AD-A163 618 EDUCATION AND COMPUTERS: AN AI CARTIFICIAL /4 4

.

!NTELLIBENCE) PERSPECTIVE(U) VALE UNIV NEW HAVEN CT
DEPT OF COMPUTI ENCE R C SCH NK ET AL. OCT a3

UNCLASSIFIED VHLEU/CSDIRR-431 N.l.i‘-OS K-010! 5710




RS A ST AR NI i o b O a0 S B B ™ 2~ e e B S~ e i caw TS

I I T B e el 20 Sl e b Tk 28 3
AL \.‘__{‘_-k‘_-f-,rg_'.gwfm‘w

2.8 mé
ol £

I}_é

ol

|1

____
——
F———
———
_
———

L
F ]
| B

FFEEEE

Frr
r
re

12 s pie

MICROCOPY RESOLUTION TEST CHART
NATIONAL RURLAIT OF STANDARDS 1964 4




Roger C. Schank
Stephen Slade

YALEU/CSD/RR #431

October 1985

Education and Computers: An Al Perspective

YALE UNIVERSITY - :
DEPARTMENT OF COMPUTER SCIENCE

| This document has been approved
for public release ond sale; i
distribution Is anlimited,




Education and Computers:
An Al Perspective

Roger C. Schank and Stephen

YALEU/CSD/RR #431

October 1985

Slade

Accession For

NTIS GRA&I
DTIC TAR
Unannounced O

Justification 4

 Distribution/
Availability_ Codes

By

(/ \ pist | Special
o A
o

This work was done at the Yale Artificial Intelligence Project. The Project is supported by the Advanced

Research Projects Agency of the Department of Defense and monitored under the Office of Naval
Research under contracts N00014-85-1€-0108 and NO00014-82-IK-0149, and by the Alr Force Office of

Scientific Research under grant AFO-SR-85-0343.

s s h.‘
u !T)“Dd.

70T T UG been W;ﬂ. l

v

Avail and/or

DR
't e Y 0 N

et T
et

-

B AR
)




b SECURNITY CLASSIFICATION OF THIS PAGE (When Date Entered)

s
REPORT DOCUMENTATION PAGE BEF ORE COMPLETING FORM
—REPORT NUM T3, cogr ZINON o[ 3. RELPIENT'S CATALGO NUMBER |
YALEU/CSD/RR #431 . AiA T(p 3 g
4. TITLE (and Subtitle) §. TYPE OF REPORT & PERIOD COVERED
Education and Computers: An AI Perspective Research Report

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(e) ~ CONTRACT OR ORANT NUMBER(s)
N00014-85-K~-0108
Roger C. Schank and Stephen Slade N00014-82-K-0149
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::22"a‘!o‘#x's5."7“..’33?.’:‘3;" TASK

Yale University Department of Computer Science
10 Hillhouse Avenue
New Haven, Connecticut 06520

. € NAME AND ADDAESS 12. REPORT DATH
'AdSﬁ'x‘aE": '1&'&“382;'& t."ojke"cts Agency October 1985
1400 Wilson Boulevard 5 NUWBER OF PAGES
Arlington, VA 22209 34

T4, MONITORING AGENCY NAME & ADDRESS(!! dilferent from Controlling Oflice) 18. SECUR|ITY CLASS. (of this report)

Office of Naval Research Unclassified

Information Systems Program

Arlington, VA 22217 e DECLASSIFICATION/ DOWNGRADING
SCHEOULE

16. OISTHIBUTION STATEMENT (of this Report)

Approved for public release, distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, Il dillerent from Report)

18. SUPPLEMENTARY NOTES

i
\

19. XEY WORDS (Continue on roverse eide |l necessary and identily by dlock number)
learning .
Computer assisted instructioq/ '_':‘Jjw
Intelligent tutoring systems, . o
Artificial Intelligence o

? ABSTRACY (Continue on reverse side If neceesary and identily by block number) = _' R ‘ .‘i

(ur work at the Yale Artificial Intelligence Project has provided key scientific RN
insights into human cognitive behavior, in general, and learning in particular. e ]
These scientific developments can be applied to education. p, 3;;-jtﬁ

At the heart of thinking is the nneed to explain the unfamiliar. We regard *ﬁi?J'4
intellectual curliosity as a major educational resource to be nurtured and
promoted. Our computer models of human cognitive behavior indicate that
explanation plays a critical role in learning. Unfortunately, the educational -~

DD , 3%, 1473

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 'w




SECURITY CLASSIFICATION OF 'FH!S PAGE(When Date Enlered)

A

systenm has been unable to foster and exploit what should bhe central in our
schools, namely, the love of learning.

Primary and secondary education today face many problems. Children aren't
learning the basic skills of reading, writing and math.

The introduction of computers in the classrooms has not provided the predicted
panacea, but has instead brought problems of its own, primarily due to
inadequate software for the core curriculum. Most of the available
educational software is terrible, It is ineffective, costly, unproven, and
inappropriate.

We discuss the tremendous potential of the computer in education and offer

standards for achieving high-quality educational software for all parts of the

curriculum. In particular, compters offer a unique opportunity to cultivate

the student’s natural desire to exnlore and aexplain the world. )Qa,4~ovclsf3
“

A
FLD (9

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




OFPICIAL DISTRIBUTION LIST

Defense Documentation Center 12 coples
Cameron Station
Alexandria, Virginia 22314

Office of Naval Research 2 coples
Information Systems Program

Code 437

Arlington, Virginla 22217

Dr. Judith Daly :oples
Advanced Research Projects Agency

Cybernetics Technology Office

1400 Wilson Boulevard

Arlington, Virginia 22209

Office of Naval Research 1 :opy
Branch Qffice - Boston

495 Summer Street

Boston, Massachusetts 02210

Office of Naval Research 1 copy
Branch Office - Chicago

536 South Clark Street

Chicago, Illinois 60615

Office of Naval Research 1 copy
Branch Office - Pasadena

1030 East Green Street

Pasadena, California 941106

Mr. Steven Wong 1 copy
New York Area Office

715 Broadway - 5th Floor

New York, New York 10003

Naval Research Laboratory 6 coples
Technical Information Division

Code 2627

Washington, D C. 20375

Dr. A L. Slafkosky 1 copy
Commandant of the Marine Corps

Code RD-1

washington, D.C. 20380

Office of Naval Research 1 copy
Code 45%
Arlington, Virginia 22217

. .. . NI
e T T e T AT e e
PR Y Sl T GATS, VL WAL v WA YD)




l‘.'<'.-'-'.'“-. T T T ——
PR R N R AN ~

ftice of Naval Research
Code 458
Arlington, Virginia 22217

Naval Electronics Laboratory Center
Advanced Software Technology Division
Code 5200

San Diego, California 92152

Mr. E.H. Gleissner

Naval Ship Research and Development
Computation and Mathematlcs Department
Bethesda, Maryland 20084

Captain Grace M. Hopper, USNR

Naval Data Automation Command, Code QUH
Washington Navy Yard

Washington, D.C. 20374

Dr. Robert Engelmore

Advanced Research Project Agency
Information Processing Techniques
1400 Wilson Boulevard

Arlington, Virginia 22209

Professor Omar Wing

Columbia University in the City of New York
Department of Electrical Engineering and
Computer Scilence

New York, New York 10027

Office of Naval Research
Assistant Chief for Technology
Code 200

Arlington, Virginia 22217

Computer Systems Management, Inc.
1300 Wilson Boulevard, Suite 102
Arlington, Virginia 22209

Ms. Robin Dillard

Naval Ocean Systems Center

C2 Information Processing Branch (Code 8242)
271 Catalina Boulevard

San Diego, Californla 92152

Dr. wWilliam Woods
BBN

50 Moulton Street
Cambridge, MA 02138

(‘U‘)y

copy

copy

copy

copiles

copy

copy

coples

copy

copy

.

B . P
FUBE GIT S WY S A

St

LU VR SR TR

, - .-

e e e e e
S S SN TS R VA




Professor Van Dam

Dept. of Computer Science
Brown Untvarstity
Providonca, R1 02012

Professor Eugene Charnlak
Dept. of Computer Science
Brown University
Providence, RI 02912

Professor Robert Wilensky

Univ. of California

Elec. Engr. and Computer Science
Berkeley, CA 94707

Professor Allen Newell
Dept. of Computer Sclence
Carnegie-Mellon University
Schenley Park

Pittsburgh, PA 15213

Professor David waltz

Univ. of Ill at Urbana- Champaign
Coordinated Science Lab

Urbana, IL 61801

Professor Patrick Winston
MIT

545 Technology Square
Cambridge, MA 02139

Professor Marvin Minsky
MIT

545 Technology Square
Cambridge, MA 02139

Professor Negroponte
MIT

545 Technology Square
Cambridge, MA 02139

Professor Jerome Feldman
Univ of Rochester

Dept. of Computer Science
Rochester, NY 14€27

Dr Nils Nilsson
Stanford Research Institute
Menl¢ Park, CA 94025

T NN . RPN TP R S
P S Y - PP B AP PIRO AT B Bt Rl Dl

., - I-. N A

copy

copy

copy

copy

copy

copy

copy

copy

copy

copy

o

TR WS

Lt Ty




Dr Alan Meyrowitz 1 copy o
Office of Naval Research -
Code 437

800 N. Quincy Street

Arlington, VA 22217

Dr Edward Shortliffe 1 copy
Stanford University

MYCIN Project TC-117

Stanford Univ. Medical Center

Stanford, CA 94305

Dr Douglas l.enat 1 copy
Stanford Universily

Computer Sclence Department

Stanford, CA 94305

Dr. M.C. Harrison 1 copy
Courant Institute Mathematical Science

New York University

New York, NY 10012

Dr Morgan 1 copy
University of Pennsylvania

Dept. of Computer Science & Info. Sci.

Philadelphia, PA 19104

Mr Fred M. Griffee 1 copy
Technical Advisor C3 Dlvision
Marine Corps Development
and Fducation Command
Quantico, VA 22134

PP AT ST S WA Sl S N




i

Education and Computers:

An Al Perspective

Roger Schank and Stephen Slade

Technical Report

Yale Artificial Intelligence Project
Yale Department of Computer Science
Box 2158
New Haven, Conn. 06520

Report date: 25 October 1985

Abstract

Our work at the Yale Artificial Intelligence PProJect has provided key sefentifiec insights fnto
human  cognitive behavior, In general, and learning in  particular. These scientific
developments can be applied to education.

At the heart of thinking is the need to explain the unfamillar. We regard intellectual curiosity
as a major educational resource to be nurtured and promoted. Our computer models of
human  cognitive behavior indicate that explanation plays a critical role in learning.
Unfortunately, the educational system has been nnable to foster and explolt what should be
central In our schools, namely, the tove of learning.

Primary and secondary education today face many problems. Chlldren aren’t learning the
basiec skills of reading, writing, and math.

The introduction of computers in the classrooms has not provided the predicted panacea, vut
has instead brought problems of its own. primarily due to inadequate software for the core
curriculum.  Most of the availabie educational software is terrible. It is ineffective, costly.
unproven, and inappropriate.

We ddiseuss the tremendous potential of the computer in education and offer standards for
achieving high-quality educational software for all parts of the curriculum. In particular,
compuaters offer a unique opportunity to cultivate the student’s natural desire Lo explore and
explain the world
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1. Learning to Think

The Marter aard, ‘He who learne but docs wol think
1 lost " e who thinks but doca not learn 18 i great danger
confucius, The Analects of Con fuctus (Book 1. No. 15)

I Imagine that you are a child of eleven who lives in a rather run down section of a big city. You are
riding vour bicyele slowly along streets that are not very crowded. With vou is a friend and yvou are
talking  You pass aoman who is riding a bievele too.  As you pass by, he catehes a small part. of what
, you are saying to your friend, and he assumes that i in some way relates to him. He begins to threaten
i vou and you realize that he is not joking, he ix very angry and possibly just a bit crazy as well. He

begins to chase after you.
What do you do?

l.et’s put this question another way . Assume that you have not experienced anything lke this hefore, (a
rather large assumption if you are riding through a neighborhood in which you live, so let's assume that
vou are from the suburbs and are visiting vour ctty cousin). How can you figure out what to do? That

is, how can you come up with 4 new idea, a creative solution, to your problem?

It seemns obvious that whatever solution a child can come up with here, it is unlikely that he will have
learned that solution In school. T'he reason why a child §s unlikely to have learned how to deal with such
a situation tn school s not becanse sehools don’t teach alrced smarta. T'he reason is that schools don’t
teach children how to think. Nevertheless, manpy children do know how to think. Who hax bheen teaching

them then”

T'he answer is stmple enough. For the most part, they have been teactitng themselves.

CREATIVITY

vt this polint, we are not concerned about teaching or the school system. We are concerned with
thinking. learning, and perhaps most important, creativity. Not creativity in the artistic sense. Our
inner-city child above may never be an artist, but there are many possible creative solutions that he may
be able to come up with to help him in his dilemma. And, if he comes out of it successfully, he may
become rather pleaszed with his planning ability. Perhaps he will strike out in another domain. Perhaps
not. The point here i~ thiss we are all rndowed with the ability to be creative. Naintaining that ability

can be fairly tnicky however

Let's get boo K Lo ogre Trrghtened Tittle hoy
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What are his alternatives? lle can try to outrace the angry man, but as he Is a boy it is unlikely that he
can do that. He could stand and fight, but that seems like a bad Idea. It seems obvious that seeking
protection would be a good ldea, but where? Some questions come to mind for the boy to answer. Is there
a friend or relative around who could protect him? How about the police? Let’s assume that the answers
here are no. What other alternatives are there? How do you get someone who doesn’t Know you 1o protect
you? One answer s to find people who are likely to conslder themselves to be tough. Especially heipful.

would be o group of such people who might he obligated to help him simply because of group social

~ [rressnye

Now, our bhoy can constder where he might find such people One place is a neighborhood bar. Three
things are wrong with this suggestion. One is that it is daytime and the bar might not be especially full.
T'he second is that in getting off the bike, he would have to slow down and this might cause him to get
caught before he got into the bar. The third is that, the man might just take his bike and forget about

him. and this might not be such a good exchange from the point of view of this boy.

So. what other piaces are available? This particular boy happens to know that there is a park nearby
where a baseball game is almost always going on. He peddles quickly to the pitcher's mound of the ball
field The men who are plaving are ready to kill him for interrupting the game when they see the man
who isx chasing the boy. ‘They immediately threaten the man with their bats and the boy spends the rest

of the day watcehing baseball

READY-MADE ANSWERS

Was this boy belng creative? ‘That can be a suprisingly easy question Lo answer. We tend o view
creativity as something mystical. We bhelieve that not everybody has the mystical quality in the same
amounts, and that it is very difficult 1o judge exactly who has exactly how much of this mystical quality

at any given time. But this is really the wrong way to look at the issue.

Actually creatlvity is very simply defined: Creativity is the ability to think up a solution that ta new

to you. to a problem that is new to you, by yoursel f.

Waold we constder this boy to have been creative in his solution to his problem if he was regularly
“howed an this way? Or, to put this another way, if he were chased again tomorrow, and he did exactly the
v thing wonld we remark on his ereativity? Certainly not. We do not consider a solution to be

1oy petson 1o be ereative, if what is being done is simply something the person has done before.

Lo depe~e ihis hoy had a big brother who had been in similar fixes, which he told his little

ccr W e wontd not consider our boy to be creative if all he did was apply what others had 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 the hypotenuse of a right triangle whose two other sides are 3 and 4 respectively. He
has been daydrenming white thig subject was being taught. and has never learned how to do this. On the
other hand, two other ehlldren 1n his class have been paying attention. One gets the answer mimediately.
‘The second makes some calculations and then raises his hand to tndicate that he too has the answer. The

third. our boy. draws the triangle and is ready to make a guess. Let's consider thelr answers.

The first boy knew the answer was 5 because he has been paying attention to what has been going on in
class and he knows that there Is such a thing as a 3,4.5 right triangle, and therefore this must be it. Thus,
he immediately hnows the answer. Our second boy knew the formula, namely al +b2 == c2. He thus found
32 (9} and be (1A), added them together to get 25, and took the square root of 25 to get 5. Our boy took
out a pencil and carefully drew the triangle. e estimated the length of the hypotenuse to be slightly
bigger than the langest side, and guessing that the answer was a whole number, reasoned that the answer

was probably 5

So which of these boys Is right? Or to put it another way, there are two questlons we could ask: Which

of these boys witll do best in achool? and Which of these boys will do beat tn life?

When a child does well in school, we consider him to he smart. When a child does well on the streets,
when he gets himself out of complex situations, we consider him to have sl{reet smarts. The ability to
apply the ready-made answers you have learned to the guestions a. hand is not to be denigrated, but it is

not creatlvity. Those who learn only the formulas 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 from 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 AI or computers to
understand our premise. In fact, what Al has to contribute to this discussion is simply one question,

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

that?

Let’s consider our two childhood problems again in the light of this question. Suppose we wanted a
computer to answer the two questions, How do you get out of situation where someone much bigger than

you is chasing you? and In a right triangle with sides 3 and 4, what is the length of the hypotenuse?

For a computer, the second question is trivial in comparison to the first one. There are basically two
isstues involved in teaching a computer to answer the second question. The first Is teaching the computer

to understand the English used in expressing the second question. This is difficult but not really all that
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complicated because the kinglish in that example is fairly stralghtforward. In fact, as long Ago as twenty
years ago, programs were written that could understand algebra word problems far 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

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. He 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 {Schank 84]. 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-made formulas or spout correct answers, we will end up with very unimaginative
young people. We are not recommending 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 fundamentally important way each of these boys has made an unconscious decision about how
creative he intends to be. The reason for this is that the schools have elected. again unconsciously, to
reward the least creative type of reasoning, namely, applying a ready-made formula or rule. We shall

now explore the issue of reasoning types in greater depth.

REASONING TYPES
Fach of these boys is applyving a different method of reasoning which we shall call in turn:
REASONING BY RENINDING

REASONING BY RULEFE APPLICATION
REASONING BY ASKING

When the first Loy remembers that there is a 3.0.5 triangle he is taking a short cut to the right answer.
e nieed not Kknow the formula to get the right answer in this ease and thus he may well fail to get the
answer in more complicated examples, On the other hand. he may realize that the 3.4.5 relationship
expresses what js eapiured by the formula, but in a different way. In any case, he was able to solve this
probfem, beeause of what we might eall a good wemory. He recalled the right answer. or to put it another

was, he was reminded of the right answer

P A WU S AP AT G, - 0, BT, I R AT S “ e g S g o




S —

Schank and Slade 5 Fducation and Computers

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 I’resident was most likely to
make peace, the sabre-rattling hawk or the let’s withdraw the troops liberal? You might respond that

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

.
[N S

was the first to go to China. You might rcason 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.)

There are a great many rules like the Pythagorean Theorem in daily life. They do not exist solely in
mathcmatics. 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 unconsclously} 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't,o 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 avajlable or when the available rules are for some reason inappropriate.

T'he third boy was REASONING BY ASKING. In other words, he really didn’t know where to start.
and he was figuring it out by asking himsellf a set of questions to guide his reasoning This Is of course,
what he was doing in the bicycle example as well. Now the question is: what are we doing when we are

just figuring it out?

THE VALUE OF FIGURING IT OUT

How do we get a computer to figure it ont? 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 Lo 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?

Most important, 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 thin simply to recall the answer.
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L.et's put this another way. Is our hoy better off because he failed to learn the formula? Will he have a
better chance of being a creative individual in later life if he learns the formula, memorizes exemplars, or

Just brings his basic reasoning powers 1o bear whenever he Is confronted with a problem?

Qur system of educatlon stresses the learning of the formula. If you do not believe that this s 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 did it have in your later life? Did you use it again (except when helping your children with

their math homework)?

[t seems obvious that the reason to learn a formula is the sapmie reason that we have for writing a
computer program to follow a formula. 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 i{s 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 Lo 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 Lo add to understand 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, but merely applies some old ones.

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
do. 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

How 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

teled to figure 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 discovered America and want the name

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

society. Schools, as they are presently constituted in the United States have one primary purpose

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

‘There clearly are other functions of schools, such as, keeping kids off the street, providing a mechanism
for social assimilation, teaching children a common set of facts about the world, and introducing students
1o the need to get along within a bureaucracy (that is, school itseif). Underlying all of these functions

should be ability to reason and think. This clear and unifying focus is usually lost in the attempt to score

well on 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? He may well fail in
school because, although he can figure things out for himself, he will get the wrong answer a great deal.

He 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 can think very creatively.
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2. Teach Questions, not Answers

To glve a glimpse of the thrust of our work, we shall discuss some ideas about thinking and creativity.

I’'robably the most significant thing one can say about thinking is that it is inspired by questions. In
mnany cases, as in the bicycle example above, these questions can come from the real needs of everyday
life  So, if one is frequently asked questions, or to put it another way, if one frequently comes upon

situations that are out of the ordinary that pose problems, one will get lots of practice in thinking.

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 willlng 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 fashion requires learning to be inquisitive.

Specifically,

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

2. These questions must be out of the ordinary. If you have been asked this guestion before, such
that answering It requires no more than 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 cxcited by ideas. They want to know stuff. They love asking questions. They find learning

tntrinsically satisifying.

The problem-solving nature of physics, combined with the accepted difficuity 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 [Larkin et al. 80, diSessa 82, Larkin 83, Heller
and Reilf 84, Anzai and Yokoyama 84]. 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 motivale students to learn physics in the first place. Moreover, {t doesn't

touch on the need to stimulate erealtve thinking.

What currently motivates most of our high school students?  Grades. Seores on standardjzed tests.
Class 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 [ 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 {ots of formulas, and rules to recognize when to
apply 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 the student knows that his experimental technique is poor (and so is
his grade, most likely). What does the student learn? He learns to REASON BY RULE APPLICATION.
As we have argued above, this approach to thinking ts basic, but Hmited. What the student does not
learn is to be creatlve. The problein solving paradigm obviates creativity. Furthermore, this rule
application approach to teaching science has a fundamental premise which is unfounded and even
damaging, namely, that sclentists know what the right answer is. This assumption of correctness and
precision In physics and other sciences Is very misleading and one that Is readily questioned by actual

practitioners. Stlll, sclence educators cling to the crutch of the right anawer.

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 arguing the same question from two opposing points of view
(or three or four or five points of view). The archetype of this style of reasoning is the great philosopher
Socrates. Socrates didn’t give his students answers. He gave them questions. In doing so, he taught

them how to ask questions themselves, and how to think

Discussion-based teaching has become widely accepted in English, history and other humanities. 1In

these fields, there }s much less concern with the student learning problem. and we submit that this is not
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- merely a coincidence. The interactive nature of discussions provides the student with greater involvement
. in the material and, most importantly, with intrinsic motivation.  ‘The problem-solving paradigm typlcal

F of physles s more remote

oYY OT,

- Imagine then, a Socratie dialog ahout physies. ‘The teacher would not be there to write a proof on the
blackboard demonstrating the veracity of some formula. The instructor would raise questions about
physical phenomema. and stimulate the students to ask questions of their own. The students shouldn’t be
handed the accepted wisdom without first understanding why it Is important in the first place. To the
- student, the question should be Why does the world behave in this way¥. It is much better for the subject
4 matter to stimulate the students to investigate and ask more questions, than to provide merely extrinsic

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

Gireat, but how do you teach students to ask questions? How can students be trained to generate
- hypotheses?  We offer two answers.  First, look at results from Al In making computers generate

- hypotheses. Second, use interactive computer programs o allow the students to test hypotheses.

Creative Computers

For the past 11 years, the Yale Artificial Intelligence Project has produced pioneering research in
developing computer models of human cognitive behavior. A wide variety of theorles and models have
been explored.

e programs that analyse the conceptual content of natural language texts [Riesbeck and Schank
76. Gershman 79, Granger 80, Riesheck and Martin 86|

e programs for writing stories on thelr own [Mechan 76|

) e programs for reading newspaper headlines and stories [Schank and Abelson 77, Cullingford
. 78, Wilensky 78, DeJong 79|

o e programs that translate texts from one language to another {Carbonell et al. 78, Lytinen and
Schank 82, Lytinen 84|

e programs that answer questions given in normal IKnglish [Lehnert 78, Dyer 82]

e programs that can learn language |Selfridge R0

e computer models of human memory organization [Schank 79. Lehnert 79, Kolodner 80}

e models of learning [L.ebowitz &0, Schank ®0. Schank &1, Schank 82]

Our work in Al has always focussed on the basic question: how does the human mind work? In each of

_ the cases clted above, we have tried to isolate certain aspects of human cognition and model them with

romputer programs.
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One of the most fundamental insights of this work has been the recognition of the central role that past

experience plays when faced with understanding a new situation. That is, people are reminded of past

events when solving a new problem. The new situation most likely will ot be exactly Uke the prior

situation. but there might be enough overiap to provide usefud information.

We referred to this type of thinking earlier as RUASONING BY REMINDING. We have explored this

type of creative reasoning in Al research. An example from an Al program may serve to illustrate the

importance of reminding, asking questions, and explanation.

2.1 CHEF - An example of Reasoning by Reminding and Asking

CHEEF [Hammond 84] i a computer program which generates original plans, (which take the form of
recipes), in the domain of cooking. by modifying existing plans. It demonstrates how episodic knowledge

can be uscd to guide planning and avoid past fajlures.

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

related recipes. It modifies the most similar previous recipe to fit the new requirements, and then tries

- aut the new recipe. (1L does this 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 dish.
. If the program recognizes a fatlure, it then tries (o analyze and explain the failure through a process of
reasoning by asking questions.  Finally. the program modifies the recipe in light of its explanation to

- correct the failure.

. In the following example, the program has been asked by the user to make a souffie with strawberries.
We present actual output from the program with annotation.

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.

Y Reclipe 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

~o the program Is reminded of a previous related recipe for Vanilla Souffle. It then copies and modifies
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the vecipe to add strawbhereies. The camputer shinufates the exeention of the reclpe to see i s goals are
sntisficd. 1L discovers that most of the goals are met: the batter is baked, the dish tastes Tike herries, the
dish s sweet, ere. However, there are some himportant goals that failed.

Checking for negative features ->

Unfortunately: The batter is now a bad texture.
In that: The batter 1is now flat.

Recipe -> STRAWBERRY-SOUFFLE has falled goals.

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

Changing name of recipe STRAWBERRY-SOUFFLE

to BAD-STRAWBERRY-SOUFFLE

The program now tries to learn from this failure by asking questions and explaining why the failure

happened.

ASKING THE QUESTION: 'what is the failure?’
ANSWER-> The failure 1s8: It 18 not the case that: The batter is now risen.

ASKING THE QUESTION: °What 1s the preferred state?’
ANSWER-> The preferred state 1s: The batter 18 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
and the thin liquid.

*hxxskknxkkkk NOLING balance faillure *mkxkskkxkkkk

Only one aspect of the imbalance:
There 18 an imbalance between the whipped stuff and the thin liquid.
18 unexpected.

The state:

There is whipped stuff in the bowl from the total equaling 60 teaspoons.
normally participates in the goal:

The batter 1s now risen.

Only the other aspect of the imbalance:
There 18 thin liquid in the bowl from the strawberry equaling 2.4 teaspoons
18 an unexpected condition

The program continues jts analysis and eventually decides to modify the recipe to reduce the imbalance

between the whipped egg whites and the liquid from the strawberry mixture. The program uses a

R B N
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Thematic Organization Packets (TOPs [Schank 82]) to make the high level association necessary 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 §
strategles associated with it:

USE-DIFFERENT-PLAN :PLAN1
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:PLAN1

ASKING >

Is there an alternative to

Pulp the strawberry.

that will enable

The dish now tastes like berries.

which does not cause

There 1is 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 programn continues to evaluate the other four strategies, compares the results, and finally decides to
apply the ADJUST-BALANCYE 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 18 -> 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

LaP e g i s A e g o
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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

Boil 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,

i sugar, salt, flour and butter.

l Pulp the strawberry.

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

Pour the mixture of egg,., splces, strawberry, salt, milk, flour and butter
into a nine inch baking-dish.

Bake the batter for twenty five minutes.

T e

[ I ]

! If this plan 18 successful, the following should be true:

The batter 18 now baked.
The batter 18 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 valldated, the new recipe is indexed in the data base in terms of
those interactions. When the program is then given the task of creating a raspberry souffle, it is
. reminded of the dish it just created and produces a new recipe which has no failures. The program has

learned by asking questions and being creative.

The CHEF 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

PR e e >

similar previous case, and used that as the basis for =olving the new problem. In the course of adapting
that previous case to fit the new situation, the program cncountered several additional problems, but was
able to respond to those on the basis of previous cases as well. This is an example of creative reasoning.
i When it encountered failures, the program was able to REASON THROUGH ASKING. That is, it

explained the fatlures through a question-hased reasoning chain. Both of these r »ning mechanisms

contribute 10 the creativity of the program

P ENOPR WY YK V.
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2.2 Computers as Teachers of Reasoning through Asking S

Earlier. we discussed the need for teachers to stimulate students to ask questions. We feel that in many
ways, computers are well suited for this role. Computer programs. as demonstrated by CHEF. can
capture knowledge in restricted domains and reason about that knowledge. Computers can relate prior

experirnces to new sjtuations.

What we ask of our computer teacher is to stimulate the student to ask questions. The basic cycle for

the interaction would be:

1. Computer poses difficult question --- for which there may be no right answer.
2 Student generates a hypothesis. a'

3 Computer responds with a counterexample from its data base of remindings. e

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 -
classroom can’t.  The reason Is simple, but compelling: the computer is not judgmental. Children
tecognize that there Is no soclal stigma attached to being corrected by a computer (especially if everyone
Is treated that way). However, children are very sensitive to the attitudes of teachers and other students. m ]
No child wants to be continually singled out as unable to answer a question. The computer has greater

latitude.

Computers offer students a great and important luxury: the opportunity to fail. As we have written
before ISchank 81|, failure plays a critical role in the basic cognitive mechanism of learning. In describing
the cognitive process involved in understanding a new situation, we suggested the following procedure for

understanding social situations:

1. Udlize the appropriate high-level knowledge structure 1o process Input. (e.g., scripts, plans,

o
ete ISchank and Abelson 77)) -
2. When an expectation generated by those structures fails, attempt to explain the failure.
3 To explain the failure of another person to act according to vour predictions, attempt to
figure out his or her beliefs. This includes: o

A Assessing the implicit beliefs that you expect him or her to hold in that situation.

b. Producing an alternative belief that the actor might hold by combining your _
assumptions with the actor’s hehavior. RN

1 Use the Alternative Belief as an index to memory to find other memories previously classified
with the Alternative Relief.
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5. Use the other features of the episode as additional indices with the range of behavior delimited
by the Alternative Bellef to find an actual memory to be used for generalization and
modification of predictions.

In ather words, people rely on past expertence to understand new sttuations,  PPrevious eplsodes provide
predictions which can be applied to new cases. Sometimes a prediction does not. work, that is, the world
does not always behave the way you expect ft to behave. 1t is these erpectation fatlures which provide
an opportuntty for learning.  These failures should stimulate the person to erplain what went wrong.
These explanations then be used to locate other previous experiences that may be related. The
explanation and associated remindings then get incorporated into the knowledge-base of prediction. and

help to prevent the person from repeating the failure.

We believe this process of FAIL-EXPLAIN-REMIND to be basic to learning. Our educationa! system
should capitalize on this underlying cognitive mechanism by. in effect, providing opportunities for the
child to make mistakes and fail. without the stigma normally associated with negative reinforcement.
Computers provide a one-on-one teaching environment which is free from the intimidating effects of

public serutiny.
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: 3. More Problems: Computers in Schools

ra
_ The following story appeared on the front page of the Sunday New York Ttmes, December 9, 1984:
- School’s Use Of Computers Disappointing
'_~' After investing heavily in microcomputers, public schools in the New York metropolitan area
= are finding that they are still far from achieving the academic revolution expected from the
new technology ...
X
Computers have arrived in classrooms across the country amid very high expectations. In the past 20
years, we have witnessed the dramatic and exciting developments in computer hardware, resulting in the
wlde avallabllity of powerful machines at a small fraction of the cost of the decades before. These new
‘
{ computers were going to change the way children were taught, and start a revolution in learning.
i The observer of the current state of computers in education will realize that most of the learning from
" computers that has occurred is by the teachers and administrators who have learned that computers are
not living up to their early promise. Computers have not transformed the schools into a technological
: forum of fearning. The schools are still having a hard time teaching the bread and butter subjects of
;.' reading, writing, and arithmetic. 1t turns out that the only subject that absolutely requires the use of a
computer {s learning about the computer itsell <-- havdly a surprising result.
3.0.1 The Problems of Computers and Education
. The substance of the problems of computers in the schools is summarized accurately in the article from
= The New York Timea cited above.
e Computers are used largely to teach computer literacy, and have neglected the principle areas
of the school curriculum. Little is being done to use computers to epnhance the regular
curriculum.
- e ‘T'he biggest. problem is the lack of adequate software for other subjects. ‘The availal le
v software does not fit well into the existing curriculum.

e Schools lack means of identifying good software snd training teachers to use it. S

e NMost computerized instruction is routine drill and practice (electronic workbook, see helow)

.
PORIERY)

which is proving not to be effective. L.

B e School software does not fully utilize the power of the machines, but instead mimies other (Jess

. expensive) media, such as hooks or overhead projectors, -

.’,/, .
.’ ,’/‘n'l"‘/'i

- In spite of these discouraging developients, we are optimistic about the future possibilities of computees

1y

in the schools. Today. almost all prinarcy and secondary schools use computers in the elassyoom  Aside - —

PR

from vhe disappoiptment due 1o the lack of adequare software, there have been positive exp. picnees




v Schank and Sfade I8 Fdueation and Computers

Teachers have realized that when appropriate software is available, computer exercises can be used to

RARRNA

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

‘The problems of our schools today are tremendous and tragically underrated [Schank 84, Ragosta 83]:

e Children are not learning the basie skills.

e Children are bored in school.

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

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

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

schools are then not just the schools’ problems, but society’s.

K 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 the computer program ask questions, but the child can ask the computer
questions in return. The child can get prompt and meaningful feedback.

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

e 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.
{LLepper 85, Lepper and Malone 85, Malone and Lepper 85)

e (‘omputers can be excessively patient Instructors. They don't get bored or frustrated with
3 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. Ba

-y
e 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 . -‘:: ::.‘l
us have been lucky enough to have been exposed to such an inspirational and dedicated instructor at least w‘{_

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

rare and cannoct be replicated very easily.

It may well be that exceptional educational software will be very rare, but fortunately, it can be

duplicated in mass quantities 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 basing this prediction not on a hope that computers will
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:

1. To 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 BASIC 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 math.

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 computer literacy to every student is a wasteful enterprise.
The only legitimate reason for using computers in the schools to teach children about computers is the
lack of any adequate software for teaching the truly basie skills: reading, writing, and artthmetic. These
are skills that form the solid foundation of literacy, both 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 ali schools. We should also realize that there is no

social imperative for children to lea:n how to program.
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Our task is Lo find better ways of educating our children in the baske skills of elvitization At the same
time, we should take alim at another oft neglected goal of a good education: we shonld want our chitdren
to leave school with a true love of learning that can sustain them throughout the rest of their fives  'he
love of learning s exciting to watch in a young child, and often 1t seems to be driven awny as the chithd
progresses through school. A person who continues through fife with an open and inguisitive mind is both
rare and wonderful. We should hope that our schools will achieve not only the basic goals of education.
but also extend the vision and reach of our children beyond their years in school. Computers may not be

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 believe
though that the schools are a good place to start to try to turn this attitude around.  Furthermore. the
evidence suggests that an approach to teaching which focuses on intrinsic motivation will achieve greater

success.

3.1 Hardware in the Schools

So far. we have discussed the problems of the schools and of computers in the schools We saw that
most of the problems associated with computers in schools were due to the lack of sultable software
Before we discuss the software requirements and standards for education, we should briefly examine what

computer hardware is available in the schools.

Computers have long been available in colleges and universities, where they have been used for many
scientific and administrative applications. Colleges often spent a million dollars or more in the 80’ and

70°s Lo set up computer centers.

Needless to say, few, If any, primary and secondary schools can afford to spend a milllon dollars for a
computer. Furthermore, they 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 themselves.

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 1l 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 supermini computer, then the possibilities would be much greater.

-
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‘Thus, the machines that are avallable are not extremely powerful by the standards of today's
computers.  However, computers of the class of an Apple 1 or BN PO have severnl himporta
capabilities.  For the software standards deseribed below, we shall pssume n mlerocomputer with the

following abilities:

e at least 64,000 characters of memory
e at least one disk drive

e text display

e color graphics

e music generation (at least one voice)

This i~ a minlmum set of requirements. One may dispute the need for color graphices, but the benefits
autweigh the sinall marginal costs. Furthermore, the costs of high-quality color displays are dropping as
the demand for this feature Increases. We suggest that this ability can be considered a atandard for most

educational software for the near future.

some of the items that we do not require of an educational microcomputer would include a joys:ick,
monse. graphics tablet, ligat pen, voice synthesizer, modem. and a printer for each machine. Cursor keys
can provide adequate and accurate positioning; joysticks are more useful for arcade video games which

require quick reflexes tnstead of cognitive skills.

Feonomdeal volce synthesizers are still hard to understand and not yet feasible for the one area where
they would be extrem=sly useful: programs teaching children to read. A computer that could talk to the
child in an intelligible voice would be of great benefit. Older children can better understand today's voice
~ynithesizers. but those same children should also be able to read instructions printed by the computer.
Anoarea where voice syathesizers can be especially helpful at present is in computer programs for the

Llind

Modems and data communication will someday be an important part of computers in the school, but
not until the schools have some well-established central facility for record keeping or curriculum

distribution. For the present, we can expect teachers and students to be shuffling floppy disks back and

forth

Printers are very useful, and every school should have several. However, there is no need at present for
rvery machine to have one. A ratlo of | printer for every 5 or 10 marhines should prove adequate for the

near Mture.
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Over the next few years, more money will be made available for computers in the schools. both from
school boards and from computer manufacturers. It is most likely that the schools will spend the money
in three main areas: more equipment (compatible with existing hardware), more software (especially in
areas not presently covered). and more training for the teachers in the integration of computers into the

sehool day.

As more money is spent in the pear future, we can view the expanding role of computers in the
classroom In specific terms: how many hours per week the student will have access to the computer.
Today the school that exposes the student to the computer 30 minutes a week will in the next 5 years
have moved (o 30 minutes a day --- a five-fold increase. Again, this can only happen if there is adequate

software to support the commitment of resources.

We view this catalog of hardware capabilites as descriptive, not prescriptive. We recognize that it
would be far better for each student to have access to a $50,000 workstation, than to share an Apple Il

with 30 classmates. Thus, the software is clearly constrained by the hardware realities.

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

We now turh to software, bad and good. We first look at the bad. In discussing the problems with

existing educational softwire, we present several categories of software that sometimes overlap:

e computer literacy

e drill and practice

e clectronle books

o the educational arcade

e (dventure software

As should be clear at this point, there are a lot of computers in the schools today that are not being
well-utilized. There are several different problems that we have discussed. The first is that the schools

are devoting excessive resources to teaching computer literacy.

Lot us imagine a person who buys a new car, takes it home, and then spends several months doing
nothing except dismantling and reassembling the automobile. Clearly this person will have learned a lot.
about auto mechanics and car repair. but he won't have taken advantage of the car to do what it does
hest: taking people from one place to apother. Computer literacy follows a similar path: the schools have
bought all these machines and now they aren’t using them to help with the problems that existed in the

<rhools before. namely, teaching reading. writing. math, and other subjects.
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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

tmuch better stereo for a lot less, hut he wanted to use his car and didn’t know how to drive.

Much educational software suffers from this syndrome of underutilization. There are programs which
are little more than electronic workbooks in which questions appear on the screen and the child types in
an 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. They 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
the reason now is not a $5 workbook, but a $50 computer program, running on a $2,500 computer. It's

like buying a Lincoln Continental to play the radio.

Aside from their limited effectiveness, drifl and practice programs suffer from another major drawback:
they are easy for anyone to develop. Thus, there is a large supply of simpleminded, inadequate
educational software produced with very little thought. Easy as it is to write drill and practice programs,
some programiners have seen fit to make it even easier through what are called authoring systems.
These allow a user to create a program without even minimal programming ability. The result is a
program with some educational content, but lacking the most basic sophistication and awareness of the
full  (pabilities of the marhine. It is comparable to a children’s texthbook without any supporting
il L ations, maps, charts, [ zures. tables, graphs, or pictures. We would question why the author failed
to take advantage of the other effective modes of communication provided by the printed page. We
wouldn’t take such a book seriously. Neither should we accept the products of these authoring systems.

We shonld demand first elass products for our children. They can tell the difference.

e variation on the drill and practice programs is the electronic book. Here a textbook. often with
iHustrations, is converted to a computer disk  The child reads a page from the computer screen and then
presses a4 Key to view the next page. Sometimes the screen will display a picture taken from the book to
depiet a4 certain concept  However, the bulk of the program relies on reading text from the screen. After
2 while, it breomes apparent that this 1ype of program is no better than the book itself. In fact, it is in

many ways worse  With a book. the child has more freedom to jump around from one part to another
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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.

We should be energetic in exploiting the full power of computers for education. We should not be
satisfied with the medlocre software currently available. [t 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. Medjocrity
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 FElectric
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. He 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.

However, it Is not sufficient for the child to be a player. There must be some cogent educational
content Lo 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 sorne 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
adventure, mystery programs. These are interactive novels in which the reader issues commands to the
computer to tell the protagonist what action to take at regular intervals in the narrative. These
programs 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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RN )

instructional level. (A program to teach reading, for example, should not require that the child already

know how to read.)

Bad software will always be with us. What is lacking in educational software these days is a suitable

B ‘
LA

set of standards for 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 avallable 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.

1. The program should achieve a defined educational objective.

-—
N

. 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.

. The tasks and rewards should be appropriate to the target age and background, and to the
concepts bheing taught.

6. The program should make and require reasonable responses.

. The program should be easy 10 use.

. g
~3

8. The program should not break.

9. There should be both rewards and remediation.

l 10. The program should allow mixed-initlative interaction.
11. 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 ".:
F were not designed primarily for education. Their educational content was not an a priori concern of the [’;

programmer, but an a posteriort idea of the marketer.
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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
then more involved in the action and has to think about his decisions and their consequences.  This
approach can be applied to the entire school curriculum -- not simply for math problems or speiling driils.
A history program should allow the student to simulate political decisions and view events occuring in a
causal sequence. A geography program should let the child explore a region and discover its traditlons,
cconomy. and so on. A student might manipulate the economy of a country at a micro or macro level,
and discover the underlying explianations for consumer decisions and natlonal fiscal policles. A computer
chemistry Iab should allow the student not only to perform experiments for qualitative and quantitative
analysis, but also manipulate molecular models of the results. A biology program could perform

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

4.1.3 Motivation, interest, and entertainment

The program should be so enjoyable that the child wants to use it for its own sake, perhaps never
realizing that it's educational. By involving the child as much as possible, the program requires his
attention  The program should be so much fun that the child is highly motivated to learn. Here it is
ymportant to stress the range of rewards available with graphics, music and interactive choices. We want
the chltd to enjoy learning. As we have discussed earlier, intrinsic motlvation 1s more effective than

extrinsic Lepper 85, Lepper and Malone 85, Malone and Lepper 85].

4.1.4 Familiarity breeds expertise

Children have considerable knowledge about the world and this knowledge should be brought to bear in
learning new material. The programs should always try to present the subject In a realistic and familiar
context to provide a sultable grounding for the child. The more concepts that the child can bring to bear
increases the facility the child will have in learning the new concept. This is especially important in
teaching abstract concepts such as algebra or molecilar chemistry. Here, 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

The tasks, Hlustrations, and rewards in the program must be suited to the age and cognitive skill level
of the tntended user.  Programs designed for preschoolers should require the simplest of tasks. and
provide appropriate rewards. Programs designed for more mature children can require more complex
mannual or rognitive tasks.  Furthermore, the rewards should be matched to the subject matter. For

example, money rewards make sense in economic or business contexts.
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4.1.6 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 be diverted from the basic 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

This would seem axlomatic for apy piece of software, but it is especially important when you expeet the
program 1o be used by children. Instructions should be easy to understand, which means that the user
interface should be very simple 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 prineciple: a program that is easy to break is perforce not easy
to use.  Agaln, 1t is important 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 be able to withstand a whole

gamut of inappropriate responses without crashing.

4.1.9 Encourage success and expect failure

The program should always be responsive to the child’s progress.  When the chtld makes an incorreet
response. the program should instruct the child as well as correct the child. If the child has demonstrated
competence, he should not be required to recapitulate previous material. 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

stimulating reward,

4.1.10 Allow mixed-initiative interaction

Most computerized instruction is one-sided: the computer asks all the questions. This is especially true
of drill-and-practice programs, but is also characteristic of other kinds of software. The opposite extreme,
where the user asks all the questions, is more common in interactive help systems or information retrieval
programs. A\ teaching siti. ition is best conducted as a combination of the two -- both the student and the
teacher initiate questions, and respond to questions posed by the other. Computer programs which have

this ability are referred to as mixed-initiative systems, and educational software should strive for this type

of productive feedback and interaction
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4.1.11 Integrate within a series

One of the advantages of computer-based instruction is that computers can present course material in
discrete, digestible quantities.  Each program contains a specific lesson. We have already discussed the
importance of building on previous knowledge and experience. [t stands to reason that part of that
cxperience should be the previous computer-based lessons themselves.  T'hus, even though each program
may stand on its own as it presents a new concept, the program can benefit from being part of an
integrated series in which the lesson design can take advantage of the content of the previous programs in

the series.

This approach is especially important in designing a computerized curriculum. For example, basic
reading and arithmetic skills for just one primary grade would require several dozen programs in an
integrated series. 1If one selected the same number of programs for the same subjects at random, there
would be lots of overlap and many gaps  Furthermore, the disparity in approaches and techniques would

present an additional obstacle for the child.

4.1.12 Make it open-ended

It 18 not posaible to atep lwice into the same river. [Heraclitus] Knowledge is a river, and educational
software should reflect the fact that there is always something new and different to discover. The
program should embody a diversity of possible approaches and outcomes. FEach time the child uses the
program, it should provide a fresh instantiation. The more open-ended the program, the greater the

opportunity there will he for the child to explore and learn.

4.2 Summary

Children are not being taught to think, but to get grades. C‘omputers have been put {n school not to

teach basic skills, but to teach about computers.

The way to teach students to think is to stimulate them to ask questions and to explain the unfamiliar.
Computers can be used very effectively to prod students in a non-judgemental way. Children find

rompnters intrinsically stimulating.
One final anecdote is ilustrative,

A\ high school acquired a personal computer and a simple computer program for analysing the
nutritional content of meals. The school decided that a wonderful way to introduce the computer to the
students would be to put the machine in the cafeteria so that the students could instantly find out the

nutritional value of their hanches
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After the machine was installed. it would regularly attract large crowds of students. However, teachers

discovered that the students would exit the nutrition program and start writing programs of their own

The teachers then rewrote the nutrition program to remove the exit condition. Soon, the crowds of
students returped though, having discovered that flipping the power switeh off and on would effectively

restart the machine and allow them to bypass the nutrition program.

The teachers responded by disabling the power switch.  Still. the students found that the same effect

could be achieved by unplugging the computer’s power cord and then plugging it back in.

Finally. the teachers secured the power cord to the wall, and were confident that they had sealed off ali

alternatives for the unruly students. The teachers were wrong.

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

connectors, the computer would short out, and then start up again allowing a new program to be run.

This story may provide some hope. [t appears that students are resilient enough to survive clumsy and

inappropriate attempts to introduce computers in schools.
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