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Abstract

)'twork at the Yale Artificial ittelligetnce IPro(ject 1015 p~rovided key scilnilfic lInsightts hil1o
lt Ita I l ogititive hehavior. In general. arid learning iii part icular. These s'Cientifflc

dtvi, l(,plets cart be appiliedl to ('dital ton.

o A-'t thte heart of thitnkitng is the needl to explain the untfamuiliar. We regard intellectual Curiosity
"I aMtajor ed trartonal resouirce to be nurtured and promoted. Ou r computer mtodlels oif

li an ('ogiflilve behtavior Indicate that, expilanatiotn plays R crhictal role in learning.

I tifort tittlrtely. 11 tedcti onal system has beeni irable to foster ard expinit. what. Should he

,ntt tLi it, otir scittiis. itaitty. tlip' love or learintg.

" Prrtuary and secondary education today race many problems. Chilldren aren't learning the

basic skills or readling, writilng, ant math.

" Trhe itttrodttction of computers it the classrooms has not provided the predicted panacea, out

has insteadt brought problem,; of its own. p~rinmarily due to inadequate software for the core

cttrricmilutt. Most of the available e(htcational software is terrible. It is ineffective, costly.

uttprovett. and itnappropriate.

F ~ ~~* f iscutss (the t rtitertdotts potetiiat of tflie comttltter in edlucation and~ offer standards for *
:iivitng (tigit-qitb editealota sofitware for all parts of the curriculum. In pa rticuilar.

otttiters offer a ittiqite opportuitit to cutttivate the student's natutral desire to explore and

\plaitn the %%~orldt
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,ch;inlk :%lnd EdI'(ucalon) ;lud( 'Oilllmlrs

1 Learning to Think
.

Ili( Atumirr niqd. /lic ,i,/ee trrtrf I 4 drA, m, I, ll -,A

im 'f rl" who Ithinkp bit tl ,,iP ril (rurn I t Ill J ((Prff

',nficlhis. The Analccrt of (Conlcius (il, ook II. No "

Ilmaginre that You are a child of ('leveri Wlho lives in a ratlher run down section of a big civ. Youl are Ott

riding vNto l1i.c( sloewly alrnlg street, rhi! are ilt verv crowded Willi vonl is a frlild arid vou ire

talking 'inn ( e:rss ;j rntl Ahe Is riding a bicv(At. tooe. \s you i);Ls 1). lie e;licl's a small part rf 'hat

you ;ire sayiig to( Noir" friend. :11141 Ill assliIlles fll;t it ill Soffiet' AV relate's to himt. ile begins to thrreate.n-

yon and vol realize that lie is iron jokinig, lie is very anigr' inl( possibly juist a bit crazy as well. lie

hegin to 'hase after yon.

\hal to e vo (Yo Iro

Let's il I liis ,Itlri( toll ant ther way AssmIIIe' tihat you have 1o0 experi'ncedI anything lIke this hefor'. (a

r;rr ler large issmtriion if your are riding ihrouigh a naighborhood Ihi which you live, so let's assilne that,

yvi are frorni thl, sibuirbl ;int are visiting your rliy cousin). Il0w can you figure out what to do? That,

is. how eall you collie ip willi a new irdea. a creative solution, to your problem?

11 seelli )tl\i)r1n that wAhatever solurtlien a child call collie tip with here. It Is unlikely that, tie will have -

*.le'anid lhal "illiti I)it Scliool 'l'lre rea.son Whry a (e)ihl] Is unlikely to have learned how to deal with such

a "itilallhel hi schrooerl Is 11,t leeritse scihools lonl't leacIh slrrI eetliirts 'l'ehe re:;oni Is thal schoels (Ion't'

1;ir h ,hildir llrer e.it thliik Nevertirelvs,, iianv clilldren rto kito r how to Ilirk. Vlro lr;i.s lineen teachhig

- t Ire'ire t he

'lre asi ser i siiple erroligh. For the mrrost part. t hey have breeni teaching themselves.

CREATIVITY

\t thk ineeit. "e are. not ricerned albout teaching or the school system. We are concerned with

thirikirig, hartaring, and perhaps most impeortaint. creativity. Not creativity in the artistic sense. Our

* r trr-cil child :(hr)ve' rimy never ho an ;rt it, hutln there are mary possible creative solutions that he may

he tIde toe conln' rep) Wilh to hell) rinl i his eilenrnia. And, if he comes out of it successfully, he may

1I,,,-ie ratther ildlq-,.(d wilir his lehr1iiiite ahility. P'lleiaps lie will strike out in another doniain. Perhaps

liot The proiit In' r , is is w 1 rc :iI etrele(wvd with the ,l1ility to be cretive. Nlaintaining that ability

* iri 1,,' felil I r' lll y lreee ,.v

1t;

L t I , k r e err fT hlr lr re l I ll h' t , e" %e,
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Whlat are hisi alt,et'natives?I le rant ttry to oil[trare (,tit atigry mil. butit It li Is it boy It, Ik itiliklyI hat It(-

caln (to tha.. lie could stand and fight. bitt, that sentls like at had Idea. It, seemis obvious that seekitig

protection would lbe a good Idea, but where? Some (questionis come to mnind for the boy to answer. Is there

aI friend or relative around w ho could pirot ect him" Hi? ow about the police? Lets assu me that the, answers

* heri irvnow Whtat othter allterutiaves are thereI I low (1o you get. sotneone who doesn't know you to prot ect

* ~~~oil (tile :ttswcr Is to fitl(d peopile who are likelIy to coislIder chelicuselves to he tough . E'specially helpful..

%a ed le1 ;I Ktoip (If stich people Whou mtighit be oliligateel to htelp him Simpljy because of group soctial

Noour boy calli consi1ler where lie ighvt findi suc-h p~eotdie One( place is a neighhorhood bar. Three

Tintg, are'$ wrotig wAit i this Sliggestioti. ()ne is that, it is daytime arnd the bar might n~ot be especially full.

'Ih seconid is that tin getting off the bike, lie would have to slow down and this might cause him to get.

0':itught before Ie got inito t(lie bar. UTe hi lid is, that, the manin might jtust take his hike and forget about

him. arid this tiiight nlot be Such agoodh exehiatige front the point of view of thbis boy.

So. what other places are available? This particular boy happens to know that there is a park nearby

whlere a baseball game is almiost always going onl. Ile peddles quickly to the pitcher's mound of the hball

iel Thie men who are playing are ready to kill hini for interrupting the game when they see the man

'Aiio is ciiaSHIii (hle )oyN. '[hey intitiied iat, thv reat en tIhe mi with their hats and the boy spends the rest

(' t it#- l:IN. 'aitcli rg hi;Lsehlall

READY-MAI)E ANSWERIS

%%;I- t Ills ((IV lling ('rearlvi'? Th'at caili bfe a sulprisItugly easy (itti~tlot Lo answer. Wei tlend to ' hew

crvcii .> a'. >oriitlhiitg tmystical. We teehlicve thait niot everybody has the miystical quality li the( samer

aimouints. itil that it is v'ery difficult to jiudge exauctIy who has exactly how mutch of this mystical quality

it :mti giveti litt. Bt this is really the wrong way to look at. the( issue.

At AlAlvy creativity is, very simtrply definied. U realiv it y is tie( ability t~o think up a solution that TA Wit'

to i un. to ai 1 roblein thart i8 ticn' to you. by yours, f.

Nk, ciiA a., consideir this boy to have been creative In his solution to his problem if he was regularly

L-i tt 1hii wax"' Or. to put this alnot her way. if lie were chased again tomorrow, and he did exactly the

t!1 . ieAw'cild %Ave retiark ont Ili, rreillvi v? 9 Cert ainly not.. 'We do not. consider a solution to be

-t ole reatIve' if a sbii oi sstil something the person has- (lone before.

;hl' lio ha a tig tuoticr who had beeni in sitrilar fixes, which lie told his little

,%,ui o ,riwid,-r our h to h e creative if all he did was apply what others hid told
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* Now let's consider another example. Let's assume that this same boy Is; In school and he has been asked

to find the length of tle hy potenulse, or a right triangle- whose two other sides are, : and~ 4 respertively. I le

Ias been daviireaiiiing16 while t his mubtjet. was being Caught, and hi;s tnever learned how co (to this. ()n 0he

* ~~~I her hand. two oither' ciilidrn Ini Islss have beeni paying attenition. ()iie- getsm the answ~er linrinor'dlaely.

The i second ii akes som Ie calcuiatio ns a dc thi en raises hiis hand 1.o Indlorate that Ie( too h as Lte answer. The or

* third. our boy, draws Itle triangle and is ready to make a guess. Let's considier their answers.

* 'lh" first boy knew tlie answer was 5 because hec has been paying attentlon t~o what has been going on it)

class and hec knows that there Is such a thing as% a 3.4.5 right. triangle, and therefore this must be it. Thus.

2 2 C2
he -uodjw?"L hrnow te answer. Our second boy knew the formula, aeya-- etu on

a 2(9) and to i), added Ithem together to get 25. and took the square root of 25 to get 5. Our boy took

out a pencil andi care-fully dIrew the triangle, lie estimated the length of the hypotenuse to be slightly

* h~bigger than tihl longest side. andi guessing that the answer was a whole number, reasoned that the answer

was probably r)

So which of these boys is rigt Or to put it anothier way, there are two qucestions we could ask: Which 4
of th f boym will don bt tt it? Ac/moo!? and Whieh of these boys wpill (10 best in life Y

* ~Wheni a child does well lit school, we consider him to be smart. When a child does well on the streets.

when i- get's himself out. or complex situations, we considler him to have street smarts. The ability to

*afpily thei ready-made answers you have learned to the questions, a htand 1Is not to be denigrated, but It Is

* hot creativity. Those who learn only the formnulas don't create anything new by doing so.

WHO IS THINKING?

The problem is how to think, and how to teach a child to think for himself. We will approach this

* ~~problem fromn the rather unusual perspective of Artificial Intelligence (Al). Although Al is a rather arcane. -.-

branch of Computer Science, it is not necessary to understand anything about either At or computers to

- understand our premise. lin fact, what Al has t~o contribute to this discussion is simply one question,

namely the question that every Al researcher asks himiself every day: How would I get a machine to do

* Let' s consider our two childhood problems again in the light of this question. Suppose we wanted a

- computer to answer the two questions, floue do I ou get out of situation where someone much bigger than

-yo 1,i chaxing youY anid lit a riglit triaiqlo withi sides H' and 4. what is; the length of the hypotenuse ?

* For a comiputer. the second question is trivial in comparison to the first one. There are basicaliy two

issue's involved in teaching a compuiter to answer the second question. The first, Is teaching the computer

to tind'rstaind Itlie Etigi. u~itsedi in expressing thle second question. This is difficult but not really all that
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complicated because the E'nglish in that example is fairly straightfforward. I, fact.. as long ago 1s twenty

years ago, programs were written that could understand algebra word problems tar more complicated

than this one.

The second Issue Is the formula for answering the second question. Putting that formula Into a
computer program Is so trivial that. anyone with the slightest bit of programming knowledge could do it

in a matter of minutes. Thus equipped, our computer could answer problems about right triangles (no i_

more and no less) endlessly.

So. what does this tell us about our three boys above? It says that while the boy who had learned the

formula was best equipped to handle the problem, and all future problems of the same type, he simply

did not have to think at, all. fie was thinking only in the trivial sense of that term that we also ascribe to

today's computers. (The question of whether computers could ever think in a more human way is not

relevant here. For a discussion of that question, see iSchank 841. The short answer to the question Is yes.

in principle, but applying formulas is certainly not an example of thinking.) If all we want our children

to do is apply ready-mad! formulas or spout correct answers, we will end up with very unimaginative

young people. We are not recomnen(ing against the learning and application of formulas where

applicable. What, we are concerned about right here is analyzing and evaluating the thought processes

that each of these boys used.

In a fiundamnentally important way each of these boys has made an unconscious decision about how

rr(-atlie e liintetnds to be. The reasoni for this is that. the schools have elected, again unconsciously, t-o

reward th, least creative type of rea.soning, nanely. applying a ready-made formula or rule. We shall

now 'xplore tle iSSte of re'asoning types in greater del)tl.

REASONING TYPES

1..oh of thes bys is applying a different timethod of reasoning which we shall call in turn:

11Y lINDIING
I¢I;\' NI~ M' 10I l.q .,\1111l,lICATI(ON-

hen I, I rt' t t,)., r,-iii bers tIhat I her-' is a 3:1,w5 t rianlgle lie is taking a short ciut to the right answer.

II.-lI ito kiftw Iie formula to vet the right at)swer in this east and thus he may well fail to gel the-.

ati.,'r i, ,iort, com)licated exampl,'s. ()t the olher' hand. he may realize that the 3.4.5 relationship -

\Jxr,.sefs what is cat;urcd by. hti for tli;i,. but it, a different way. In any case. h, was able to solve thi, ,

t,In. ,aut,. of what we tiight t1 I .qriid ttiti(mort. IHe rcalled the- right answer, or to put it another

':i . h-' w r-n.mil,t of the right :,ittwr

-" , " " °' " • " ....... . . .. '.-....v'.. .. .. -. .. -. .•. .. -.:. %., ..s -L'2'222. -=.22



Schank and Slade 5 Education and (omputers,

This is a rather simple example of REASONING BY REMINDING. A more complicated example is

illustrated by the following: Suppose you were asked which candidate for P'resident was most likely to

make peace, the sabre-rattling hawk or the let's withdraw the troops liberal? You might respond that 'V

you were reminded of Richard Nixon. You might argue that he was virulantly anti-communist but yet

was the first to go to China. You might reason that maybe candidates tend to do the opposite of what

they say. This might remind you that Lyndon Johnson was the peace candidate during the early stages of

the Viet Nam War. This Is an example of REASONING BY REMINDING.

The second boy was REASONING BY RULE APPLICATION. Simply, he learned a rule and applied It.

When the rule is Iron-clad, like this one is, that is often the best method of solving the problem.

(Although even here that method took a little longer than the first.) L.

There are a great many rules like the P.Ythagorean Theorem in daily life. They do not exist solely in

mathematics. These rules are called proverbs or cliches, depending on their presumed profundity. So.

when a person takes vitamins every day he may be living (consciously or unconsciously) by the rule: an

ounce of prevention is worth a pound of cure. Or when a child walks away from people who are taunting

him, he may yell back sticks and stones may break my bones but names will never harm me. Much of

our lives are governed by "rules" such as these, and It Is neither right nor wrong to do so. At times these
rules form perfectly sound advice. The problem for the creative reasoner is being able to reason when

there are no rules available or when the available rules are for some reason Inappropriate.

-. "'h' third boy was II,;ASONIN(; BY ASlKIN(-. In olher words, he really didn'. know where to starl,.

and he was figuring It out, by asking himself a set of qulestions to guide his reasoning This Is orf ourse.

what lie was doing in the bicycle example is well. Now the question Is: what are we doing when we are

just figuring it out?

THE VALUE OF FIGURING IT OUT

fHow do we get a computer to figure it out? We ask this question here not because the Issue of getting

computers to think is intrinsically important, but rather because by reference to that question we can

begin to see the complexity of the processes involved. What would It mean to give a computer the rules

for figuring something out? What would those rules look like? What kind of background knowledge would

a computer have to have so that it could figure things out?

M ost iniportant, of course, is how people figure things out. What does our boy have to know In order to

reason his way out of trouble or in order to figure the answer to a question In mathematics? In our

research, we deal with the specifics of how people reason. We also deal with the question of how we can

learn to reason better. As part of the answer to this second question, we must examine why It is better, In

the long run. to figure something out than simply to recall the answer.

. . -.. , % .•. . ° ° • .* ,•. .,• .° . .. " . ' ° ." . ° • % -. .
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, Let's put this another way. Is our boy better off because he failed to learn the formula? Will lie have a

better chance of being a creative Individual in later life If he learns the formula, memorizes exemilnlars or

Just brings his basic reasoning powers to bear whenever lie Is confronted with a problen?

Our system of education stresses the learning of the fortiula. If you (io not believe that this Is so. ask

yourself If you learned the formula noted above (known as the Pythagorean Theorem). Most everyone ,

who completed an academic high school education learned this theorem. Now ask why you learned it?

What value lid it have in your later life? i)id you use it again (except when helping your children with

their math homework)?

it seems obvious that the reason to learn a formula Is the same reason that we have for writing a

computer program to follow a formiula. That Is, to the extent that, we ourselves embody tight repetitive

procedures, to the extent that we need to use a formula again and again, that is the level of importance of

learning that formula. But, of course, in the computer age, even that need has vanished. There can be

little justification for learning any formula as long as there exist machines that can slavishly do these -
computations for us.

There is an exception to this of course. Because we have hand calculators available to us is no reason

for failing to learn to add. Why? Because, we need to understand first principles In order to reason for

ourselves. In order to REASON BY ASKING we must have at our disposal the basic questions to ask. in

other words, we must know how to add to understan(l multiplication, we must understand multiplication

In order to understand division, and so on. But, a formula is not a basic tool of asking. It introduces no

new concepts, l)ut merely applies some old ones. a
Schools have been teaching formulas for a long time now. In the computer age, teaching children to do

' what computers can do makes little sense. Rather, we must teach children to do what computers cannot

(to. And, if in some years computers equal the achievements of these children, if creative thought becomes

formulaic in nature, then at least the equation of people with computers will be on a higher plane than it

is now.

THERE ARE NO RIGHT ANSWERS

Htow then do we teach creative reasoning' The first, thing we have got, to do is to get over the idea that

there are right answers to questions. Our boy on his bicycle didn't need the right answer, he needed an

answer. There may have been other better answers, but the one he selected worked and that's what

mattered most at the time.

Further. in the geometry class, the boy who did the best was again our boy, because he was the one who

trlk.l to figuro it out. You can be sure. however, that few teachers would see it that, way. In school we
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expect answers to questions. We want facts. We ask who dlscoverel America and want ihe name..

Columbus. not some hedging about Vikings. or comments about American Indians. We are a fact-orlented

society. Schools, as they are presently constituted In the United States have one prinary purpose

educationally, and that Is the effective performance of their students on standardized tests.

'here clearly are other functions of schools, such as, keeping kids off the street, providing a mechanism

for social assimilation, teaching children a comnon set of facts about the world, and Introducing students

to the need to get along within a bureaucracy (that is, school itself). Underlying all of these functions Z-

should be alllty t~o reason and think. This clear and unifying focus Is usually lost in the attempt to score

well oil tests.

Children are taught, from the very early grades that, there are right answers and that they will be

rewarded for getting as many of them as possible. And what of our creative bicyclist? lie may well fail in

school because, although he can figure things out for himself, he will get the wrong answer a great deal.

lie may do poorly on standardized tests and feel very frustrated in school. - -

What should we do? We should learn about what it means to think. Schools cannot teach thinking if

they don't know what it means or how to do it. None of us have been taught to think (at least not in

school), so very few people really cart think very creatively.

..-..... ,..
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2. Teach Questions, not Answers
"I'1T gIve a glimpse or lie thrust or our -work, we shall discuss some lews about thinkig and creativity.

I'robably the most significant thing one can say about thinking Is that it Is Inspired by questions. In

many cases, as in the bicycle example above, these questions can come from the real needs of everyday

life S, if one Is frequently asked questions, or to put it another way. if one frequently comes upon

situiatio. s that are out of the ordinary that pose problems, one will get lots of practice in thinking. ,"** *J

The school situation could be an acceptable format for the asking of questions, but as long as formulaic

answers satisfy the questions, then the questions are not of any use. Further, questions where there is one

and only one right answer are of no use in stimulating thinking. To think, one must learn to justify one's

answers in front of a severe and respected critic. This can be your spouse, a teacher, or even your child. - -
"

but it must be someone who Is willing to argue with you. It Is necessary to be able to Justify your answer.

If you cannot, you have not answered the question.

We propose that learning to think In a creative, stimulating fashlon requires learning to be Inquisitive.

Specifically,

I. You must be asked questions, either by yourself, others, or by situations you encounter.

2. These questions must be out of the ordinary. It you have been asked this question before, such
that answering it requires no more titan mentally looking up the answer, the question won't

help you think.

3. Someone whom you respect must evaluate your answer.

Student learning -- Intrinsic and Extrinsic Motivation

In education circles today, there is much discussion of the student learning problem. Simply put, how

do you get students to learn subjects that they don't care about? A typical example of the student

learning problem is high school physics. Very few high school students seem to be excited by the

traditional Introductory physics curriculum.

As a matter of fact, this is not a problem that seems to occur in our experience with either graduate

students, on the one hand, or young children (ages 2 through 8), on the other. Why? At these opposite

ends of the educational spectrum. there seems to be little in common, except the most Important factor:

they want to learn. They enjoy thinking about new concepts. Young children and Ph.D. candidates are

both excited by ideas. They want to know sturf. They love asking questions. They find learning .- :

intrinsically satisifying.

The problem-solving nature of physics, combined with the accepted difficulty in teaching the subject.

'.....
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has lead several researchers In cognitive science and artificial Intelligence to look at the underlying ...

cognitive processes Involved In solving physics problems ILarkin et al. 80, diSessa 82, Larkin 83, Heller

and Reif 84, Anzai and Yokoyama 841. These researchers have analyzed subjects' behavior in detail and -.

created computer models of the behavior. While this research is useful and interesting, It doesn't address

the basic question of how to motivate students to learn physics in the first, place. Moreover, it doesn't

-iLoch io the need to stimulate errativ Onhinkhig.

What. currently motivates most or our high school s(lidents? (;rades. Scores on standardized tests.

(lass rank. Getting into the college of your first. choice. Students not headed for college may simply

want to graduate, to get. a diploma. Thus, the grade often becomes the end in itself. The refrain of Is

this going to be on the exam? usually means: Do I have to pay attention to what you're saying? So what?

Shouldn't a high school student still want. to learn physics to make an A? (or just to pass?) Maybe, but - .

these are all extrinsic motivations, Psychological research has demonstrated that students tend to learn

better when motivated intrinsically. than when given extrinsic movitation [Lepper and Malone

85, Malone and Lepper 85].

What goes on in a physics course? The student learns lots of formulas, and rules to recognize when to

atpply which formula. If there Is a laboratory associated with the course, the student gets an opportunity -

to witness that the formulas are, pretty accurate, except of course If the student makes a mistake. Then

*'. the formula still must, be correct, and (ie sttmett. ktows that his experimental technique Is poor (and so is

*. " his grade, nost likely). What does the :.lundent learn? lie learns to IIEASON IBY RULE ALIClA''ION.

- As we have argued above. this approach to thinkitg Is basic, but hlmited. What the student does not

learn is to be creative. The problem solving paradigm obviates creativity. Furthermore, this rule

. application approach to teaching science has a fundamental premise which Is unfounded and even

damaging, namely, that scientists know what the right, answer is. This assumption of correctness and "" "

" precision In physics atd other sciences Is very misleading and one that Is readily questioned by actual

practitioners. Still. science educators cling to the cruitch of the right answer.

An alternative can be found in a literature or philosophy course. In these fields, the notion of a right

answer has largely been discarded. What Is the right interpretation of Hamlet? What is freedom? What

* can be known? Philosophers often delight in arguilg the same question from two opposing points of view

(or three or four or five points of view). The archetyie of this style of reasoning is the great philosopher

* Socrates. Socrates didn't give his studntws answers. lie gave them questions. In doing so, he taught, .'.-

them how to ask questions themselves. andl how to think

l)iscussion-based teaching has become widely accepted in English, history and other humanities. In-

*" these fields, there Is much less concern with the student leartning probletn. and we submit that this is not

.........................................................................
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* merely a coincidence. T1he interactive nature of discussions providies the student, with greater involvement

ill (lit, ,Iiaterial aiii. 11o0M iiiiiportahit.y. with hItihisic miotivation. The plroleml~i-soliiig pa~raigmii t ypical

or piysic i., iire reilot,

lImiag ie thlen, a Socratic di Ialog abiout, phy~sics. 'I ie teacher wo ild nobe the . i re to write a p roosf oil the

blackboard demonstratitig the veracity of sorte formula. Tile Instructor would raise questions about

physical phenomemna. and stimulate the students 1.o ask questions of their own. The students shouldn't be

handed the accepted wisdom without first understanding why it is important lin tile first. place. To the

student, the question should be Whiy does the world behave in this tay?. It is much better for the subject

matter to stimulate the students to investigate and ask more questions, than to provide merely extrinsic

goals that prompt the student to ask 18 this going to be on the exam?

(ireat. but how do you teach students to ask questilons? flow can students be trained to generate

hypotheses? We offer two answers. First, look at results from Al lin making computers generate

hypotheses. Second. use interactive compluter programns to allow the students to test hypotheses.

Creative Computers

For the past 11I years. the Yale Ariinrial intelligence Project has produced pioneering research In

developing compiuter nmodels of humnan cognitive behavior. A wide variety of theories and models have

been explored.

* programs that, anialyse the concep~tual 'onitent. of natural language text-s [fliesbeck and Sciuank

.6. ( *ersliiiaui 70. ( raiuger 80. Ri esheck aiid Martini 851

e programus for writinig stories onl their own JMveiaii 76]i

* programs for reading newspaper headilines and stories Ischank andi Abelson 77. ('ullingford

78, Wilensky 78. iDeiong 791

o programus that translate t ext~s from oil( language to another ]( arboneli et al. 78. Lytinen and

Seliank 82. i'ytrinen 84i

* programns t hat aniswer quest ions given in mnorunal English IIchnert 78, Dyer 821

e programts that can) learn language 1'-elfridge *0'

* computer models of human memory organization [Schank 79. Lehnert 79, Kolodner 801

e modlels of learning 1iebowitz 80. S~rhantk 80. Schank 81. Schank 82]

()ur work in Al has always focussed onl the Ihas'ic question: how dtoes the human mind work? In each of

tihe rases5 cited above, we have tried to isolate certain asp~ect~s of human cognition and model them with

rotlipult r programs.
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One of the most fundamental insights of this work has been the recognition of the central role thatl past

experience plays when faced with understanding a new situation. Tha. Is. people are reminded rf imst ...

events when solving a new problem. The new situat in most likely will tnt., be exactlyv like thev prior '

situnation. but there might be ntough overlatp to provide useful itiforinatioit

We refe-rred to thuis type or t hinking earlier as PII'ASONINGi BY fliVN~INDlN(. We have explored t~hisIty'pe of creative reasoning In At research. An example fromt an Al program may serve to Illustrate thePi

Importance of reminding, asking questions, and explanation.

2.1 CHEF -An example of Reasoning by Reminding and Asking

f 11,laniniondl 8.1 is a computer program which generat es origittal plants, (which take the form of

recipes), i1v the domain of cooking, by modifying existing plans. It, demonstrates how episodic knowledge

can b~e used to guide planning and avoidl past, failures.

When presented with a problem, how to prepare a certain dish, the program is reminded of previous

related ri-cipt-s. It modifies thle mDost, similar previous recipe to fit the new requirements, and then tries

-out, th ti ne recipe. (1t. does t his through a simulation involving rules which specify the physical effects of

each step of the cooking process.) The results are then examined to see if they match the Intended dlish.

If the prograin recognizes a failurr, it then tries to analyze and explain) the failure through at process of

* ~reasoning by askilng questions. Finally. the programi modifies the recipe lit light of Its explanation to -

correct, Iie failuiire.

Ii the following exampiile. the progratitt;Ls been asked by the user to mnake a souffle with strawberries.

%ve vrfst-it actual output fronti the programn withi anuiotation.

Searching for plan that satisfies-

Include strawberry In the dish.
Make a souffle.

Found recipe -)REC4 VANILLA-SOUFFLE

Recipe exactly satisfies goals ->

Make a souffle.

IF Recipe must be altered to match -

Include strawberry In the dish.

Building new name for copy of VANILLA-SOUFFLE based on Its goals.

Calling recipe STRAWBERRY-SOUFFLE

th Ile programn I-, reini iuded of a previous related recip~e for 'Vatuil Ia Souffle, It ( lien Copies andl modiites%

. . . . . ... . . .



Schank and Slade 12 Iltucat imi and ('ompiter-
r, .- *~

sitI ii4fli,. ItI Ihscovers I I IA. Iit '4. i r l b, K0i( t I, ar e w |a ttI 1.r i bak.edf I , .Iiw. disI I aes Ik' berrIv. t' . -

dish Is gw..et. eltc Ilow,-ver. thIerv arr some n importatt goals tat falled.

Checking for negative features ->

Unfortunately The batter is now a bad texture.
In that: The batter is now flat.

Recipe -> STRAWBERRY-SOUFFLE has failed goals.

The goal: The batter is now risen.
is not satisfied.

Changing name of recipe STRAWBERRY-SOUFFLE

to BAD-STRAWBERRY-SOUFFLE

The program now tries to learn frot this failure by asking (uestions and explaining why the failure

happened.

ASKING THE QUESTION: 'What is the failure?'
ANSWER-> The failure is: It is not the case that: The batter is now risen.

ASKING THE QUESTION: What is the preferred state?'

ANSWER-> The preferred state Is: The battcr Is now risen.

ASKING THE QUESTION: 'What was the plan to achieve the preferred state?'
ANSWER-> The plan was: Bake the batter for twenty five minutes.

ASKING THE QUESTION: 'What were the conditions that led to the failure?'
ANSWER-> The condition was: There is an imbalance between the whipped stuff K.
and the thin liquid.

************ noting balance failure ***********

Only one aspect of the imbalance:
There is an Imbalance between the whipped stuff and the thin liquid.
is unexpected.

The state:
There is whipped stuff In the bowl from the total equaling 60 teaspoons.
normally participates in the goal:
The batter is now risen.

Only the other aspect of the imbalance:
There is thin liquid in the bowl from the strawberry equaling 2.4 teaspoons

Is an unexpected condition

The program continues its analysis anil eventullIly (I'cides to modify the recipe to reduce the imbalance

bitween the whipped egg whites and the liquid front the strawberry mixture. The progran uses a . ',

r........

".-'-,--
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Thematic Organization Packets (TOPs ISchank S21) to make the high level ;ssoclation titcessary to alter

the plan. It. has five strategies which it considers.

Found TOP TOP3 -> SIDE-EFFECT:DISABLED-CONDITION:BALANCE

TOP -> SIDE-EFFECT:DISABLED-CONDITION:BALANCE has 5

strategies associated with it:

USE-DIFFERENT-PLAN:PLANI

USE-DIFFERENT-PLAN:PLAN2

ADJUNCT-PLAN

RECOVER

ADJUST-BALANCE

Applying TOP -> SIDE-EFFECT:DISABLED-CONDITION:BALANCE

to failure It Is not the case that: The batter is now risen.

In recipe BAD-STRAWBERRY-SOUFFLE

Asking questions needed for evaluating strategy: USE-DIFFERENT-PLAN:PLANI

ASKING ->

Is there an alternative to

Pulp the strawberry.

that will enable

The dish now tastes like berries.

which does not cause

There Is thin liquid in the bowl from the strawberry equaling 2.4 teaspoons

Found plan: Instead of doing step: Pulp the strawberry
do: Using the strawberry preserves.

The program continues to evaluate the other four strategies, compares the results, and finally decides to

apply the ADJUST-HALANCE strategy, which in this case means to add more egg whites.

Changing name of recipe BAD-STRAWBERRY-SOUFFLE

to STRAWBERRY-SOUFFLE

Implementing plan -> Increase the amount of egg white used.

Suggested by strategy ADJUST-BALANCE

New recipe is -> STRAWBERRY-SOUFFLE

STRAWBERRY-SOUFFLE

Two teaspoons of vanilla
A half cup of flour

A quarter cup of sugar
A quarter teaspoon of salt

A half cup of milk

Two cups of milk

One piece of vanilla bean
A quarter cup of butter
Five egg yolks

Six egg whites

,p;°..
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One cup of strawberry

Mix the flour with the sugar and salt,

MIx the milk with the mixture of sugar, salt, and flour

Boll the milk and vanilla bean for less than a half minute"

Remove the vanilla bean from the milk.

Mix the mixture of milk, sugar, salt and flour with the milk.

Simmer the mixture of milk, sugar, salt and flour for five minutes. ... ,-.

Whip the egg yolk,
Add the butter and mixture of egg yolk to the mixture of milk, sugar, salt

and flour.
Cool the mixture of egg yolk, milk, sugar, salt, flour and butter.

Whip the egg white.

Add the vanilla and mixture of egg white to the mixture of egg yolk, milk,

sugar, salt, flour and butter.
Pulp the strawberry.
Mix the strawberry with the spices, egg, milk, salt, flour and butter.

Pour the mixture of egg, spices, strawberry, salt, milk, flour and butter

into a nine inch baking-dish.
Bake the batter for twenty five minutes.

If this plan is successful, the following should be true.

The batter is now baked.
The batter is now risen.

The dish now tastes like berries,
The dish now tastes sweet. .

The dish now tastes like vanilla,

Once all new Interactions have been validated, the new recipe Is indexed In the data base In terms or

those interactions. When the program is then given the task of creating a raspberry souffle, it is * .

reninded of the dish it just created and produces a inew recipe which has no failures. The program has

learned I)Y asking questlons and being creative.

The (IIEF program illustrates explicitly what we mean by REASONING BY REMINDING. The

program was presented with a situation for which it had no exact, previous match. it was reminded of a

similar previous case, and used that as the basis for solving the new problem. In the course of adapting

that previous case to fit the new situation, the program encountered several additional problems, but was

abl, to respond to those on the basis of previous caes as well. This is an example of creative reasoning. .

When it encountered failures. the program wa.s able to REASON TIROUGH ASKING. That is, it,

e-xplained the failres through a qIttetion-based reasoning chain. 1ioth of these r )ning mechanisms -W.

-ont riulqte to the creativity of the progranm

. . .- * • j ,
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2.2 Computers as Teachers of Reasoning through Asking

Earlier. we discussed the need for teachers to stinulate students to ask questions. We feel that, in many

ways. computers are well suited for this role. Computer programs, a:' demonstrated by (IEF. can

capture knowledge in restricted domains and reason about, that knowledge. Computers can relate prior

experitenes to new situations.

What we a k of our cn)mputer teacher is to stiuntlate the student, to ask (tlet ions. The basic cycle for

the Interaction would be:

I ('onputer poses difficult question --- for which there may be no right answer.

2 Mtildent generates a hypothesis.

3 (omputer responds with a counterexample from its data base of remindings.

Then, the student must revise the hypothesis, and the cycle continues. Note that a central part of this

process is the student fails to get the right answer. The computer is continually trying to point out holes -

In the student's answers. We maintain that, a computer can get, away with this, but a teacher in a

cla.ssroom can't. The reason is simple, but colpellilg: the computer is not Judgmental. Children

erognlize that there is no social stigma attached to being corrected by a computer (especially If everyone

Is treated that way). ilowever. children are very sensitive to the attitudes of teachers and other students.

No child wa,,ts to be continually singled out, as unable to answer a question. The computer has greater

latitude.

(ompuiters offer students a great and important luxury: the opportunity to fail. As we have written

before Schank 81., failure plays a critical role in the basic cognitive mechanism of learning. In describing

flie cognitive process involve(] in understanding a new situation, Ae suggested the following procedure for

undivrstauditng social situation,,:

I 1 tillze the appropriate high-level knowledge strulctitre i process Input. (e.g., scripts, plans,.
(tIc 1chank and Abelson 77])

SWivi an expectation gienerated i.N those st ructtres fails, attempt to explain the failure.

3 'o explain the failure of another lerson to act. according to your predictions, attempt to
figutre out his or her beliefs. This incl ides:

a Assessing tlie itiplicit beliefs that vou expect hii or her to hold in that situatrion

b 'roducing an alternative belief that the actor might hold by combining your
assolmptions with the actors behavior.

I t',w the Alternative eilef ,a.s an inex to tmnory to find other memories previously classified
wit I ttie Altrtnat iVte Ielief.
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5. U.se the other features of the episode as additional indices with the range of behavior delimited
lyy the Alternative Belief to fildi an actual memory t o be tlse(d for generalization and .

modification of pre(lictions,

predhihm1i whiclh (.'an be .11tIIlI' d to nA CaSVeS. StnPl-inns a preililon does niol work, that is. tie world

(l)- ! :ilways behav10 tin w 1ytI ex;le' iI, to lItlhav,. It is i tose er tatliition failureg which Irovlde

an opportunity for learning. These failures slhould stitulate the person to explain what went wrong.

"['i. ( 'xplanations then be used to locale other previous experiences that may be related. The

explanaltion and associated remindings then get incorporated into the knowledge-base of prediction, and

help to prevent the person from repeating the failure.

\W.e hlieve this process of FAIL-EXPLAIN-HIEMIN[) to be basic to learning. Our educational system

>h(mthl capitalize on this underlying cognitive mechanism by. in effect, providing opportunities for the

child to make mistakes and fail. without the stigma normally a.ssociated with negative reinforcement.

'olnputers provide a one-on-one teaching environment which is free from the intimidating effects of

i ." "

............................. * ...
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* 3. More Problems: Computers in Schools
The following story appeared on the front. page of the Sund~ay New York imesnr, December 0. PH)4 W

School's Use Of Computers Disappointing

After Investing heavily In microcomnputers, public schools inl the New York metropolitan area --

are finding that they are still far from achieving thle academic revolution expected front the
new technology..

Computers have arrivedi in classrooms across tine country amid very high expectations. In thle pmsi, 20)

years, we ihave witnessed the d rant ati c and exciting d1evenlopmunents Ii comnp uter h ardiware. rnesunlti ng Ii filhe

widl( availability of p)owerful machines at, at sinll fraction of tihe cost. of the decades before. Th'iese flew

comiputers were going to change tile way cild(1rein were taught, and start. a revolution Ii leariln ng

The observer of the current state of computers Ii ediucation will realize that most of the learning front

* computers that has occurred is by thfe teachers and administrators who have learned that, computers are

not living up to their early promise. Computers htave not transformed the schools Into a technological

forumi of leartning. The schools are still having a hard time teaching the bread and butter sulbjects of

reading, writing, and arithmetic. It, '.urns out that. the only suhject. thnat, abisolutely requires the ttse. or a

* ~connpit~er is learnting about. ine cointptter Itself --- hnardly a surprising resl..

* 3.0.1 The Problems of Computers and Education

nwli skilist 7nc of tffe prolems~ of connipiters Ii tine schtools Is sitintarizns accunrately Ii ine( artik In frmuni

* The' !V('tn )'rA irk icll (- it eti above.

* ( otunpunters are utsed largely to tleachn cotnptnter lite-racy, and htave inegiected the pritnciplie ;irru-is
of tine school curriculumt. itle is beinig done to unse cotuters to enhance thie regltir

*'iThe biggest. problem is the lack of ade(tttate soft warn for other subjects. rThe av ail Iv I
softrware (toies not fit well ittto t~ne existing cttrriciitntI.

* Schools lack inians of Identifying good software ttii traninrg t eachers to inse- it.

o %lost computerized Instruct ion is, ioin vn drill aind practice (electronic workbook, see below)
wichi is provinmg not to be effective.

* 14-iool ,oftlwarv dons tnot hilly ilt lze tIncf towet. of t ite bunl itnes bittItnStnadj ninlitocsi le (11 1

- * E~~~# x ticnti vi(' ) irid ia . sinci a s b o o k s1( o r o v 'n'rinev ti tp nj c o rs . >
* Ii ptitle orC th.uisinnragirng it'Velifnifeifs. w%( atr. onpiintic atiotit tin fintutre t .sibiliiie' of roinnit

i ti. s'iilools Todw;n k utmost :ill pnliinr mtidi ecowni~my s-inools; nnse connnpltetIS inn tin.ll' -~'m \,I, . -

frnnn in'tstuii tOwin l tI, ;i ck nif id-tirn' sorft rv t%'; wrn ImI hci inn ieril ici I \'
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'Teachers have realized that when appropriate software Is available, computer exercises can be used to

reward advanced students or to deal more patiently with slow learners.

The problems of our schools today are tremnendous and tragically underrated ,Schank 84, iRagosta 831:

* (ChIldren are not learning the basic skills. 4
* (hldren are bored in school.

* Schools often treat children as a mass instead of as individuals.

* Children don't get enough personal attention from their teachers.

* Many teachers get bored and frustrated and stop caring.

These are major problems facing society. It is trite, but true to view our children as society's major

natural resource. Children must be nourished, encouraged, and educated. The problems we find in the

schools are then iot just the schools' problems, but society's.

Computers can provide a solution, at least in part, to many of these problems.

e Computers can be programmed to teach far more thoroughly and interactively than textbooks.
Not only can tie computer program ask questions, but the child can ask the computer
questions in return. The child can get prompt and meaningful feedback.

C Computers can treat children individually. A child can have his own computer teacher who
keeps track of his progress. A good computer program can monitor the mistakes a child has
made and focus on those particular problems.

C Computers can be used by almost any child, no matter how hyperactive or lazy or disturbed.
Children have demonstrated an amazing affinity for computers -- given the proper software.___
iLepper 85, Lepper and Malone 85. Malone and Lepper t51

S('omputers can be excessively patient instructors. They don't get bored or frustrated with
students or with teaching. They need not punish or ridicule a student to make him feel
inadequate -- though current poorly designed educational software does just that.

C Computers are fun -- or at least they can be.

* One could probably make those same arguments on behalf of some exceptionally gifted teacher. Most of

us have been lucky enough to have been exposed to such an inspirational and dedicated instructor at least

once in our lives. Would that all teachers could be like that. The problem is that such teachers are quite

rare and cannot be replicated very easily.

It may well he that exceptional educational software will be very rare. hut fortunately, it can be

(uplicated II Ina.Ss (puantilh's and made available to every school in the country. Once we build a stable

-. '..-
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*" of star computer software, we can begin to. realize the dream of providing outstanding instruction to

every child. .

Furthermore, while we may bemoan the fact that the star teacher is a rarity, we should also recognize

* that. soon any teacher may be scarce. We are )asing this prediction not on a hope that computers will OR

replace humans, but rather on the plain fact that. fewer and fewer people choose to go Into education as a

career. School superintendents and principals are quite aware of the problems of attracting and retaining

- good teachers. They realize that they will have to turn to the technology to keep up with the demand.

.-" In effect, education will become less labor intensive and more capital intensive.

3.0.2 BASIC is not basic

What has happened with computers in the schools? We see that they are being used largely to teach

something called computer literacy. In practice, this usually means teaching computer programming.

usually in BASIC. which is the lingua franca of microcomputers. There are three reasons why the

schools are using computers to teach computer programming:

I. TFo provide the student with a job skill.

2. To train the student to think logically and develop reasoning skills.

3. There is nothing else suitable for which to use the computer.

Students taught to program in iBASl( by a teacher who only recently learned a smattering of BASIC

. are not getting much of a leg up in the job market -- especially if the computer training is at the expense

of the regular subjects in school. A child will not get any job without an adequate ability to read. write,

* and do nath.

.Thinking algorithmically is certainly a valuable skill, and one that is salutary for an educated person to

possess. However, even though we computer scientists might like to think otherwise, learning to program

is not a necessary or sufficient precursor to reasoning ability. There are many other ways to train the

mind. Learning to program computers is no magic nostrum.

We believe that using computers to teach conputer literacy to every student is a wasteful enterprise.

The only legitimate reason for using compulters in the schools to teach children about computers Is the

lack of any adequate software for tevaching the truly basic skills: reading, writing, and arithmetic. These

are skills that, form the solid foundation of literacy. )oth computational and otherwise, in a civilized

society. It is criminal to neglect these subjects in our schools under the false hope that computer literacy

will prove more useful to our children. We know that people need to know these core subjects, and we

know that they are not being taught adequately In all schools. We should also realize that. there is no

siaImnperatilye for children to iea.-n how to prograini.

S. . .. . . ...

"....
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Our task is to find better ways of edticatlng our children in the ha. ih skills of clvIlIzllthii tI Itheil

time, we should take alln at another of( neglected goal of a good eIitication: wet sl tilhid wa uilr cliihlirvii"

to leave school with a trute love of leartning that (att sustii thelu throughoit the rest. of Iieir ives "lht,

love of learnting Is, excitling t~o Watch In a yointg titild. and oftett It Meetis to bie drivent aewas ;1. th14 (111il

Irogresses titrough sctool. A piv't'ot wito cottnliints tlhrolgh life with an olert ;ttt Inopen lanvd' itiltii I'. ll .ot h

rare and wonderful. We should hope that our schools will acltieve not ontly the basic goal" of etlttcatlout

but also extend the vision and reach of our children beyond their years In school. Computers rlta. not ie

the answer to nurturing a love of learning, but at least they should not stand in the way.

We recognize that schools should not be singled out for criticism regarding children lacking a sense of

intrinsic reward in learning. This low regard for the love of learning Is a societal attitude We ,elie v"

tiough that the schools are a good place to start to try to tutrnl this attitiide arottnd Fuirtlitrtnore ( hf

evidence suggests that, an approach to teaching which focuses otn iiilritisic notivatlion will achive gr-ater

success.

3.1 Hardware in the Schools

So far, we have (liscussed the problents of the schools and of cottipitlers in the -4chools We saw that

most of tite problems associated with computers in school. were d(ie to the lack of snitable software

lefore we discuss the software requirements and standards for Mducailon, %e s-bould brlefly exanilne what

computer hardware Is available In the schools.

Computers have long been available in colleges and universities, where they have been used for ttian

scientific and administrative applications. Colleges often spent a million dollars or more in the 60'% and

70's to set tip computer centers.

Needless to say, few, If any, priniary and secondary schools cain afford to spend a million dollars for a

computer. Furthermore, tihey do not have the motivation of large scientific and administrative problems

to solve. There are some high schools that, have bought or borrowed time on someone else's large

machine to teach programming, but It wasn't, until the advent of the Inexpensive microcomputers that

many schools started to get on the computer bandwagon. As history has shown, most of those machines

were purchased to teach about computers themrNeh'es.

The dust has settled somewhat in the hardware arena. We can now look around and see what has

transpired, and we can well predict what will be available in schools in the coming years. For now, we

can assume that a machine with the power and capabilities of an Apple 11 or an IBM PC will be the

norm. We feel this to be a realistic view. If the schools had more money and could afford a DEC VAX

or other stipermini computer, then the possililities would be tuch greater,

i! ;°; ]V
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'rhus. the machlies that are available are no. extremely powerful by the standards or toitay's

'Eomilt.rm. Ilowever. conilouters or the ('ah i (I f il A\ ,' II 11 o I1M 14 i ve ,*.Ivei I,, r,,li .lt

rap~ablill le. Foir the woftwar,' mtandardm 0lscrlwd iIwlI)w. we %frill aitine it itlcrocomlptitI'r with IiI I,

following ab~ilities:

" at least 64.000 characters of memory

" It least one disk drive -'A

" te'll display

" color grahics

" intiic generation (at least one voice)

"i'hit a titimulin set of re(llirelmients. One may dispute the ied for color graphics, but thv Ilnefil"

,,utweigh the sinall miarginal costs. Furtheriiore. tite costs of high-qialliv color displays are droppiig a..

(liv detitald for this featire iicreases. We sulgges.l I-t this ability can li' considered a standard for ittost -

ethichIl(tll;LI software for the nlar future. .i41

* Solivi of the items that we (do not require of an educational microcomputer would include a joystick.

itlti be graphics tablet. ligit pen. voice synthesizer, modem, and a printer for each machine. Cursor keys

aiu prolide adeqmtte and accurate positioning; joysticks are more useful for arcade video games which

rire qick reflexes Instead of cognitive skills.

l.-'moioidcal voice synthesizers are still hard to understand and not yet feasible for the one area where

i lhy d)ld le extren',ly useful: programs teaching children to read. A computer that could talk to the

-11id itI il intelligible voice would be of great benefit. Older children can better understand today's voice

. - litileizors. bitt Iiose sane children shliold also be able to read i nstructions printed by the computer. -"-

An ar;et. whtre woice syiithesizers (cin he -specially iielpftil at. present. is in computer programs for the

No(lens and data commtunication will someday be an important part of computers In the school, but

riot until the schools have some well-established central facility for record keeping or curriculum

(listribution For the present, we can expect teachers and students to be shuffling floppy disks back and
FOY

forth

Prliit r. are very tiseful. and cvery school stotild have several. Ilowever, there Is no need at present for

,very tachime to have one. A ratio of I printer for every 5 or 10 mahlines should prove adequate for the %

tcar fit ure.

,. ... . . . . . . . ..
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Over the next rew years, more money will be made available for computers III the schools, both from

* school boards.- and from computer manufacturers. It is most likely that the schools will spend the money

fin three main areas: more equipment (compatible with existing hardware), mnore software (especially fin

*areas not p~resently covered), arid mrore training for tire teachers fin tire integration of computers into the

As mtore muoney is sp~ent fin the near future. we can view the' exp~andilng role of compuiters in the

classroom In specific terms how many hours lo'r week thle student, will have access to the computer.

ToIN thi ile school that exox 105 the studi~ent to (te computer .30 minutes a week will in the next 5 years

have 1mioved to :30 Iin iotes a day --- a five-fold increase. Again, this call only happen if there is adequate

,oft xs are to kiipport t ire voiinit ment of resources.

Wev view% this catalog of hardware capahilites a-s dlescriptive. not, prescriptive. We recognize that it

would he- far hetter for each studi~ent to have access to a $50000 workstation, than to share an Apple 11

wit It 30i classmiates, Thus, (,te software is clearly constrained by the hardware realities.

3.2 Software for education: the good, the bad, and the ugly

* ~We 11ow ttirti to software, had and good. We first look at thre bad. In discussing the problems with

exiscifig t'(IIEiatiort0(1 Soft wir. e, r prsent several cal vgories of soft ware- Chat sometlines overilp: -

* (Nomipult er lit eracy

* dtrill and practice

o elect rotic hooks

0 t lht educa~t ional arcade.

a :wd cotutrs, soft ware

Ns shouild be clear at this point, there are a lot of computers in the schools today that are not being

we-li-t ilizedl There arte several difftrent prob~leims that we have discussed. rhe first is that the schools

are devot intg excessive resources to teaching comtiliter lit eracy.

Let1 its imiagine a person who butys a new car, takes it home, and then spends several months- doing e
* 1101 nohing except di~.tnantling and rea~ssemhiling the auitonmole. Clearly this person will have learned a lot,:.j

aboutf auto miechaiuics and car repair. lbit hie won't have taken aolvantage of the car to do what it, does

tatI:k intg people from omit' place to aniot her. ( 'otiput er literacy follows a similar path: the schools have

houglit all these piachines andl now, they aren't rising then) to help with the problems that existted inl the

-chotols before. namtely, r eaching readilng. writitng. mathI. anrid other subjects.

. . . . . . . . .. . . . . .7



I - .il '..'L,--"..o

Schank andI Slade 2; t :,.11141 Ctld('llullel'.-j ''l". '' '"

Now assume that our car owner has decided that he is going to try out the car. instead of merely

examining it. He then sits in the driver's seat: puts the key in the ignition: turns on the radio: and spends

the rest of the afternoon sitting in his driveway listening to music. The poor man could have bought, a

much better stereo for a lot less. but he wanted to use his car and didn't know how to drive.

Much educational software suffers from this syndrome of undertitilizatlon. There are prograns which

are little more than electronic workbooks in which questions appear on the screen and the child types in At

all answer. A correct answer causes the machine to go to the next lesson. An incorrect response takes the

child back over the previous material.

This type of software is termed drill and practice and teachers who have seen children use it recognize

it as dull in practice. These programs typically make little use of the graphics capabilities of the

machines. 'hey are also lacking in what should be viewed as the Intrinsic capability of educational

software: interactivity. Children who have been exposed to video games are aware of the many appealing

features of microcomputers and recognize that simple drill and practice software is deficient. It doesn't ..-

hold their attention. They get bored. This is not progress. The child loses interest in the subject, and

I he reason now is not a $5 workbook, but a $50 computer program, running on a $2,500 computer. It's

* ~~like buiying a Lincoln (otn to . play the radlio.

Aside from their limited effectiveness, (trill and lppractice programs suter from another major drawback:

tIhey are e;sy for anyone to develop. Thus, there is a large supply of simpleminded, inadequate

e,lucational software produced with very little thought. Easy as it is to write drill and practice programs.

some programmers have seen fit to make it even easier through what are called authoring systems.

l'he" allow a user to create a program without even minimal programming ability. The result is a

program witi solme educatiotial content. btll lacking the most basic sophistication and awareness of the

full tpablilltles of ti',. ma,hl1e. It, is comparable to a children's textbook without any supporting

iliui . at ions. maps, chart., r ures. tables, graphs, or pictures. We would question why the author failed

lo take advantage of the other effective modes of comnmunication provided by the printed page. We

wo)tuldii't take ue,'l a book seriously Neither shouildI we accept the products of these authoring systems.

\, should dlemiarld firt el:Ls products for our chillren. They can tell the difference. .. \

()itn %aatiao 'mi the dtrill -til ipratice prograiuns is tile electronic book. Here a textbook, often with

ilhi-iratioil.. Is , Cr6el t) a roinpluit r disk The- child reads a page from the computer screen and then

* re-,t I key tio view the i-tot Itigi- nl,,tltnes the screen will display a picture taken from the book to

depi.t, a cert lull ,tH,',tl lhve ,ve. tii bulk of the program relies otn reading text from the screen. After

% while. it b.comes apparvlul I ha! this iype of programl is no better than tile book itself. In fact, it is in

riin. way, wor. Wit h a book. t lie child has more freedom to Juimp ar, ,nd from one part to anot her

"..'... .. .'
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" and to proceed at his own pace. These programs are reminiscent of early motion pictures which were

filmed stage plays, rather than tightly edited cinematic productions. Those early movies did not take

advantage of the dynamic editing possibilities inherent in movies and missing on the stage. Similarly.

much educational software is still tied to the idea of the book, and not to the dynamic and Interactive

capabilities of computers.

NWe should be energetic in exploiting the full power of computers for education. We should not be l.

satisfied with the mediocre software currently available. It was not very long ago that television was

touted as a great medium for cultural advancement. Television provided an opportunity to bring high-

quality drama and art to the masses. The great awakening never happened though. Mediocrity

triumphed. The high hopes for uplifting society were never realized. Still, this does not mean that

computers for education will suffer the same fate. It is within our power to shape the future.

Television has of course been used for education. Programs such as Sesame Street and Electric

Company are widely embraced. However, computers can be more stimulating to a child than television.

which Is after all, a very passive experience. Children enjoy working with computers because the child is

the one who can control the action, lie makes things happen. He is Involved. With television, the child

is a spectator. With computers. the child is a player. That difference is key. As a player, the child has

something at stake and has to be thinking.

Ilowever, It is not sufficient for the child to )e a l)layer. There must be some cogent educational

content to the program. The educational arcade games fall prey to this problem. Arcade games or video

games rely on quick reflexes and reaction time responses. They don't develop cognitive skills, but motor

skills. Many educational programs have been based on arcade games. These programs link some

" cognitive task such as spelling or multiplication to a game strategy. Often the link Is very loose, such

• .that the game Is merely the reward for successful completion of the cognitive task. We believe that this

approach may answer some of the criticisms leveled at drill and practice, but is seriously deficient In

other respects. The primary task requires motor skills, not cognitive ability. Furthermore, there is no

connection between the task. such as addition, and the goal, such as shooting an alien. There is no context

of adding numbers as a useful thing to do In real life.

One final type of program that is gaining in popularity and often portrayed as being educational is the

*i adventure, mystery programs. These are interactive novels in which the reader issues commands to the

computer to fell the protagonist what action to take at regular Intervals In the narrative. These

Sprograms are fine when viewed as entertainment software, however, they do not readily fit into any

school curriculum. Furthermore. their claim of educational content Is usually mitigated by the fact that

the competent reader must already have achieved a level of sophistication beyond that of their claimed
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instructional level. (A program to teach reading, for example, should not require that the child already

k now how to readI.)

Bad software will always be with us. What Is lacking In educational software these (lays is a suitable

set of standards ror distinguishing between the good and the bad. We shall now propose initial standards

for good educational software.

.... ... ... .... .. ...............................................................................
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4. Computers in Schools: The Solution

4.1 Standards for educational software

We have leveled many criticisms at existing educational software. We feel that. there Is a tremendous

need for good software in the schools and that most of what Is currently available Is Inadequate, for the

variety of reasons listed above. What should good educational software look like then? We shall now

attempt to answer that question. We present the following set of principles of educational software

design.

I. Tie program should achieve a defined educational objective.

2. The child should learn through discovery.

3. The program should be intrinsicly interesting and fun. . ".

4. The program should use concepts already familiar to the child.

5. The tasks and rewards should be appropriate to the target age and background, and to the

concepts being taught.

6. The program should make and require reasonable responses.

7. The program should be easy to use. -..

R. The program should riot break.

9. There should be both rewards and remediation.

10. The program should allow mixed-initiative interaction.

1i. The program should be part of Integrated series.

12. The program should be open-ended.

4.1.1 Defined Educational Objectives

The educational content of a program should not. merely be a side-effect or after thought. This is

clearly the case with numerous arcade or entertainment programs. It is easy to see that these programs

were not designed primarily for education. Their educational content was not, an a priori concern of the

programmer, but an a postriori Idea of the marketer.

'F'
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4.1.2 Learning through discovery

Computers make it possible to learn through simulations. The user can make decisions that change the

state of an imaginary world In this environment, the child can experiment with Impunity. The child Is

thent more involved Iit tile action and has to t.lhin k about Iis decisions anid their consequences. This

aplproach ran be applied to tile entire school curriculum -- not siiply for nath problems or spelling drills.

A history program should allow the student to simulate political decisions and view events occurlng in a

catsal sequence. A geography program should let the child explore a region and discover its traditions, O

.. notin.l ,. and so on. A student might manipulate tile economy of a country at a micro or macro level.

and discover the underlying explanations for consumer decisions and national fiscal policies. A computer

chemistry lab should allow Ile student not only to perform experiments for qualitative and quantitative

aialysis, but also manipulate molecular models of the results. A biology program could perform ._.-

sittoulated genetics experiments instantly without waiting the few days required for real fruit fly results.

4.1.3 Motivation, interest, and entertainment

'he progran should be so enjoyable that the child wants to use it for its own sake, perhaps never

realiiing that it's educational. ly involving the child as much as possible, the program requires his

:it tintioi 'he program should be so much fuun that the child is highly motivated to learn. Here it is

inirtanl to stress the range of rewards available with graphics, music and interactive choices. We want.

t,. ctil to) enjoy learning. As we have discu.ssed earlier. Intrinsic motivation is more effective than

extrinsic IL'pper 85. Lepp,'r and Malone 85. Mldone and Lepper 851.

4.1.4 Familiarity breeds expertise

( hildren have considerable knowledge aboutt the world and this knowledge should be brought to bear In

lvarliig new material. The programs should always try to present, the subject In a realistic and familiar

context to provide a suitable grounding for the child. The more concepts that the child can bring to bear

iceases the facility the child will have In learning the new concept. This is especially Important in

traching abstract concepts such as algebra or molecular chemistry. }-ere, the simulation and discovery

approach can be best applied. The child is then directly involved in the subject through a concrete

conte:,t.

4.1.5 Tailor the program tasks and rewards to the user rO

'Fe ta.ks. Illustrations. and rewards in the program must be suited to the age and cognitive skill level

of tie Intended iser. Programs designed for Ireschoolers should require the simplest of tasks, and

trvte iapproprate rewards. P'rogranis desigtned for more mature children can require more complex • . -

rnanal or coguitlve tasks .'iirtbernore. tile rewards should be matched to the subject, matter For .....

e xiimlel!, mutotney rewards make sense iti econoinic or business contexts.

e- .7-.

• :. '_. _ ''-'- -'-'" - -'" ' " II



S'liank and Slade 28 EilIcafioti arid (Colputers

4.1.5 Don't violate expectations

There must be a reason for everything that happens. and a reason for every action required of the child"

The dramatic action of the program must not be arbitrary at any point in the program. The child must

not be distracted from the educational task by trying to figure out why the program behaved in some

strange way or trying to second guess just exactly what the program is expecting the child to reply. The

child*s attention should not he diverted from the ba-sic involvement. with the program. It is important,

that the universe of actions embodied in the program be consistent.

4.1.7 Make it easy to use

'his wolld spel axiomlatic for any piece of software, but it is especially important when you expect the

program to he used )y children. Instructions should he easy to understand, which means that the user

ilntVrface should be very simlie and consistent throughout the program. For example, one common way

to request input is through a highlighted menu for which the space bar cycles through each item, and the

return key selects the current item. The appropriate use of icons is also beneficial.

4.1.8 Make it hard to break

This is really an extension of the previous principle: a program that is easy to break Is perforce not easy

tot use Again. it is imnportant to realize that, the programs are to be played by children who may try all

kinds of strange things when using the program. The program should he able to withstand a whole

gaiu i of inappropriate responses without._ rashing.

4.1.9 Encourage success and expect failure

'he programt should always be responsive to the chihl's progress. When the child makes an incorrect

response. the progratl should instruct the child Ls well a, correct, the child. If the child has demonstrated

commlpt eice. hie Should not be required to recapittulate previous tmaterial. The positive response following

a correct answer should always be more rewarding than the negative response for a wrong answer. It Is

important that the child not be encouraged to choose the incorrect answer simply to get, a more

tininlat ing re , ard,

4.1.10 Allow mixed-initiative interaction

Most computerized instruction is one-sided: the computer asks all the questions. This is especially trute - -'

,f Irill-and-practire programs, but is also characteristic of other kinds of software. The opposite extreme.

where tite user asks all the (uestions. is more common in interactive help systems or Information retrieval

programs .A teachina sit. ition is best conducted( as a combination of the two -- both the student and the

tI.,'her initiate questions, and respond to questions posed by the other. Computer programs which have

thi ai I are referred to as mixed-initiative systems, att( educational software should strive for this type '"

of pr'lu, ive, eedback and interaction

•............................. ...... .......................
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4.1.11 Integrate within a series

()ne of t he ad1vantages of* comflhuter-lbased list rid loll is that, coutiputers call p~reset course muaterial in

discrete. tligest ible quanltitiles. aicli programn conltainus a specific lesson. We have already dliscussed the~

importancet of building onl previous kunowledge andl experien)ce. It stands to reason that part of that

X pe'Crici- sh ou dlot he te previouis compii ter- based leCsons theii.nstlves. -l'Thits, even though each Iijirograli -

maY sa 31 ott its owni as it presents a new concept, the programi canl beniefit. from being part. or anll

Sinoegratcd serie inl which the lessoti(idesign can take advantage of the content, of the previous programs in

the strie's.

* Ihis approach is esp~ecially important in designing a computerized curriculum. For example, basic

readinig and arithtmet ic skills for just one primary grade would require several dozen programs in an

integrated series. If one selecteid thle same numuber of programs for the same subjects at random, there

would be lots, of overlap and~ mail.% gaps Furthermore, the disparity in approaches and techniques would

present an additional ob~stlth for the child.

4.1.12 Make it open-ended

* It Is ?lot possible to step twice into the same rivrr /Ueraclitusl Knowledge is a river, and educational

-nsotare should reflect the fact that there is always something new and different to discover. The

[programt should Pihbody a diversity of possible approaches and outcomes. Each time the child uises the

progratm, it should provide a fresh inst antiatiuotv The more open-ended the program, the greater the

* opportuiinit y there will he for the child to explore and learn.

4.2 Summary

Childreti are not being taught to think, but to get gradles. Computers have been put in school not to

I e;i basic skills. but. to beach about, computers.

Thie way to teach students to think is to stiinulate them to ask questions and to explain the unfamiliar.

Computers canl he used very effectively to prod students In a non-judgemental way. Children find

roniplit er- tnt riuisl-ally Stimoulat ing.

int. final ;tnecrdtte is illustrative.

* ~ ~~~ h igh sdhjul acquired a pvrsonal computer and a simplle comptuter p~rogram for analysing the

* mnutrut ional conitenut of iicals' The school decided that a wonderful way to introduce the computer to the

Sti(1,-Ilt. Vttll 1" to pilt tII, utachine in thte cafeteria so that, the students- could instantly find out the

* uttu~wtrit tetual %:flue of tltir Ititchius



-- -,--. * , *7 . .-.- tp A. -.- r- -

4chalk and Slade 30 Iticatlion and (ollputers

\fter the machine was InStaIled. it wouild regularly at tract large crowds of s l 'nls. H|owever, I,:olmher,

discovered that the st udents %oul(i exit li nt iiont progranli and tI :rt wltJ1lmg piograllm of thIir wn-

hutThe t earliers tlheni rewrote the n1t1ritiol prodgrain to reMOve I he exit condition. Soon. the crowIs of -
14iudetits retUrned though, hlaving discovered tilt flipping Ihv power swilch off andl~ of] would ef'fec'tD,'elv -'-"-

restart te macine and allow Cietm to yp ,'as tlil nutrition prograi.

'le teachers responded by disabling the I)o'Aer switch. Still, tle sl iident found that the salon, effect

could he achieved hy itnpltuggiig the computer's power cord and then pluigging it hack In.

Fiially, til eachers seenred the power cor(I to the wall, and were confident tiat, they had sealed Off all

altertiativis for the uiirily studelits. The teachers wele wrong.

At the back of the computer was a set of metal connectors. If someone rubbed a coin across the

COIt)Ilctor. t lit cotnmputer would short out, anti lien start, tip again allowing a new program to be run.

'his story may provide some hope. It appears that students are resilient enough to survive lnsy and

)ioitrotri , ;itti mnpts to iitrodwicev ro liUlters il schools.

.. . .-. o.
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