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ABSTRACT

»Thls papet ﬂescrlbes a paradigm for tutorial systems
capahle of automatically providlng feedback an® hints in a game
environment. The paradigm is illustrated by a tytoring system for the.

, PLATO gamé "How the West Was Won." The system uses a computer-based !

RExpert™ player to evaluate a ent's moves and construct a
'"différential model"” of the stdflent's behavior with respect tp the
"Expert's. The essential aspects of the student's behavior are

-apalyzed vith respect' to a set of "issues," which are addressed to

the basig conceptnal constraints that might prevent the student's

full utilization of the environment. Issues are viewed as procedural

speczalists that "wake-up" or become active when an instance of an

' issue manifests itself in'a move. These issue specialists help ‘the

Tator isolate what to coament on. The intent: of tle system is to, .

transforn a "fun" game into a productive learning environment ulthout
) alterinq ‘the student's enjoynent.~(£uthor)
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. » +Abstpact
This paper describes a paradigm for - tutorial - systems” capable?, of|
automatically providing feedback and hints in a game environment. The paradigm
is illustrated by a tutoring systeh for the PLATO gamé "How the West- Was Won",
The system uses a computer-based "Expert" player to evaluate a student’s moves
and conStruct a "differential model" of the student’s behavior with respect to
the Expert’s. The essential aspects of the student s behavior are analyzed with
respect to a set of "issyesM, which are- addressed to  the basi¢ conceptual
constraints «that night prevent the studgnt’s full ‘-ptilization of:- the
environment., Issues are viewed as procedural specialists that "wake-up" or
become active when an instance of an issue manifests itself in a move. These
issue specialists help the Tutor ifolate what to comment on.,  The intent of the
"system is to transform a "fun" game into a productive "learniny environment
without altering the student “s enjoyment. ~

‘ .

.
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TABLE OF CONTENTS use of such "unstructured gaming
) envirénments” is the amount of teacher
I. INTRODUCTION -rattention that is ofteg;éigg:ired- tp keep

~ I

-3 Tutoring by Issue ahd Example the” student from fermin rossly incorrect
cture of the
L. gante and to .identify interesting
_‘EXAMPLE SYSTEM shortcomings of particular strategies. In “
scription of "How the West Was brief, for_a gaming @nvironment tb be fully
Won" ‘utilized as a learning instrunent the
Mhy Tutor at A11° s, environment must be augmented by tutoraial
o , Protocol guidance which points out weaknesses in the-
. ‘“ ’ . ' - student’s ideas or suggests ideas when the
III, TECHNICAL DETAILS ’ student appears to have none', This paper .
The Issues | . present§ a paradigm for designing conputer
.The Expert . . systems capable of providing this kind of
The Hodel ' tutorial guidance and describes an example
The Modeller.: - of one such system built around a drill and
An Issue Recognizer ’ practice game in arithmetice. -
The Tytor s 2
An Issue Evalua“or - JBefore de riblng our baslc paradigm
.. ’ for construdt ng tutoring s/stens, we want
Iv, DISCUSSION . ) " to stress the dquerence between the noticn
pxperlmental“_Results ) of ‘tutorial behdvior as used here and that
. Extensions .t which has previously been proposed. In
« Conclugions p _classlcad 'WCAI, the tutoring behdvior 1is
“locally controlled ' by precetermine-
; . y brahching points in ang instructional
I, 'IN?EODQCTION e ‘ sequence. The instructIonal sequence is
< . restricted to the extent that' each
~ An exciting and relatively unexplored branching point is testing . for the
use of computers in educati>ny involves understanding small number .of
coupling an aflaptive tutor (or commentator) concepts. The agthor of the stquence 1is
to an educatsonals garme. Games provide an then able to predict which misconceptions
enticing problem solving engironment Which lead fo what responses and branch to “the
the student can explore a% 'will, crcating propg nemedial sequences. In the gaming
his own ideas of its underlytng structure envfponment the course of the game is,
and aynthesizing stratevies which rcflect determined’ largely 'by the student. The
his understanding of tnis structyre. Cames’ tutoring module |is given ‘freedom to
also have the .potantial “for motivating  interrupt ,the student at any tihme and make
drille and - practice by providing suggestions or corréct misconceptions, but
environments in whick students =actually it cannot take control. of the game away
enjoy repetition. However, in both cases, " . <
a major stumbling. block to.the eflecctive

.

- ?é‘GeneralK?aradlgm) models of the underlying
{ 1 ' - .
II. AN

e
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- student - can

‘instructional-

from the student., That is, the tutoring

module has no sp001fied branching points or .
‘any other exp1101t (as opposed to implicit)

- intg
ma jor'

the
Hence

directlng
situations.

means for
particular

game
a

challenge in creating this kind of tutor’ 1s‘

to enable it_to use its knowledge of
the student s past behavior to decide what
to say_ and when to say 1t. The tutor must
be percdptlve- enough to make relevaht
comments but &t the same time -it must not
be so intrusive "s _to destroy the fun
inherent in the game, ) <

. The viability of this ap
critically on techniques for
inducing a "model" of ‘the _

accurately represents

student ~which
his reasoning

_strategies and current state of knowledge.

If the computer-based tutor
from (or not to use at all) a
sequence, its
action nust be based not only on its
reasoning caoabllltfes' but also on the
detalls of a student’s observed strengths
and weaknesses and any shortcomings
manifested in his current "move."

-

1s to deviate
predetermined
new course of

Genéral

Tutoring by Issue and Example -+ a
Paradigm .

o

The paradigm of "issues and .examples"
developed to focus the tutoring systen
on relevant portions of the student s
behavior. ; important aspects (skills or
(3
expected to know or learn) are

concepts) of the domain (i.e what the
student is

identified as a coellection of "issues",

Th sues, determine what pagts qf?ihe
student “s behavior are monitored by ths
tutor. Each issu€é is acfivated by patterns
which watch ithe student behavior or
evidence that the student usem or does not
use their particular corncept or skill. Ls
the student plays, a model of how he ic
performing,-with respect*to cach issue,” is
cohstructed When he.makes a_"bad" move, a
tutorial program‘uses the model to . decid=
why the student did not make a better pove

that is, which 153ue he missed. Once &n
fssue has ,/been detePhined, the tutor can
present an explanation of that 1ssye
together © with a better move" whicn
illustrates -the 1ssue., In this way) the
see ‘the wusefulness of- the
"issue" at a time, when he. w1 1 be most
receptive to the idea presented -~
immediately after he has though( about the
problem.

.
o
3

a didgram of the
modelling/tutorial  process querlylng the
paradigm., Figure la prqsentg he process
of constructing of a model of the student s
behavior., The mod’i is a summary of - the
student “s performance ,,while solving, a
ries of probleMs (in this case, moves ip
ame ), Each - time the student makes.a

Figure "1 is

Aruitoxt provided by Eic:

the '
'donainctoget er with 'a synthesized mode} of

'mOIe he exhibits a c!rtain behavior.

-the

p ch ‘depends .
tomatically

~

MODELLER

The
this behavior (the’
issues) are absgracted by the pattern
matching component of each issue (called
"pecognizer™"), s This ‘abstracting is
also donme with respect to the behavior of a
computer-based "Experst" in the same
environment by the, same: recognizers. The
two abstractlons are’ compared to provide ,a
differential méde I of the student “s
behavior, which indicates those 1issues on
which the student 1is weak. Notice that '
without the Expert it is not possible to
determine whether the
some area or whéther. the need
skill has arigen dinfrequently
student ’s experiencég. .

important aspects of

student' is weak in
for
in

that
the

A
y )

Figure 1.
Tutorial Process

- -

Diagram of the Modelllng/
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,» recognizers to determine whieh

» .
the tutoring

makes a less
by

1b é}esents
When " the student
move (as determfned
‘comparing his mpve with those of ‘the
Expert), the Tutor = uses the model
evaluation component of each issue (called
*the "evaluator") to scan the student mode]}

Figure
process.
than  optimal -

and to create’a list of issues on whlch tHe.

From the Expert’s list of
the tutor uses the "issue"
issues are
{llustrated by better moves.. From these
two lists (the fMweak"*®issues and°the better
move issues),. .the 'tu r sedects an issue
and .a good move which -illustrates it. The
selected issue and example are then passed
to the outht generators which produce the
feedbdk tJ the student . »

qtudent is weak.
* better maves,

We would like to stress two' point's in
the above process. *“One ‘is the necessity of
the Expert and the other 1s-fhe importance
of idgptifying the critical. issues. The
Expert provides a -mgasur® for evaluatlrQ.
the wstudent*'s behavior in novel situations
without which it would be nccessary tm
severely restrict the game situations which

. could be tuto The issues define thtose
concgptual compon its of th
which the student is expected to learn and
they provide the 4y~ tutor a handle.” to
structire and direct the exploration of the
env1ronmcnt by the student.

II. AN EXAMPLE SYSTEY
Y T L 4 .
. In order to explore the ramifications
and effectiveness of thet issue and
a domain in

example’" paradign, we chose
which we could easily construct an expert
. programn that the tutor gould call,on for.
evaluating the student’s behav1Jr The
.domain of knowledge chosen was the
gﬁme "How'the West Was Won, "*

. Desteription of "How theé West Wds Won"

"How the West Was Won" » (hereafter
called West) is a
computer usually being one). It is
on a game board like that in Figure 2.~ The
object of the-game is to get to the -last
town" on the map (positlon 70). On each

turnp’ *a player gets three ‘spinners  (randonm

played

numbers). He.:cAn combine the valyes of the
spingers using any two (dlffeyent)
arithmétic operators (+, -,4* or /)4 The

'value of the arithnretjc expre551oh he' makes

ame for two players‘(the'

[y

environment

PLATOf

is the rumber -Bf spaces he pets to! \move.
(He must also say what the answer 1is.) If
he makes a ‘negative number, he mbdves
backwards.
: ?

Alcn} the way. there are ‘shortcuts arld
towns. he

“If a player lands on a shortcun\

%Thig gamb!’ﬁs written by Bonnie Anderson -
foro the  PLATO flementary Mathematjics
Project. : . . .
« . M .\
. . L
' ot L T . \
' e / -

advances %o the other emd (e.g. from 5 to
13 in Figure 2). If he nds on a town,. he
goes on to the*next town.. When a°®‘player
lands on the same place as his qpponent,

unless it is town, bkis opponent- nust
retreat back two towns, To win, a player
must be the first one to land exiftly

a

the 1last town. Both players get\the, same
number of turns, softies are possible.

-

\

‘ b 0

. , : \
.

- .
Figure 2. Game board for_gg: th€’West ka"

Won (from PLATO)
'

on -

\

r
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Why Tutor at Allﬁ‘l!lug ’ .
A cenmtral as tion of the: West
tutoring system is that good tuforing can

point out structure,ih an environdent ghich

might have otherwise been m1§§ed and «by so
doing gllow the student, enrich, his
understanding of - (and skills in) the
environment. In Plato West, ‘an untutored
(unwatched) student tends to become fixed
. on a subset of the available moves ,and’

misses the potential richness of the
game. For exgmple, a student may adopt the
strategy. of adding the first two Spimners
and multiplying the result by the_
spinner, (A+B)*C. Since the third spihner
tends fo be ‘the largest, this strategy is
Jclose tv the
largest number by the sum
numbers  (which produces the largest
possible- number). *If this strategy is
augmented Db a rule that prevents moving
of f the board (a. simple end game strategy)
it _generates a respectable game. ’Notice,
however, thdat much is missed. 'The .student
is wunaware of the special moves such as
bumps and therefore of sten questions a.,
"I's it Jbetter to send my opponent back 14
or get 9 ahead 6f him?",In fact, since thi¥s
. kind
only ¢ne moye,
. of strategies
alternatqye moves. From an arlthﬁetlc
dfill /and practice ‘point of view, jie 1s
' performing one calculation per move 1nstead
of dozens of mental calcu‘atlons which he
“ would have to perfoem to answer ‘questidns
such as, '"What numbers can I fornm with
these sp1nners°" or "Can I make an_ & ‘with
thesé spinmers?" By interjecting comtents
and sugge ting™etter moves to the student
fron time to taime (though not too often),
the tutor tries to widen the student s view
of the game, hence drastically improvaing
the drill .and practice aspect by
him to —compute many more expre551ons per
move.*

hence

the other .two

notion
between

he misses the whole
for deciding

*Mych of. our original mdtivation for
byilding? the West tutoring system stemned
from the. doctoral thesis of_ (ecily Resnick
. [N975] which desgribdes some opreliminary
experlrents questiening the effeckiveness.
of this game as & learniag or drill and
. practise environnrment.. Respdek found that
although students become 1nﬁhnue1y 1nvolved
in ‘the game they usuall \developed a
» limited ® strategy and wou &' plag the game’
Tor hourd using their strategy regardless
of how ‘many games they ,won' or - lost

FurthermoYe, the strategies they wauld lock:

"onto often required no’ search and hence
canly one arithmetic expresglon per move. was
beipg evallated

2
.

third,

of student strategy lets him consider

strategy of multiplying the .

)

o

gettlng‘

'EY'O;QQO_I- - » - -
- X y . ‘

‘» Before discussing . the modelYing/

utoring process in greater detail, we

zresent a protocol of an actual student

playink our’ West. The butoring COmponent

of the system®used for the protocol ‘Was

accelerated .

»IT S YOUR TURN.

te generate more feedback than

normal. The nérhally paced tutor seldon
hassles the student two moves in a row. In
‘the protocol, all lines typed by the
student begin with "=> ". Annotations ar
indented. . ?
WELCOME TO "HOW THE ST WAS WON".
WHAT~$; YOUR NAME? M§ . .
=> BO
, DO YOU HA
2> ¥ES .

" 5 -

Qi TO- GO FIRST?
22 ¢

SPINNERS ARE: 1

WHAT ARITHMETIC EXPRESSION DID'YOU FORM?
=>
WHAT NUMBER DOES THAT GIVE You?

=>.4

\Y

T 22-1.-353014 61

1%242

[ 4

u/,/

The numbers that could have beeﬁfméde
were: p
hest" move is (2%¥2)+1.
delta-ways: 13-1, 10-8,
2"39 1'3 -
Mové ranks 11 which is FAIR

6-1, 4-5, 3-2,

is
on each

The indented information above-
generatéd by the EXPERT module
turn. . This information is not seen Gty
the student but is used by. the TUTOR,

- MODEL EVALUATOR and “STUDENT MODELLER .
modutes It is included here to
indicat€ the cpmplexity of informhtion
that is used Dy the system to follow the
student ‘s benavior. The flrst line

«gives the rangeg af numbers that could

.

‘second line gives the

the. spinners. Tne
"best" move
according to the- metric of maximizing
the diffexence between you and your
opponent. | (These twd pieces af '
informatidn are available to the student®
through, the "hint" .Key if he wants it. A
The third line (beglnnlﬂg v"delta-ways")

legally be made usin

représents- the leggl mov ace. The
first number in each paigvés the
number of spaces ahead t sfudent would

be (i.e. -delta). 'The second number is
the numbdy .of different arithmetic
patterns wRith could have hgen used to
achieve thal lead.’ In this case’there
is one move Which would.have put Bob 13
ahead (making\5 and taking the
shortcut), eipht moves which weuld ha-e
put him 10 ahead (making O and gettir .
advanced to the next town), pne that
would put Him 6haﬂgad ete. His move
ahead), ranked becauée there were
better ones, F the r‘est of, the
protocol only the Rank of tﬂe student ‘s
move wilL be shpwn.

f

13

¥

-

-

N
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" IT’S YOUR .TURN..

/

1Y

-

* MY EXP

-EXPRESSION WOULD BEY,

BOB is AT 4 -- TME COMPUTER IS AT o’

Y TURN. SPTNNERS ARE:
ESSION IS: (1%2)43

WHLCH GIVES ME 5 .. .
1 TOOK A SHORTCUT ¥
THE COMPUTER IS AT 13 -- BOB IS AT 4

iT’s® 123

S INNERS ARE: 2 '

WHAT ARITBHMETIC EXPRESSION DID YQU FORM?

2> 2%442

WHAT NUMBER DOES THAT q;vs you?"
-)ll 1 °
L -Bob makes another less~than- optimal mqQve

but two . moves is too - early to start
tutoring. : ' A

\ - -
Move ranks 9 which is FAlR ’

BOB IS AT 8 -- THE COMPUTER 1s AT 13
1S my quR. 129
MY EXPRE®BION IS:
- WHICH GIVES ‘ME 4
THE COMPUJER IS AT*17 -- BOB IS AT 8,

SPINNERS AR?.
(1+1)%2 °

IT°S YOUR TURN.: SPINNERS XRE: 1 1 5
_WHAT ARITHMETIC EXPRESSION DID YoU FORM?

x> 1%145

WHAg NUMBER DOES THAT GIVE YOU° o '

=D :

* Move ranks 3° whlch is GOOD

The ISSUES are: PATTERNj{ARENS
STRATEGY" )
These are the tutorable issues which
‘hgve béen determined by considering the
student model tqeether with the moves
which are’ better. Bob’s first three
modes have all had the same pattern,
akbs+c which does not require

parentheses; whereas the'best move uses
a diffgrent pattern which does.require
parentheses so the 1ssues ‘of PATTERN and

PARENS are noticed. The issue of
PATTERN .was chosen ,because it is more.
speci than PARF“S * That is, PATTERN
appears ahead of "PARENS on @& printing
list. The.S RATEGY issue inqicates that
there is no™ coherent strategy arising. °
for the .series of moves mnade by the
student, as will be, distussed later,

_IT’S BEGINNING TO SEEM LIKE YOU STICK TO

THE SAME OLD. STANDAKD PATTERN IJ YOUR HMOVE.
THE REALY EXPERT PLAYERS TR{ A WHOLE BUNCH
OF POSSIBILITIES. AN EXANMPLE OF A GOOD
(1+1)*5, WHICH LS A
PRETTY GOQOD MOVE. SO YOU COULD HAVE BEEN
AT 18 'WITH ME FINISHING UP THE TURN AT 17.

After the presentation of a better move,
“the student may be allowed to,retake his,

turn, This usually - makes the, student
. more receptive to the advice. In this
case Bob decides not to put himself, 'in

front of his' opponent. . ‘

LAY

§

’

WOULD YOU LIKE TO TAKE YOUR TURN OVER?
=> NO
BOB IS AT 14 -- THE COMPUTER IS AT 17

IT’S MY TURN.. SPINNERS ARE: 3 3 2 .

. MY EXPRESSION IS (3+2)%3 *
WHICH GIVES ME 15

THE COMPUTER IS AT 32 -- BOB IS AT 14 ,

IT’S YOUR TURN.. SPINNERS ARE: 3 4 5 .
WHAT ARITHMETIC EXPRESSION- DID YOU FORM°
=) 3+l %5 .
*WHAT NUMBER DOES THAT GIVE You?

Move ranks 7 which is.FAIR

o= 23N E ,

.. I NOTIGE THAT YOU DON

-

The ISSUES are: PARENS ORDER STRATEGY

“In, this casa’ thq tutor picks on the
‘ issue _of parentheses use.
the spiﬂheﬂ in a partfcular order) was
not an .issue, last turn because.none of
the better moves rejuired changing
order. (In a- less condensed session,
the tutor would not comment on two moves
in a row.) .

“T. USE PARENTHESES
"WERY OFTEN.. I THINK Y3U COULD WIN MORE

OFTEN IF YOU TRIED USING PARENTHESES.
EXAMPLE, YOU COUM® HAVE M%DE THE

EXPRESSION: (3+4)%5, WHICH IS ALRIGHT FOR
AN AMATEUR! -SOr YOU COULD HAVE BEEN AT 49

AND I WOULP ONLY HAVE BEEN, AT 32.

FOR

WOULD YOU LIKE TO TAKE YOUR TURN OVER?
3> YES

.

In this case Bob retakes . his turn.  The
players are put in their original
positien and the spinners are the sare.

. Retaking a turn allows the student to go

“through .the . motions of the suggested
move for himself and makes it easier to
remember. ,

BOB IS AT 14 - THE COMPUTER IS AT 32
IT’S YOUR TURN.. SPINNERS ARE: 345
WHAT ARITHMETIC EXPRE$SION DID YOU FORM?
=> (3+4)%5
WHAT NUMBER DOES THAT GIVE you'?
=> 35
BOB IS AT 49 -- THE COMPUTER IS AT 32
IT’S MY‘TURN.. SPINNERS ARE"Z 2 f/
MY EXPRESSION IS: 2%(122)
WHICH GIVES MR -2 . B
I LANDEDR IN A TOWN.’ . ‘
THE - COMPUTERPLS'AT 40 -- BO IS AR 49
TT S YOUR TURN SPINNERS ARE: 12 3
WHAT ARITHMETIC ;}PRESSIOJ DID !DU FORM”
=> 2+1%3
WHAT NUMBER DO
=> 5

Move rank

THAT GAVE You?

is POOR . -
IDE MINUS STRATEGY

-

ORDER (using

the '
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r

Up to this point’ the only operations Bob

has used are addition and
. multipdicatlon, < S0e division ayd
subtraction ecome issues because there

v

are better moyes whith usge them.

‘You SHOULDN T FORGET THAT IT°S ALRIGHT TG -
' DIVIDE, SO LONG AS THE ANSWER COMES OUT
EVENLY.' ESPECLALLY WHEN THERE IS A +GOOD
MOVE NOT TOO FAR AWAY, YOU SHOULD CONSIDER
DIVISION AS A WAY TG MAXE THE RIGHT NUMEBER.
THIS EXPRESSION IS A TYPICAL EXAMPLE:
(1+2)/3, WHICH WOULD HAVE RESULTED IN A .
TOWN! THEN YOU WOULD HAVE BEEN AT® 60" WHILE
I WOULD HAVE ENDED -UP AT 40, )

BOB IS AT 54 -- THE COMPUTER IS AT up

!
IT’S MY TURN.. SPINNERS ARE: 2 4 2 .
MY EXPRESSION IS: 2+(4/2)

WHICH GIVES ME 4

* I TOOK A SHORTCUT

I BUMPED YOU
THE COMPUTER IS AT 54 -- BOB IS AT 40

IT’S YOUR TUR'.,. SPINNERS ARE 12 2
WHAT ARITHMETIC EXPRESSION DID YOU FORM?
‘'=> 142%2
WHAT NUMBER DOES THAT GIVE YOU°
L= 5
Move ranks 11 which 1is POOR
The ISSUES are: BUMP SHORTCUT ORDER
STRATEGY

YOU DON'T SEEM TO BE BUMPTING VERY MUCH.
BUMPS ARE HARD TO GET BUT ARE USUALLY A
GOOD IDEA. ONE GOOD S¥MMPLE WOULD BE THE
EXPRESSION: (1%2)+2; WHICH %OULD GIVE YOU A-
. SHORTCUT AND A BUMP!! SO YOU COULD HAVE
.« BEENWZAT 54 WHILE I WOULD HAVE ENEDED UP AT
- 40,

-~

’ /
‘BOB IS AT 45 -- THE COMPUTER IS AT 54

SPINNERS' ARE: 21
(1+1)%2

. IT'S MY TURN..
MY EXPRESSION'1S:
WHICH GIVES ME 4
THE COMPUTER IS AT 58 -- BOB IS AT, 45

1!

IT’S YOUR TURN.. SPINNERS ARE: 2 0 7 ”
WHAT ARITHUMETIC hXPRtSSION DID YOU FORW°'

=> 2%¥0+7
. WHAT NUMBER DOES THAT.GIVE YOU?
=> 1y
The WEST system also contain- a simple
arithmetic’ expression 0 ' ~nostician.
which looks for mixed up pre: lence.

. MULTIPLICATION AS DONE BEFORE “ADDITION SO
2%0+7 IS EQUAW TO (2%0)+Y NOT 2*(0+7).
WOULD ‘YOU LIKE TO CHANGf‘YGUR EXPRESSION? |
> YES . .

SPINNERS ARE: 2 0 7
WHAT ARITHMETIC EXPRESSION DID YOU FORM?
=> 042%7

HHATUNUMBER DOES. THAT GIVE Yau?

2> 1

ag

-

' Move ranks 3 whlich is GOOD
bos IS AT 59 -~ THE COMPUIER IS,AT 58
IT'S My TURN. 31'3
MY EXPRESSION IS:
WHICH GIVES ME 12 )
THE COMPUTER IS AT 70 ‘- BOB IS AT 59
I WIN. \

MHE COMPUTER HAS WON 382, LOST .26 AND TIED

. SPINNER ARE:

98 .
BOB HAS WON 0, LOST 1 AND, TIED 0 . “
P
.THkNKS FOR PLAYING. . *
. . \ ) . ,‘ '
III, TECHNICAL‘DETAIL§ , t
. The overall operatloh of * the
model}ing/tutoring system cahn .be briefly
restated as follows. ‘Through the course'of
.the game;,. the student’s  behavior. is
compared with that ©of "‘the Expert with
respect to a collection of issues. Fron

thgse comparisons, a model of the student’s
formance ‘is built by the Modeller,

the student makes a less-thah-optimal move ,
the Tutor uses the model together with the
performance of the. Expert to detérmine an
issue in which the student is weak and
which would have: resulted in"a better move.~

The Tutor then explains the imsue to the
‘.student using _the better move whlch
illustrates it as gxample. In Ehls
section we shall des be the issues, frthe
Expert, the mqdel, the Modeller and the
Tutor - which were used to generate the
tutorial behavionr manifested in the
protocol. A )
The Issues -
The issues define those aspects of the
environment whlch are abstracted into tke

model and monitofed by the tqtorlng module.,
" They provided the organizink concepts which

coordinate the activities of the modeller
. and the tutor. The 1issues currently

addressed are: o

Issue _Comment .«

ORDER of spipners the spinners don’t have'

to be , used in any
/ ‘e ‘particular drder. ’
ENtheses - the use of parentheses
N is allowed and is
’ frequently valuable, -
BACKWARDS if the result of an
: + expression 1s negative
the player moves,
L backwards which can
’ somctimes .lead o a
) special move. C
special moves trying for TOWNs, MPs, .
SHORTCUTs 1is par¥ of a

(143)%3 E

When




MINUS | subtraction is legal and ThejMode] e ) ‘
. ‘ often useful. - et o B
:’= oy . ) ' . 4., . The s‘tude(t model is a'-‘ln(cord of the
DIVIDE N division +1s 1legal _and .student’s ?ast performance which provides ¢
IR v sometimes useful. v the Tutor with infgrmation which is wusefu
' \ ’ / . in determining Mg:t to . say. The model
PATTERN the ‘operations can be onsists of a.cumulative structurdl history
used- in any order, 'i.g. f how the. . student has performed on the
\ more than a small number ,4'ssues relativA toithe performance of ‘the
f . of move pattérns shbuid f Expert. ' The structural model which was’
* be used., ' built by the fWest 'system - durfng the
: . ' . protocol is given in Figure 3 and
STRATEGY a strategy for looking illustrates Mts varjousjcomponents.
. for moves °'shefild be - . < .
.\\ N = » used, and alternative In addition ‘ to  the cumulative
.. moves should " be . structural model, the*system alsognaintains
. ’ tonsidered, T a h}story ,list which - has ’a’ _gomplete
- ’ ‘ '  ‘temporal - record of the student’s session
- Each issue 'is defined by,three subroutines This includes for each move, t tspinners,
(called procegural sfecialists): (1) a the expression entered by the ent, the
Recognizer which determines whether a move results ‘of the move .J{bumps, “owns,. etc,)
exhibits the issue; (2) an Evaluator which amd the final pQsition. The informa#don
. looks at a stud®nt model and determines provided by the history list is needed, for
whether the student is weak in tWe issue; example, to check the recent moves made by
and (3) a Speakems which generate the student. . . -
explanatory English about the 1ssue.: The - .
Recognizers are used by the Modeller tb The Modeller
update “,the model fon each furn and by, the . ‘ -t
Tutor t0 determi%w L;p’ there are better The " task of the Modeller is to™
moves which the/ student colld hdve ma construct and maintain the structural
which exhibit the' f§ssue. The Evaluators model. Using the ,1list .of legal moves .
are used by ‘the /tutor -to evdluate the gencrated by the Exper%.rihé Modeller first
stpudent model in order to provide p'set of determines an overall = "quality" of the
possible student weaknesses. Sp rs are student s move. ~The‘quality of the ‘move is
used by tHMe Tutor to explain the sue to a rough . classification of the move (as
the student, (e.g. "I¥notice  that-you BEST, GOOD, FAIR or PDOR) depending on how
seldom move backwards"), The intent .and many better mofes could have been. made,*
“operation of each of these specialists wjll Each bf ‘the issue Recognizers. is ‘then
* be described further within the framework invoked to ugdate a particular portion 'of
2~ the model. ach Recognize ses the set of

’

s good st;étgéy.‘” o .

of the overall system, . .

- ’ .

The Expert

>

The "Expert" module generates

and
evaluates the set of moves possible in a
given situation. For West, the number ‘of

pessible. expregssions (values) for each turn
is small enough that the Expert can
generate . all of them. Each of the
different values is then sjgmulated to' .find
the ‘ending positions' of both the player and
his opponent (remember that a player’s move
can "bump" his opponent ). In the
evaluation strategy used by the Expert, the
Ygoodness" of a move is ' the difference
betwcen the,player’s final posit.on arfd hig
opponent s final position (called the
"delta"), The Expert determines the 1list
of “ legal moves (ordered from largest to
smallest delta). When it is the ¢ ter’s
turn, the Expert need only dete®ine the
optimal move. When it 1is the student’s
turn, -the Expert gencrates the entire move
5&pac¢. Thit allows the student’s move
be Jjudged relative to the other possiuvle
Ag we shall
is used by both the

..

moves that he coyld have made.
sece,

the, mové. space

to .

better moves to judge the 'student’s move

with respect to its particular issue.
An Issue Recognizer . 'Y
Sinxe the major part of the Modelleb’s’
work 1is done by the individual Recognigzeks
for each issue, we will desqribe in detail
e operation of ong such Recognizer, thé
Pattern Recognizer, ** his example will
provide a _ good overa view of the tasks’
, and techniques for the Other Recognizeps.
The Pattern Recogmizer 1is concerned
with the form.of the expressio- wnderlying
a particular.move. A move is.;\class'if‘i'ea
into one of 16 possible patterns accorling
to the operations used. in the| .expression,
and the order in which they'arg performed, !

¥"Better" is with respect to
evaluation procngre (stratcgyt\gpiqh is to,
,oee below for &

L3
the Expert’'s.

maximize delta. discussion
of the possibility of varying strategies.
*#see Brown et al [1975] for a conplete
de§cription.0f the Recognizers.

- Modedler and the Tutor, . \\:

.

©




* PR “ Vd . .
. PATTERN . BEST GOOD FAIR POOR MISSED/BEST . Flgure 3 Snapshot of a student« modél i,

i

(A+B)-C - O 0 c .0 3 )
"(AB)/C & O 0 6o .0 . 3 N m S
“ (M+B)eG - O 0 0 0 ve 3 ' - . -
... (A*B)+C 0 2 5 2 T , 2 : - 4 o
(A+B) /C 0 o ., 0 0 — 2 ' . . S
(AxB) /C 0 0 0 0; 1. « The pattern scction profiles the student's
s A-(B+C) 0 .0 0. o - 1 us¢ and non-usé of each of the 16 possible
A/ (B4C) . 0 0 o 0~ 2 move patiterns. The rows indicate.the number\
© A= (B*C) / 0 0 0 0 1 .\bf tikes the pattern was used for move of
WA+ (B/@) 0 . 0 .0 0 1 each qualitu. The MISSED/BEST column indica
" A% (B-C) 0 0~ 0 0 1l the number of ttmes the pattern occurred asg .o
{A=-(B/C) - 0 0 0 0 1 of the optzmal moves.
¥ (A-B) /C 0 0 . 0 2 .
W (-Cc) 0 0 0 0 2 L _
{A/B)~C 0 0 0 o ", , 1 . ’ )
y . , . ) . ‘ . f
L. - — . i '_’: ..
TOTALS : 0o - 2 3 2 < "The totals prouide an overall view of the
. . : - strength of the player )
- . 9 - . ‘ ‘
RALK: 1 3 9 11 13 . ‘. . : . N
"NUMBER: P 2 1 | 2 1 | The ranking sectioﬂ'giucs the dis’tribution
g ' of how the student's moves compared to an’
' ' T expert's. The, RAIIK of a move indicates how mz*

: . ‘ . better moves there were. The NUMBER gtues now
A . . many t;mes that _RAlK ‘gceurred. .
ORDER INFORMATION: ORIG REV LMS SML OTHLR : ( -
. The order section ﬁroftles the order in which
GOOD: 1 0 0 1, 0 . the spinners were used in the stydent's move.
y ° POOR: ¢t 4 0 O O 1. - The orddes which are cons$déred are ORIG,
) . ) . ’ same as presented on the Spinnerc; RLV,
) ' . reverse of spinners; LIS, decrcasmna order fu
- . “ sizaif S!ML, ingreasing order hy size;
- ’ OTHER, nong of the above. The 8ubfzel&$ 1
i» ' ' indicate tFie number. of times the order was -~
. Y. ' ‘ used when the quality of the move was 500D
. ) (BEST or QPOD—in pattern section) and POOR
« ’ v . (FAIR or PSOR in Pattern °ectzan)

PR ;
, “ly ) . . ' . . e
. -3

'Y

A .
' ) o i

. 81 RECTTON IIl{“OR:f"lA"I“I ON: FORWAPD BACKWARD = ‘.
L . s L. e . The Direction section records the number of
d ” .+ GOOD: R 0 times the student's expression resulted
Vi v ~.' _Poor: 5 .0 in an initial move FORWARD (and BACKWARD) '
= .. ¢ . WAS/BLST: q 0 . - when the quality of the move was GOOD-(or
coe POOR). The NWAS/BEST fieid indicates the
L . y directions of the optimal moves. -

* BARENTHLSES: * NECESSARY 0 OTHIR 0 NONE 7 ™~ The parenthes.s section profiles the student'’
> “\T; > Jb ~ ) * use of parentheses HWu noting the numher of
o . . ) : - NECESSARY usee of parcnthe&es as in (A+B)*C

: . ' S the number of OTHER uses §f parenthcses and
- t-e numher of times no parentheses were used.

P ' N ) - .

\SPECIAL M@VES: TOWN BUMP SHORTCUT . ‘  The Spcetaé movesgssection maintains. for cacn
‘ ) . of the specialynoves, TOWNs, BUMPs, and
. TOOK: 0 0 0 . SHORTCUTs, how many timeg the student use
WAS/BEST:, ., 2 2 3 éhat type of move (TO0K) and #bw many times
: . the optimal moue ?5ed it (WAS/BEST). .

STRATEGIES: , ) The Strategy section keeps track of possible
SPECIAL MAXDELTA NAXNUMB FNDGAME OTHER® strategiee the student may be using. The
8 ‘ .. strategies are: SPECIAL, land me on a ebecial
'0‘ 0 1 0. - 6 move; MAXDELTA, maximize the difference
» , . between your ppsttton and your pnponent 8;
. MAXNUMB, make the Zarqest namber; and PNDGAI
* v . ; . *land on 70. The counters indicate the number
Q »” of student moves which werc -optimal under the
ERIC : ) ’ .I{) correspondinng strategy. OTHER keeps account o
P N the moves which were not optimal undép any of
. o . these strategies. ..




The model coptains, for each pattern, .the . would get ‘you farther...") but usually’
numher ' of times th& pattern was useq, would'not do so. If the list has more than
subclassified by. the quality of - the. move. one element, a choice betwecen the isdues
- *The Pattérn section of the model providcs a must * be nmade. At present, an' ordered
prorfle of the .student ‘s " use, of. each "issues list" is Waintained which gives the
pattern and identifies overused patterns * prelative q?prtance of each issue. In a
e.g. those which were used *on ¥AIR .or more complex domain, the issues could have,
POOR movcs) Por example, it can bg seen for example, a lattice structure ‘whcre
from Figure 3-tnat' Bob overused the pattern « certa¥n issues.are prerequisite to other
A‘B+C in the protocol. - . issuess . . .

In addition to i foréation about what Once the Tutor has, chosen an issue and
the student did, the Patteru'Recognizer an example, ¥ the Speakcr asso ted with
salso malntalns a rccord of what thc student the issue is invoked to provide feeSback to
did not do!'In part%cu}ar, for ‘those moves the student. At present tlie Spealers are,
in which the student’s move was rot d>ptimal very. .simple. .Each has three or four_
the Pattern Recognlzer inerements the possible phrases for each of'thr e or four
MISSED/BEST fieldfor all of the ® patterns™ paris of an explanatory paraghaph This
-~ Which could have given an oplimal move. - jpplementation has the adva tagas of being
This information points out potential ' weak easy to build and providing Yeasonable
areas by indicating those patterns that the " variety of comments.. The maln 1imitation
student did nqt use when he should have. of such aimb1101ty is that a Speakfr which
In general, information ,about’ what -the 15',not aware ' of <he 5oq£cxt in_which it
student could have done but didn t is very Just "talk" (i.e. player positiofis, ‘moves,
inrportant as it, mist "be used to avoid efe.) must make very general commenﬁﬁ (or «
criticizing t..e student about isdues, which ~rjsk making * ingppropriate comments)* and *
were never to his‘advantage tp use. ' hence miss chanceg for belhg partlcularxy ;o
- - - i _ incisive.

The Tutor ‘ - ' An IQQUe Evaluator
. . -

.The Tutor i¢ responsible for deciding . The success of the Tutor
what to say and vhen to say 1t. Within the eritically on the ability of,
"issue and examples" paradigm, the range of
possible "whats" is determlncd by th® student. As an texamplé of the type of
issues that are defined by, the -auth of operation performed by the, .Issue-
the systen. Exagtly which 1ssuc and when Evaluators, we will gdescribe the Péﬁtenﬂ'
,it should te rentioned are .determined by Evaluator. The Pattétn Evaluator checks

+

tu_tor'lng strategy. LJhen t,he student makes the student is varying the form of is
a less than optimal move, the Tutor pove. . The important factor 1is how the
recognizes the event as an opportunity fo  stydent”s behavior compares with  the’
generatedadvice. The Tutor calls the issue Expert’s. That is, how many times has the
.~Evaluators, (describedi1n the next section) student used a given pattern when'he .could
to determine “the .1ssués’ on which .the  pave done better with a different one. As
student 1s weak. The list of weak 1ssues mentioned earlier, the Pattern Recognizer
constItutes the things the Tutor would like classifi@s each move as one of 16 patterns
to tell thé¢ student about. ' However, Just depending on the operations and their order
because a student Yis weak 1n somethin: of roperation. Thus if thg’ student _‘is
doesn t mecan that this is the time to tell ° always forming A+B*C, that ‘field of the
him about .it. The student will ohly te pattern seqgtion. w111 have a large portion
interested 1f.by-using the issuc he could . of ®he moves. YWotice, however, that
have done better. flence the Tutor #&ses the constant use, of a élngle pattern does not ¢
list of moves gencrated Dby ~the Expert, necessarily indicate, that the student is
togethgr .with the Issue °Recognizers, to stlick. It may (be the cas®e that in thege
determine’ 1f any “Qf the better moves articular situations, the student made the
,involve an 1ssue 1n which th= istudent 19 cst move. For thi's reason, t'.e Evaluator
weak. The list of sgues which result fron . i .
this ’processd can be thought. "of as the  #The tutor also uses 'other strategies to
TUt,Or' S hypOt eses about Why the student limit its VerbOSIty such as not hassligg a
didn’t make a better move.&k FPor exampley 1r studgnt - an*™issue  he Hhas petrformed
the student has ncvpr used parentheses, and satisfacﬂa£1ly within the last three moves,
the best,’'movée requires parentheses, onc not has s]lng the Student two moves, in a
ch hypothesis® is “that he doesn"t use row, ‘not hassling a poor player on a GOOD
parcentheses. If the 1list of "tutorable" as opposed to BEST move: This type of
issues is empty, he tutor has nothing  tuning 1is critical tg a smoothly opérating
particular to say. It ¢an make a ceneral systemtbut is; at prdsent, vary,ad hoc and
corment “anyway ("I think I wee a move whlch: Mill ot be mentioned further in this
Lo - N paper., : '
- *The best such hypothesis is éne which {1 -
# exhibdted by all of the better moves.

( .

the ~ student’s behavior and  a particular the student modef (see Figure 3J.to éek\if
h

. "
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Looks at the non- optimal subfields of

l\v

-

Tutor was' of fering

. “each, ! a gtrategy ich he
pattern to determine how often the stfident didn;t'-feel he ~ should follow becduse it

. used a form when it was ngt the optimal’,”  would leave him "vﬁlne ble to attack", an _
-thing' ‘to do. - The cr1ter1a the Pattern relemcnt of strategy not known- to our
Evaluator uses. to determine if the ,student - durrent Expeﬁg Elght out of ten subjects
is stuck in_a pattern' is: "Has 'the student found the -comments “heipful in fearning a
used thls pattern pon- optlma}ry *more than better ‘way to ‘play the , game and most °
75¢% - tfe - times that hg has not used it important, nine . out of ten felt that the
optimal1 Lo U e b v Futor manifested a .,go00d- understanding gaof

' pJ woat ooaN B théir wegaknesses! One’ subject commented "I

"\ o1y, DISCUSSIQN AR :”" ~jg£' . misunderstood a rule;‘the computer picked =«

' : R S L i o it up in the 2nd game. " R - .

. When we'begahﬂ nlngathi @Wstem we - . S0 4
faced uncertainty ab §hha$}saazid-fd"7hbor We ‘are quite encouraged by these
a student model-and how. iO‘?uldc the tutor resulys. Not only did the subjects, sense .
- nto maklng insightful ““conments at the “intelligence" of .the Tutor™'in knowing
- relevant, and only relevant, times. when to offer appropriate suggestions but ®
Bdcause of the lagk. of any conprehensivé they seemed .16 enjoy the Tuter s , support.
theory for how to grow 3nd use studppt ' We, of course,’ realize that thls data is
models or what constitutes useful tatorial i"“highly subjective and are*® looking forward
_comments, our system was ‘designed So that to . cqnducting some more ~contrqglled r»
"it could be easily modified. That way,we experiyents.a " o .
could run subjects on the system, observe ) - v ‘
the system’s behavior and the students’  Extensions ' , *
reactions, modlfy the’ system where - ) <

» neceosaﬁy \and eventgally compare the ™ While the present =System has worked
system s beh(v1or to that of 'human tutors very well in experiménts, there are seVeral,

. {oursgkves). ' ’ extensions- ,to ~ the paradigm ., worth

] A mentioning. One deals with the problem of

. »We ,would ° like -  to d'&c ibe _ two Mchanging the-point*of view" of ‘the student
techniques we® found useful fdr §algatlpg model. 'I‘)he ~ system evaludates a move ba%ed °

succesgive versions of the Wés systen. on” its comparlson to an Efpert’s. move in-

A One wflethpd, whigh we used to deterninc tI the same situatron. This E#*pert must use
adequacy of the magel, was Ao see if a some~ strategy to decide which move is bést.
human _tutor, using just the | nodel ' Fqr qxampl%?‘ is it " better fo bzet “ore
constructed by,the Modeller and a given, farther or . Be on -a -~town??® Weatever
studgnt s ‘move, could deterﬁhug\}ﬁthe .strategy the Exwe"t uses (it currently uses
student s weakness. ~“When the medel the maximum delta stratepy) it may not bee
contained so little &r poorly structured the same stratdgy employed by the student.
information that a perso could not When this is the case, the student’s goves -
gencrate reasonable comments, swe saw no won 't be evaiuated corredtly ,using the . ¢
reason to believe. a progran should Expert s strategv as a §tand3rd\ I the~
neé¢essarily do 0. The othgr' method reason for tutoring the student I¥ not
involved our playing West /under a nécessarily to teach ‘him the: <Expert’s
consistent but suboptimal strategy such as notion of a good strategy, but instead to
always using thc spinnevs in th gan ordet. help him become .aware Qf a wide range eof

. .apd never using parenbhcseo n. such issues, it might be benefidial to criticize
. circumstances the tutor should corment on ° the student within his own strabeéy, If we’

. those (and only those) 1ssucs-whlch we were dlscover that the student 1is playing 2
‘purposefullyravoiding. - coherent but deferent strategy (either bv

. A asking 4h1®™. or By noticing pat&erns in his -

. Experimcntal Recults o, « Hodel*) the !fodellér can re-synthesize. the

- - . « . model using the history list and an Expert
Although we have not yet'ésnducted any '~ who gimulates the paﬁtlcular student
lmajor studies of hnw effectitve our tutoring strategy When the Expert ' correctly” -*

system is, we have run. seéveral informal “gues$ses and- 51mu1ates the actual ° strategy,
experlmentq One of these consi“fpd of the resulting model will sharpl, indicate 2
“ru.ning 18'4tudent teachero in which each better player. At thag p01nt if | we
ong' uqed the o]atnﬂ for 5t leﬁsg/6ﬁc hour. verbaifze this 'strategy to the. student¢ we
Afterwargs,  cach was acked to complete a can make him awar® of it and hewmce - willing
questaonnaire,. with 12 gqomplying. /Thc to consider alternatived, This provides R
following comments apply to this<samplq? “hih with a goal in addition to ‘erithmetic
. . . e practice, ‘i.e. .he can experiment with
All but one subject received adwice strategics.: - a ' .

( from the ‘Tutor. ™ heir comhents about the - el . ! : ;
Tutor wgre quite favorqble Winc¢ subjects ¥The types of>patterns in the model' 'might-
stated that the Tutor s corments ,weore -be a Jlarge number of moves which are not
appropriate to what they were doing. Oof « optimal” in any known stratepy together with
the two who qlsagreed one Baid that the gengral strenglhs 4n -other .areas; 1.e.

. . . ! when thte student ., is making less- than
optimal moves which can’'t Pe ‘explained by

. . : the issues v : | ’

/ \)‘ S . . ‘ ~ . - . v . e =

ENC -~ - - 10 1 . ' ‘ !
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. A more gengral J,imitation stems " frqm i3 system was fugded ig- YpaeX inder®a.
the - #ssuesws and .examples paradigm Lteelf ri-Service “{AFHRL, ARIs; - ~nd ARPA

» At present the i'ssues ‘act 'like '"demons" HRRO) - contract. Th. /uoza«'»c)v‘ was
observing " the student s activities, conducted a$s part of a ziﬁui + liséover
watehing for situations.in which they, “Aean better ways to constryct an: wo?s ructyral .

‘‘point *out something of interest.. “This models of the learner for .arwaw>iraffing -
technique is very gpod at takI®g  advantage , Appldcations guch .as aurn ttwgq Llraining
of . the Wwork ,that the student' has done to * simulators with 1nte111gent aodfwﬂerqbased
point out 'imterestlng things. There _is tutors. N e R
another ‘dimehsion.. to ,tutoring which this” . * o
technigue de%i not capture. That is the, .. . B e

_notion .of .dMecting the student activities - " ° e R R . )

‘\In a general- direction in "the hope of RERERENCES - . . S
fputting him in .an interesting situatjon.’ ‘ - oo L.

» For &xampley ' if a. particular. .isspe has . .

+ --newer’ , come up, we could bias the spinmer Brown, J.8S., R.R. Burton,. Miller,
values to try o make that issuec arise. . .J., DeKleer,” S, Pureell, (. ¢ anh, ang
While, our current system doncentrates on R. Bobrow, Steps 'Toward a <Ticoretical

< gbot tom-up tutorlng * through~ issues ‘'it-.is Foundation for Complex 'ﬁnuuuﬁ%ge-aased,

¢ glear to us that a general system must also AI, ¥inal Report, Auguot \ .

.

&

-

Lo 13

include tog down guidance. £

[

Resnic

i
ea

on ;usions : .

~ The overall sense we had from building .
and experimentlng with this system is that
it is easy to talk about student models and* -~
yet ‘surprL51ngly difficult to actually
construct a. system that can grow an-
insightfui medel of the student -apd then' !
use this Yodel in a sensitive way to ! tutor ‘
the student. . The. pedagogical ' value of
drawing tutorial examples from the
student “s work seers beyond reproach; yet
the inEelLigenoe the system must have to
successfully  aet '‘on!  its own is
considerable. . Cogstrugting a tutol . which
cénstaptliy criticizes is  relativel
straightforward . The point is-to make one o
tbat" only. ,1nternnpts when a skjilled human .
_tutor-would and then generates a succinet
rcmedlal commemt %
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‘ We feel that. our WCst system .and. .the
. gengr tutorlng paradifm of "I°§§es and
"Exampled provzdes the beginning .of a
theory of howethis can be acco Dlished It
also provides.a: gllmpse of t technical
problems  whith: 'nust’ be éonfronted in
actually construdtlng an operaxional system
that can -grow and use’ student models in° a
versatlie way aen :
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