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ABSTRACT
ol - This paper is a preliaminary proposal to develop the
theory and design for "coaches® for computer games, to implement
prototypes, and to experiment with their ability to convey important
intellectual skills. The focdh\pf this project will be restricted to
developing a coach -for a single example of an intellectua.i game
called Wumpus.. It is pointed out that, while computer games have a
poverful -educational appeal, they also have a limitation in that the
player, on his own, can fail to acquire the skills of aa expert. A
computer coach, which could provide advice on strategy and tactics
for better play and tutor basic mathenmatical, scientific, or other
kinds of knewledge reXated to the game, Could overcome. that .
limitation. The project would address three specific questions: (1)
hov the expertise can be designed in.the coach so that it can respond /
" Teasonably to the player's particular choice of move; (2) how the :
Player can be modeled sufficiently so that thg coach's remerks are
dppropriate, i.e./ neither too advanced for a eginner nor too
elementary for en expert; and (3) how thHe nature of thegcoach's
advice can be controlled so that it i3 given in a frien ly and
personal lanner./;;;t]-six references are listed. (Author/LLS)
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Abstract ‘

A .
-

);jur?.-‘conputer games will find their way
N into a vast number ~ American homes, creating a unique
educational opportuniti?ﬁ the development of "computer coaches"
for the seriqus intellactual skills required by some of these ’ LI
games. From the player's perspective, the coach will provide

advice regarding strategy aid tactics for better. play. But,

from the perspective of the coach, the request for help is an

opportunity to tutor 'basic mathematical, scientific or other

kinds af knowledge that the game exercises.

Over the next five

ED20758%6 -

)

Establishing an "athletic® paradigm for skillsbﬂﬁtally '
considered the antithesis of ordinary sports is an exciting .
prospect. There- are, however, critical research issues which
. - ®must be addressed. While the hardware needed for games and
i coaches will contimue to drop in cost, the software technolog ' ‘
o (and related educietional and psychological theory) for dosigninz ’ i

.

competent coaches:does not yet ‘exist.

This is a proposal to

_ develop
prototyp

e theot? and design.for such coaches, to implement
» and to experiment with their ability to convey

* b

important intellegtual skills. L
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! This paper is a pnéailinary proposal submitted io the Science Education
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Today TV games for unuu.ted pino pong, soccor “and handball are among tho »

%

lost o;citing 1nnovations for the h \en}rtainnnt market. Hore exciting games
in which the player pi_lots a spdce ship or drives a race car exist for the

c'o-‘orcial market -- recredtion rooms in airports, and other public places..
. r
. These are only the first stones in the nppronching avalancho of:. TV guu
. - ot \
Already there are devices thut take cassettes on which ‘new progru/-ed guos are

provided. Among the vast array of computer video games yet to be ‘urkotod, so_-i '
wul oxorciso sorious nthoutical and pciontific knowledge. = e

In PING PONG SOCCER, and HANDBALL, the ‘player con.trols a paddle so as to hit

-

& moving "ball® into an opponont s goal or othOr such target. These first ° ’
d / -

qcno)xion games provido ‘a~limited intolloctual onvironMnt Schnd\genora'tion
games in which the player controls a space craft. boat or a-race car are still

too oxponsivo for the home. These games 1nvolvo controlli’ng a vohiclc givon tho

r

- co-plicntion of sudding for cars. driftinq for boats and fnlling for space

-

'ships They. make gruter intellectual demands on the plnyor Succossfu}

nnﬂontion requirps knowledge of qoblotry. dyﬂ/uics and kinontics Third

v

gonorntion guos will have’ avnilablt 9oworful'couputation|1 resources: tho
t )

possibilities are myrtad. For .oxupl‘o-. considdr STEVEDORE, a hypotheticu game
that illustrates the n‘ngi of p&ssibilit}as In this game, the playor 13 asked
t0 loaq a cargo, given various sets M&slilplo Qscbino‘s. \;Tho.uchinu have costs
v associated with thon: the task 1s to find tho\chnpost co-binntion of simple

-

sachines adequate to move tho wgight to the duir‘ed location. Successful plny e
1nvo’1vu in a nltunl and active uy knowlodgo ot qlonentary physics Finnlly. e
set of thlrd generation computer games nlrudy exists, having hoop dovelopod 1n

S ﬂw) context of efforts like PLATO (such as Hou THE WEST WAS WON).  These can bo

- tnnxhtod to the home markat. . - . g

Y
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Such games have a powerful educational appeal. They will be: =5

~ ? - \\

1. widespread: the calculator phenomenon of drastically reduced prices is about
to be repeated for computer-based ‘TV games. Rounrch/m education can try to
‘gkolvndv.ntng?‘of this phenomenon, or ‘ignore it; but it will happen in any
- : .

case. . : ' .

2.lm: kn,owlodée learned, is used for a purpose, What ‘anol.o.. of the paddle
will establish the desired trnjoctory of the ball; what force is necessary to
snter 'n st,‘/blo orbit; ;uhnt combination ‘of simple machines can 1ift the
duiro’d-night? The' passive environment of the traditional cln'uf'oo- or

P
educational television is avoided.> .

3. motivating: computer games will be played because t!\,‘y are 9njoyab1.o. not

because of soJo external desand-made on the student. - The desire for

instruction to improve his play arises naturally on the part of the player.

Id

However, games have a liaitations the plh\sror.~on his own, can fail to

lzquiro the skills of an oxport; This suggests that coaches be developed for

L} r

“computer. games. From the player's perspective, the coach will provide advice on
sirnteoy and tactics for better play‘. But, from &ho perspective of the coach,

the request_for help i |n'oppo'rtun1£y to tutbr basic mathematical, scientific or
> \e .

L 4 . i
other kinds of knowledge that the game ®xercises. ) )

Human coaches pre possible, except that the games will be so widespread that

1t will be difficult to supply the required m;nbdr ;:f si}llod,toacho}-\s.
Furthermore, the games are often dynamic, making it difficult for a human goach -
to follow tho.play in‘real time. Hence, our proposal is to develop and test
co..putor coaches, . ) . . N

There is another virtua#to the design of a coaputer concjp/z the rigor

required to write a program provides a'controlled environment to study basic

t . , ’ -
laad
s

v
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questions of learning and teaching. Insight into these quastions will have

- +
thooroucnl vnlu¢ for oducntion dxtonding boyond the diroct applxcation of

1 "

coapu ors. -

‘Thus, we proflose to dovolo'p the theory and .design for such coaches, to

implement proioi’.ypu ang to experiment with their aﬁility to convey important

. . . ’ .
intellectual skills. Specifically, we will address these questions: ,

’

1. How can we design oxportiu in_the cogch so that it can rospond reasonably to

the player's garticular choice of move? If- the coach forced tho playor to view
the gams in only one way, it would bo,a straight-jacket. To avoid this, the -

»

" coach lu.st’bo able to analyze a wide variety of moves and discuss their
relative merits.. -Progress in artificial intelligence (AI) makes this a
possible goal for the closed world of a game. We propose to apply Al to the '

*

/ theory and design of 'ur *Expert® component in the coach. . !

2. How can we model the p‘lnyor sufficiently well so that the coach's remarks ‘wro

appropriate, neithier too advanced for a beginner hor too elementary for an
expert? Here we propose to apply the formal modelling tools of information

processing, psychology to the theory and design of a 'Ps}chologi,st'—conponont

in the coach. ‘

I
¢ )
. . )

3. How can we control tho'nntu?qi[ﬁthe coach's advice so that it is given in a

‘friondl.v |ndJorson|i manpe ’? The solution lies in having: an' array of

< . o,

possible infirnttioq modes ‘ranging from graphics to natura{ language; a

.

theory of how to abbreviate conplnf explanations; and a model of the player's
: : lurning pufiron&ps., Both AI and information processing psychology .will be

¢

used to design il‘»Tutor'fcoupon‘mt. of the coach with these capabilities.
[ ' h ‘ |

The design of a successful colputo[; coach is a difficult -enterprise. But we
- . are |bogt to ixporionco the oxplouvo diffusion of computer game te hnoloqy 1f
¥ . -~
, o P
/ * ] a

- - (l'
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we are successful in taking oduc_nﬁonnl advantage of this, the rewards- will be

enormous . i . . RN 4

, Chapter JI outlines our design for a Computer Coach in.terms of modules that

‘.hnvo responsibility for domain expertise, for lodolling.’ for tutoring and fof .~

generating English prési. tach module {3 based upon a rnlo-buod fomlutinn of
the uppropruto. knowledge. Chcptir 2 provides deta
r

Chapter 3 reviews r_oyyant research in AI, info t-ion“procosiinq psychology,

and ::onputor aided 1nstruction./.'Tﬁo coiputor'anch owes its greatest
ilt'golloctunl debt to the work of J. 8. Brown and his colleagies who' have
pioneered the design of co-putor-b‘nud tutors for vurious domains. |
Chapter 4 describes omrmnts to ovnlunto the couputor coach urndip as &
vchiclo for tutoring trnnshublo 1ntolloctu|1 skills. Phase I involves the

implementation and testing of a coach for an elementary probubility game. Phase

I1 analyzes the paradigs for other games. Phase III is addressed to thov

articulation of a general procedural theory of coaching. Binco plum 11 md 5 8
are dependent on the success of phase I, support is roquutod only for phase I as

two year research project. At the end of t“s period, the progress made on
phase I will determine. the appropriateness of a new proposal requesting ;upport

-

for phases II and I1I.
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1. Design' for a Computer Coach

1.1 Bllck Duﬂru / * o ,
d.1 Block Diag —

’ \ )

Figure 1 is a block diagram of the des.tnn for a co-putojoach ! We have used
lnthroponorphic duignutions ]or the Expert, Tutor and Psychologist modules of
the Coach to o-phu_sizo their purpose in the overall systol. Of course, thou
components wiil be far uorq‘lilitod than their human counterparts, althoi:gh we

.believe it 13 possible to get significant performance. To stress that we are

rofarr}ng to computer programs and not people, we capitalize references to th,u

®odules_in the text . )

- The funct'ion of‘tho Coach is to tutor the play‘or in particul) skills, in the -.
Aontext of situations where those skills are appli@ablo It does this through
the interactions of the spdcialist prograas appoaring in the block diagru The
Expert informs the Tutor the player's move is nonoptimel and which skills are
needed to discover better alternatives. These skills are potential topics for
the -Tutor to ducus:{ The Psychologist oxuinos the studont's behavior and uku
hypqthosu about which skills are already possessed .by M- (rocorddd as tho
Knowledge model) and which tatorial modes are effective in ;onvoying new skills
'to him (recorded as the Learning model). The Tutor uses these models to
personalizenits interactions ‘with the pla;or. Thc’lnowlodge mode]l guides the
selection of topic from those suggested by the Expert while the Learning model
influences the choice of explanatory strategy. Finally, a Speaker converts the
formal explanation of the Tutor to an appropriate form for the player. - Usulfly
this would be English, though gﬁphicul explanations are also-possible using the

i

TV as a display.
¢

! This design hu grown out of a close colllborution with B. Carr, N. Niller and
J. 8tansfield of MIT and J. Brown and A. Collins of Bolt, Baranek and Neuman.

~

-

*
.
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1:2 Theoretical Goals: Towards'a Theory of Coaching ‘ , /\
. Thu'\ theoretical goal of this raseach is to s‘tudy fundamental questions in t.iuo'

theory of learning, modelling and teaching by constructing procedural }Qlo
systems for (1) the skills needed by the Expert to play the game," (2) the
lodoll_ing'critoriu uud by, the Psychologist, (3) tho alyernative. tutoring'

strategies used by the Tutor, and (4) the lanqunge generation capabilities of the

Speaker. \lo expand on ucp below: : v -

T

¢

. . R Ve .
1. The Expert will use rules of skill which embody the knowledge r,d\;quired to

- play the game and’ thereby analy?e ’the player's behavior. The virtu

based rqprosentation‘ of' expertise is that its modularity al)ows tutoring to be

. Tocussed concisely on the“discussion of specific skills, —an 'pomits modelling to

_tm tho' form of hypothoso‘s regarding which rules are known‘_ y the ‘player..f
A poss\iﬁl‘o confusion shoulfi be clarified here. When we refer to the rules of
the Expert, we aré not referring to the "rules of the game®, i.o. ihe facts
(ducribing & legal move and what' constitutes a winning State.’ Rather our concern
ts with the tactical and strategic knowledge ‘needed to decide which move among’

‘»
the legal pouibil‘itiu to make. We -term these "rules' bocuuu our

v

representation -ethodoloqy is to strugture the skills 1n tons of rule sets.

! . |

.
-

2. Tho,Psychologist will use rules of .evidence to make reasonable hypotheses

: . SR SR
about which skills of the, Expert the player possesses. Typical rules would be:

Y

A. Increase the estimate that a player possesses a skill if the player

explicitly claims acquaintance with the skill; and decrease the

»

reliability 'if the player expresses unfamiliarity.
' }

'€ - B. Increase the estimate that a player possesses ulskill if the skill is

ll!lif.lt in the player's behavior; docro,u the estimate iT the skill 1§‘

" not manifest in a situation where the Expert believes’ it to be appropriate.

b
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Hence; upiicit_ u&v‘oll as overt evidence plays a role. ‘o

v CC. Docho that a playér possesses a skill if there is a lma

- 1ntirvc1 since tho last /confimtion was obtainod (t’horoby-' modelling “the

tendency for a skill to decay with little use).
‘ -~ ! ‘ Yo ) ‘L_ LoD 5
' 3. The Tutor will usé rué.s of explanation to.select the appropriate topic to
. - ' * -

discuss with the pla¥er and to choose the fors of the explanation. These rules

4

include: ' ' [
» . -

A .
P d ] . a .

S A. Rules of simplification that take a cqnplox statement and reduce it to a

simpler assertion. anlification rules are ossontial if the player is not

, to be ovorwholnod by tho Tutor's explanations )
A3 . , 4 / b4
B. Rules of rhetoric that codify alternativo oyanuion strategies. Two

extremes are explanation 1n tom of a general rule versus explanation in -

«
3 %,

terms of ‘a concrete instance.

:. The Spukor will dso rules of language to convert the formal message

uloctod by the Tutor to l1Inguistic form. Eis 1nvolm1n AI lnnguugo genontor
r
whlch we discuss lator in the paper. Various nclunins of lunqungo for

achieving brovity such as anuphorl and ollipsis would be appltod

> N {

\ -~ ) v
. These research areas are difficult, touching upon deep issues 1n psychology,

-

3

education, linguistics and |rt1f1ca1 intelligence. But, we boliovo thero -1s. an

5 opportunity for progress for three reasons: S ) '

-

. . , . . , 'Y

1. Modelling and tutoring are bding examined in the constrained context of a
- game. A game has a formal structure..a restricted nuamber of options, and
1nvolvu a liniteqnunbor of skills. Furthermore, these constraints mpake it

pouib‘lo to build a competent Export for the douin J

Laa)
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g 2. The rosearch is an integrated énterprise with the poténtial for a synorgistic

offoct. For oanplo. tho Pskhologist uses the same *mpnfication rules to -

'goneratb a simplified version of the Expert for thninitul model of tho‘

™

™

‘ Plnyer. as the Tutor uses to sumarize an axplanation ¥1n11ar1y. the ovorall

'-ethodology of representing knowlodga as procedural rule’ utns is beina applied .
to,all of the components of the Coach. ° ‘ ;
h ] .

-

3. The rule-based' computational paradigm which we intend to exploit is a powerful_

one and is particularly appropriate to the dynamic demands 6f e‘theory of

jnteraction between coach ;nd player, K

\

¢ 1.3 Experimental Goals: A Coach for an Elementary Pro_babil_tty Game

In view of the many difificult 1ssuos raised by’ lr theoretical geals, the
it
-otporinental focus of this proposal will bo rostric ed to developing a Coach for

a stngle exuplo of ‘Q intellectual mme -- wulpus (Although the tutoring and

— .
.odelling co-pononts 6f the- Coach will be designed in a modular, do-gin-

~ ~1ndopondont,fush_10n which will be transferable to a wide range of tasks.) A set

' -of experiments described in chapter 4 will test: 2 .

4' \ ) . ) N >

1. the relative merits of ultomutivq'dos'igns for the lodul_?oé of the Coich_, and

& . PN

2. the overall success of the :Coach in facilitating the acquisition of
I\—\ —

¥  transferable intellectual skills. L

Tho Hulpus game was cr;atod by Groo:my Yob [1973], as‘an improvement to other
games he hud seen boing ;layod by computer hobbyists. (Thus, it is furthor

. ovtdonco for- the. nnrf-old posubilitios that txist for the computer game .
/h‘/nlont ) It exercises Igsic knowledge of logic, probability. decision
‘unulysis and goontry. "It 1s not yet available for the home; Qut. Judgipg by
the enjoyment ;ur MIT implementation of the game (with no cous:'hin’a) has provided

to Bhyors Funginu in age from elementary school children to lqults.. we think 1t

~
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1n6v1tcblo thnt u:tivitu of this kind will nppnr nong the third qonorntlon of

.
s

¢uputor games. (lts dounds on conputor resources are slight )

‘The gm is a -odorn dny vorsion of Theseus nnd the Hinotmtr “The plnyor is '

1]
1d1tu11y placed soiwhqm in a nndonly connected nrron "of caves tnd told tho
[

' N
. molchbo of his current locatfn. His goal is to locnt:#o\horriq Hunpus b\t

.’ln tho watren and slay it with an arrqw., Each pov; t\c eighboring cave yields .

inforut
nri,sps from the &
‘1tulf ) lf‘ the plnyor moves 1nto tho Vunpus'ﬂir. he is epaten. lf ho nlks
1nto a pit, he falls to his duth Ba;s pick the plnyor up and randonl’y drop M-

. elsewin@@e in the umn * But tie playor can miniwize: risk and locu:n 5!:0 Wumpus

by nung the proper 1omu( and probabilistic 1nfcronc:s¢fro- wn\rnlngs. he 1s

given. ' These~Warnings are provided whenever the player is in 'the vicinity of a

danger. The Mptﬁ can !‘:'e- smelled within one or two cnves-.“nu squeak of bats

4

can be hurd one cave away and the bruu of a pit felt one cave away.- The game
1: won by the pllyor shooti?m one’ of his arrows 1nto the Wumpus' lair fro- an

adjoining cave. If he exhausts his%ot of five arrows without hitting the

v

~ creaturd, he, has lost the gime. Figure 2 1llustr|tos a typigal 1ntor-oduto‘

state a_player might reach.: ' ' : ' .

SKil1¢d play exercises basic skiYls in: T [/ .

] (
-- nkingodoductiof\s in those situations whore‘nol‘hto kl\o;lodgo @s

ble, @.g. realizing that all neighbors of a cave are safe if no warning
13 received, . 9 . .

’

B. babiblity -- selecting the best choice given unéortnn knowlodbo. Q.g.

1n" that the likolghood‘ that a cave contnil;s‘n danger m:fn:.: if there

2

are warnings from more than 'ono‘noigh7.

I
I XY
.

h . ',4 . . ) . o \‘ . . , -
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gnrding that’ cave's noighbors The }nfficulty in choosing Y govr

stence of dangors in 'the warren -- bnts. pits nnd tm mpus .




. - ) .
- .- . S -7
. .

A

-~ - ©

-

fia N

gR o - SM,= WuMPus WARNING
CLED CAVES HAVE -
, ‘v Sa = BAT WaRNING
VISITED BY PLAYER:. - S BR = P1T HARNING

r _ FIGURE 2

AN INTERMEDIATE STATE IN A ™PJCAL WUMPUS GAME \
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c. decision making --’5olociing the move with highest u‘tility by balaneing
‘ -

. - .S
information gain against increased dnngor,‘nnd '

- * . . ‘ *

. . \ . .
D. -ooontry == -in some variations of the game, deducing constrnint/fron the
mmt% the maze is possiblo The game can be pluyod in warrens ranging

from general 3- dilon:i'onnl lntticos to 2-dimensional rectangular grids.

,Mo being a lotivntino and intelloctullly chnlionging game, Wumpus
also has tho virtue ﬂu\(n .have already had some ixporienco with this game. Our
. omrionco dorivos fron a course given by the Division for Study and Research in
‘ Education at HIT by the mthor and J. Stansfield. The e,lus project was to

design and ilplnont a Sl(IDIQ advisorfor the Wumpus game [Stansfield; Cnrr &
Goldstein 1976] This |dvisor called \IUSOR has boon subsequently developed . by
B Carr. He has i-nhnnted I poworful rulo-bnud expert for the game with
li-itcd modelling and tutorinq cnpabilitios. Tho duign proposed here is buod
on ”thnt oxporionco' how;vnr, it roprsuonts a sionificnnt extension along the
dinnsions of improved .odolling. tutoring and speaking abilities. The nature of’
.t‘hno extensions are the subJoct “af_chapter 2. Furthermore, no version of the

Wumpus coach has, as yet, been “subja‘ct to}rigorous evaluation. Chapter 4

outlines a thorough oﬂpériugtn‘l probrnh to mest this goal.

A .
' 1.4 A Hypothetical Scenario with a Com utoi‘ Coach -

i

’ 4
To 1llustrate the potential use of a coach as well as the intolloctu,l .skills
. . / ' - +
involved in playing: the Wumpus game, we provide -3 hypothetical scenario of a
player Ynteracting with thq proposed Cb'nch _(henceforth cnilod COACH-1), lTho

player's responses are preceded by a ®)*. .
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) U -You €re mow at cave 15 with meighbdors. 4'. 14 and 0. Brrr! There
o ts ¢ d}ajt: ?ou are nedar a pit. What a steachk. The Wumpus s
. _ 4 \
wear/ What now? ’ ‘ ’
) &
' . >4 ’ o ’
i You are Row at» cave 4 itth -getghbors 15, 14 and 2. Brrr/
. Squeak! A Mt ts near. .What mow?-

' . , Y S ‘ .
. Figure 3 is a typical picture drawn by .a player to record the information learned
about the wq;‘r.ﬂ;. . ‘ ‘ q

" drare - v draft
’ stonm _Squeak

- »e \ N I

Ftilre 3 -- Knowledge ‘ox tk"'é warren after visiting 2 caves

The goul of the Conch u A0 tactfully t.utor a boginner‘ the relovnnt
logic(l probnbilistic und k:t.ut.onic knowladgo needed to plny the game. For
oxfnplo. on the basis of the above knowlsdge of the warren, cave 14 should be
‘trutod as -'Qro dangerous ’ 0 or 2 since tlforo is -llt..iplo evidence (frg- the
drafts in 15 and 4) that 1g%eontains a M-t.. If the player moved to cave 14, a

-

coaching situation might og:curan follows: -

> 14 B \
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“ [

Goooodbyeeee! You heve

- 2 .
ot -, s ‘
Jellén tn a ptt. Whet now -- coechtag ’

)

or.« new geme?

> C;Gching

Cepe 0 wes {t!crh

> im; - .

N
You Aed single estdence that {t coniained ¢ ptit, but doubdle

-/

evidegce fdr cave 14. A ‘ ‘
B ’ .

)

> Is cave 0 a better move thar cave 2.
A

Yes. Cave 2 contains a bet.

.“*}"‘"‘""

. Although it is net “apparent from,these simple rcnarks. every loﬂulo of the’

Al

Coach contributed to the dinloo We suunnrlzo these 1ntornctions hero undor the
hondings -- tutorinp. modelling, oxplnnntion. discourse, end natural lnﬁbungo
co.prohonsion; then develop the thoory |nd dosign for each component of the

’ R LY R

-

Coach in tho/noxt chapter.

1. Tutoring:. The Cod;h npd the option of interrupting immediately upon the

player's move tb cave 14. Instead, it allowed the player to learn directly of hi}
fatal move. The dqcisiﬁn whether to intervene immediately, or only upon request,.

is made by the Tutor on the basis of the Learning model. The Learning model
L _ )
records the Psycholoaist'sbhjpothoses regarding whether the z}nxgr'profors

1-3di|to intervention or not. In this case, previous oiporionco with the pllyor

resulted in the boliof that 1ntorvontion only upon roquost was desired. The

A

Tutor also considors uhothor termination of the game should bo avoided because

othor lonrning opportunitios exist in this:particular state of the game. This

&

7
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1
-

would be determined on the basis of the .Expert's analysis of the 'skills needed- to -

play the gamé in 1its current state as colpi/rod with the Knowledge iodol'os‘

-

7. hypotheses regarding those skills in need of practice. .

]

2. Modelling: 'ho move to cave 14 causes the Psychologist to decrease the

Knowledge model weight indicating familiarity with the Double Evidence rul

4

(This is the Expert's rule that assigns an increased probability of danger to a
cave for which there is double evidence. A sampling of the Expert's 1nfor¢'nco‘

'rulos are given in tho next chaptor. the Knm;lodoo model contains a numerical

f

utiuto of the Player's knowledge ot each rule.)
. Modelling raises many issues. One subtloty is that the move to 14 may be

evidence of a more olmntafy 11-1tation -- & failure to understand the logical
4

implications of. the squuk hrnlno. i.e. that a bat is 1n ‘a neighboring cave.
Tho cnrront/tlto of the Knowledqomodol ts used by\ha Psychologst to determine’

-which skill is llulno when & nonoptimal move is made. The Knowledgo lodol

)

indlcltu tho level of phy vmich can be expected from this player -- the player

/ lioh’t bd.a puro boglnnor with 1nco-ploto knowledge of Qho basic ruleg,of the

g«no. a novico with understanding of thc logical skills, an a eur with
knowledge of the logica) and ‘tlu more nlmntary probnbility skil etc. The
Psycrlt;!ooist would attribute the, unfamiliarity to an skill at the student's
c;rron‘t level of' play -- &n this cage, .we are presumably dealing with a novice
" player Qho has mastered the logical skills and is limihg the basic probability
houristics.: ‘ ) ‘ ‘ -
. Ano‘!thor -subt.loty’!r“ ses troi potential 1nfoructions between tho'\pluyor'q
choice o Jrop'rounntll(\ u:hdlo' un';l h:s 'appl.léutlon of the logical and
. probublut’i ﬁilln to the 1nfomt1wtnnod in that representation. He lioht‘i
know th; doublo evidence rule, but huo rerLu(od the information incompletely,
nnd hence have not rocoqnlzod its c»llclblllty The P.sycholooist can choose to

control for this by providing a graphic representition tqr the Player.

]
"




S Co g ' 18 : Ira Goldstein
. omtﬁigﬁm A ‘
.9 ? s » . ‘ A . s
S B Explanation: The response to the player's initial request for coaching --
*Cave 0 was .safer.® is abridged. The reason for this is that the complete
explanation may ‘be overwhelming to the bluyer. For example, ‘the Expert will be
capsble of the following complete nnuiysis (expressed here in English, although
the Expert’s analyses will be formal derivations, resembling mathematical pgoofs

'

rather than text): . .

Ceve 14 wes not the Dest move. Logically, the Wumpus cepavt- dDe
1 0, 2 or 14 stnce there s no smell tn 4. But ceves 0 and 2
were better thu‘M' because there wes stagle evidence that caves
0 end 2 contetned ¢ pit, Dut doudle ovtduco“!or cave 14.

Finally, cave 2 15 more dangerous tﬁn cave 0; stnce 2. contetns

¢ bat, end the Dat could drop you'ta « fatal veve. (No squedr
in 16-rules opi the possidility of e« bat ta 14, hence, the
seieak {n' 4 cen only be explataed by ¢ bat {n 2.) Tus, the Dest

move {s to cave 0. . ' . .

Giving a 'co-plotx explanation does not encourage reflection on the pl'lyor's
L ] a
part. Hence, the Tutor prunes the complete (’nu}yiis on the basis of -

simplification rulu' Eld provides o Iy’u headline. Additional information is

"given only if requested by the plaser. ,

4.. Discours’o':’furthor brevity is ol:;tuned by the Spukor module's use of
olhpsu. and anaphora in gonorltinn‘inglish replies for the player. For ;xm,lo,
th; Copch begins with the olh.pticul utterance *Cave 0 i3 safer®, rather than the
complete clause “Cave 0. is safer than cave 14." The ellipsis is justified by the
context, in wiich-the playsr has just -ov%d into the fatal ca\’r; 14. In the next
statement by the Coach, "You had single evidence that it ‘contlinod 'u pit, ...", &

pronoun is used to refer to cave 0.

‘The underlying formal explanation of the Tuto$\wou.1d have hdd this
- \ .

10
IR
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repetition, as it will be !cbnqoaod 'of logically complete statements. regarding the
o rulog 1p.¢nulyzing the risk of ‘v‘urio'us soves. In the absence of any discourse

. Eulo;. the Speaker would have mirrored this repetition in the génerated Enylish.

v
Al

'[hu’ reader may Teel we are making too strong & virtue o.f bEevity Howcvor.‘
the ability to make concise. appropriate rourks is a critical frapability of tho
Coach Otherwise tho enjoyment of the game and the officacy of the tutor will -
ﬁuffor. Rules for sinplificution both for the underlying conceptual level and

the surface syntactic level, are an important part of a gol’u;al theor'y ol)

!

coaching. o .
[

* . Of course, thJ Coach can err on the side of too msuch brqvity. Confusion can

v

\ result from saying too little as well as too much. This is partially alleviated

’ 14 r
by'giving the player the ability to ask questions, which we discuss next. It is

also .addressed by incorporating into" the Learning model thé Psychologist's

— hypothests regarding whether the o'xplanutions are proving uti;fuctory t# the.

Y

player, as’ estimated by tho plmr's rosponsgs und subsequent behavior. On the.

basis of these hypothosu. tho use of purticullr silplification rulos can bde .

[

adjusted.

$.. Natural Language Comprehension: While most of -the pluyor'/s responses were

simple one word remarks, his last response was tﬂ qﬁestion; ‘1‘1 cave 0 sgfer
than "cave 21", f‘ho Listener, using stmdur& Al tochqiques. parses this _sontoncg,
into a fomi’ roprounf.tion thlt"indic?tos' that the student is llkil,m a<quostion
about two akternative mgves. This raises the question of what class of
utterances the Coach can be expected to comprehend.

~ Our plan is for the iygtu tg understand those fo;'lal queries ;_that a'lrudy,
. occur/on the communication ¢ dn;lols betwgen the Psychologist, Tutor and /‘Expor"t.

i.e. .one can coﬂcoptualiu’ the Tutor, Psychologist and Expert as constantly

u'sling questions ofie of another.’ The student's question is answerable if it
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falls uonn this class. / "

£

From this porwocti‘o. the job of ths Lis(nor is to convort tm remark to
its forlll form, or decide that it is no.t comprehensible- \uncorod's SHRDLU
prograam [1972] and Voods' LUNAR systu (1972] can perfora such conversion for. a
reasonable range of Enalish constructions, providing there 1; a well- dofmed
discourse world. The set of formal queries porliunoblo botnon nodulu of the
-Conch is such a world Thus, the dosign\of the Cooch~u' a coklunny of
communicating specielists is justb{iod both by the viriu"oi o'f' ‘-odulnrity and by
the support it provides for e languege capability.

In the sc"ono'rio. the question "Is'cave 0 botto/r th‘on ceve 27" requires an
m\lysis;ol": the relative merits of alternative moves -- a capecity besic to the

/l;;port“ Thus, t\ho/Cooch can respond approprietely.
. ‘ \ . )

Co. 4 // {The ability to be ‘orticulofo |bou't 1ts own thinking is critical
. ' for another r.xo"nqn: if a human teacher is to ;ccop't the Coach
/\‘ as an aid, he or she must be convincod\ of its competence.
Requiring thet the tescher examine the code, is absurd. Instead,

we onviuon the teacher pretending to be e studont. and- thon

(.
6 dmndino explenations from the Cooch for its ‘bohavior Hence,

the qougn philosophy of co-nnicat;no specielists is essential

r
.

if the Coech is to be able tp explein itself.) .

Finelly, e remark sbout the complexity of the Vulpus game is oppr'oprioto If
the plny.r hed not moved to covo 14, the go:: might have continued until ln
intomduto staio such es that shonn eserlier in figure 2 wu reached. At this
point, the om is quite chellenging; for examplé, the reader may be surprised
to learn thet a careful application of the lo‘gicnk rules of the game allows one

to do.duco thet the Wumpus is in cevd 12. Howo;ur. the game does not become

stgnifignntly'noro complex for the Coech. The Expert remains able to qnnlyz. the

‘ 4

\
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LN

probability of danger for all possible mov to unvisited caves with the
bookkeeping abilities of the computer preventing confusion. The tutoring and
modelling continues to be- focdssed  on the difference between the player's -move

- -

and any bettéer moves the Expert discerns. . : ’ : 3
/

The next chapter discusses tho‘proposgd dosig“n for each module of the coach.

]

o
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Hodules of a C ter Coach : 9 ,\\
s

v

2.1 The Expert /) o T J . .
«
Tlu block duorn of. figure 1 shows J proninont -odulo for the domain expert.

The lncorporntion of such an Expert represents a buic {nsiqht of work in recent

© CAl: 1ntotﬁmnt tutoring requires tnowlodoo of the subject matter. The power

'
L

of such knowledge is seen in tutors for geography (Scholar [Cdrbo/noll' 1970]),
electronics (Sophie [Brdwn & Burton 1975]), settheory (Excheck [Saith et al,’
1978]), and arithmetic (West{Burton & Brown 1976]). At IT, we have developed
new models of expertise for planning and dobugging [Goléstein 9 Gri‘-son. (n,
press; MNiller & Goldstein 1976a]. ' - /
An E;:po'rt for Wumpus implemented by Carr will provide the nn_dod
understandiny of the -plnyor‘s‘optlons thu‘t must be available to the Coach. The
Expert's kngwlodoo consists of a set of 20 rules doscribipqwiou; logicai,

probabilistic, geometric and }trntoqic facts ubout the game, a few of which are:

. o[tccl nﬂcg ,[or Bets & Pits '

Ll. (positive evidence rule) A wearaiag in ¢ ceve tuplm un e« denger uuu tn

-,

¢ neighbor. . '
. . ’ . . v, : ) T

e

(negative evidence 'ruloi The edsence of- a wearning tupl'té.s that nmo dug‘cr

*

extsts {n any metghdors. ’ - -

-~

(elimtnation rule) If ¢ cave h;s e warning and all but ome of {ts neighbors

are known to be sefe, then the denger is in the remaining neighbor. .

Piobedilistic Aules Jor Bats & Pits

’ : ® - .
(equel Lltkelihood rule) In the absence of other Rmowledge, «ll of the

Reighbors of e« ceve with ¢ warning ere equally tikely to contain @ danger:

-

. N . '
(double evidence rule) Mulitiple wernings {ncreese the likelihood that o given
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A}

cave .contains a dcngér. > P

The rules are gived elplicitly for bats -and pits, but the same mplications
. \ - ' -

< -

aré true L% the Wumpus, except that warnings propagate two caves. Note that

these "rules® are not the rules of the game, but rather inference rules from
. -

which the best move can be deduced. Th'e inference rules include the rules of the

LX)

nno plus ‘;onara} strateaic knowledge about probabilities and constralnts They

Y |r; ossontially rulas of scuntific induction. -k ] '
The oxporinntal uoal of this proposal is to develop sophisticated model ling

and tutori‘ng capabilitio;. yﬂovevor. this goal does not diminish the in;_pprtanco
of the Expert. Indeed, the first design principle, for such Coaches is Lthat; tll\o
nature of t'ho:‘jothor c;:nponolits of the Coach depends in critical -way;'on the
Expert -- t.he‘ Psychologist. models the player in terms of subsets and
) ~g1lp11f1cations ofﬁ the Expert's knowledge while the Tutor select3 an appropriate
issue partlly by refor‘el.lcinq ka.Syl‘libhs S’opre_senung an drdering on tt‘n)e Expert's

knowledge. ’ : N .

2.2 The, lelabu's : . . ‘ ' .
A syllabus is needed for ths ceach to determine "Iin intellectual issues to

’ ) discuss with the player. In}i}uro 1, the syllabus appears.on top of the Expert. R
" This is to ﬂphl$120‘4h6§ a rule based tfteory of expertise allows the development

. _
of a syllabus in terms of subsets and stlplt!tcattons of the Expert’s rules.

’ " Selettion of subsets of the Expert's knowledqo as intermediate qoals for -the
Conch is basod upon the conploxity of)/tho various rules and their 1nt.or-
dopon,doncies. !-'or \iqg!)lo. thq logical ﬂd__probubilistic rules of ‘{umpus form-.
' twd subsets of the Expert's Mlo&oo.. with the nn.tura! tutorial ‘sequence being
. to begin with the f&ica} ruio's'. This is required by the nature' of 'th'e rulef;

since knowledge of the logical rules is needed to properly apply tmrobability

heuristics. .
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-
-

, The utility oI a sylllhus was exemplified by the scor#rio of the provious
c’d‘

chnptor. The Coach usunod thlt the nonoptiul ‘novo was due to lack of .
fnilinrity with the Boub}o Evidenice probcbility rulo.*fl-lmvor. that rule cannot

bo properly |pplicd unless the nocusary logicll deductions rogardlnc tllo

.

available evidence ,n\u [h!rofo;;u. for ¥ pluyor whose oxporionco and/or lqn
places him urly 1n the Sylllbus. the logical rulos would bo the -preferred topicl
~of convorutton.y TM scennrio 1nvolvod & more udvqncod player, who had\already

. mastered tJu loqical ‘ulu, honco \ho coaching focus ns on_ ‘the next topic of
\ L . .
CrutAna subsets of the Expﬁt"s knowledge is straﬁ;htfonvard decidtno on

B

usoful simplifications of .various rules is aore subtls' This 1: true for the

the syllnbu; =+ the probubnity rules.

-
traditional oducationnl sotting as well as Tor a Colputer Cuach An ‘example of a’

«'

/
rule Simplification is as follows: Suppose a rulo has certain oxétptions. Aﬂk

.

reasonable pcdngog&al silplification is for the Conch to 1gnoro these

~

exceptions, until the novice player has mastared” tho exception- froo.

—

lpproxintion For Wumpus, a:*typical sinplificution* of this kind is to assulo

thnt a givon warning is caused by only a single danger. Th® more ‘subtle analysis

nudod to deal corroctly with the existence of nultiplo dangers of each type
q
(i:e. -ultiplo bats. pits and Wumpii) is for a later stage in the  syllabus. _

s

Sinco/silplification is a critical ability, the

investigation of'gen'oral cpﬂtﬂa,fcr simplifying a rule-based

.

expert to yie}d a syllabus becomes an important goal. One,

candidate is to silplify propositions of the form "A and 8", "A

H
or B" or "B s> A" as "A".  This general schema produces the

sidplification of assuming that a singlo;' danger is responsjble
for multiple ovidoncéh Work by Runelhart ‘[1975] on
summarization rules for storios suggests that the’ sinplification K

rules proposed here (which uro similar to his rules) have mo
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N ' e %
A ' psychological validity in terms of Kow people simplify and

remember descriptions. ) : ot

(,TM-Coach will take advantage of sinplified subsets of .the Expert's rulqs in g
four ways. The first is to form "Simulated Playors' from /theso subsets. These.
woyld represent averago players at varjous st ges of development. Simulated
Players nould aunont the Expert by providing a source of oxpectations for

. student-level pcrformnca The Simulated Playerr would” also represent a target
knowledge state for players at a preceding stage in the skill acq‘uisition

. procoss - Figure 4 111ustntes the augnented Computor Coach.

. The second Use of sinpufication rulos 1s to derive variations on tho \vlunpus
game as intokcduto coaching environnonts Such variations,can be obtainod by
changing t.ho number and type of dungors. tha/d’istanco from which they can be

nnsed. t.ho nunber of caves and the topological resirictions on tho warren (1 9.

— . a gonorll three dilonsionll ‘maze at ‘Bne end of the spoctrun to a 2 dinonsional

1 - J

roctlngulnr grid at the o!hor) . Versions, differ in their complexity and the
" skills they roquiro; henco good coaching includes the capability of suggesting
- -the appraopriate variatiofi to a player, dopondind. on his hvell of skill. For
example, the following sequence of successively. more 'COIDIOX vur‘u'ti'on_s sight be

used by the coach:

1. (single, static dangers in constntnod maze) Wumpus with on}y a- stnglo dmgor

. -~ of each txpo. played on a rectangular grid . -

i s ‘
rt L

. (multiple, nutic dangors in construnod maze) Hultiplo bats and pits. but

only a zingle wunpus. uguin played on a rectangular grid. .

’

3. (lultiple static dung>ors in a general maze) Gonaralizing the qrid to ln

unconstrained maze withﬁ lilit on the branching factor at any cave. -
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a

4. (dynamic dangers) Allowing the Wumpus to move, if the Player shoots at it and
misses. (Recall that the game 1is won by shooting an arrow into the Wumpus '

cave.) This requires the player to understand how .0ld evidence degrades {n

*this situation. ' T .- ‘ AN

*

- 1
R

.3+ (competing goals) Playing the game under a time constraint results in thc‘
" subgoal of visiting the nearest neighbor to obtain new information compatina

with the goal of always visiting the sa’est cave, no matter how far away. 4
' .y

A third use of simplification kno}rzigé relates to a theory of player bugs,

4 .

A player may possess a skill of the Expert in some approximate form that leads to
. - n ' 3 .

bugs ' in certain situations. Fgr example, the player may have formed an initial

sot df skills for Wumpus that never consider multiple dangers,{ but instead assume
> b - E3 -

. that only a single pit or bat is responsible for adjace warnings. Ih the

- SCenario, this would porlit the incorrect deduction that cave 14 necessarily

contuinod a’ pit. (See again figure 3.) Propor modelling requires the Coach to.
/rocognizo that certain clausos ‘are aissing in the simplified logical rules
possessed by the player. 'T'h‘is can be done _by checking whether a known
ulplific‘ation leads to behavior similar .todtho player's. In this case, the
unplification discussed qbovo involving approximations to rulas obtained by
‘dropping oxceptions would produco g smulated Player version of tha Expert that
mirrored this bohavior Thus, the simplification rules lead to a theory of .
'dovoloniopr'\tcl bugs"., namely those errors that arise due to rational
sllpllflcqtidons of complex skills that ari;o as natural stages in the learning
procosrs'.' Sonsitivity to this can allow the Coach tc; discuss the player's
perforsance not as .an outright orr;n./ but as »u simplification inappropriate for
more complex situations. - .- -

A fourth use of simplification rules “, in summarizing a complex explanation

for 1n1tia1 pruonta;i&r to the player. This topic dis pursued in the-s tion.‘on

¥ —
-
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tutoring.
—/

0 conc'ludo._ ‘heving a syllebus raises tv'v: issues. The first is whether a
syitx;lo sequence of sinpiifiod games aight eliminate the need for the coach
ontimli. Our belief—is that the choice of nrsilnlifiod game facilitates
learning by the player, but does not eliminate the need for the coach. The game
cannot be made 30 sln‘lo that no diffit.;ultios for th\e player arise, else the game
is no longer onjoyalilo; and, as long as such difficulties exist, the utility for
tactful ;utprind when they occur remains “M?rtmt. . Furthermore, the sinpufic[}'
gane -}ku modelling easier exactly because there are fewer skills potontull_y
being employed by the player. Still we consider tho.utilit'y of the Coach :
ultint.a_:t’o be an experimental hypothesis that requires validation. One
cqntro)l on measuring the utility of the Coach will be a comparison of the rate at
which skill is acquired with players who do not®ave access to conching‘:’ (This '
is discussed in the plans for our experimental prqu in chapter 4.) ‘

The second issue is whether the syllabus implies that 'nll~plgyors acquire _tho
skill in exactly the same fashion. This is not our approach. Rather we think of

. -, i
the iyllabus as a general plan for the Coach that is adjusted “‘pnrticulnr

players on the puis"of their current knowledge state. " Indeed; nowledge and |

skills are not linurls; ordered and we intend to structure the various
constituent ;kills of the Wumpus expert into a pnrginl order (on tho’b.nsis of
proroquluu-con\stjamts). It 1; the job of the tutoring module, in discussing
issues with the player, to decide on what path thro‘uoh this network to take.
This 'pors”on‘oliz\tiol!\ is based on a consideration of the structure of the syllabus
and of &hg 1nd1vidu_,l—-\nowlodgo state of the player. Ve '&iscﬂu tho" Tutor below,

but \first an analysis of the.pre-requisite modelling capability is required.
\' M .

.)( —~’

1 - -
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¢
2.3 The Piayor Knowledge ! Hodol

4

~I} "Successful coaching roquiru a metiel pf the player' s current skill.. For an
Jlnt.ol,_loct.ual game of the kind we are analyzing he‘ro. a model of the user's
knowledge can be co/nstructmd as an ov'erlgu on th'o Expert, 1i.e. as a sot of
hypot.hosesJ regarding the relation of the pl‘ayor's knowledge to the Experi';. For
" each rule, the overluy:prt{vmu‘probabiu;tios that indi;:ate the system's measure
. of confidence in the three alterati: (a) that the player knows the rule, (b)
that he knows “the rﬁlé@in sqme midified form (for example without knowledge lr
its oxcopth:). or (c) that he does not know tho rule.
In some situations, it may be profernblo to generate the Knowledge model as
"an overlay on a particular Simulated Player (as we showed in f;qure 4). For
example, if tt;o player is known to be a beginn'ur. then typica}l’y he|possesses
’knbwlodgo of the Jlogical gnd 'probabiliiy rules in a s;lplifiod form. So
modelling can begin in terms of'a Simulated Player with it_noso characteristics.
From t;his perspective, the Simulated Players can be viewed a.s average players at
different levels of' sdl}; . This approach allows tutoring to take initial
', advantage of the coars!ivlodel 'providod by t!no Simulated Player, until & more
‘detailed assessment o! the player can be made. . ,
The use of co;r‘s; lodois of average players was explored in our early
implementations of a Wumpus coach and found to be a profitable first step toward
porsoiullutioh A linited ability to make dynamic rofinenonts of this initul
coarse estimate usino inpncit evidence from the student's play is present in
Carr's WUSOR progru, However, a lexicofi of Simulated Playqrs rapresent.ing the
student at various points 1n tho sylYabus has not yet been studied, nor has

A
overlay modelling boon tested in this context.
. . ) ﬂ’: ’ v/
2.4 The Psychologist . N

To generate cﬁq maintain a player knwlodog, modpl, a modelling c‘ponent in

the Coach is -required. Ve culll this lodule the Psychologist (figure 3).. This

)

.‘ . o ‘ ' NI | s
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CEXPERT'S AMALYSJS OF| |
BEST MOVE & PLAYER'S SYLLABLS -
MOVE ~

PLAYER'S QUERIES

: TO TUTOR & TUTOR'S,

' ¥ L3
SIMILATED PLAYER -
~ MODELS' OF AVERAGE __gl  THE PSYCHOLOGIST

PLAYERS AT VARIOUS : REPLIES

%

STAGES

MODIFICATION OF WEIGHTS - " MODIFICATION OF WEIGHTS
ASSIGNED TO EXPERT'S RULES . ASSIGNED TO TUTOR'S RULES
INDICATING WHICH ARE KNOWN ~ INDICATING WHICH ARE

BY THE PLAYER - | PREFERR£Q§2f THE PLAYER
THE PLAYER K‘MODEL THE PLAYER L MODEL
(OVERLAY ON EXPERT) _ (OVERLAY ON TUTOR)

4

FIGURE 5 - THE PSYCHOLOGIST MODULE OF THE COACH
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. -

-oddlo is responsible for generating hbypothogos regarding the player's knowlidgo '

on the basis of evidence arising from (a)!the player's behavior in the game, ()

his explicit questions and directions to the Coach, and (c) the long term model

of the player's position in the s‘yllabus.l' We plan to 1-plo;ent and experiment

,
‘.

with a modelling conpon{ont using these criteria. :

Th; fun,dmntcl)dnd of evidence arising from. th, player's behavior is the
difference between ;lis answers and those t;f the Expert. The Expert is able to
explain what rules were involved in dotominini a given move. The. Psychologist

observes the difference in rules bet\'véon those involved in the besi move and

a . '

those involved 1n/tho player's choice. The hypothesis is that the playor is

unaware of those rules vhich would be differentially involved in making the

L]

- unrecognized bhetter lobo As an examples, in the scenario given in the last

chapter, the Psychologipt would have 'considered the move to cave 14 evidence for
increasing the estimate that the studonf is unfc,iliar with the Double Evidence
probability rule. ,

Such evidence can be misleading. The Apfayor ey hav; known ’the rl{lb.-but his

drawing. of the warren was sloppy or incomplete, and hoﬁco he was unaware that the

rule applied. Qr perhaps the player has chosen to pluy\quickl'y. and for that
. A

i

reason is not \onguginq‘in careful analysis. Hence, the Psychologist must deal in

probabilities, not certainties. Furthermore, it will be important to allow the

Psycﬁologut to affect the version of tho) guz being playop. in'orddr to creates
situations where if will be easier to decide if ‘the player has a particular

skill. For example,’ the Psychologist might direct ;ho Couch to provide a displly

of the explored caves in, ordor to insure that it is not a faulty skotch thlt 1s

causing the difficultios .

Since we envision the Coach being used by a player over long periods of time,
it will be important to include a forgetfulmess factor, i.e. for the Psychologist

to decrease the probability that the player knows a skill if it has not been
' 1

! \

——
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v
oxorciud over | lono poriod or pcrhnps we may wi:h to have the Gouch give the
phyor '\ur‘-up exercises® whose solutionwill yiold svidence en how much the
Player has remesbered. An example of ;uch an exercise might be to present the
Player with figure 3 and ask him to list the three possible moves in order of

. ' increasing danger. ' ‘ ’
‘ Tl?o n;rrow boundaries of' tho' gamé makes it possible to approach .these

cult quostions The design, tuting and dgwg.tno of alternative qodolunn

strategies wul be an important dlnnsion of this research.

2.5 The -

Successful expertise and modelling ‘will be of no avail unless the Coach is
competent in dolivor:'inq advite. While we clnnot |ppro|ch the kind of nplthy
that .can exist between huun player and coach we can nttcut to 91" the Cou‘ch
some floxibtlity n 1ts methods for discuuina Mrticulnr issues. This
capability resides im the Tutor module of the Coach (figure 6). The Tutor uses
evidence from the player knowlcdqo and learning models as well as fro- the 'Export"
to wt:o the tutorial interaction. How theso sources of evidence are used by tho
Tutor and to what ends is the subiocg of this Section. . -

’ There ‘are three dimensions to generating an explanation which must bo‘ .
considered’by a Tutor: 'thue are (e¢) Mhat to say; (b) When to'uy it; and (¢)

l:l'owto say it. ' T /

-

for "the Coach, whet to sey 13 . flunction of tho‘ differential knowledge
,(c\nllod the toptc-.s.ct) between the IOVI. the player made and th; best move
‘uvnilnblo. In the existing WUSOR program, the Expert generates a rllo;sct for .
each possible move. The rule-set . co;llil“ of those rules involved in colpuung

the probnbilxty that a given cave conuins a danoor

This quality of being able¢ to explain its decizions!is sé

crucial to an Expert piogru boing'uud as part of a tutoring
- o

N

Y
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s
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FIGURE 6 - THE TUTOR MODULE OF THE COACH
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.lystu that we call it tho principle o] articulete exnrttse

¢

’ ' ]
/ ~ Ve chou a rulo-baud approach to roprounung expertise because ~

7 . LI
111nat/(tu the origin of this phrase. The network of nodes represents the

it hu this 'nrticulnto' quality: the formal explanation of the ’

"prolut_ulity of the danger of a given cave is a list of the rules

no;dod to compute th|£ pr;bubility. The agende presented in the -
" scenario was obtained essentislly by noting the rules needed to

determine the danger of the various possible moves.

»
4

The WUSOR Tutor then compares the rule- m of the best-move cave (1.e. the

’

cave with tho lowest probability of danoor) with the nllg)ut of the cave chosen
by the plnyor The difference between these rule-sets is the toptc-set: the set
of rules that are reasonable -candidates to discuss with the player. 'l_'lu

x

educational hypothesis here is: if the player knew the rules in the topic-set, .

/
/

then he would have been able to compute the correct probability of the best move, /

snd honco wodld have chosen that cave:. For the sconnrio. WUSOR ‘would ha
uonorntod a topic-set contuinins the doublo evidence rulo along with uvél
other 'topics. ' d i .

‘\IUSOR plrunu this topic-set by eliminating those rules that its Knowledge
mode]l indicates are already knowm by thso‘plnnr. (It was on ti\is basis that th;
looicnl'rulos were pruned 'by tho‘.Conch in the scenario). A complementary —
improvement is nchio’vody by comparing the remaining rules in the topic-set with
the Syllabus. 'A parti‘culur| topic 1is chosen by selecting the ;'IilO of the topic- \
set nearest to tho'phyer', current pbsition in the Syllabus ¢In the scenario,
this was illustrated by tho Coach choosing not to discuss the choice of move .
quantitatively. Prumbly tho player was not far enough into the syllabus to
merit this level ‘of~discussion.) Thus, us in human discourse, knowing “what to

. , .

say" is improved by iuving a better understanding of your listonor’

We call this approach/to’ topic selection froatter tutoringe” Figure 7

.
vy -

q':l
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. THE PREFERRED TOPIC

| T ‘ TOI}/—SET

NOVICE—— ———— SYLLABUS — > EXPERT
) FIGURE 7 - FRONTIER/MODEL .OF T(?PIC SELECTION
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syllabus, ‘with concepts increasing in difficulty from left to right and linked by
dependencies. The shaded region roprounts- the subset of the syllabus known to
the player, as 1ndtc|tod by the Knowloﬂoo sodel. T?ﬁ?rnnod nodes ~are the
unpruned topic-set. Tho frontior consists of ‘those nodes on the boundary of the
shaded rocion.‘ T'ho nroferrod choice of topic ars tho topic nodes in _tho
diloxuorod rogion of the syll‘l!ms closest to the frontier. COACH-1 will employ’ .
‘similar stﬂtogy. nunontod by the Simplification rules and Rhetoric rules -

outlined later in t.his section.

The coathing paradigm also suggests whea to engage in tutoring. If the
player might have made a better move, then he will often be interested in knowing
this, in order to improve his play. Hence Tutor engages in _l‘d’iscusuon with
the plnyor about the underlying rules when \thoir‘.nwflilnbil.ity would make a
dif!oronco to the player's decision. The Tutor's-gval is to convey the
undorlying knowledge: _the plnyor"s is to become an expert at a game he enjoys.
In the Wumpus scenario presented earlier, this was illustrated by the coach using
the move to the dangerous cave 14 as an opportunity to discuss the 'doublo
evidence"® hourﬁﬂc. This 1@ and example oriented tutoring fits within the
paradigm 1ntrgduco& by Burton and Brown [19]6] for an |r1thut1c game called HOW
THE, WEST .HAS WON, originally developed for for the. PLATO Elpontnry Hnthu‘at_'ics
Projeet by Bonnie Anderson. .

However, the research proposed here extends Bui:on and Brown, ‘(as well as tho'
existing WUSOR progras), by considering the p;-ocodural formulation of a broader
set of explanatory techniques. For example, it is not enough to hn\:ro an issue to
discuss and an example to illustrate it. g;ro must bo.inkon to control the

length of the explanation. For this reason, we plan to uko"unpliffcntion rules

available to the Tutor for ‘summarizing explanatfons. Examples are:

S1. Stmpltify "A because B" by A

~ A
-1
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-

S§2. Simplify "P(x) «)> P(a)” by P(a).

.
?

83. Stl)ltfl‘ "A & (A -l') B8) #> B" by 8. . (L,

These rules are suggested by work of Ru-olhirt (1975) on the summarization of
storios./ ‘They were introduced earlier for cteating Simulated Players by
simplifying the Expert's rules.

-

To illustrate their |pp11ut‘1on in this context, consider again ,f,lio scenario.
In our proboud'.dosign. the Tutor will oo;urato a colplatof/explnnation
internally, v{hich we shall call the Agenda, and then apply the simplification
rules to select the a.pproprinto remark to be made to the player. <

For example, in the scenario, part of the agand; for the cave 14 double

evidence explanation is:

1. There is double evidence that cave 14 coatains a pit.
2. There is single evidence that cave 0 coatains ¢ pit.
3. Single evidence is sefer than double evidence.

4. Therefore, cave 0 is safer than cave 1.

We have given the Agenda in English, though it would have a formal internal

representation in the Tutor. Also it is incomplete, ‘sinco there is 'no discussion
4/ the other dangers. Applying the simplification rules, the titor's formal
response to a move to cave 14 would be its conclusion: Cave 0 is safer than Cave
14. (In the sconarlio. th’o Speaker has applied ellipsis, ﬁon;rating the
abbreviated reply: C'nc 0 is safer.)

Of course, the player may desire more information. H;nco. ns';vo indic,t'&d in’
the scenarie, it will be possible for the player to ask questions, with the ‘tutor
answering by supplying more of the Agenda. .Ho call this approach to providing
udvtco( & discourse theory of explemation to emphasize that an explanation is not ,

" a lecturs, Qut rather an interactive dialog betwsen Coach and player. U‘o'roturn

to this theme when we introduce linguistic discourse rulos\u part of the .

.

Al

‘2.
v
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Speaker's capabilities. S .

-

\;o have considersd 'uut' and “"when® to coach the player. Thero 13 still the
dimension of “"how" to formlm en explanation regarding a particular rule in tl:o\
topic-set. Collins [1976] has formulated as procedural rules. a variety of
*Socratic tutoring techniques. The nsnrch'propou'd’ here extends this taxonomy.
Ve propose to develop procedural tutoring techniques that fall within all four of
the following categories (although our lexicon of tutoring tochniqu;s for each

category will certainly not be exhaustive):

{ R
l. Lo'tccl luuntton the most common example would be citing a.rule plus the
\ curront evidence and duwina the correct 1nforonco The above aoonda' for

' explaining the danger of cave 14 was of this form. /

2. l,hthctW;lcnctioi&~ the uu of a supposition in developing® an argunont
would bci allowed here. As an omlo. suppose the coach is trying to oxplun
that cave 2, a neighbor ?f cave 1, is safe from bats because 1 conu'tnod no
squeaks. This is, in essence, tutoring the logical rule, "If a cave does not
contain a warning, then ad neighbor contuns' a danger.® A hypothetical

oxpluutlop would be:

Suppose ceve 2 coateined ¢ dat.” Then we would heve heerd a
_Squesk {n ceve 1. But we did mot. So cave 2 must be sefe

Jrom bats.

3. Grephicel Explenetions: this is rully anothor dimension -- a loqicll or
hypothotlcll argusent can be qivon in Enqnsh or via picturu showing states

of the warren. Figure 8 Hlustratu a series of scenes on the TV display that

parallel the preceeding hypothetical arm-ont.’ B . .

Concrete & punttou}: this catohory would include explanations’ oriented

- »
" . ; ()(‘ !

. V)
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: K S Figure 8 .
. : GRAPHICAL- EXPLANATION OF
“Ir A CAVE DOES NOT CONTAIN A WARNING, THEN NO NEIGHBOR CONTAINS
; < A DANGER,”
1. SuPPOSE THE WARREN LOOKS' L1KggTHIS: SN \_ /.
. \
‘/ »

2. THEN YOu WOULD HEAR A SQUEAK.

SBUT\ .

.

(‘/ \  )

"NO SQUEAK

4 ; THEREFORE,

—

o ! \ |
. . K / o ": N ‘
- p,: ' ' s
\“\__/l
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‘the .no?ury gon-ouiiution's. The simplified initial conciung to the fgudent

{s u!or uu ceve 14." Only upon optional ’subuquont quutioniny was tllo

2

oxplunntton raised from the concrete.to the abstract, with gemeral, principles
- . » ~ -
giye -~ . )
’ ' .

. . _

»
The uord 'hu ucquir.o negative counoution of *undue use of oxnggoration or

Y dlsplny' but’ 1t.s classical -uning is "the ability to uu language effoctivolﬁ.-

o4
oaplnnntions. but otherwise wN{ononood in the clusicnl study of effectiws

/ - co-onicntion for the purpos.’of conveying an oxpluutiou Without rhetorical
- skill, a tutor, uhotlur ‘human or llchino. will not be effective. " Our concern for
-llt.iplo oxplnnntory devices is ono of the qunlftiu that dtstinquishu this‘
e runrch fro. classical frm-oriontod CAIL.
R -~ ’ s )
Given a catalog of possible explanatory strategies, the 'ﬁ:tpr- must select a
* ‘ ”-6.".“?“-1' s’tuteﬁ for a player nt, a given stage :of dcvo}op-ent.‘ 'I;o'uéco-plish
¥ . this, th%w a Player Learning Mogdel. - A
IR ST .

2.6 Tho Player Learning Model _ ' < i

« ' Thor,o are nny dimensions’ Mnlayor'\l‘nmmg boﬁﬁior. but the slice that

~

] is prcpaticnlly useful to the Coach 1is" the plnyor's proforencos with regard to
- * ’ /
tho Qvnil’nhio tutorial dodes. The Player Learning Model is an overlay on the
- M . e ST .

Tutor; spocificnlly. :;our numerical woiqpts are associated with the euch

- - . - -

- “ tutorial strategy which estipate whether:

(a) the playsr is known to prefer thnt st.ut.ogy. I
(b) he is known to dislike ft: : L .o
(¢) iho_s:utogy l;u bu'n roéOntly us:d; . . ’\
a Lt . 1 2 ) Py LS I

. Computer Coaches - . ' 40 ' o Ira Goldstein,
] - . , )

around specific_examples rather thmwrul‘os, leaving it to the player to make .

- in the case of the cave 14 omlo resulted in the concroto rmrk “Cave 0 ]

- In essence, these fplmntory techniqnu nro a procodurnl theory of rhetor(c.

\u hnvo generalized rhotoric to |pply to grnphical és well u linoulstic



v
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&

’ (d) the strategy_has tiien spyccessful as judged by subsequent plax.

Ve 1|;troduced the Psychologist module of the Coach éarlie'r,_ descriping its
goiu’rn’tion of the X ‘Model. The Psychologist is also responsible for generating \
and iu'aintnining thé\ L ‘Module. The kinds of evidence we‘ 'plar; to use $are (c?

whefhenr l'gl‘ven tutorial technique on the average results in the playo.r

successfully acquiring the rule the Tutor is trying to convey, (b) the.player's

" explictt reaét_ions to a given-tutorial technique (e.g. "I don't understand!")

lndQ(c) general knowled_u i\bout the ‘relntivo success of different techniques for

various kinds of tutoring situations (ol.’u. abstract explanations are probably not .

“ ‘ ‘ , .

preferable for young players or those not mathematically trained). ,

oA : . .
The Tutor. will adjust its explanation of a given rule on the basis of the

.~
Learning model, although this does not mean that the player's preferences are
|lw|ys followed,  For example, the Learning model might reveal tﬁat the player
hns beconme too depondont, as evidenced by always delandino a colploto

oxp}nnation In such cases, the Coach would choose to refrain fron providing the

_co-pleto Agenda, despite the student's desires. :

“

- Successful modelling of’ lur:n'tno is dependent on succoisful modelling of the
various n}’\vlodgo »stntu thi plnyo’r passes through. Hence, %ur initial rosenrch
will focus on gonorntﬂlg the ovorlay model of the pMyer with respect to the
Export (1 e. the Knowlodgo Model) to bo followed later by an invostigation of
.modelling the player's interaction protoronces as an overlay on the Tutor (1.0.

tlgo Learning Model). - o . -

2.7 7 The Listener ‘ 7 . -

The communications lodulo consisa of two célponents. a Listener for
trmslntino guestions by the player into a forl conprehnnsjblo by the Coach and-a
Svukor@or translating the selection of a formal topic by the Tutor into a

6u7rohonsiblo form for the Plgyer (figure 9). In this section, wesdiscuss the

Listener, and in the next, the Speaker.

= e
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A

Progress in“’AI offers the ‘possibility of comfortable English comprohension by
.tho Coach for restricted domains, as illustrated by tho SHRDLU [Winograd 1972]
and LUNAR [Hoods 197;] program$. The use of semantic grammars in Sophie proved
this for: the ol‘octronics" arona-[Burttfn 1976‘{ We propose to Apply this Al
technology to tho couunications intorface with the playet)‘ to the end of

improving the syston's sensitivity to the player's ronsoning Ideally, we would
'

like to be able to ask the playsr for h_is equanation of why he made a particular

~/,\ 10\!0. How far along the spectrum oﬂ“&\:ccos'sful natural language comprehension we.

i:gn reach is uncertain, but available Ai technology will allow- us to 'achi_ovo

~—qualitative improvement over previods computer assisted instructional

environments.. P

There 1is anothor possibility for ilult from the* p"er to the Coach -- the

L d

use of a- tablet to sunporff graphica} pput, Ve partly avoid the .need fqr
' ‘ graphical input b‘haﬂn}g the Cogdt uintain a graphichl display ef the explored
g warren on the. TV, but idoquy iho plﬁror should be .allowed to maintain‘ his own
pictorial representation. If purely lingtﬁmc input proves too constrictive. n
will add a tablet input module. Wopk ﬂy [Neg;'oponte 1971, 1974; Herdt 1975; &
Purcell 1976] indicatés thcc possibility of uchiovin;; ‘significant power in this

v ora

dimension. : *
: B 3

o '
2.8 The Speaker e r }

The Coach will also use English in its onplanati&ns An ability to, speak
4succinct1y ‘1s criticdl if the inioraction is not to be excessively tedious. We
have alrudy ominod c'giteriu by which the tutor can select the content of what
it wishes to say.? But after this has been done, there remains convers,‘ion of the
conccptualization to English. . |

»Our goal fs to dovol@p a 'discourso oriented theory of explanation®. Hefice,
w9 propose to embody .in the Spupr: various Iingufssic convontions for

facilitating d'iséourso.': One such linguistic device which allows brevity is

A}

Q . ) S ) ‘ - 4 : \
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. ~
enephore, 1i.o. tho use of proaouas to refer back to previously introduced

objegts. An example is: o ‘ > X -

(l‘ - .
You wisited cave 15 edriter. Cave 16 is @ sefe ceve.

_ reduced by anaphora to

You viitted cave 15 earlter. It is safe.

t

Another linguistic device is ellipsis, i.e. not including a'g‘ivon. phrase because

the Cqach can pssume the player alresady has that knowledge. _An e;:nplo is

- \ “\Jou heve been :\L two nretghdors of ceve 14 end_jyou felt ¢ dreft
{n_both metghbdors of 14.

) reduced by ollipsis‘ to

« You have been in m netghdors of cave 14 and felt ¢ dreft in

Doth: ) .- . .

Hork .on generation [Simmons 1973; McDonald 1976) suggests_ that it is a reasonable

' oo.l te include thess cnptbilitiu in the Speaker in . lodost way.
The Speaker module is also cnpnblo of 9onout1ng graphic, as opposed to
dt'nwutic., oxpluuttons upon the Tutor's request. As the domain of discourse is
‘a video game, this is o_s’s'ontinl. Thus, the term Speaker (and Listener) is being

used in generalized form to apply to all communication channels between player

. 4
and Coach. T .
p 1 ’ o

-

2.9 Summary

f To su-nriu our dosign for | Computer Cohch, exsmine again figure 1. The

Psychologist makes hypotheses regarding the plnyor's stnto with rupoct to the
Expert's knowlodgo and the Tutor's explanatory techniques. . It does this using

« . evidence from (e) the player's performance as analyzed by the Expert, (b) h_ts .

‘\ .
explicit instructions to the Coach and (c) the expectatiens of the Tutor. These

. hypotheses form the Knowledge and Learning models. The Expert indicates whem a ~
\

-




.Computer Coaches o R | Ira Goldstein

-
Al

potential tutoring situation has arisen by informing the Tutor that a move is
non-pptimal. The Tutyr u‘s’es ih\,‘ analysis. of the expert and the content qQf the
models to determine- what topic is 'upprop‘riéugo to discuss‘wfth the player and in
what fu;nion. A natural language -interface, the Speaker and Listener, serves to
"improve the communication between pln\ygr\ and Coach. Simulated Players are
suplificutions'of the Expert which more accurately model expected pérfomnce ‘of
the player. o

The design of Computer Coachwos is more than an exercise in computer
pro&rminb: ‘it addresses fundamental questions if education. For example, four

major theoretical goals of this research are to develop and test: -

-

4

1. an articulete model of expertise that supports modelling and tutoring by
prov}ding explanatfons of alternative decisions that can be made in a given
task state. Our approach is'to use a rule-based formulation of expertise, and

use traces of the rules required to sike a given dociuon as the explanation.
' ) < N

2. ov;rlu mdell'iu' which descrlbes a player in terms of the capabilities of the
Expert or a slnplificgtion of the Expert (Simulated Player). Does the overlay
lod?} tlvrovo‘tutorinq? Can predictions be made ahout the performance of the
player? This goai' is silifur to that of Newell and Simon [1972] when they

\fuk to construct production systems that model an individual. °The new
ingredient proposed here is the use of a coaching onviron-;nt' 10 obtain

evidence and test success. :

e

3. a discourse oriuted theory of explanation in which a frontier model controls
topic selection and a catalog of rhetorical techniques determines the form of

the message. ]’ho Knowledge model, the Learning model, a net structured

/‘\, syllabus and an articulate expert all contribute to this ‘function. A Speaker _
/\

component converts & formal message into a user-comprehensible form, applying
!
agttll further discourse rules to obtain conciseness. Progress in this

v o .
J : 1)
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direction will be an llportant step towards a pr'oc'o’dura'l theotry 'of,

explanation.

-

~

- 4. rules of simplificetion that can be used to organize expertise into a

syllabus, define restricted tasks for the player as exercises, and sumsarize
) oo

complex explanations. The fact that this theory of simplification finds

multiple applications reinforces our belief that the computational environment

of the Coach touches deeply on central issues in the theory of Mago‘y.

In exploring these goals, ws are developing a general tho'ory of coaching that -

applies naot only to‘tlie player of a game, but, in general, to a novice ongagcd in
any task 'whoroln the skill can bs modelled by rules.

There are, of course, limits to the psychological and educational-guestions

i

discussed in this proposal. We have not, considered,” for example, such issues as

player/coach empathy. This arises when we consider whether the Coach should be

‘ allowed to alter the location of dangers (consistent with the clues given to the

b P, .
player so far) to reinforce its advice.” This ability might be useful when the

Coach warns the player that a move 13' nonoptimal, but the playsr moves there
anyway. " If the danger was not actually in the high probability cave, should the
Coach alter the game state 30 as to position the danger there? (For example, if
the pit had not been in cave 14 in the scenario, and the player had moved there,

should the Coach move the pit to that cave.) While this might reinforce the

-Coach's advice, it risks losing the player's enjoyment of the game. The Coach

-oul;l probably be considered a "cheater® if the player knew of these
rearrangmsents. But, ‘should we allow the Coach to have a design that,must be kept
hidden from the stud;nt? We are not sure about the relative merits of this
particular tutoring ability. (It can arise in an 1ntorfod1ato form if we allow
the Tutor to advise the Game module on the positions of the dangers for the new

game, but prevent u\y_altontlom once the game is begun. This would probabably
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be consYdered fair by the pluyor.)’sia'ﬁlun to study tﬁo empathetic relation

between Coach and player durirg the oxporilontul phase of this research, and

incorporate whatever insights are obtained into the design.
L.

.
~ .

-
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3. Relevant Research
(/Iocttu 3.1 describes the computer ‘¢oach u 4 Ratural evolutionary step ti
\e”w Assisted Instruction, remedying some of its njor dofocu of the past

and drawing on some of its streagths. This step is made possible by:

-

for the coach (sectiom 3.27. ‘

-

2. The use of iaformation processing psychology techniques to model problems

;olvulo in terms of rule sets (sectiom 13.3).
——

3. The declining cost ’ofpcmuuu (section 3.4).

3:] Computer Assisted Instruction
To see the place of the Computer Coach im CAI, it is useful to characterize

CAI im termy of four periods {figure 10). The first, which we have labelled the

~ Primitive Pertod predates computers and roprcﬂunts ‘the original work with

programmed learning texts. At tn time this work was undertaken, both the
tochaolm and the coaiun theory were in a prmuvo state,

The use of cmem\tutuud the next phase which we term 715. Clcutccl
Pertod. It gccupiod most of the sixties and even today remains the doninnat
paradigm outside the rosurch“ﬁrmt. Programs dcvolopcd{ wiéil't this era
were typically organized as .a decision tree of nluplo'choico' questions, aith
the student's responses dotorlining which path ln the tree is taken. Thoio CAl
programs were the first oxplornuon of tho conputor as tn educational tool.
They were in io-o cases able to provldo 1ntorutin9 lurning savironments, for

example the chemistry progrus of PLATO [Bitzér and Johnson 1971], but were

ultimately limited by a -uuul understanding of the problem domain being taught,

and minimal models of the teaching and learning processes. The paradigm of the ~

~

b
w>

1. The appMication of ‘artificial imtelligence theory and techaology to the desigm '’

»
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¢lassical period was to develop tutor languages to facilivate the design of
scripts by teachers for their domains. Such an approach to CAI remains useful in

certain contexts, but to achieve a new plateau of performance, a new design

g
.

philosophy is necessary. ,

The Momantic Period represents the shift to a new paradigm in which tg(\oul ,
is to embed genuine domain oxportiu. in thﬁ CAl program. Three benchmark efforts
in this category, ‘each concerned with a ve#'y diffe;-ent kind of oxperti‘so. are the
Logic and Set Theory tutors constructed.by Suppes et al.; the geography  tutor of

Carbonell and Collins; and the electronics troubleshooting tutor of Brown et al.

* Suppes has been involved with CAI since its inception, and hence his work spans
the classical and rosantic periods. One of his long standing goals has been
the development of a proof checker capable of understanding the validity of a

student's proof: With the gradual evol

fon of Al techniques, he and his
colleagues have been able to evolve sucfessfully more powerful proof checkers
[Suppes 1972, Goldberg and Suppes 1972, Smith et al. 1975]. Thus, in this =~
case, the research ropr;sonts an evolutionary rather than revolutienary

~

transition from classical to expert-based CAIl.

* Carbonell designed Scholar around 1970 as a CAl systea for googuphmat couly—-\,_

answer as well as ask questions. The basic theoretical improvement was the use
of l'suantic net, a dominant Al representation, to represent domain lnowleddo.
' Since that time, s-cholar has evolved as a ros.ult of the later work by
Carbonell, Collins and others [Carbonell & Coilins 1973, Collins et al. 19753.

The program has served as an impetus for\ improving the poiur of semantic nets,

——

and hence has had important feedback into Al research.

\
® Brown's SOPHIE system, a Sophisticngod Instructional Environment for tutoring

electronic troubleshooting, is impressive in terms—of its level of domain

expertise ‘[llrown et «l., 1975]. The program is capable of simulating the -

-

-
pa




4
P

~~

—

N . L, \

Computer Coaches -~ / 51 : Ira Goldstein

1nternul»bohavfor of a power supply, and hence can answer most student

questions regarding the state of the deavice.

’
.
t 4 e

These programs, sometimes called Generative CAI [Bryan 1969], made possible a
new level of performance. ‘Such CAl tutors are not limited to comprehension of a

highly restricted set of student responses; but, through' an embedded domain

. ? Y Expert, are able to! comprehend a much wider set of inporactions. They were

originally romantic efforts in that the Al technology of the late sixties

necessary to implement Expert modules was itself in a relatively primitive state.

'But. during the lllst six years a proor:gssivo]; more 'powerful set. of Al tools have
been developed ll;l.d }‘pplied**to embedding expertlst; in CAIl }rogralms. Tht's
evolution began with the original use of semantic nets in Scholar, followed by
the use of semantic grammars and -ultipl'e re‘bros‘é;ltations of knowledge in Sophie
(Brown & Burto‘n. .1975]. Brown has referred to tutors of this kind as ICAI
(Intelligent CAI). ‘ - .

Recantly, a l;ourth-phuse in CAI research has begun, characterizeq by the
inclus’ion of expertise in th‘o Tutor; regarding the stud?nt’s learning behavior and
possibdle tutortial strategt;s.' We have chosen to call this new ooner:tion of
tnstructional programs AICAI Tutors, to emphasize the use of Al techniques in the
modelling and tutoring components as well as in the Expert module. Within this
context, Collins [1976] has ipvestigated conputition‘_al models for Socratic
tutoring strategies. Burton and Brown [1976i~in a tutoring program called WEST
have introduced issue oriented models of the student's knowledge, rather than
simple l‘focords of right and wrong answers. Atkinson and others at the Institute
for Mathematical Studies in the Social Sciences have exaninoAd the representation
; of domain expertise a3 a network “in which tasks and tho;r‘ requisite 'skills are
~roprosontod‘ [(Barr, Beard & Atkinson 1975]. In this relearch, the BIP system for

tutoring the computer langage BASIC, a model is maintained of the student's

familiarity with various skills, and the next task-posed to the student is dope

/ '
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¥

on the basis of which skills are currently known.
. \ -

. The' rosuréh we propose here falls within this AICAl parld’iu. and-represents .

an integrated investigation into tutoring and modelling, in whict! the modelling

component is concerned not only ift.h_tho student's knowledge but also with his

learning. preferences. Both the BIP 7and the wr.sf research consider only a model
of the student's knowledge, not his preferences for interacting with the tutorial
system. The catalog of tutorial techniques we shall introduce subsumes those

comidorod by Collms -

Of course, this division of ’EAI into four periods is a simplification. Since
its inception, there has been a desire to model ;ho student u;:curutely. The BIP
research, which applies Al representation techniques to the syllabus and to

modelling the student, does not incocporate a powgrful dou& expert (and hence

- 1s iilitod in t.ho complexity of the problols it can allow the student to

undertake and st.ill comprehend the studont's results). ’

" Thé novelty of the research we propose here is thgt in a single system there
will be significant domain expertise, a broad range of possible interaction
strategies avuilat;lo te the tutor, and a modelling capability for both the

Student's knowledge and his preferred modes of interaction with the tutor. If

this research is successful, iho early promise of CAI as a pergerial, responsive

learning environment for the student will be a met in

\'

fruitful fashion than classical CAI of the sixties was ptile to achieve. o \'\

3.2 Cognitive Psychology

Over the last fifteen years, a new p,sxchollogicnl discipiine,concernod with

- ¢
the formulation of computational. lodols& of cognition has .evolved. Benchmark

[ . .
texts in the field are I.indsly and Norman's Numex Information Processing [1972)

and Newell and Simon's Numan Problu Solving [1972] Fomlim such as semantic
nets and production systems huvo besn used to construct procodural nodols of

memory and of problem solving.  This cql’ututionul approach has proven ululblo

- - . -~
sy a
(v

D

el
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. -
. ! ¢ » *

in‘elucidating aspects of human psychology that were not adequately ex'plai'l}nd by

)

the more static theories of the past. ) \
! [ 4

n“\lo prnpou‘to apply these new concppts ofA coanitivé psychology to the
roprosant‘at‘_ion of knowledge qnd_loarning models ,of the student, and to the design
and implementation of automated modelling components. The individual's problem
solving pahaviqr’ will be described in terms of his gnowlodge -of a set of ’r:ules:

where the rules’ include both basic facts and control knowledge (i.e. sfatenents'

»

about when they are applicablo): ¢

: .
We have already done preliminary work in this area: (Miller and Goldstein

1976a,b,c,d] describe the process of par€idg pregramming protocols by means of a

rule-based theory of planning and debugging. "_

3.3 Artificial Intelligence .

Designing an Expert for a game is a traditional AI project. Samuel's'[1963]

L~ ch:(n:kor playing program and roqpblatt s .[1967] chess: proqran have attainod

signinlcnnt performance level
L ! .

notion of constructipng a Coach t

. 4

othlhlving beaten excellent human players. °The
utor a player in the skills of thg Expert is a
- natural extension-
The goal of cénchino. however, adds tholdosion constra;nt thét the ‘Eipgrt bs
80 constructed such that its oxpontiu'.is conprohensiblo_' to a player. For this
reason, we have proposed a rule-based approach in which knowledge is reproson~tod
. as a modular set of rules. The trnditit';nal game phyi‘ng prt')grails wers not
diunlly/of this form. Howwor,:thero a—r: a set of more récent programs that
achieve s'lgl'\ificant plrfornnco; whose dosign does fall undo.r this parud'icr.
e.g. Dendral [Buchanan 1969] and mta Dondrv (Buchanan 1972] ;or Mass
Sp\itroscopy and for learning Mass. Spoctroscopy. ‘Mycin for nedical diaqnosu

-

( Shortliffe 1976]. and EL for circuit analysis [Stallman and Su;snan 1976] All

—

of these programs perform n the level of hunn experts for their donin of

oxportin. : . s
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. ‘There are ugitltions to rule-based syStegs. Interactions between the ryles,

oxcopttons to the rules, |nd contoxt dependency are all critical thnicnl e

iuuos -Recent ruurch by Dnvis [1976] and GoYdstein [1976] addrossos ‘these, °

.

lilltl“s and dovolops an |ppro|ch to providing meta-knowledge about tie rules

- =

v o ‘
in uchino undcrstnndnblo form. - ° N . . ‘ /’

’_.A cnroful nnnlysis of tho virtues of rule-bnsod systoﬁ (conprehensibinty. )

\lhrﬂ& oxtenubili;y)p thoi; llilitntions and corrosponding extensions

3
proprinte to Mndling thoso ltlitltions gqos boyond the scope. of this propoul.

‘t thoauprouivo perTorsancé of oxisting Al systels ‘suggests that 1t~7(11 5‘ Q
\ v

A frﬁitful to apply this tochnology to the dosiga of Compyter Coaches. - // .-

3.4 Cﬁ‘r Science T Q ' o ’

P Yo s - : .
LT ‘ Ten. years ago, a large computer installation such as one based on a Digital ;
8.~ [y > . . . . - :

" " gquipment Corpoﬁtfom PDOP-18 with KA .professor wodld ‘have cost .$1,000,000.
" Today, a LISP uddno now undo? ﬂosiﬁpn in odr hbontory will provido\thgo/tfus
futors conputltion f;r on: twontioth the cost. * The recent NSF conference on “a
ton ;nr forecast for the ippact of Colputors on oducntion' was in unanimous
' . lordenent that.th; cost of computatj« ﬁillqcontinuefto docruso ‘dramatically
. ovor “the next decade [HUMRO 1976%: . - . R oo )
Our proposnl to dovolop Colputer Coachos will donﬁd signifi\
co-ﬁut;tional wourcos Such rosourcos are nvnilable now in the research
oavironunt. and economically feasible for schools wightﬁ*t%o next ten yurs.

\" The theory of computer-based /colchos (and its implementation as software), not

. N
the hardware technology, if the critical limitation.

- ‘ o ‘““‘3 A
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s o + 4. A Two Year Research Program
. o’ . B ‘ ,
- ';, We propose a thréb\phase research program for ovaluating the ;nerits of the

Computer Coach paradim/ Since phasés II and III aﬂ contingent on the success

of phase I, 'support is requested only for the first ﬁhase as a ‘t\_vo year projoi:t. )
. - - \
- The major portion of this chapter,describes the experimental program>for phase I. °

A summary of phases ]I and III is given at the end of the chapter.

. . -

4 Phdse I: A Computer ‘Coach for Wumpus

Since ﬁ:nrticuluto Expert for Wuilpus alroady exists, we can directly
. -~

immediately focus our attention on the critical learning and teaching issues

v '

involved in dosignmq improved modules for the Psychologist, Tutor, and Speaker.

We estimate that the design and implementation -‘of a complete COACH-1 will take

]

approximately 10 to 12 wonths. The details of this design have been specified in

-

9

detail in chupterﬂ ' .

Across the second year, we will carry out Ap ext¥hsive testing program to

. ovg\luuto the ‘succesas of the rule-based lqdo’lliﬁs and tutoring capabi\iit'ios of
CQACH-I. These ‘xpirinnts at)d the pr.éposoﬁubjoct populations are doscr}ibod

& ,bolow. The experiments wi!l serve to r;iqorously' test ou;- hypothgs&s that a .
@r Computer Coach can tutor uthmticalf and scientific knowIedge in pers.on_alizod
. (u'nd responsive ways: and that the skills acquired by the players are

* transfrable. ‘ .

. . &
We will undertake two basic categories of oxporige"nts. ‘The first category

("global 'V‘"‘"‘"" is concerned with the overall suftess of jthe Coach as a
' 4Gtor of transferable intellectual skills. The second category ("local
experiments®) is ofteénted towards ;nni"yzing alternative duigps for various
mbdules of the Coach. The first cltogor:y provides the critical measure of
. success for the overall research project; the ’ocond category suggosis possible

. refinements to the design.

-

I'4
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4.2 Global Experiments o o o N\
Ve shnmry out two major globnl' ox'porlnnts. one at the 12 month and ono— _
at the 18 month point in this project.” Each olobnl oxpovunt will’ nddreu two |

'wutlons

1. Does the coach facilitate the acquisition by the student of the.intellectual
sill,)s needed to play Wumpus? : : , PR N

2. Are these skills transfered to other tasks?

o .
" The sulls in question are tho basic logical nnd probabilistic inference rules

needed to/.a\ko reasonable hypothosos about facts given urcertain data.
First we consider quos&ion l: lusurino the success of the Coach in tutoring

. Wumpus speciffcally, We will examine the performance of three populations of

players on a c sequence of 25 Wumpus games. The first population will be
. i \ . : ,

uncoached, the second coached by the computer and the third coached by a human

teacher The sequence will involve approximately 10 sus.iofu. each on thé order. of ~

[

lS.-in'utos and extepd over sev'onl weeks. Transcripts of each plnyor"s
performance will be obtained, with statistics computed of his or her success.
(How often does the pll&' win:I How effictent are his moves?)

Our h:ypothesis ig that the conuterﬂ coached populafion will acquiﬁo skill at

the game faster than their counterparts who receivé no tutoring and equal to the

-

‘rate of those players given human tutoring.

\ -

We will |lsq_cqrrolnt6 the performance of members of the three populations ~_

with their skill {n traditional mathematics. This skill will be measured by the

”
o

standard achievement tests taken by the players. This correlation will indicate

o

fmothor Bathematical games such is V—unpus and thair‘ respective skills are
accessible to student/players ;lhé have not been high achievers previoysiy in this

-

domain. . . .

- sy

-~ L3S
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Q\lo:tion 2 exuinos whether those players in the threa populations who ‘ have
mastered the skills of wunpus are able to transfer these ski-lls to other domains.
We will obtain ovidoncg for transforenco by oxposino the same threo populations
of students t;: (a) oa;qs 1nyoiv1ny similar s_khi‘s\gl}(b) pl;oble'n exe;cises.

'An exa;plo» ofgﬁifferont game is "Clue”. In this popular board game, the
tn%k is to identﬂy the crl..(nal from a population of suspects As the
detective, you are given various clues The same sorts of logical and
probqbili\;\tic inference rules (as are required in Wumpus) are applied to
ostllaiing who had the b:st motive, o;)porfunhty and means. Isomorphs of this
game can be constructed for war game situations where you are given 1v{denco
.I;out tha'locati'on of your oppononi's s'hips'. and ’your task is to estimate their
actual location (this is a traditiona)] game calleq B‘ATTLESWIP); for prospecting
for gplid;' and many other situations. The ease ;:f creating problems requiring
the same sktlls‘ is a consoquonc;'o,f 'the portance of the abili;i‘es required by

" Wumpus. ) ) ’ .

-

. Problems that exercise the mathematical skills (Jogical and. probabilistic

‘sreasoning) required by Wumpus will be “chosen. We shall e;:uino standard. 1Q ;nd '

achievement tests as well as mathematical and probability{texts to select “these
problems.. Wg willlconstruct a set to.be administered as both a pre and a post
test to the three populations. : *

\fo shall run several series of fbo *global experiment® on popul‘ations of
different blckorl'ound,s. Our hypothesis is that the Cduch will eql;al a human
t;ncl;;r in facilitating the acquisiglbn of transferable skills'in ldgical and
vrot'mbil;sti.c inference, as uliurod by performance on'the problem se‘t..

We do not claim t.ha.t the general style of reasoning .O.Iployed by a player will

be ntfoct.‘od-by the Coach, given €he likited time during which players will be

exposed to the Coach. Our hypothesis is only that the parttcul&r skills tutored

e } - .
by the Coach are transfered. The possibility exists that the Coach could serve

A

Qg
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43 Q/monl model for the studcntj”of a certain kind of mathematical reasening,
but this question must await sucéouful completion of the first phase of research
' . » <.,
» outlined here. ’

4.3 Subjects ‘

Education majors in an undergraduate college will provide the 1n1ﬁa1 sﬁbjoct )
populction._ We will select a group witt} a rangé of achievement .in sathematics.
Given that these subjects will be future teachefs, thoi’r opinions and advice
_ regarding the behavior of the coach will pro;ido’i'lportnnt fudl'ncg for usi

towards improwing its design. Our experience with '_tt;o early WUSOR coaches

indfcatos that-the gn.b is comsplex enough to’ be of int;rest to such students.
Following an initial roﬁr;d of ‘cxporilents with this popuilntion. we will work with
students of the same age from different bncko.r:ounds (for example, Jhosen fro‘ a
two year tdéchnical college) and then with secondary sct;ool students. The result
wi}l be evidence for the rolntivo/succass of alternative teaching and modelling
techniques for s.tudu'\t populations of different levels of srili;)’go ‘and
background. . ‘ v : |
Each run of the global experiment will be done with 30 ‘students, 10-ip each
p%ulntion Given several runs of the global experiment by the ond of this' two
year programs, sufﬂciont mdonco should be‘available to indicate clearly whether

a -qro oxtonsive ovnluntion of computer coachino is Jjustified.

.. To reach a satisfactory design for the Coach, we also plan *local®"’

experiments that anslyze the performance of individual modules of the system.
/ . ’

Three kinds of Iocal experiments arée defined -- Al, psycholog¢cal and

pedagogital. These oxbériunf( are described in the next three sections. .
- - \* . . n : n . A
+ 4.4 local Al Experiments. Sy

These ofpo ts test whether the nodulos of the Coach perform succossfully

on certain higMy controlled oxorcius that are necessary (but not sufficient)

N
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canditiohs for their success in the real educational environment. Examples are:
(l) at what level of skill does the Expert module perform the task compared to

husan experts, (b) if a Simulated Player is i:rutod by modifying-the E;tport. will

the Tutor successfully diagnose the lodification To 111ustrate this secon}{ kind
of AI' experiment, consider a Simulated Playor for Wumppus created by writing a
progru that has access to the looical and strategic rules, but can make no
probabilistic inferences. The question then is whether the COACH-1 nodeller can
:uccossfully diagnose this weakness. These Al experiments _involve careful
.analysos o.f\ the cyapabilitios of the nodules involved. They yield. hard facé:

about performance in certain settings but no psychological data. Tl_u naxt class

of experiments addresses psychological issues.

v

,,r

4.3 Local Psycbological Exporinnts T e A

These experiments invostioato. the relative success of alternative modelling
" components in estimating a given player's ;tat; of knowledge. We will use the
same testing program as that outlined for the olocal expori-ent (Pre/Post testing
on the game and 1ts\1so-orphs). oxcopt that inteviws with the students wherein
t‘oy ducribo their rationalo for various moves ivill be obtained. The evidence
for the Knowledge and Learning ’unod‘ols will be the oxfont to which the »st‘udent?s
deseription of himself and his porforur:éo on igonorphs satches the hypotheses of
these models. - - ., . .
There is also another form of validation. The Simulated Plaayo.r whose rule

set most closely lltc.hos rules attributed to the student by the Knowledge model

can be run to predict likely -oﬁ.s by the-student, in a given state of the game..

The aécuru‘:y of these predictions with the student's actual move is evidence that

the Knowledge -odoi is reasonable.

—

Finally, we will supplement interviewing of individual players by recording
the verbal interactions of several players working as a tean. Brown, Rubinstein,
and Burton [1976] in Eecont tests of the ﬁophif :yst.u have used a team

1

b : ‘

. S T
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[

¢ .o :
environment Qquite successfully to obtain insight into the analyses being made by

the students. The players naturally explain their reasoning to each other,

¢

decreasing dependency on interviews by the o-xmrimutor.,A -

' \

-

__,J-OCII Pedagogical Experiments
Computer Coaches embody d theory of tho syllcbus and of altornntivo tutoring

strategies for conveying that syllabus. We plan experiments that test
nlt‘ornnttvo syllabi and alternative tltor‘mo' strategies. _For oxnpvlo. with
‘respect to the issue of when Yo interrupt the player, ‘the Coach's behavior can
rnnoo' from one extreme of always di‘scuuipg better.moves if they exist t‘o tho_
other extreme of only intoruéting with the player upon sxplicit request. Our

goal is to obtain evidence for mechanisms by which the Couch‘\s tutoring component

can dynamically altir‘_ its choice of interaction mode and tutoring topic. Thus we .

S » S

are not interested in the statistically best syllabus or teaching style, but
' - . ' ! . ¢ . N

rather what improvement over the statistical choice can be made' by a Computer

'Coach that orsonnl‘tzos the form and content of the in r&ctioh on the basis of

Aljdonc available in thogl'_\hdm and learning .odils/ Thou experiments will
1

again j}nvolve rolutivoly

mall populations, but 4nvolve extensive dntn-guthortng
of protocols and interviews for these popuTations. ’ ‘

We also intend a rpther novel experiment -- as the Coach. is able fo oa;pl’x\
itself, no“propose\l\of:hw skilled ‘unn tokclors to‘pretond to be 'stud<ont
phyors and then to lnterrognto the Coach on its rationale Far various tutoring

remarks. If the Coach is successfut, it should bo ablo to reply to the tuchor's

querips in ‘n acceptable fashion. . P A

Finally, we will performs careful attitudinal studies of the subjoct.s

regnrdinq their opinion of the Coach. Do they find it holpful? Does it.s

intervention increase or docruso their on)omnt of the game? Do they find it

too crypﬁ't/ too verbose, or appropriately concise? These studies will be made

74
by means of questionaires and interviews.

\
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"If these experiments -- both local and global -- yield evidence that the
WUSOR-11 Coach provides successful modelling and tutoring capabilitiss, then we

P

believe the following two phases of work would be justified.

4.7 Phase II: Experiments in bthor Domains

In order to avoid errors arising from the examination of this paradigm for
'only one domain, we wouid undertake to implement Colputaf Coaches for other
games. This effort v'lould evolve through the same steps as the experiments
outlined above. The result of this plra.llel effort would be a lorawso,lid set of
ovidcnce on which to build the basic outlines of our theory of Computef Coaches

P . s
and on which to evaluate their success.

[ J
Our criteria for choosing one or more parallel domains are (a) that the game

oxorciu basic 1ntolloctu|1 skills, (b) that the design of an Expert be feasible,
'cnd (c) t.hat the game be enjoyable and motivating. STEVEDOR is a possible
candidate. Recall that in this game, the play;r is asked to load a cargo, given
various sets of simple machines. The machines have costs associated ‘with thea:
. the task i3 to f;nd the cheapest combination of 31910 nchineg adequate to move
‘t.ho weight to t.h‘o desired Yocation. Successful play involves in a natural way
knowledge of(nlounury physics with obvious opportunities to tutor this subject
matter. ‘The game is simple énough to build an rule-based Expert. Our hypothesis
is that this would be the only lo&ulo to be effected by the change in domain.
Ludylnn Allen has demonstrated the possibility of creating interesting
;intolloctunl'oms such as WFF'N'PROOF and THEORIES'.N'QUERIES in the far -oro'
restrictive setting of I non-compyter technology. With the availability of the
dynamic capabilities of ncoelputors and video, the possibilities ;ra unlimited. - In
phase II, we, would select several gaméds that serve to oxorciso isportant
intellectual skills but diff.r in interesting ways from Vulpus, after a

.
, P"liliﬂll'! examination of the various cmdidatu

P} {
’ ] Yoy . hd
* )
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' 4.8 Phaze 111: A General Theory of Cosputer Coschiag o
) The experieace of designing, implementing nd\wnluu?rCouchos fo'r several
domains should provids sufficieamt experience to develop a general theory of
tetoring and of -o(:olltng. In the th‘lrd phase of this research, our 'oou would
be to articulate this thogrr; and to redesign the Concboys constructed in the

preceding phases to take nccoi;t [ 'o insights. The theory would contain .
- criteria for formsslatiag domaim expertise as ru}o systems, for creating
$implifications n‘tutorug goals, for modelling knowledge of these rule systeas
‘sad for tutoring thes. The seme cliss of experimeats would Ye undertakes.
Positive ruultsl would yield clear evidence that a new kind of educationmal
. environment can be provided -- consisting of computer games and cc;ncbu -- that
Jwr’tur;s the dovolémqa of transferable mathesatical and scientific skills.
F;rt,homro. since the theory is domain-independent, it will apply to traditional
computer-based learning eavironments as well. Finally, the general theory, being
a precise fomlntto;a of modelling apd tutoriag ls}?s a candidate for a more

riooriws theory of bhuman teaching.

-

. e ‘
v’
.
‘
.
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. 5. Resources

5.1 The MT Artificial Intelligence Laborqtory

The NIT AI Lab is a leader in arfificial intelligence research. Intelligent
Coaching Programs will not succeed without a heavy infusion of Al ox{ortiu in
the Expert, the Tutor and the Psychologist C Ies of the Conch The MIT Al Lab

. has faculty and graduate students who can supply that expertise.

Specific resources of the llborltori relevant to this research are: (I)..

expert programs for various domains (e.g. mathematical theorem proving,
calculus, electronics, decision u;mg); (b) natural language systems {or both
mou.tlon and comprehension; (c) uduncod problu solving languages (o g. Lisp,
Planner, Conulvor. Scheme); and (d) a powerful tmshﬂ'i\é system with editing,
and debugging cumilitio; that facilitates the rapid development of prototype.

prograas.

8.2 The MIT Division for Study and Research in Education , .

NIT 13 concerned with the application of technology to education akd, as a
demonstraticn of that mto'rut. has created tho,m;nion for Study and Research
ia Education. Psycbologists and professional educators are on the staff of the

.division anc will supply useful criticism of the experiments planned here.

5.3 Tochaolm Transfer and Lisp Machines ’ . .

Tho RIT AI Laboratory has dovolopod a stund-ulono computer thnt -can

provide at a reasonable cost the kind of conputor power needed fdr ’thou

experiments and prototypes [Greenblatt 1974]. It makes the regearch feasible

L]

now, and serves as a vehicle for the practical dissémination of such coaching

prograas in the schools of the 1980s.
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3.4 _The Logo Projott |

‘ The Looo‘ Project, a research 9roup. in the MIT Al Lab, is concerned 'with
the development of improved educational environments bns;d' on the use of ndecod\
co‘llmur technology and on new insights into learning that arise from
computational models of ‘intclligoucc (Papert 1973]. _I)_\lth'o Logo laboratory,
child;-m are exposed to computers and computational concepts as a way ‘of
undo'rsgandtng and brgvtng their own efforts to learn and to solve problems. By
programming the computer to draw pictures, to play music, to simulate physical or

biological processes, and to accomplish other substantive projects, students are

.

introduced to important ideas in an cctiwh and concrete way.

The research proposed here benefits from the experience of the Logo Project,

1

but represents a significant Mi"'im of research in several ways:
. N . . s
® Theory: Computer Coaching research requires the construction of Jformal

A}

theories of problea sglvino’ and of teathing; sint:-c these theories must serve as
the basis of implemented modules in the Coach. The Logo group is primarily

interested in the development of {aformel theories of problem solving,

<

Juf'ficiont £0. guide a human teacher but not precise enough to serve as the

basis of a tutorial programs.

<4

. Expormhts: The - Computer Coach allows tightly controlled experiments using

AN

the coaching system as a computational laboratory in which the modelling and
tutorial components &an be systqnatically varied. This is a new kind of

‘ experimental paradigm, not previously undertaken at Logo.

* Tools: The Logo project has focussed its attantion on the development of
computer languages and \physicnl ‘devices. -This proposal is concerned instead

~ith the incorporetion .of a tutoring component in the computer’ ijutor

-

couhino adds a new kind of tool to the Logo environment: a cognitivo a&visor

for the student.
~.

RN d

)
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An important cnve;t should be -e'ntionod here. A major vir.tu‘o of the Logo .
Project 1§ that _it provides environsents where the student has enormous freedom.
This is achieved ‘by providing the child yitl'\ \‘a general purpdse computer languugg
and powerful poriphornlsl. _Traditional CAI, on the other ha}cd. has oft“on meant
highly restricted oﬁrifmts’ for the students: only stereotyped replies were
@llowed or understood.. We believe the computer game environment will provide
sufficient freedom and opportunity for action that the player will 'not be
unreasonably restricted, while the availability of a computer coach can be used
to provide advice about underlying 1ntellectui1 .skills that the p}j_lyor iun
profitably use both in the game and in general. But we must be cautious not to
fall into the arap of achieving artificial success by reducing the student's

options to an intellectiially uninteresting set. We can avoid this trap by

uiI\Owing the computer game/coach environment to naturally grow into the full

;o-wtor programming environment of I.ogo.‘ This can be accomplished by allowing
"the student to design his own computer games (for which thers would -be no*

computer coaches) after having sastered the intellectual skills of those games

for which tutors éxist.

I('
s LY
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" 6. Critique

A number of potential objections to this research gifhnvo- occurred to the.
reader. In this chapter, we rop}y to the mors common reactions.

< L}

The project s too emdittous. In the pést, some propoaents of CAI heve

oversteted the poteatisl of computers Jor educetion. Is tAis proposal a similar

overstetement?

. CAI of the sixties attempted ambitious projects with limited hardware and
so}tylro technology. Given the constraints on machine &ho and lo‘ory existing
then, a project of the kind outlined here would have been 1-;;ossiblo. But

hardware is no longer a serious limiting factor: its costs are dropping

e

drastically. A computational theory of tutoring, of mbdelling, of silplificntlxon
does not yet exist. But there has been sufficient success in AI, in information
processing psychology and in computational linguistics to make this research

f)/siblo.' We believe two yug will be sufficient to demonstrate the promise of

L3

this line of development.

4 —— ’ :
There is another difference with traditional CAI. The coaching paradigm

emphasizes that the learner as player is in control. It is not our intention to

-

-~ use the computer to return to a rigid format of "programmed instruction®.

Finally, this research nddrusos fundamental questions r;f education. It

Py

provides a testbed for nltornntivo theories of simplification, of explanation, of.

4

student modelling and human-oriented oxportiso Trn*ionnl @Al did not focus on
. these fundmntll. issues. . he i ‘ .
SRtlls acquired tn-gemes do not traomsfer! '

It is true that simply playing a game does not guarantee the acquisition of
transferable skills. 1Indeed, roﬁotltivo play does not even guarantee perfect

mastery of the game itself. It is t:' this reason that we believe Computer
N - \’ - . -

+
(\—-l
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: |
Coaches have an 1lportant role to play. Their rosponsibi\lity will,be to

graduxlly introduce thu studont to isportant concepts hfhas not discgvered for

“himself.

-

Of course, not every game is a suitable arena for learning general
1ﬁtollcctunl skills.’ But we believe it is possible to design such qnos[ .

Furthermore, by having families of guai nd a-single. Coach, the Coach itself

,coui:l emphasize to the sStudent the undorlyin rowlaritiu T
o
Tho danger that a fact learned in one context may not bo appliod in another

/ is always present. ’Vo do not argue for Computer Coaches as the. ‘sole ‘educational “
instrument. But nppf'opruto games can supplement traditional prosen‘tation of

' ‘' mathematical or s;ient.ific material vmen supplmnted by agf“ctivo coachin?
We plan careful expqrimentation regarding this transfer issue. If Dewey was

_right that people learn by doing, we can expect positive results. | ' .
g ‘ L : S

Arttfictal u}telluuce research has not matured sufficteatly to broduco the ‘-.

level of performance demanded by this epplicetiog,
. * s - -

- « -~ \

Al progrns can already play games woll. and porforl expertly in certain

-

arenas. The computer games discussed here are not lore complex, What is more

complex is communicating this expertise to . studontlplnycr. The bulk of this
% .
proposal addresses this }uuo by means of modelling, simplification rules,

- . . N
linguistic devices for concise discourse,, and multiple oxplgution strategies.
WVhether thess prove sufficiont. requires cvalunti\oNBut we ‘f;ol this research
‘ lies on the crlticg; path tao taking educational advantage of the ongoing

explosion of computer tethnplogy ifto our’culture.

—— , /

LBS
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‘ tho spw't th%y prﬁvj.do 81nco thess skills often 1nvolve basic uthelaticnl ‘and ‘

. Hqur. it would be rusonablo for sehools to provide such ccagaes, bo

-,

’
Y
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7. Conclusions

r’ *®
For lunﬂtho 'nthlottcs‘ model. of lurning .- gnu 'IS, conchos.

colpotltlon .*111 -- i3 highly m}vntinm oxcitinu Trnditionnlly only
-
“*physica}l* ,aports are taught in this nny. with tho more 'sorious' intel !>>llll

,dihciplino_s rol_ogltcd to the clusrool Tocbnology 1s uking possibh \n new’ kind

of spoft: that of the. cgﬂtor-basod’ imtellectual g . Hence, the po\s\ibility

exists for tuchin'd" the intellectual skills these.games involve by means of the
‘ntblotics' model. - ™ ‘ ® ) [ - T j
Co-putor qnu will be widuprud within five yun. The same axperiencv“wo

®

Iuvo seen with cnlculator: with cos‘ts droppinq to an tnsignificant lovol 1s About
{

to recur for these. TV gnos Y Citizens of ull ages will. be yllytno and onjoytno \

stionti}ic knmvlodgo, tho pIny‘r is lcquiring an tlportnnt klml of education in

>,

lurning to plny tho gm

: : . L, .
This essay has prépoud a research program to investigate .the design of

computer ‘coaches' to facilitate the acquisition of 1n_to'11_octya1‘ skills exercised

'1n these games. yso coaches are far more complex progrus than the games

thuselvos;. and it will take longor before every citizon. can hnvo his own coach

are, su"}cibﬂ‘tly 1noxpensivo for the hono market. indood. such coaches might be

an exciting drauing cnrd for many studonts who e therwise "turned off® by

schoal We mld expect coaches to be affordable for schoomo urly 1980°s
" and for the home by the mid 1980's. S : S
g RN ‘ ) . ) “

This research also has an important theoretical value. The désign of a

computer qonch raises nn'y quutions‘contril.'to psycholéoy. to linguistics, “to

odncntfon andg to arttﬂcu»\ intolliqonco- By broviding a common research focus, -

this proJéct ofrors the possibility.o: a dynuic ;ynorgiu between thoso fio‘ds.
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-
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.

Uljimately, it is our belief that applying the computational paradigm, as it has
. P * R ) L .
" been developed im Al, linguistics and psychology, to education will contribute to

. @& more powerful science of learning wnd of tilchlng.

“
+ “
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