulation and testing of such learning models are
obviously highly relevant to ;instruction, particularly in intellectually de-
manding fields such as science or mathematics, Indeed, studies of this kind
are crucial to develop theoretically well-grounded approaches to instruc-
tional design, approaches needed to produce more effective and efficient

" learning- (with or without computers).

Knowledge structure, - Recent work in cognitive science indicates that the
og

manner in which knowledge is structured can greatly affect the ease or dif-
ficulty of using such knowledge for various intellectual tasks. Hence it is
important to understand more fully how people can organize and symbolically

" represent knowledge so that it is useful for remembering information, re-

trieving selected information relevant to a particular situation or problem,

.regenerating particular knowledge that has been forgotten, modifying or

generalizing existing knowledge, or. performing other intellectual tasks.

Studies enhancing our general understanding of these issues are also germane
to more specific investigations concerned with the knowledge structures of
particular scientific domains, In particular; it is becoming increasingly
important to organize scientific knowledge effectively, to identify core
knowledge which allows one to derive or subsume ‘large amounts of - related
knowledge, and to identify what kinds of knowledge are most useful for dif-
ferent tasks or different kinds of..students. Only in this way is it possi-
ble to be judiciously selective in what to teach and thus to help students

to cope with ever-increasing scientific knowledge. Indeed, without adequate

atterition to effective knowledge organization, students will face increasing
difficulties in attaining even minimal competence in a particular domain,

. and will increasingly be unable to transcend the bounds  of excessively

narrow specialization.

Mental models., "Mental models" are relatively simple conceptual . schemes

used by people - to explain or predict observable phenomena encountered by

them.  Although such explanations and predictions may . be qualitative or

scientifically primitive, they can be wvery useful for dealing with the sur-

rounding world and with the complex devices (automobiles, computers, ces)

pervading our technological society. For example, they allow people to ob-.
tain a functional understanding of how such devices work and to . troubleshoot

them when they malfunction.

It would be of interest to study more extensively what particular kinds of

mental models are most useful for various kinds of tasks and kinds of peo-
ple. Indeed different mental models, of various degrees of complex1ty and
predictive power, can be formulated to deal with the same phenomenon or
device, ° For example, significantly different mental models  are useful for
the designer of a ‘car or computer, for the repairman who needs to maintain.
and service these devices, or the lay person who needs to use these devices
in daily life. :

A better understanding of mental models can have substantial educational im-
portance since it would allow one to teach students relatively simple, but
powerful, ways of thinking about complex . phenomena or deVices. It would
thus also help in .efforts. to increase the scientific or technological

4
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literacy oﬁ students whose primary interests are not scientific.

Relevaut research in artificial intelligence. Although artificial intelli-

gence is primarily concerned with computers, some of the research in that
field is highly germane to educational applications. (a) Because efforts
to make computers behave intelligently require a great deal of explicitness
and precision, they can yield valuable -insights about human thought
processes., (b) Work in artificial intelligence can provide very powerful
tools for educational applications of computers, For example, it promises
to < lead to computers more readily usable by people without specialized
training about computers, Hence it could greatly facilitate authoring
educational programs to be implemented by computers. (c) It can help to
make computers play the role of genulnely intelligent non-human tutors (in
app11catlonsﬂwh1ch have now come to be called "intelligent computer-aided
instruction"). (d) It can also help in designing computers capable of
diagnosing ' rapidly "and ‘effectively the existing knowledge or learning
readiness of individual students.

Meaningful evaluation, Reliable progress in education, and the educational

applications of computers, requ1res adequate - evaluation of work undertaken
in this field, The difficulty is that most past efforts at educational
evaluation have not been adequately useful or cost-effective because they
have focused on superficial measures, w1thout elucidating the knowledge most
1mportant for ensurlng further progress.

. . fan)
Studies are needed to prov1de more useful forms of evaluation. In particu=-
lar, evaluations should be theoretically. meaningful, ~i.e,, they should pro- '
vide knowledge which can improve theoretical models of thought processes or
of instruction, Such improved theoretical® knowledge would then provlde a

reliable basis for improving subsequent educatlonal applications.,

-

Q

Research on,Social Issues

[

‘Some research is needed on soc1a1 and psycholog1ca1 factors affectlng the

introduction of new educational technologies and approaches into existing:

social eentexts, BHuch research should aim to provide insights and pred1c— "
tive power sufficient to gquide pract1ca1 1mp1ementat10ns., )

Acceptance of educatlonal 1nnovat10ns. ' Studies are needed to ‘identify

factors’ that lead people or institutions to.resist or accept the introduc-
tion of new educational approaches or . technologles. Such -studies . should.
provide 'improved understanding of the perceptions of teachers, students ‘and
parents--as well as adequate knowledge about cultural and social: factors
within present—day schools, :

Knowledge of this kind could help to devise improved methods of communica-

tion and participation for modifying people's existing conceptions and faci~ -

- litating their acceptance of change. For example, it would be desirable to
_carry out experlments where such methods are used to change the perceptlons

of’ parents and teachers about present educatlonal needs or about the merits
of new‘:educational technologles. .

Economic aspects. , People are unlikely to accept_hew educational appr oaches

{
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‘newer educatlonal approaches with those of more traditional ones.,

iend technologies unless they are persuaded that the entailed costs are rea-
sonable. But meaningful comparisons of costs are subtle, particularly since
the exp101tatlon of computers in education would entail a shift from small

recurrent’ operating costs to larger initial’ investments. Hence it would be
desirable to have some good analyses comparlng the costs and benefits of the

"Prototype Research

The judicious educatlonal appllcatlon .of computers could be greatly further—
ed by relatively small-scale prOJects exemplifying useful applications of

_computers and serv1ng as prototypes for subsequent deployments of education-

al..technology  on a large scale. .(a) Such _prototype projects can provide
valuable information and theoretlcal 1ns1ghts if they"are Carried out care-~
fully and treated like experiments performed under well-controlled condi~-
tions. (b) Different approaches can then be.readily explored and modified.
Furthermore, mistakes-can be made on. a relatively small scale where they are
relatiVely harmless and where they can be more easily diagnosed or remedied.
(c) A good worklng prototype can  be very- effective in persuading people to
adopt new approaches, often: more* effettlve than' many published art1cles

~without visible 1mplementatlons.

- To be useful, the development of prototypes must be undertaken in a "pr1nc1—

pled way", i.e., ‘the design and 1mplementatlon of the prototype should be
guided ,by explicit theoretical ideas about instruction.. The ‘subsequent
evaluation of . the prototype ‘should then try to elucidate why certain things
work or do not work--and should thus contribute to the refinement of theo-
ret1cal 1deas useful in the future.

G

Prototype projects’must be of high quality. Otherwise they may do more harm
than good, e.g., they may discredit promising ideas by poor implementations.
Thus it would be preferable to have a smaller number of “high-quality proto-
type pr03ects, carried out by good talent, than a larger number of projects

of queStlonable quality. -

_»Although prototype pr03ects may properly want to empha31ze particular tech- :
# . nological or cognitive aspects involved in the educational applications of

computers, they should pay heed to the psychological and social factors im=-

_.portant in real contexts., Thus ‘they should pay proper attention to motiva-
'-tlonal factors affectlng student learning., They should be aware that learn-
“ing: may be affected by collaboration or competition between students, They

should also attempt to design educational applications in a fashion that

~would facilitate their ultimate social acceptance, and proper use.

Y

‘Ccomputers as Intellectual Tools

Computers can be powerful 1ntellectual tools and media of expression, - With
the aid of the methods of artificial 1nte111gence, they can even be genuine=

ly intelligent agents serving people in various roles, For example, compu~

ters can do arithmetical calculations, can perform symbolic algebraic mani-~

‘ pula*lons, and can construct and manipulate graphs., They can be word pro-

cessors which facilitate writing, ' correct spelling errors, and make :
. ' ‘ . Iy A

£,
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suggestidns about improved grammatical ‘constructions. They can act as

secretaries, bookkeepers, and accountants. They can also be p0werful a1ds’J

for des1gn1ng technologlcal devices or works -of art.

These - capab111t1es of computers may profltably be explored in the follow1ng
k1nds of prototype applications. . e

v

‘Computers as tools for educators. Computers could potentially be used to

-facilitate greatly the administrative and record-keeping tasks of teachers.

- This rather simple application, explored in prototypical situations, might
. well show significant increases in the product1v1ty of - teachers, their time

available to students, and their educational effectiveness. Such results
would, of course, have obv1ous pract1ca1 appllcatlons which could be readlly
implemented, :

A more challenging task for prototype exploration is the development of com-
puter environments designed to facilitate: the authoring of computer-imple-
mented educational applications., In particular, such computer environments
should aim, to make authoring possible for people with minimal experiences in
computer programming. Furthermore, methods of artificial intelligence might
be exploited to incorporate within computers appreciable expertise about
particular subject-matter domains. The authoring of instructional nater1als
in these domains could thereby  be appreclably fac111tated. :

Computers as tools for students. Computers,‘avallable as tools for stu-

dents, can today help them carry out many relatively simple-.tasks which gtu-
dents traditionally spent years learning to do unaided (e.g., making arith-
metical computations, manipulating symbolic expressions in algebra, imple-
menting syntax rules in computer programming,.,.). Various resulting impli—
cations may usefully be explored in prototype projects. and assoc1ated re-
search studies,

Some such projects should explore the extent to which such computer tools,
available to students, can provide increased time and opportunities to

- teach such 'students more sophisticated’ intellectual skills (e.g., reasoning,

problem solving,...) important”in our. technological society.

Other prototype projects might explore new teaching methods made possible by
the existence of such computer’ tools. For example, traditionally one
teaches predominantly "bottom=-up", i.e., one teaches first simple skills
(such as ar1thmet1c computation) and then builds upon these to teach more

" sophisticated skills (such as solving realistically interesting problems).

But the availability of computers, which can perform simple tasks for stu-
dents, would- allow one also  to teach in reverse "top~down" fashion. Thus
one could 'start quité early to teach problem solving or other sophisticated

stllls, us1ng computers to carry out the necessary simpler tasks (such as
arithmetic computa*iona). An interest in problem solving might then after-
", wards be used as a motivating and' facilitating context to teach students

more of the simpler intellectual skills, - . -

~Such prototype‘efforts suggest several,questions worthy of study. (a) what .
are the relative merits of such bottom-up or top-down teaching methods? (b) -

what intellectual skills are most needed by pérsons -in a society where
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computers are increasingly widely available as intellectual tools? (c) What
are the corresponding implications for the -selection of appropriate know-
ledge and skills to 'be taught in various curricula? For example, when
arithmetic computations can so readily be executed by cheap calculators
practically available to everyone, is there still need to teach students
great facility in numerical computation? Or might it be sufficient to teach
them merely how to carry out. computatlons 1n case of need, but without
requiring great facility?’ ’ '

Learning Environments
: (47 - . .

Computers can be used ‘to design learning environments which can foster stu-
dent learning even in the absence of any formal instruction. Such learning
environments have been designed for varlous educational " levels, e.g., the
LOGO computer language and "turtle geometry . for use by quite -young
ch11dren,5 computer environments for learning to troubleshoot electronic
c1rcu1ts,6~ and others, " The following kinds of prototype -projects would

be desirable to explore more fully the potentials of various learning env1-
ronments, y

Access to realistic data. Computers can prov1de learning environments where

students have access to real data ‘(e.g., data about populations andwdemo—
graphic trends, econom1c ‘data about vdrious countries,...) and can use the
computer to facilitate computatlons with such data. Students would then no
longer be restricted to working with unrealistically simplified numbers, but
could work with information pertinent to realistic contexts. Such learning -
environments could also be exploited to teach students wuseful knowledge .
about modern computer-implemented data bases and the techniques neemed to
work with such data bases. '

Simulated laboratories. Computers can be very pmofltably used to create

learning environments 51mu1at1ng laboratory situations.
]

Such laboratories may simulate real situations which might be enoonntered in
an actual laboratory. However, the simulation has  -the following advantages:

It is usually much less expensive than a real laboratory. It allows the

quick exploration of many possibilities and the systematic variation of many
relevant’ parameters. (For example, it is possible to carry out large num-

bers .of simulated genetics experiments without waiting weeks for real bio-

logical organisms to grow.,): It allows active exploration without danger of
harm to students (since simulated explosions are much more innocuous than
real ones). Finally, it allows students to focus their ‘attention on cen-
trally important issues, without belng distracted by the many loglcal de~
tails of real experiments, :

Needless to- say, such simulated laboratories are not a substitute for all
real laboratory work, but may often be very good pmeparatlon for - actual
laboratory experlments.

Simulated laboratories also .@l.ow the exploration of phenomena outside the
range of ordinary  experience, For example, it is possible to explore, in

simulated environments, phenomena in outer space, phenomena at wvery high
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speeds near ‘the speed of light, or phenomena at the atomic scale,

Lastly, simulated laboratories allow the exploration of hypothetical or fic-
titious situations not encountered in the real world. For example, it is

possible to create simulated worlds which behave according to the primitive

_pre-scientific. conceptions of novice students, Students, left free to ex-

plore such worlds, would then quickly discover in what ways their own con-
ceptions are not adequate to explain phenomena in the real world, '

/
All the preceding applications could usefully be explored in prototype situs
ations, N : . : //

Learning by doing. Effective léarning is greatly fostered when students/are

~actively involved and learn by doing. cComputers can provide learning envi—

ronments which can markedly facilitate- such active learning." For example,
they can provide environments which can be simplified to facilitate’a stu-
dent's independent learning by discovery——and which can then gradéally be

.made more complex to match the increasing capabilities of the studént during

the learning process. .They can allow students to-formulate hypotheses, to

- perform experiments in the computer environment, to analyze the results, and
-to use these to modify the original hypotheses. Moreover, they can after-

wards exhibit to a student a record of his or her thought processes, thus
helping to improve the student's intellectual performance/through greater
self-awareness of his or her own thinking and learning. / -

o /
Development and use of mental models. Computers permit the design of learn-

" the same situation, s

ing environments which help students acquire mental models to .deal with com-
Plex phenomena or devices, For example, the s1mu1ated manipulation of
switches can be presented on a computer screen by correGPOnding displays
showing the’ corresponding flow of electrons .in c1rcuits——thus prov1ding stu-
dents "with .useful mental models of the functioning/of electronic circuits.
Similarly, the computer can help students to use alternative mental models,
e.g9., by displaying corresponding visual or mathematical representations of

/

Computers ‘as Tutors : B f -7

As already mentioned, computers can potentially be excellent non-human
tutors, available to every student and highly responsivé to his or her
1nd1v1dua1 needs, - The potentialitiesz are particularly large if one exp101ts
recent methods of artificial inteliigence to endow such tutors with more
human-like intelligence. The non—human tutor can then have genuine
expertise about the subject-matter to be taught, can use student responses
to diagnose the student's knowledge and understanding at any stage, and can
provide corresponding tutorial guidance. For example, such "intelligent"
computer tutors or "coaches" have been constructed to teach some simple
arithmetic skills (e.g., in the /game of WEST) skills in electronics
(SOPHIE), or skills in medical dlagnOsis (GUIDON) .7

It /would be desirable to~'have-/good prototype projects demonstrating  the
capabilities of computers as excellent tutors. Such prototypes might use--
fully include both some. which do not invoke the methods of artificial
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intelligence (thus more easily constructed and also implementable on micro-

_ computers commonly available today) and some which do use artificial intel-

ligence {(thus more powerful and suitable for mlcrocomputers more readily
available a few years from now),

The  following two aims sezm particﬁlarly worthy of pursuit, (a) Construc-
ting prototype computer tutors- which, by virtue of good de51gn ‘efforts by
very good talent, can provide excellent ingtruction in a particular scienti-
fic domain, even without apprecizble aid from human teachers. - (b) Construc-
ting such tutors which can help to teach conceptual and problem—solv1ng

. skills 1n scientific domalns of apprec1ab1e difficultye.

Diagnosis of Student Kniowledge and Ablllties

Computers, programmed on the basis ‘'of an adequate andlysis of human cogni-
tive processes, can be used as diagnostic devices to ascertain quickly a

"student s existing knowledge, understanding, mlsconceptlons, or intellectual

skills, For example, an existing computer program: (BUGGY8) has been
used, with impressive effectiveness, to detect a student's underlying arith-.
metical misconceptions responsible for seemingly erratic errors made by the
student when addlng of subtracting multiple-digit numbers,

It would be desirable to have prototype applications where computers are
used as ‘diagnosticians to help determine underlying student  knowledge and
intellectual skills in more complex scientific or’ mathematical domains.
Such computer diagnosticians would make teachers more aware of the various

‘intellectual components needed for -good performance, would reveal to them

which of these components are deficient in the case of any particular stu-
dent, and would help uncover hidden conceptual difficulties., Such informa-
tion would,. of course, be very valuable for planning’ appropriate instruc=

tion., (The design of computers for such diagnostic purposes would probably

also stimulate interesting research questions about cognitive processes.)

Intellectual Communities by Networking

- educational approaches or programs.

Prototype projects might also explore ways of creating useful intellectual
communities by means of networks of interconnected computers. Such networks
would make possible beneficial communication and interaction between stu-
dents with similar interests or similar special problems (e.g., between

similarly handicapped or gifted students). The networks could thus create
intellectual communities transcending the bounds of any particular school.
Beneficial results might include greater intellectual stimulation for stu-
dents, greater motivation for learning, and less psychOIOgical isolation for
exceptional students in particular schools.

Networking could also be quite helpful in creating imbroved interaction

_ between teacher or authors of educational programs._ Furthermore, the exis- .

tence of such networks might appreciably facilitate the dissemination of new
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Integrated Apglication‘of the Preceding potentialities

Although each of the preceding educational uses of computers is promising
and worthy of exploration, the combinpd application of these various uses in
an integrated way would'be'particularly effective., For example, computers
could be used to design a learning environment where students could ex-
plore, on their own, té discover new knowledge; would have powerful computer
tools available to help this exploration; could be judiciously guided in
this process by non-human tutors 'providing them with useful knowledge and
advice; and could interact with each other through a computer network., Such
an environment could, indeed, greatly facilitate effective and efficient
learning, '

It would be highly desirable to have proﬁoﬁypes where the educational poten-
tialities of computers would be explored, in such integrated ways, to pro-
vide instruction in a particular scientific domain. The full "educational
capabilities of computers could then be demonstrated in particularly con-
vincing ways. ' .

Exploitation of Computers for Curricular Innovation .

. . v - ) . ) »
The increasingly widespread availability of computers provides opportunities
for .promoting and spreading educational innovations more effectively than
has traditionally been the case. The implementability of these opportuniF
‘ties might usefully be explored in some'pmototype'imOjects. For . example,
new educational approaches incorporated in "sdftware" programs, distributed
to microcomputers widely available in schools and homes, could affect very
directly the 1learning of students and the perceptions of teachers., Such
software, if -sufficiently carefully designed, could thus be used to intro=-

 duce more modern topics in scientific curricula, to restructure commonly

‘taught knowledge in more modern and effective ways, or to teach more sophis-
ticated intellectual skills (such as problem solving). These opporcunities
could also be exploited to promote greéater scientific and computer literacy
among all students and teachers, ' '

Computers in Teacher ‘Education )
Lastly, it would be desirable to have prototype projects which aaéquately¢
recognize the new role of computers in the education of teachers, (a) It is
important to make teachers more familiar with computers and their use. At
least, teachers must know some of the potentialities. and limitations of com~
puters encountered by them in their teaching positions,  and must have a
level of "computer. literacy" not too inferior to that of many of their stu-
dents. (b) The education of teachers should make. them adequately knowledge-
able- about the educatioral application of computers, about new educatichal
approaches made possible by computers and recent insights into human thought
processes, and about new educational goals needed. to prepare students. to
function in our technological society. (c) Finally, computers should be ex-
ploited as teaching tools in the actual education of teachers, fThis might
not only improve the education of teachers, but also make them directly
familiar with the educational applications of computers,. Such familiarity

bdd
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is particularly important if teachers are later to exploit computers in
their own teaching' (since teachers tend to teach in the way in which they
themselves were originally taught). :

}

Effective Ifmplementation of Resgearch

The kinds of basic and prototype research discussed in the .preceding sec-
"tions are essential to ensure reliable progress for exploiting the educa-
tional applications of computers. Mowever, the fruitful implementation of
such’ research and development is not easy. The fundamental difficulty is
that, while progress in. computers and other information technologies has
been very rapid, systematic efforts to apply these technologies for educa-
tional purposes are in their infancy. In particular, the kinds of talent
.needed for such-efforts are in short supply, public schools are unable to
undertake substantial efforts, universities are presently beset by financial .
difficulties and prone to view education along rather traditional lines, and
business enterprisées focus primarily on short-term efforts promising quick
profits,

The following ' are a- few suggestions for overcoming some of qpe_difficulties
and eénsuring. effective implementation of the needed research efforts.

Investing Appropriate Talent -

The talent, needed to exploit the educationai applications of modern infor-
mation technologiés and cognitive sciénce, needs to be more analytic and
scientific than much of the talent attracted to. education in the past, Fur-
‘thermore, this talent, like that needed to advance any other modern scienti-
fic or technological field, must be of first-rate quality. Hence it is now
important to attract to education some top talent which might otherwise go
into * fields such as artificial intelligence, computer science,
information~-processing psychology, some natural science or mathematics, or
some branch of engineering. (All these -other fields are presently institu-
tionally better supported, more prestigious, and financially more remunera-
tive than education. The difficulties of attracting appropriate talent are
thus appreciable,) ' : o

Successful applications of computers, to provide good education in scienti-
fic or technological fields, require many different kinds of expertise
(e.g., expertisé in the particular scientific or technological field to be
taught, expertise in cognitive science to understand sophisticated thinking

- and learning processes, expertise.aboht computers and computation, expertise

about educational and graphic design, +..). It is increasingly unreasonable
to expect that all these different kinds of expertise can be adequately
possessed by a single person. Hence it becomes important to provide con-
texts where persons with different kinds of expertise can effectively colla-
boratée in complementary fashion. Such collaboration requires more than
* casual interaction between'perséhs in different disciplines, Instead, each
expert in a particular field must know a substantial amount about the other
relevant fields to communicate intelligently with_collaborating experts in
" them. - -
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Judicious Mix of Efforts - 4 “

At the present stage of knowledge about the educatlonal appllcatlons of com- .
puters, it would be unwise to focus massive research efforts - -along one or
two directions which might possibly not be very productive, Conversely, it
would be unwise to undertake so. ‘many diverse. efforts that limited resources
would be dissipated in efforts too small to be significant., A judicious
mixture of kinds of scales of efforts thus seems most adv1sab1e. .
In partlcular, it would seem wise to have efforts pursulng basic research as
well as some implementing prototype projects., In each of these categories,
it would then be useful to pursue several (although not necessarily a11) of
the lines of 1nvest1gatlon suggested in the preceding sectlons.

Slmllarly, 1t would seem wise to support some relatlvely small-scale efforts

. which could éncourage imaginative innovation and help to attract new. talent,

Indeed, some such small-scale projects might have- large pay-offs. Opn the
other hand, it would ‘also be useful to mount some larger projects toensure

"efforts with the critical- slze resources needed to accompllsh some more sub-
'stantial tasks. :

Educational R & D Centers - | ) L . °

Research ‘and development efforts d1rected at the educational applications of
computers may often require resources - beyond those avallable to an indivi-
dual person or small group of persons. Hence we (members_of the Science and
Mathematics Group at the p1ttsburgh conference) strongly ,recommend the es-

- tablishment of some R & D (research and development) centers dedicated to

the furtherance of new scientific and technological approaches to eduration.
Such a'R & D center should be widely accessible to educational researchers
and designers throughout the nation. - Within the realm of education, it
‘should thus play a role analogous to that of one of the national 1labora-
tories in h1gh-energy nuclear physlcs (e.g., the Fermi Laboratory).

Such an educational R & D center would fulfill the follow1ng functions:

(1) It would provide the machines -and supporting personnel needed to carry
out work on the educational applications of modern information technologles.
Expensive computers could thus be made available- to individual researchers
or developers who would otherwise have no access to them. (Indeeqd,
expensive computers may be needed to design practical "educational programs
for student use a few years later, The reason is that the price of the same
computer will by then have dropped so much as to be generally available :to
students,)

(2) The R & D center would provide the possibilities of fruitful collabora-

" tion between the different kinds of expertlse needed to produce good educa-

tlonal programs (e.g., between subject-matter experts, cognitive scientists,
computer programmers, workers in art1f1c1a1 1nte111gence, etc,).

- (3) Ssuch an' educat10na1 R&D center should have a good permanent staff do-
:ing ongoing work of high quality. 1In addition (as in the case of the Fermi

Lab), the center should provide a working environment for numesrous talented
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' researchers and designers staying there for more limited. periods of time.
'Such visitors would provide the center with an influX of new ideas and would
ensure its continuing intellectual vitality. Some of the visitors would be
financially supported by the Center;. others would come there to work while
supported from funds or grants provided to them from other sources. The
work initiated by vislitors could be partially continued by students or other
personnel even after the visitors have left--especially by exploiting the
communication facilities provided by networked computers. -

(4) Teachers coming temporarily to -such an educational R & D center could
provide. educational designers useful information about student needs and
school conditions. Conversely, such teachers would learn about new educa-
tional approaches and programs--and could thus help to diffuse new knowledge
and ideas to existing schools. :

-(5) 1I1f éuch an educational R & D center were close to a good univqrsity‘and
affiliated with it, the center would also help in training the new kinds of
. people (teachers, developers, and ‘researchers) needed to realize the educa-

tional opportunities of computers.

" A single R_& D center would run the danger of becoming unduly fixated -on a
single educational approach and might thus suppress alternative points of
view, Furthermore, such a single center would not be conveniently accessi-
‘ble to. visitors around the country. To ensure a healthy competition between
jideas and adequate access, it would thus be desirable to have at  least two
. such centers., One of these might predominantly b€ Concerned with science
and mathematics, the other with language skills--although no sharp separa-
tion-between these interests would be desirable. : '

The advancement of any new field requires sufficient concentrations of good
talent supported by adequate resources, If well implemented, the establish-
ment of some educational R & D centers could advance significantly effective
" educational applications of computers and improved scientific approaches to
~education--and could thus help meet the educational needs of our technologi-’
cal society. T

Footnotes

1. pNational Science Board, Commission on Precollegé Education in Mathema-
tics, science and Technology. Today's Problems, Tomorrow's Crises,
National Science Foundation Report, 1982.

2. TIME Magazine, p, 67 (27 December 1982). :

3. TFor example, in the fall of 1982 Carnegie-Mellon University and the IBM
Corporation concluded an agreement for producing, by 1986, powerful new
microcomputers, with professional capabilities, capable of being pur-
chased at affordable prices by every student at that University.

4, gee, for .example, M, Stefik and L, Conway. Toward the principled, en-
-gineering of knowledge, AI Magazine, vol. 3, #3, pp. 4-16, Summer 1982,

5. S. Papert, Mindstorms: Children, Computers, and Powerful Ideas., Basic
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metry: The Computer ak a Medium for Exploring Mathematics, MIT Press, , .
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Such a computer environment, supplemented by “tutorial guidance, ig des-
cribed by J.S. Brown, R.R. Burton, and J. deKleer, ‘Pedagogical, natural
language, and knowledge engineering techniques in SOPHIE I, II, and III.
In D. Sleeman and -J.S. Brown (Eds,), "Intelligent Tutoring Systems,
Academic Press, New York, 1982, : _—

These and other -applications are summarized in A. Barr and E.A.
Feigenbaum. The Handbook of Artificial Intelligence, vol. 2, chapter 9,
William Kaurman, Los Altos, California, 1982, ' ’ .
J.S. Brown and. R.R. Burton. Diagnostic: models ‘of procedural bugs in
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See also R.R. Burton. Dpiagnosing bugs in a simple procedural skills,
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. forming tasks that do not require“-the

~ INTRODUCTION ;
The computar realuotion places great demands on  our education systems,
Ame=: ‘ans wa=z t b= prepared for the new kinds Of jobs and social roles
“haz echnocrugy =ms created, and they espacially want their children to be

=¢  for toercooomt=r era. Industrial cities around the country are under-

~7+ .3 ccopmratrwe plans for attracting high-technology businesses and

raining . work “orce. for them, Our school systems are being asked to
rcovide betier science and mathematics .education, higher levels. of literacy
and trainability, and specific computer skills,

This demand for excellence and for new educational forms and content comes
at a time when schools face severe economic pressures. - Budgets are shrink-
ing, good teachers are abandoning education for more lucrative fields, the
better students are tending not to enter the teaching profession, and a his-

- tory of shrinking jin-service training budgets makes special efforts to

improve teaching techniques an added cost that must be considered while bud-
gets are being further cut. The dilemma our schools face is that teachers
need to learn new content and teaching methods if we are to succeed as a
technological society,—but school systems cannot afford to incur the in-
Ccreased costs involved in\pfoviding for this professional development. At a
time when many teachers tBll us that” they make less than unskilled labor,
and pay out of pocket for the pencils their students use, it is unlikely

/

that the costs_of_the_nécés§ary_training;can be passed_On to them, either,

In faét, Americans must face these costs;/ they are necessary to the economic
defense of our country, However, it happens that the situation is not as
dismal as it might appear. The very -technolegy about which we must educate
teachers has the potential for making, them more productive. Several areas
of science and technology have between em created the potential for using
the computer to improve education, to nhanée teacher productivity by per-

jr special’ skills and by acting  as

~

vassistants in tasks that demand more intelTigence. These areas include a

broad range of activities in-the fields of cognitive psychology and artifi-
cial intelligence as well as-the technological innovations that are making
computer power, in the form of microcomputer systems, more substantial, more .
easily used, and more affordable, In the next few pages, we present several
examples of what affordable computers could do for education in .the next .
three to ten years and then briefly discuss the computer technology and the
specific knowledge needed -for these Possibilities to be realized. wWe then
turn to the basic purpose of\gur report, which is to .indicate what role the
federal government can play to\gatalyze'local schools and the private sector
into developing and deploying the many computer tools that education for a

high-technology society needs.

What Is Possible?

.The computer as a simulated laboratory, Recent research findings indicate

that many students, even after taking a physics course, do not understand
the basic mechanical principles that inter-relate force, mass, and accelera-
tion, They do not understand Newton's Laws of Motion. fTheir knowledge of.
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the physical world is stuck at the level of Aristotle while they live in the
world of Einstein., 1In a real laboratory, the sort that physics students
encounter, they can be shown the effects of forces on objects, but they mis- E
perceive those effects, Now, computer programs are available that allow
students to see what woulll happen if their naive beliefs were true and to

. compare this to what happens in a world governed by Newton's Laws. ‘After
-all, computer animations can illustrate events that violate the laws of

physics. Further, many different. viewpoints can be provided that allow
attention to focus on how the student's current beliefs differ from the more
standard views. In essence, the computer says, "If your beliefs were true,
then this is what would happen, but in fact here is what happens instead."
Programs that generate the needed animations are available for classroom use
today. Programs that include a built-in tutor that- could coach students
.through individually tailored experiments aimed at their specific levels of
knowledge will be feasible in a few years.. -

Diagnosis of student prégress in learning., While teachers have good. global
ideas of the relative abilities of their students, it is not uncommon for
gspecific knowledge deficiencies in some student to be taken.as sloppiness or
lack of prdbtice., A collaboragion of industrial aﬁdﬁuniversity-based re=-
gearchers has greatly improved our understanding of the different sources of
mediocre performance in arifhmg#ich using the cqmputer as a,tool, The ini-
tial laboratory approach was to’fuse the full power of a half-million dollar
computer to analyze the answers of children ‘to a s€t of 'subtraction
problems. A computer model of the specific mental acts required to success-

‘fully do subt:action was developed. Then, the codputer attempted- to deter-

mine whether deleting one or two specific steps in the subtraction procedure ’
would lead to the exact error ttern a child displayed. In about a third

 of the children studied, a s beific- knowledge deficiency was detected that

was the cause of a child's pr blems, Experienced teachers could not detect
these weaknesses and would have simply kept asking the childrén to practice
their incomplete skills--to /practice doing subtraction incorrectly. The
diagnosis program has now been reduced to fit onto microcomputers that many
schools already own. Within a few years, <using more powerful micro-
computers, it can be possible for the computer  not only to detect missing
knowledge in arithmetic but even to provide some hints to the student that.
allow discovery of the migsing steps that would result in correct perfor-
mance . . :

Networks to "improve ljiteracy. We can jmagine an exciting enviromment in
which students use advanced ;prsonal computer systems to access books in
distant libraries, to send mail to their classmates providing them .with
feedback on their latest essays, ‘and to obtain advice from an automated .
tutor about how to improve their reading and writing skills. Their teacher
could use computer fools to  diagnose individual students' difficulties
quickly and to develop appropriate material and intervention strategies, In

such a classroom,‘tye natural use of the written word to find out about the

. world and to interact with othér children would result in integrated learn-

ing ‘of reading and writing skills. . Pieces of this world already exist.
Putting the piece@ together and making .such possibilities accessible to

teachers will require some hard work,

ar
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Do
What Is Needed?

’ 1 N

These exciting possibilities will require more powerful computer systems,

- However, we have experienced a continual decline in the price of computer
power, with prices of different components continuing to drop one-fifth to
one-third in price each year., Expert advice is that these price drops will®
continue .for some time, long enough to assure that schools’ current levels
of computer investments will within this decade be. sufficient to buy
machines powerful enough to allow intelligent instructional systems to oper-
ate in our classrooms and in many homes, '

Our concern is with what will not happen automatically. %hg possibilities
described in the previous section are based upon our knowledge of recent
developments in artificial intelligence and other areas of computer science,
in the cognitive psychology of instruction, and in computer technology.
However, more work is needed for these poSsibilities’togbe fully realized.
The basic advice of this conference is that striking improvement in the
quality and productivity of ‘instructional Computer systems appears .to be
attainable but will not come to pass without a national investment,

A

bonsiderable'software is being developed at the cottage industry level, at
little risk to publishers and ‘other school suppliers, who pay only royalties
on actual sales. Most of this software consists of modest extensions of old
programmed instruction techniques and video presentations of existing
workbook pages., Swamped by . the new world " of computers, school
administrators and teachers are so. impressed® and challenged by even these
weak products that little is required to successfully market them. In N
contrast, the development of, significant intelligent computer itopls for®
education will ‘be expensive and risky. Why should'businessmen~exchange a !
sure profit on the mediocre for a risky effort after excellence? Left to
grow on the basis of market forces, the world of "computers in schools is ;
likely to involve classrooms containing students whod are isolated from each .
other by electronics, bored or confused by poorly designed SOftware, and
rendered passive by systems which- do not promote exploration or initiative,

We ask the federal,government'to take some ofvfhe intitial risks and to make:
a market for excellence  in computer-based education., * Specifically, we
recommend the following: ' :

The federal government Shogld fupd a coherent/effort to devel-

Op prototypes of the intelligent instructional systems we be-

lieve are possible. Such prototypes can act as guides for pri-

vate industry and also as laboratories. for needed. research on ‘

the specific’ processes involved in skilled reading, writing, =~ . -

mathematics,” and other intellectual performances, new ways ‘to
adapt to individual differences in aptitudes and progress in
learning, and the applied psychology of student and teacher in-
teraction with automated instructional systems, They * would
also provide a vision of the.range'of,;oSSibflities for‘ghe
computer in education, forcing attention to the research issues
needed to achieve those possibiiities,.and;helping us to .solve
the problems involved in bringing new sources of learning power
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into éhe nation's many and varied school systems,

| ' : SO
These four generai recommendations, for a coherent, céntinuing effort, for
the development of prototype systems, for basic research, and for efforts
relating to lmplementatlon and teacher training are discussed in the nekt

four sections, f

[
{

!

A COHERENT NATIONAL EFFORT ,

« In order to be productive, the projects we propose should_be-integrated\into
" coherent combinations of basic research, prototype development, and field
implementatlon. The researchers who lay the foundations for improved uses
of computers in the learning process must be involved in field testing so
_that research and practice can inform each other. Researcher interactions
with teachers as they learn to use these new tools is especiallyxlmportant.
We see prototype teacher training efforts as a partial respons1b111ty of the
researchers who are funded bas:d on our other recommendations, - At “the very
least, those researchers should be major consultants in the de“elopment of " *
training systems, both to preserxve the involvement of the knowledge producer ;-
in knowledge application and because of the feedback that teachers can '
1provide, through this mechanism, to researchers. » : L ‘

Projects should be large enough in scope and duratlon to" proV1de clear -
outcomes. None of the more exciting posslbllltlos we have consldered can- be
realized, even in prototype form sufficient for. testlng of efficacy, without
multiyear efforts by cooperating, interdlsclpllnary groups . of researchers,-\h
"teachers, school administrators, and parents. . The work need ‘not be
restricted to a single institution; indeed this may be a- serlous 11m1tat10n.. .
However, it should be concentrated in a small number of pro;ects,_each iof
which involves prototype development as well as basic research and/or school
implementation efforts, This suggests an lmaglnatlve funding:: competltlon'
Both large and smaller initial proposals might be solicited, after .vhich
existing multifaceted efforts 'that survive the competltlon might be "funded
directly whlle smaller-scaled proposals ‘that .are of high.guality might. ‘be’
the basis for the negotlation of a multlulnstltutlon consortium, °

DEVELOPMENT OF PROTOTYPE'CDMPUTER’SYSTEMS

LI 5
. r

Intelligent computer systems can contrlbute to current efforts to increase ’
the amount of reading and writing children do and the amount and quality of
feedback -and guidance they. recieve. We recommend that, several prototype
systems be developed to: explolt this possibility. One imporrant need 'is to
develcp communication ne tworks ‘tying together classrooms, libraries, -and
other information sources and 1nformatlon -processing tools on a local, rea
.gional, and perhaps .national. lJevel. .Some-of these informatioh ‘sources and
information pmocessing tools are themselves targets . for prototype resources
that are likely to, substantially improve 11teracy -instruction and are un-
likely to otherwise be developed and tested in any powerful form., ;
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Information Resources

5

- Electronic Libraries . . -

. We recommend that one or more prototype electronic libraries be developed,

These libraries should be very large data bases of information that can
‘serve as source material for student writing, Having substantial material .
available to students via computer network has several advantages, Firet,
it provides a common information source that is rich enough to support a
variety of writing tasks. Students can receive research assignments, c¢riti-
cize writing already in the database, synthesize different bodies of infogp-~
mation, and perhaps even contribute information of their own. A second ad-
vantage of the electronic library is  that teachers can receive training in
precisely the same environment available to students, -Methods tried out in
practicum courses would not suddenly fail because they refer to books not in
the local school library. Techniques that worked at one school could be
published and used. intact by other schools (indeed, we assume that elec-~
tronic school 1library systems will eventually be used by teachers to ex-~

. change ideas about writing assignments that have worked well). Finally, the
‘skills of data base access and information retrieval are themselves part of

what will constitute literacy in the future, and students will best learn
these 'skills in the context of substantive information needs,

Indeed, scholarship has always involved finding, understanding, analyzing
and extending existing ideas, 1In that sense, what we are calling_forvis
research on new resources for accessing and analyzing information, along

' with exploration of whether these new forms. can -be ‘used to improve the

scholarly abilities of our populace, ' '

/

Automated Dictionaries
~ t !

While the communications technologies make access to distant electronic
libraries feasible, other technologies allow the possibility of mass-produ-
ced local information resources. We recommend that the microcomputer and
videodisc technologies be used to produce intelligent, automated diction—
aries and thesauri. wWith such systems, for example, the "circulatory sys-
tem" could be explained by an animated visual Presentation of -blood circu-
lating in an’ animal, together with éxplanatory text concerning the process,
Definitions of words could be accessed while reading, through touching the
screen, or while writing, by typing.an approximate spelling,

This ease of access should make a qualitati ‘1ange in the way dictionaries
are used, For example, there is some eviavunce that children who do not

- learn very well are less prone to attend to precise meaning and to-details

of a text., ' By decreasing the effort required to access -information about
terms used in texts, we may well create a situation in which slower learners
learn that precision and completeness in reading a text will result in bet-
ter learning, : ' ’

Products which make existing forms of reference information (e.g., di-:tion-
aries) accessible to computer systems already exist. The researci. issues we
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raise are (a) are there new forms of intelligent reference systems that are
worth producing, and (b) how can automated reference systems be used effec-
tively in ‘the schools. Given current research on vocabulary and its rela-
tionships to intelligence, it seems likely that more than definitional ine
formation will be needed, that automated dictionaries” will need to be smart
enough to teach differences in nuance between apparent synonyms, for exam=-

ple.

Interactive Text

Similar benefits may come  from extending thre automated dictionary concept
even further, into the interactive text. The prototype‘we have in mind
would include the kinds of explanatory resources just described, so students
could ask to have a concept explained or a point elaborated. In addition,
the interactive text could have questions embedded within it for students to
answer., Some analysis of children's answers to those questions would be
performed and subsequent presentations would be geared to the 1level of
understanding revealed by those answers. Interactive texts of this type
will make reading more like conversation with an expert,

Information Processing Resources

Coaches And 'Tutors

.
»

artif.cial intelligence research has proceeded to the point at which. a
variety of coaching and tutoring activities can be conducted by a computer
system. It is time to begin building prototype intelligent tutors. so that
we can study the efficacy of such approaches. A writing coach could aid
students as they try to generate ideas and plan their writing. It could
also help students think about their- goals and encourage them to continue
writing. When the student has finished a '‘draft, intelligent text analysis
tools could analyze it in térms of spelling, grammar, and style and make
suggestions for revision. A computer. coach might‘evenfprompt"writers to
read their text reflectively and to use good strategies in revising the
text. In order to deve10p'high quality writing coaches, we need reseatch on .
the writing process™ in skilled writers and in students at different levels
of achievement. oOn the other hand, the existence of preliminary systems
will greatly enhance and better focus such research.

With videodiscs and microcomputers, it also becomes possible to provide
students with models of skilled performance in many different tasks, such as
skimming, studying, éenerating ideas, revising text, etc. That is, children-
could be . given access to interactive texts that explain what a :%illed
reader or writer does in various situations. In order to develop tutoring
( systems fcr the various literacy skills, we will need to develop

= computer-based models of 'skilled performance anyway, since tutorial systems

\\L operate in part by:.comparing an analysis of what a student did to analyses

/\Q" of expert performance. Perhaps students can benefit from direct access to
h¥

*h,ﬁﬁqse models as wel% as from the tutoring systems that use them.
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Communication Networks

v

We recommend funding of one or twc computer network projects. These pro-
jects should test existing network tools, building prototypes of new ones as
necessary. Computer networks can provide three different kinds of access to
information sources: (a) access to information and tools not available in
the classroom, (b) access by students to other students and adults with whom
ideas and suggestions can be exchanged, and (c) access for teachers to share
resources and ideas, For example, students might use a- network to help them

" write about some topic, such as why the rainbow-has different colors., To do

this, they might send messages to their friends to ask for suggestions on
what to read or advice on what tack to take in their writing. They might
retrieve texts or rainbows through the network from an electronic library,
Later they might send drafts of their. text to friends for comments and sug-~
gestions, Such networks provide an environment where reading and writing
arise in a natural context, ' ?

Networks, therefore, provide a powerful context for .learning to read and
write. They-also provide resources beyond the physical constraints of the
classroom, both for students and teachers. The cost of sending messages ig
quite low (even messages sent across the country cost only about 10 cents
gach) . However, one-reason for building prototype networks is to allow ex-
ploration of the relative economics of local and 10ng-distanqe networks, to
learn what costs attach to what sorts of uses, and to foster the development
of schemes that. realize the exciting possibilities of information networks
for literacy instruction without the expense of free, unlimited telegraph
service for all school children.

Good local area network projects need to be spongsored, These should provide
exemplacy prototypes of both hardware and software needed to support a

- closely-knit user community withip a school or a geeéraphically constrained

user community.

" Networks, Videotex facilities, data banks for parents and children, and

éqmputer~based bulletin boards are already starting to be developed. How-~
ever,™ there is need for further support in this area, with attention given
to richer analyses of usage, analyses that include observational work, cog-
nitiver performance (task) analyses, and more traditional achiavement
measurements,

BASIC RESEARCH IN COGNITIVE AND SOCIAL PROCESSES

If we are to realize the potential of computer technology for helping stu-

‘dents develop as readers and writers, we need research of several kinds,

First, we need to understand what motivates students "to become active
readers and writers, and we need to understand how computers can be used to
support these interests and not limit them. We must also understand how
computers can provide readers with resources ranging from advice while read-
ing and writing to convenient library access., We need certain types of com-
puter science research that explores the uses of computer techpology in



diagnosing 1nd1v1dua1 student's difficulties with readlng and wrltlng, and
the uses of computers in helping students overcome problems. Flnally, we
must remain alert to the effects, both desirable and undesirable, that
various uses of computers may have on students' patterns of development as
readers and writers and on the social organization of the classroom.

We hav« several general recommendations for how research: fundlng should pro-
ceed. One view of this research agenda enconipasses a11 of cognitive and
developmental psychology and much of computer science.; The advances of the -
past two decades ir cognitive psychology, 11ngu1st1cs, artificial intelli-
gence, and cognitive development are the basis for the exciting p0551b111—
ties for computers in education that motivate this report. “We support
long-range national investment into these research areas t. limit ‘our
recommendations here to domains of research from whlch we pect a shorter-
term payoff: enhanced design principles for in toractlve instruction and in-
formation retrieval systems for education. There are multiple environments
and strategies for carrying out this research, Sbme of it could be done in’
relatively isolated laboratories; some should be/ carried out in - the context
of developing prototype systems; some will be enhanced by large, multi-dis~
ciplinary research and design teams. In every/case, we strongly urge that
the research integrate the insights of teachers and other education practi-
tioners with' those of scientists. The development of useful systems will
rest on the twin plllars of pract1ca1 and theo*etlcal xnowledge.

) Knowledge Retrié@al

-/ |

The basic research agenda in this area can be divided into three parts. We

' heed greater knowledge about: (a) How humans (young and old) store, process

and ‘retrieve information already contained in their heads and how they can

‘improve the zfficiency and effectiveness of these processes. . (b) How humans

(young and old) acquire new 1nformat10n frrom their enviromment--especially

computer. assisted env1ronments——and how tc improve this acquisition process.

(c) How information 'sources (documents and comput:r files, electronic and

traditional libraries, printed and electronic dictionaries) can be designed

toc facilitate information acquisition by humans. Without the ‘better answers

to these questions, our design strategies for effective computer—human
interaction and retrieval systems will be primitive at best.

Retrieval And. Use COf Prior Information

Research should be funded that addresses fundamental issues #%  human
lor.g-term memory sStorage, organizstion and retrleval. It should address
'such questions as the following:

{a) How well do students understand the degree of knowlédge they have

about a particular subject? What prompts them to search for addi-
tional information? ' ' .

(b) To what Jegree must a person and a machine have the same
organization of information in their memories in order for one to
retrieve information from the othex? . v
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(c) How can we produce or provide clues to students so they can
remember more, organize prior information more cogently, and
acquire information from other sources more efficiently?

£

(d) Under what situations (if any) do students overestimate .their
knowledge or believe false knowledge? Can this be identified and
remediated? '

(e) How do the cognltlve -gkills ne=ded for effectlve memory storage

and retrieval develop? Should we structure 1nformat10n—r1ch en—'

vironments differently for dlfferent—age children?’
(£) To what extent do cultural and social experiences influence
* memory storage and retrieval processes? What effect should this
have on. the design of computer-human 1nteract10n systems?

(g)k What are the heuristic strategies of persons (young andlold) who

are skilled memory retrievers? Can these strategies be taught to
others? : o '

Acquiring New Information

~

We recommend that some research funds be allocated for studies in the psy—
chology of human learnlng, information processing, and systems design,
Specifically, research is needed on methods for improving student-computer
interaction (for all ages of students), and on modelirg what a student knows
in order to tailor presentations to his/her needs. The ‘development of
models of gkilled reading of familiar and unfamiliar text is another
especially important task in this area. Other research questlons that bear
directly on the design and use of intelligent systems include:

(a) What are effective human retrieval _strategies (heuristics) for
familiar ‘and unfamiliar rich data bases? What do we lose or. gain
by automatlng retr1eva1 systems to as high a degree as possible?

; (b) Are there differences in effectiveness between "bottom-up" (induc-

' ‘tive) and "top-~-down" (deductive) retrieval strategies? Are these
differences general, or do people differ in which strategies suit
them best? : °

wee—.. (€) To what degree should the nature and complexity of computer refer-

O
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encing and retrieval systems varf Lgr students of dlfferent ansea
or backgrounds?

(d) How can students be prompted to make intu1t1ve or ant1c1patory
leaps in the acquisition and comprehens10n of new information?

o ! B

-

le) What are the best mixtures of teacher and machiné assistance in-

the acquisition of new information? o
o o .
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Refining Information Sources

The Department of BEducation has already sponsored a successful project on
document ' design. Results from that work will be of great utility in design-
ing effective information systems for .schools. However, there is need for
more spec1allzed research that relates specifically to the possibility of
delivering information via intelligent machines. The questions listed below
illustrate the kind of add1tlona1 research that is important.

(a) Are different media (e.g., sound, text, pictures) necessary for
effectively transmitting different kinds of information to stu-
dents of different backgrounds (age, prior knowledge, cultuLe}
different purposes?

(b) How do we best integrate text with sound and pictures
(particularly animations and films) for effective imvarting of

information?

(c) What kinds of cues, probes, and strategies can an effective
' retr1eva1 system use to make the human task easier? o

- (d) How can interactive texts be designed "to facilitate access to
relevant information at a level appropriate to the reader's skill

and knowledge level?

(e) How can the comprehensibility of text best be evaluated?

Comprehengion And Writing Strategies

Research to date suggests that even ‘secondary=-school students have difficul-
ty summarizing texts, defining main points, skimming text to abstract infor=-
mation quickly, taking notes, and planning and revising compositions. So
far, most research has focused on sentence-level reading and writing
activity, analyzing skills that are either spontaneously available or read-
ily taught, HigHer level (whole text) activities such as summarization and
planning are clearly of equal importance, but are not yet as well under-
stood., We.envision computer aids that will help students by controlling

" which information is presented and how it is paced, by highlighting portions
of the text, etc, However, we\need greater understanding of higher-level
literacy processes before we will “know which possibilities are likely to- pay
ULL- -

-~ <

Self-monitoring And Intentional Control Of Text
. N\,

N

Even after .we 1dent1fy the strategies most effective for various reading and
. writing tasks, we still face the problem of dlSCOVerlng effective ways to
teach those strategles. We also need to assure that the automated tools
that we provide for students do not become barriers to better human skills.
Four  strands of regsearch are proposed with the intention of creating the

A
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research base needed to promote the design of effectlve computer programs
for assisting, promptlng, and: teachlng effective comprehen510n and wrltlng
skills,
(a) Theories of- internalization of control. Wwhen the computer acts as
a mentor, its reasoning should be transparent to the student so
that the computer's strategies will be internalized by the stu-
dent. We need to know how such prompts become internalized so
that we can insure that their use will not -encourage passlve
strategles. :

(b) Parameters for effective use of computer-based procedural facili-
tations. We need to know when (and for how long) students should
be actively coached throuql: reading and ‘writing tasks. We also
need to know which mentor functions are best carried out in the
social milieu of the classroom and which in the more private space
of the computer ‘terminal. : ,

(c) Role of prior knowledge in effective use of mentor functions of
'~ computers. The successful use of coaching techniques will also
depend on the materials and context in which they are applied. we
need to know more about these factors, to determine the conditions
of prior knowledge most conducive to internalization of control
procedures and the conditions that will best foster learnlng of

new content in d1verse subject areas. : .

- (d) Training attention to cues useful in guiding writing or reading
processes, Difficulties in reading and writing are sometimes
caused by failure to notice the cues that an expert would use to
control reading and writing processes, For ‘example, children may
write sentences which lack parallelism or paragraphs which are
poorly organized because they fail to notice lack of parallellsm

~or poor organization in the text. they generate. Unskilled readers
may not. take a sense of confusion in reading” a text as a cue to
reread or to search the text .for the answers to critical ques-
tions. Research is needed to develop techniques for teaching stu-
dents to notice and respond to symptoms of inadequate understand-
ing or inadequate communication of ideas,

Diagnosis And Intervention

Teachers have difficulty in identifying students' 1literacy problems quickly
in their busy classrooms, They could benefit from interactive computer sys-
tems which make (or help to make) diagnoses of student skill levels. . For
example, a diagnostic package which probed thé students' ability to detect

- problems in grammar and organization or to identify major. points in a text

could alert the teacher early in the semester to fifecial needs of students
for remediation. . As the complexity of diagnost ‘h assessment increases, new

" psychometric models based on cognitive theories of competence in reading and

writing should be developed. ' These models may be used in guiding decisions
about how optlmally to sequence diagnostic tests of reading and writing

!
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should be developed. These models may be used in guiding decisions about

how optimally to sequence diagnostic tests of reading and writing skill.

They will also help us’ summarize and interpret complicated patterns of
errors in students' performance on criterion .reading and writing tasks.
Further, they will permit us to study and -summarize changes in student's
diagnostic profiles over time. -

) A3
As we discover powerful ways to diagnose students' reading and writing abil-
ities and difficulties it will become possible to combine diagnostic assess-

- ment with coaching and- tutoring of enhanced literacy skills. For example,”‘

in writing it would be possible to summarize strengths and weaknesses of
writers in such areas as punctuation, grammar, diction, rhetorical organiza-

tion, and suitability of writing style for a given genre., 1In addition, it

might be poscible to assess strengths and weaknesses in editing and revi-
sion, Within each of these areas it then would be possible to tailor train-
ing in writing skills according to the kinds of problems encountered in each
area, : C ; e
piagnostic assessment and training of literacy gkills by interactive compu-
ters may become an extremely important vehicle for overcoming' the
educational difficulties of students from special populations; students who
are handicapped or who suffer from learning disabilities have special educa-

tional needs which might be better met with computers. The game can be said.

for students from non-English backgrounds or students from backgrounds where
English literacy training has not been extensive., ' ¢

It is essential, as computerized intervention systems are developed, that
they be evaluated carefully. At least four questions must be asked of such
systems: (a) Do they have any positive effects at all? (b) 1f so, how long
do these effects endure? (c) Are the positive effects transferable to
everyday academic language use and problem solving? and (d) Do the effects
replicate over different student populations, materials and environments?

Motivation

while solid research has yet to be conducted on this issue, we suspect that,

students' use of computers in classrooms. may affect their motivation to

‘learn in both desirable and undesirable ways. The availability of powerful °

computihg resources to help students acquire reading and writing skills may

" enhance development of a personal gsense of literacy, leading the student to

participate more fully and effectively in everyday classroom activities,
For- example, availability of electronic mail systems-ahd use of édmpufers to
create classroom newspapers“may increase students' ‘interest in using liter-
ate media as a means for communicating ideas. This increased motivation to
read and write may have positive long term consequences for “learning.how to
learn, developing idea. generation skills, and developing social skills. One
can also imagine negative motivational consequences arising from misuse of
computarized tools in the 'classroom, Excessive interest in computerized
learning games as a means of entertainment may lead students to lose
jaterest in participating in teackés-led activities or sustained independent
work. Students who ars already poorly accommodated to the social life of
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classrooms may become even more poorly adjusted, This may occur . because
students become more withdrawn as they interact less with other students and
teachers and more with computers. Some students may also lose self-esteem
because they find that they are not as skilled in computer activities as
other children. We recommend research dealing with issues such as the
following: - : - '

(a) what are the motivational consequences of instruction by computer,
teacher-led instruction, student group activities, and individual
seatwork? Which approaches should be used when? :

{(b) Computer literacy stands a chance of creating_ yet another area
where differences between the least able and most able performers -
Create new social class divisions. TIf less able students use
computers primarily for diagnostic and rémediation purposes while
more able students are engaged in more creative activities, will
only the latter come to regard the computer as a powerful +tool
rather than a taskmaster? - : :

(c) Wwhile computers can create motivating game environments, we do not
want to make students addicts of artificial reinforcement., fThere
is another potential problem, Ideally, in using a tool to solve a
problem, the user's attention should be on the problem and not on
the tools, Adding motivational features to a computer tool may
focus too much attention to the tool itself. Research addressing
these problems should be encouraged. :

(d) How can computers be used to improve self-~perception, social in-
teraction skills, and pride in computer literacy as a personal
* . form of expression? : :

; ~

HELPING "SCHOOLS BECOME COMMUNITIES OF EDUCATIONAL COMPUTER USERS

Even the best tools for computer-based education will not ‘be widely used
unless (a) care is taken to put them in forms that solve school systems'
problems; and (b) effort is allocated to teaching "teachers how to use these
resources. In this section, wé present first a set of goals and concerns
that we feel should pervade all naticnal "efforts to improve computer-based
education. This is followed by a set of recommended activities related to
development and implementation of systems that can significantly improve

education. i X

‘. : . , _ . Goals And Needs - . j\\

Computer as Helper, not Master., The compﬁter can be our servant in educa-

tion, a new kind of servant that can be asked to do things we have never
before tried to do curselves. We must be ‘trained in order to best be served
by it. 1In our vision of new possibilities, we must also recognize the limi-
tations of our computer helper. A computer cannot replace human role models

v
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in education, nor is it smart enough to supplant human teachers in their
sympathetic interaction with children. Our national goal for the computer
in education should be to find ways for it to help children learn, help
eliminate teacher tedium, and give the teacher effective support systems
beyond the capacity of parents, local schools, and school districts.

Challenge of New Technology in a Democracy. ° Some people fear that the

compyter will increase the already wide gap between the haves and have-nots,
between those who use computers routinely in their homes, and. those who
cannot afford such luxuries., The danger of ignoring the special needs of
the educationally -disadvantaged should be recognized, and policy should
ensure that this does not happen. If this tool is to be made available to
our schools, it should be made available to all childsen equally. A unique
opportunity -of the new technology for educaticn is to extend the learning
environment beyond the school and into homes. Yet, special care must be
taken to avoid intrusion on parents' rights and responsibilities and to
assure that equality of computer-related opportunities in the school is not
eroded by differences in home computer availability. :

The traditional Jeffersonian aim of a universally literate democracy should
be extended to include computer literacy and math and science literdcies, as
well as literacy in reading and writing. The computer can support this
traditional democratic ideal by its flexibility in filling the needs of
special students, including the highly talented, the handicapped, and the
disadvantaged. Its potential as a tutor for special students should leave
the teacher free to teach in more individualiged and imaginative ways. 1In
all this, the computer should remain an optional, not a compulsory tool.
Its use should be left to local wisdom and judgment. :

.

Need for Training. Our experience “with the introduction of educational

television suggests that -schools and school districts must plan for staff
training if new technologies are to be fruitful in- the classroom.. If we do
not assist our underpaid teachers in the task of learning about computers in
the classroom, the enterprise will fail. Teachers as well as students and
parents need our help both in advice and training, and we also need to
engineer the classroom computer tools we build so they are understandable
and usable by a wide range of people. Electronic technology is no longer
the domain solely of engineers and scientists. Computers are for everyone,
Professional development resources relating to computers in education must
be extended not only to the math and science teachers but also to teachers
of reading, writing, and other skills we expect in our citizens.

General Policy Recommendations

Research On Computer Potentials

The U.S. Department of Education .should support innovative and far-reaching
research designed to analyze the potential of computers for improving educa-
tion in order  to help policy makers, -educators, publishers, and manufac-
turers -anticipate the consequences -of introducing computers on a broad scale -

".into education. It is important to anticipate the ‘changes - computers are
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bringing before the effects of these changes are widespread.

"Analyses should include research on new roles for teachers, new organiza-

T

tions for classrooms, and new educational settings. For instance, analyses
should be concerned with the following roles: (a) the role of the teacher
as selector of existing courseware, as courseware developer, classroom
manager, coordinator of "intellectual communities" established through com~
puter networks, and as creative tutor and coach; (b) the role of the student
in peer tutoring, network "community" member, database user, courseware
developer, author, and editor; and (c) the role of the administrator as the
person responsible for learning resources and computer courseware develop=-

. ment centers, as a teacher training specialist, as network library coordina-~

tor, and as research and development liaison coordinator,
rd .

Oother innovatiéns should include research on new organizations -of .students
beyond and wi@hin the classroom that may result (or be worth trying) when
powerful coﬁbuters are introduced into education. Furthermore, careful
consideration should be given to new definitions of curriculum, of
instructiohal research and development, and relations between the school and
communi ty, Our perception of community may change, too, as computer
getworgs increasingly extend across regional and natioénal boundarieg. We !
should explore the potential of such international exchanges, '

The use of computers in schools raises a number of economic issues.
Research should be undertaken to analyze the cost and benefits of
alternative forms of. hardware and software, of retraining, and of authoring
systems.and other instructional software programs, Financing computer use
in the schools, and the benefits of cooperative development of software,
should be reviewed, Another research focus should concern the economic
impact of computers on labor intensive school organizations,

1 &

Quality ASsurance
AY

N . ,
The softWaréﬁgnitially sold to school systems was mostly of mediocre quality
or worse, A variety of initiatives will be required if this situation is to
improve to the' point where we can think of ‘computers in the schools as a
major factor-inifosteringlexcellence in education, Efforts should be made
to integrate practitioners, scholars, technical experts, and other
appropriate personi,_into the computer systems development process, This
will require such résearch as the following:

X _ ‘
5 ' - .

(a) observational research on the use of computers in various educa-

tional settings, looking for constraints or barriers to implemen-

tation, and possible ways to overcome those barriers and con-~

straints., . = '
s

(b) Efforts to establfsh uhiversity-school—publishef collaborations to
- design, develop, img}ement, and evaluate software, )
: 0
. \ .
(c) Greater concern for educational applications_in such basic compu-
ter research as the s¥udy of human-machine interactions -and the
ergonomics of hardware dgsigns. : : :




(d) Research. on systems for field testing and evaluating all
courseware, not Jjust prototypes, Quality guidelines should be
established for authHoring systems, for instruction and assessment,
for selecting software programs, for field testing and evaluating

o ———in—school ~“settings; "and for developing softwareé in the private —
sector, :

(e) The development of an automated data base of information on
computer tools for eduncation, common languages for authorlng, and
demonstratlon collections of courseware materials.

f

Training Prototypes

Teachers of reading, writing, language arts and English need contlnulng
-education.. In addition to subject-matter rev1tallzat10n, as can be by such
resources as the National Writing Workshops, there will need. to be
opportunities for teachers to become familiar with computer resources and to
learn how to use them well. Excellence in the technology-driven education
world we are entering will require .the development and evaluation of
innovative prototypes for training present and future school personnel.
Possible sources of such training include research and development centers,
labs, summer institutes, teacher-training institutions, ‘and the schools

. themselves. . Obviously, some of this training might itself be delivered by
computer, Teachers being trained should be provided with on-site use of
computers for experimentation, and provision should be made for text
materials, demonstrations, teacher models, practice opportunities with
feedback from the teacher trainer, follow-up monitoring, and other support
services. It is important that training efforts be based on the best
instructional research, and that they undergo field testing, to ensure high
qualitye.- :

Long Term Evaluation

We also recommend long-term on-going evaluatlon of computer uses in schools
to assess the effects of individualized computer-based instruction on. the
achievement and self-concept of students. ' Studies should- be “conducted to
compare computer-based instruction to alternative approaches, Other
assessments . should review the effects of hardware and software on such
student variables as achievement, time-on-task, self-concept, and attendance
and on such teacher variables as effectiveness and burnout. A broad study
of the-impact of computer and video technologies on children's development
should -be-considered. ° S -

-ASpecific'Fﬁnding Recommendations

Oour specific recommendations for  development and implementation résearch
fall into the following four areas:

3
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(a) The classroom as a community. We need to assure that computers do
not destoy valued aspects of classroom instructlon and to foster
the effectlve use of computers in classrooms.

x'

(b) Professional support ‘for teachers.o We need to avoid both - the
actuality and the perception that the computer is being used to
further subjugate teachers or to deprofessionalize ' their role,
This suggests that effort should be directed toward prototype
systems that can save teachers' time and free them .for
‘professional development, better 1lessén -planning, and more
one-to-one interactions with individual children that can improve
the excellence of American educatvon.

(c) Computers in the broader community. We recommend research on
" networks to interconnect _ classrooms "and %other places where
learning happens, such as the home; arrangements for the
involvement .and training of teachers. and . parents; and the
possibilities for better articulation of learning at home with
learning at school in an information-rich world.

(d) Computer literacy. We need to ‘teach our fellow citizens about

i "computers, A number of the recommendations made to deal with
other concerns will help solve the problem of teachlng parents,
teachers, and students what computers can do, how they work, how
to use them, and the general skills of problem solv1nq that are
needed to usé them with facility.

The Classroom ' » ‘ : , v

The classroom has evolved over the years as our primary mode of instruction
for school children. Adding computers to the classroom must be done in ways
that do not destroy the good already present. This suggests that there must
be careful analysis of the patterns of interaction in - non-computerized
classes as well as those to. which computers become - available. Fur ther,
there . is need to provide advice to 'schools on the kinds of classroom
.arrangements that work best when computers are used. )

Currently, social interactions between students in class tend to be limited.
Very little of the school day is spent in serious team efforts, even though
we rely heavily on our schools to teach children how to .work together to
solve problems, Computers can help or hinder peer interactions. In the
worst. case, they will reduce learning to an even more solo activ1ty. In the
——-begt-cagse, they Can create the possibility for s1gn1ficant peer interactions
in the solving of problems and the dévelopment of understanding.

Prototype school and classroom designs. Research should be supported that
_mleadsﬂto_yell:motiyated_gmototype_designs_for_computerized-learning facili-
ties: computers in classrooms, combinations of in-school -and out-of-school
facllitles, and, if it should ‘prove effective, resource center arrangements,
Demonstration sites that can be evaluated will be necessary. . Such sites
should emphasize joint involvement of students, teachers, and parents in the
learning - process. Again, they should address the: issue of when computer-

'
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based activities are effective, not just whether they are., Prototypes that

assure students free and rich access to the computer throughout the day are
especially important, »

- Making students more able to learn. It is important. to create systems for
students. that allow (and help) them to make their own reading and writing
tools. A general purpose computer language that is specially adapted to
language (in the way the LOGO "turtle" facility is adapted to geometry)
~ could be used by students to develop their own read1ng and especially writ-
Lyglng tools, For example, a ‘computer language based on topic-comment 11ngu1s—
f”tic ana1ys1s could havecprocedures to amplify operating primitives such as
.wllgenre,. "tense," aud1ence “"man," "sad" into personally styllzed text
'.fstructures that communlcate effectively and forcefully. The goal we propose
is a prototype computer environment which emphasizes peer interaction in

"..“such activities as- plannlng of compositions, classroom newspapers, and group

business. enterprises zimulated on the computer.

" 'Human- engineering of computer systems for special -students and for group
+. activities. Display devices and input facilities for group use of computers

”ﬁfshould ‘e’ encouraged We expect such resources to be developed for business

‘use by gm;vate enterprise and hope that as this happens, they will be

".deployed ‘in 'some of the proposed exemplary prototype R&D activities, -

fSpeclal populatlons, such as. the deef "or blind, should have specially

'adapted tools that help them read and write effectively, Appropriate’

‘computer use of visual or auditory natural language 1nteract10n is possible

now and can be made avallable to th1s populatlon. -
P . .

¢

Teach1ng Teachcrs And Adm1n1strators

One lmportant way to assure that teachers invest the efforts that will be
required for them .to become facile computer users is to assure that some of
. the innovative development efforts are aimed at saving teacher time, As
discussed above, teachers need more time if they are to achieve excellence
in their efforts: for” cont1nu1ng educatlon, for ‘lesson planning, and for
individual efforts with students. Each of the multiple roles of the teacher
begs for technologlcal support and transformation. Many roles require tools
,¢s1m11ar to those suggested for tire learner, including assists for informa=-
“tion creat10n, mod1f1cat10n, transmission, locat10n, and access. Besides
these, “other roles, specific to the teacher, could include {a) systems to

teach teachers how to use specific courseware products; (b) systems to -

demonstrate to teachers the possibilities of sophisticated learnlng inter-
action formats, such - as simulation,. Socratic dialogue, intelligent prompt
fading, .or gaming; (c) systems for authoring or customizing instructional
software, and (d) systems to support feedback and grading functions,

Feedback, grading and other teacher aids, Prototype software should®be
developed for the annotation of student writing ass1gnments by teachers.
Effective use of -pointer devices such ‘as . the mouse and of ' menu displays

would allow teachers to build 11brar1es of standard comments that could be

mapped onto a student's essay by pointing in turn to a location in the essay
- and a comment on a“ feedback menu. In addi tion, grammar correction and text

\summariZation3 systems -would help save teacher time, Prototype network

7 257

]



Q

Aruitoxt provided by Eic:

systems that are developed for schools should include devices for enhancing
teacher productivity, such as on-line homework assignmert listings, lesson
planning aids, and "blackboard note" recording systems. ' Loudspeaker an-
nouncements might be replaced in many cases with computer mail, if the sys—
tems are appropriately designed,

software authoring and customizing systems. No national agency, wﬁother

government or .publisher, can decide what is best for all students in all
schools, Therefore, it 'is essential that teachers be able to modify
instructional software systems to suit the needs of their students and the

‘community they serve, One step toward this end is the ‘development of

software authoring languages that teachers can use to adapt software to
their specific needs, A project should be launched to research and develop
an instructional authoring system that would be based on a theory of
1nstruct10n.

Such a system should define 1nstruct10na1 operations, such as presentation
of 1nformat10n, menu choices, or student assessment in terms of woftware so
that programming these tasks would be relatively s1mp1e. It should provide
for appropriate implementations of language subsets to permit authoring
systems to be used on machines of limited capacity and by both instructional
designers and classroom teachers. It should also facilitate movement of
courseware from one system to another, by creating virtual -instructional
machines (for example, ' all courseware could reference a wvirtual sc:eesn of
infinjte resolution, which could then be mapped onto the screen for any par-
t1cu1ar machine; the North American Presentation Level Protocol Standard is
a good example of this approach). Such a system should be a rich environ-
ment full of the tools designers and developers need to produce good
1nstruct10n, 1nclud1ng programs to support task analysis, student response,
pars1ng mechanisms, and graphic ed1tors.

A courseware development center, Courseware utility increases with

efficacy-~indeed, utility and efficacy may be the same., Efficacy is a func-,
tion of such things as the appropriateness of the design of instructional
messages, graphic layout, and learner-computer interactions. These features
should be identified and’' information about them disseminated to developers
and, perhaps, embedded in authoring systems,

The scope of authoring systems can vary enormously. On the one hand, sys-
tems can be adapted for machines no more powerful than can be found in
classrooms with standard reripherals. On the other hand, it 1s possible “to
create a computatlonally rich environment, specifically for creating course-
ware, that fully exploits the audio-visual and instructional capabilities of
classroom computers. Such a rich development center needs to provide full:
opportunity for dedicated teams of talen*ed experts, in a wide array of do-
mains, to apply their creative talents together to produce courseware of
high quality. These production teams need the skills of teachers, subject

.matter experts, visual designers, graphic art1sts, creative writers, compu-

ter graphlcs people, and other experts,

Telllng teachers and lay people about uses for the'computef'in education.,

Teachers and parents need to know what kinds of effective uses of computers
are currently possible. At one level, this could be seen as a science re-
porting problem, but it is more than-that. = It is quite uncommon for .
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fundamental research to lead to successful 1nnovation in real applications

"without preserving the 1nvolvement of the basic researcher in the develop-

ment process. Most information dissemination systems which attempt to bring
new knowledge to the practitioner fail unless they involve -the knowledge
producer. Thus, we see the need for information dissemination that involves
every project envisioned under these recommendations.

The contractqQr meetings of the Office of Naval Research are a good model for
a part of this wrocess. In those informal meetings, ‘representatives of the
applied researzh and development groups in the military services interact
'with basic researchers and share problems and ideas. The process is facili-
tated by the princ1p1e that the informal 1nteraction, and not a formal docu—
ment, is the goal of the meeting. , . . : ‘

In addition to such informal interactions, thongh, a research center or a
larger research contractor involved in other projects we have -proposed .
should have the additional charge of producing information on computer usage
for the schools that is understandable and applicable by. teachers and

_parents. Such informational products should include reports- of fresearch

results and their implications for excellence in education, critical guides
to available computer resources, and models 'of effective computer deploy-
ments .and usage at different levels of computer power, such as one machine
per student, one per classroom, a few for an entire school, and combinations
of home and school availakility. Reports should incorporate successful
activities generated at the local <level and perhaps include analyses of why

‘those innovations were successful and how they can be replicated.

We recommend evaluating alternative methods for wide dissemination of infor-

mation about instructional, management, and other applications of computers
in schools. Computer netwdrks are an unparalleled resource-for rapid dis-
semination of information. Alternative methods to be evaluated should in-
clude regional resource centers for the support of teachers and ‘program
developers in local school systems. - -

N [ .
rools for administrators. Administrative activities range from the class-

room through the school to the school district, For e=ch administrative
efficiencies can be greatly improved with the application of organizational
computer tools., simulation-and modeling have proven their worth with expert
systems deavoted to analyzing throughput in factories Similar tools,; based
on AI expert systems, for allocating scarce software, hardware, people,
student, and building resources in educational administration at'all levels
could easily prove thelr worth and make more efficient use of scarce tax
dollars.

A Community of Learning Beyond The Classroom

Part of the work of learning, .even school learning, is done out51de of
school’, StudentS\are given homework for a variety of reasons. It offers a
chance to reflect on problems, outside the regimented time schedule of 'the’
fifty-minute hcur. Tt pmov1des the additional practice that can be done
largely without teacher assistance .(or at least is not the highest priority
uce of teacher time). However, the home can be an_-incomplete enyironment
for learning. There are usually fewer reference,works. No one may be
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available with whom to discuss a problem., Even a phone conversation with a
friend is difficult if the object of discussion is an essay the frlend
cannot see,

N
If the computef—based learning environment moves beyond the walls of the
school, homework can change substantially. The resources of the classroom,
if translated into machine-readable form, can be available outside the °
.school. Groups of students can work together even if they live in different
'parts of town. The work of learning can occur at home as well as at school
and in ways that go beyond homework as we currently know it.

If instructional computer networks are extended to places outside the
school, such as the home and local libraries, then parents can -be active
pa;ticipants.in this extended learning process as well. Howevér, a commun-—
ity of learnefs can only exist if its participants have become socialized in
the.ways of interaction., Parents need both specific traning in network in-
formation access, and, ‘more generally, a chance to keep up with their
children. :‘Our society depends upon a respect for the wisdom of age that

" will be ‘seriously eroded if the computer ‘revolution leaves parents and

teachers: behind,

Extiting new possibilities occur when computers pervade home and school. A
tool used in school may also be useful to parents. For example, we were’
told of a student who used’ the computer for interest rate problems one day
»and came back the next with specific problems his parents wanted solved so
they could decide whether they could afford to buy a certain house.
Prototype ' projects in this area may involve Jjoint participation of.
researchers; a school system, and manufacturers. '

However, these visions must be mediated by the realities of a world in which
providing pencils to students is ‘a burden some teachers meet out of pocket
and in which the costs for home and school machines will compete with
demands for teacher salary -improvement and tax reductions. . The value of a
higher capital investment in c¢omputers for asducation must be demonstrated
with care in wvisible, criticizable, assessable exemplary prototype
_projects. .

Computer Literacy

P

We define tho'levels of computer literacy. At the minimal level the user
can. access and pascively use already prepared programs. At the basic level,

the computer user can actively work to modify and write materials of hls/her
own. We believe all children should achieve minimal competency and that
many should achieve basic competency. However, we believe computer -literacy
is "a by-product that cannot best be achieved by direct instruction.
Children and other membcrs of the community become computer 1literate by
uéing'computers to achieve other goals, Thus our primary recommendations
for fostering computer 1iteracy are already contained . in other
recommendations. For example, we proposed networks that would allow -less
able users to communicate with and. learn from more able users,iauthorlng

. languages that are easily used by teachers, students, and .parents, and

"autonomous" software that even inexperienced individuals can use freely and
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_ knowledge of computers.

independently. These developments would aid all members of the community to
bacome computer literate at the minimal or basic level. We do have the
following two recommendations for sponsored research aimed directly at
computer literacy. ’ .

A persoa trying to use a computer to do somethiny often receives more
immediate informatiun about the success of his/her efforts than when using
more traditional approaches., 1In this respect computer literacy is different
from other subject matters. The writer of an essay or reader of a story
does not know immediately whether it is successful or not. For this rghson,
unique forms of instructiorn may be useful in teaching computer 1literacy. .
For exampie, it is clea: that children do teach each other to use computers.
It may be that peer .tutoring and individual exploration can have usefully.
expandecd roles in this area. We recommend the development and extensive
investigation of prototype instructional software and methods that show
promise of being particularly effective and efficient in teaching computer
literacy. ’ ’ '

Computer literacy is particularly crucial for students in vocational,; tech-
nical, and business courses. If computers are not used in these .courses,
students will emerge with ircomplete and unmarketable skills, such as typing
without " word processing and diagnosing and repairing engines without
computer tools, Guidance activities will inevitably be computerized, too.
As we recommended earlier for English teachers, we recommend the developmént
of prototypes for in-service workshops and autoncmous instructional programs
to -increase guidance counselors' and vocational-technical teachers'
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