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thege igsues are dfawn for a camputer—baaed coaching system for a simple '
Jgame——ﬁah the West was Won. Our intention in wr;ting this paper 18 to make
. | explicit the vast amounts of tutorial knowledge required to construct
“a coaching system that is robust, friendly and intelligent enough to
survive in home or classroom ﬁsé, -During the past three years, we have
- witnessed how subtle the.computer-based coaching problem really 1s. We
hope this paper conveys some of  these subtleties=ﬁmany Df which continue
to Eesist general solution. .
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: thg ‘educational value of gaming environments

'_ survive in home ‘or claasroom use, During the past three yeara we- RNawve

e of snhancip

Camputer bagad tutoring/anaching systems hage tne pram,
a studant

by guiding®

diaeaverg learning. . This .k paper rovides  an 1in-depth vi of 1) the
losophy ﬁehind such systema. ii the kinds of -diagnost g modeling K
ategles . uired to " infer a student's shortcomings from obsgerving hia-

behaviar and 1 1i) the range of explicit tutarial strateglea needed for

~directing the Tutor to saj the right thing at the right tlme. Examplea cf 

.thése lasues are drawn for” a computer-based coachidg =) 5tem for a - aip

+game. ==  How the West was Won. Our intention_in writ i this paper 1 tD
make exg;ici; the vast amounts of tutorial kn@wﬁedge required.to constjuct
a -coaching system that 1is robust, friendly and intelligent enouglf to

witneased how 'subtle the computer-based coaching problem raaily ta., We

- hope this paper conveys some of. hese subtleties ---many Qf which centinua
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=“cf_acmplax games . Students will play computer based games during much '@F ‘

) . o * N
) L . . - -, _
: e - . N . L] .
- S Ceg . PRI i . .. ii

mpnifested errors.

[ . INTRODUCTION . . . T

e oo T

The revolution in personal camﬁuting will bring with 1t exlaﬁsibe use

théir free time "These . activities can pr@?ideﬁyich inférmal enviranmgnta

for learning. . Gamgs provide an enticing prablam -solting :?viranmenb that a

"student ‘explores. at will, free to areate his own i

eas8 of underlying
atructure and to invent his own strategies for utilizing nds uhdérstanding

' qf this structure. Praperly uanstructed games’ caﬁ lead to the feﬁm%tion ar
sqfapegiea and - khowledge atrﬂctures that haba general usefulness in othar a
domains as well., However, a majcr stimbling block to the effective .

G -

eduaationai use af unatructuredﬁ gaming or cpen:endéd Qrbblem—salving:

enviﬂonments 18 the amount of tuborial FESDUPQES ‘that' are often required
(1) to keep the: student from forming, gsassly incar?ect models of the
underlying atructure of tﬁéhgame/enviranment, (2) to help him sae'_the
limits of* His strategies, and (3)° ‘to help him diSGOVEP the causes of

ki

-

. One of t&e'iprerequisitea ‘for a ﬁrcduetive . informal 1earnjng

 environment 1= thab it be~'éntieing to tha 5tudent by enabling him to
control it. /! The student must have the freedom to make deeisiana (inccrrect:

‘as well as correct ones) %ngfbaerve " their -besu1t5,5 While™ a student‘;’

ipdorrect aeclsions sometimes  1ead to erroneous 'fesuIts that he can

immeiiately defect, they often produce symptams that are beyand his abilitys

- to feccgnizeg For an informal envircnment tu' "be fully effective as a

learning activ1ty, ‘it often- must :be | augmented by . tutorial gu;dance that
ngcognizea and explains weaknesses in the studerm€is decisians or suggests

id as when Ehe " astudent appeﬁ@ﬁ ‘to have none. This is a'signifieant

v

challenge reguirlng mamy of the’ skills analagoua to those Df. $ coach or:

laboratory instructér. The tutor or coach(1) must be perceptiveqtngugh to

make} relevant comments but nct 50 intrusive a‘gtﬂ destray the fun inherent

- in the game. This paper presents one such caaching system (named WEST)

- built around the game "How the WESt wasg Won. {sﬂihe system s examined as ‘an

ERIC

instance .Lf a generél paradigm, called "Issues and Examples,”" for building

such %ystems@ Aspects, of the system are .exagined to diséavér "the

(1) “This usage dﬁ the Term "coac LEWas originated by Goldstein (197‘7 " We

originally conceived of this ind - of . tutorial resource as a gong enial
"tutor” but the images 'evoked by ‘the term "tutor" have proven be
inapproprtate. In this paper” we - sha ; use "coach" to emphasy ze the
infarﬁa nature qg the learning situation., © -

N
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limitations - of  the central ﬁsradig and to characterize a wide variety of

tuhafial 5trgtegiea that mist BE 1nu1uded to breate a successful Gcéahing

i

system o et ‘ -

]

- The pedagogiaal motivation underlying 'much af’@urvcgaahing reaesarch
can ' be aharacterizad as "guided discovery learning." It assumes a
posittion, in- which the student constructs his new knowledge

g?h_5§existlng knowledge. In this”thecry, the notion of miseénceptién
T\'“bug"- plays a central ‘Tole. .Ideally, a student's bug will cause an
erroneous reaul;_tﬁat he will notice. If the student has enough information
to. determine what géuéeﬂ'@hé'errcr_gnd can correct 1it; then the bug 1sa

If, however, the satudent . does not have

refeﬂred “tof as

. aufficient 1nformatiun to ;hange his behaviar as a result or the pérgeiVEd

One of. the most: impcrtant

aaspects af a learning EﬂVLFQﬂmEnL 1a the degree to which hhp mistakes that,

a jstuden t nakes are conatructive (See Fischer, Brown, ‘and Burton, 1978 for

further discussion.). From this point of view, one of the majér taaks of a

-coach is to give the student aaditionallinférmaticn in ofder to transfornm
[

.nonconstructive bugs 1into constructive ones. An additional task for the

cdaéh, in dealing with bugs that. do not have easily obaervable
nifeétations. is to point out that something can be improved.(2) -
¢ A qubtle requirement DE/thi thpory is that the -coach not interfere
téo much. While the student is making mistakes inh the envqunmant he is

also éxﬁériencingrghé,ﬁdga of learning frop his mistages and discoverlng

the means COKFEQDVEF fom his mistakes. If the coach iq@ediatelyrpgznts out
the student'ss error Are is a real danger that the student will never
devglgpighé nécesséﬁ§=5kills amining his own begavior and looking for
the éﬁuses of his own mfstakes. j

( %heré are two major but relatgd problems that mgsﬁ be =solved by a
computer.cgaéﬁ, Théy are: )  * ) ~ : ﬂi‘v
fﬁf),when to intenrupg the student's)prablem solving activity{_anﬁ

&

(77 In a recent paper The educatlonal 1Implications of Piaget's
sicholagical theodry, Groen has identifled similar requirements: "A child
ill learn onl{ if he extends the range of hggothpqés he can generate and

moleies or.eliminatds the transformations at lead to false ones., Thus

it is part of the teachér's task,ta ensure that the child. isa aware o]

3-

'§S%§?lies and counter- éxamples that result from his activ;t12§ (Groen; -

s
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2) what to msay anaeéTL has besen interrupted.
)

In general, aalutiohé Lc these problema . Fﬁﬁuirﬁ tenhniquesfor determining

well ga expliait tutoring prlnwiplea about 1nterrupting and adwlsing.

*These, iniifrn, reéuire a ‘theory nf how a student forms abstraofiona, how
. . : .

he ' learns’, .. and when he 1la apt to be moat receptive to . advice,

' . _ . 1 . . 7 ) . .
Unfcrtuhatgly, few, if any, exlosting poychological theorles are preclse
enough to auggest anything more than qaution. The reguirements that evolve
from coachling ayntems nhould prmﬁﬂg; useful foreling functionna for future

cognitive theobles. In 1ddil1nn the coaching nyatemn themaelvea ahnuld be
[#]

d teat ﬁnvirnnmpntﬁ for ﬁunh thearing, . ’ N '

go

Stnce the atudent, En primarvily engaged in a gaming or fpruhlnmaﬂnlvlng

activity, . any. explicit difagnoning of a atudent's strengths and weakneanns

musat be unobtfuglve or subservient. Lo hia maln activity, Thia  merans  that

the djagnostic component cannot “uane  preatored  teata or poae a' lot nf
diagnostic quesationn Lo the atudent. Inastead, the compiter conch  munt
B

5
restrict itself mainly to Inferring a atudent'n ahortcominga from whatever

he ?GEﬁ in the context of playing the game or ﬂnlving the problem. Thin

can  be, a difficult problem. Just beeause a atudent. does not uae a certain

ﬂkill }11? p]aylﬂg a game doesg not mean that he does not know .that akill,

. L
For EXﬂmplc. an oppnnent may never have ocpoated ' altuation that required
him to invoke it. . Although thins polnt acemsa  quite  obvious, it posen 2

serious dlagnoatie 'prﬁhlnmt *The  abxence of 4 manifﬁﬂtﬁd aklll carrlen

dlagnostic value If and only if an oxpert in an equlvalent, situation  would
have used “that  akill. Hvﬁuﬂ. apart from Lhe outright crrora, the matn
window a computer-based Coach has to a_student's misaconceptiona la through

. ‘ A
a "differential” modeling technique that comparen what the atudent, s dolng
with what the expert unu]d\hﬁ dolng in hin’plunv.j Thin "difference” munt

provide hypotheses about what the student doe:s not know or  han o not yet

L .
L]

mastered. ,

. The érﬁéens’éf fonatructing a Hiffﬂrﬁntinl modvl requiens two tanks -
bctt.h of .Hhi{‘_ih use a computer-based Experet (3} but for difterent purposca.,
The flrst tasak 1a evaluating the quality of the student's current action or

\1mulltxun

TET'Eer here on, the term Expert will be used to rofer to  the
of 'an expert playvr in the computer :

what the student knowa (procedures rmr ﬁéﬂﬁtruﬂting a‘diagnonatlic madel) ap .’

L]
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“move" in relationship to the set of poasible alternative moves that . an
Expart might have made An the exact same cirdumstances. The second task 18
L4 o and

F

5

determiniﬁgw the 'unﬁerlyihg akilla that went  Into,k the gelec
gamﬁgsitinn of the stpdgpl'a move as well as eaghg&f the "better" moves of

the FExpetrt. In  order to aﬂnmmpiiﬂh_the firét; ask, the Expert nead ﬁnlyk%
use t.hae :_ml‘guf ita knowladge and ré;:nmmlﬂg ﬂlﬁ_‘é&les, wr!!nh fa in  the

form of betterf movan. “However, for the decond task, 1t has to connfder the

“pléf?ﬂﬁ""Pf’JkﬁﬁHIﬂf]p‘,ﬂ tnvolvad™ in nelanting and generating the bettef
movan, alnce the abarnne of one of Lhene plecen of kﬁn'\-f] adge might ﬂi'p'lalﬂ'
. - ] ts

L

Hriy"tfhﬁ atudent, falled Lo make a better move,
o

Ferma of Domaln _Expertise for Coaching ,

The repreasentat \.v:rn ol dgmaln f‘}fpﬁr“?jlnﬂ in a acompulepr can be .in one of
twe Forma, i)ri;" form 1a an a "Pﬁl:l.’i.’i;hn.i" ar arttegfate model  (Goldatein A
Papert, 1977). The madel {a  raferred. h’) an ["articulate™ because @sch
'pf‘{)_bl!‘j'm*;*'\ﬂl‘llng decfnion 1t maken can, {n pi‘ilnl!iplf‘, be explatned i tepnn
that mateh (at  nome leve] of - syt;SLr';ﬁ:Unrl) © Lhome uf A human

problem-aolver, (4) In contrast to the articulate Expert fn.the "flack-box"

EXpF‘T‘T.,. which xh;»l,fi data Bt,[‘\,l;\‘EL'LiF?S m;:iq_ m‘m:(mnlng?aIgt.pr'ilg-rnin;\ that do nuLd
mimic thone uned by human e inga, For  exampld, Lhe r_;lr‘m;i{,‘.ﬂimu{l:n,nr*‘
underlying HOPHIE=] (Hrown & Burton, 1’;7;95 S f{'hlm-k;hn!x ['ixipﬁr‘ﬂ,i_’ and 1a
ined only to check the l"”l'l.‘ii.“’i!'.-l‘l:‘x‘fl"y of atudepnt'sa hypothenen ind élvfxlr.WHt“‘[‘." nome
rﬂ‘ nin queationa. "ltn mf?!:fiéijkifiim.’i are nmx.ie?r‘ ravealod ‘,Lu Lhe r;:ju.m'n, f'\,’ln;:e :

they are certalnly not Lthe meshaninmn the atudent, {4 expectoed o aequfpe,

Within the framework of the diagnantic probiema faced by the computer

Toarch, the glasa-box Expert deems to be the mont uselul afpce ‘1L can he

a

uned hoth For,the evaluat jon 1»i-f§f-ai:\n (by gonerating optimal moven) and Cor

determining the cakf 1 bn iunderlying  those moven, Skill determination in

( Achloyed by laoking at the iix’;’z_'c’-zéi a1 probi !‘mE;if)lV\[ ny kt r?;;m'« Tor ‘}v'n:-r:\t ing ;?!
glven move and noting the akillasthat, {1 uned, The  glasa-box  Fxpert  in
alao  uanful in  the  eviluation task becayne it can E"‘r’h‘ﬁ;ﬂ‘l}\; the spaoe f;f“
,1-(;1\” "OUotter" moves and! hnenee determine the  rank '_ ordering  of the

TN .

plven,movi . . ’I'Nntﬂ'. Nowever, o that  alneg the evaluntlon proceas fnvolven

A 7 L= u . . b . . ) . :

determining the compiete | orange ol dkternative bhehaviora, it requifen
. Y . L -, . ) . L

comput at iorn ,lnq rabuntness than aimply aanennldng the
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= & =

Since. the implementation of a blaek;bﬁx Expert is not éaﬁstﬁained by

=humanﬁliké algorithms, ‘it potentially can be considerably more -efficient

and, therefore, more useful for pVaIUaLicn of a stbdéﬁt‘* move,. Hawevery

the akills it uses to ganérata an thimal move are not analagaﬂa to the

student's, 29 1t can not be dlﬁévtly used for the skill determinstian task

'hhis ralses the pdﬂntbillty of ﬁombintng an efflcoient and robust . black box ¢

Expert,. for evaluation wlith a less efficient glasa-box anart for skill

determination. L ' o a : .
Gomﬁutatinnalf&fftnleﬁﬂy {a not the only reason for deﬁelcﬁibg the
Interplay of these two forms of expertiaa, The Black-box'Expert used for
avaluation need qnly be nugmentéﬂ with thosge ;gggmﬁlgig'spieces of an
articulate Export, whilh are ﬁrﬁdﬁd to detﬂc Sﬁitigai or tutarable featuresa

nf the sndwﬂrﬂ produaed ‘by: the black-box Pxp?rt Thd glasa-box Expert need

not,  hn, nhlsl'ﬁﬂ produce " tho complete Wﬁlu'inn itself It needs only to

work hﬂﬁGWQFﬁﬁ;frﬁm the nolution to determine’ the "imparﬁant" (tutoﬁial)XF

foaturen ﬁf.'{%nw ﬁuluﬁfnn. Thin realization opens’ up the posaibility of

cunntruvLiﬁp coaching ,y atema for dﬁmaiﬁﬁ‘fcr which we do not have complete

#1ana-box nxpvrtlﬁn_‘ _
gl It 1Ia paﬁalblp,that ‘4 lot of infgrmaLv;faarning_ occura through the

togxpertise (in the form of a black-box) with incomplete

but.  articulate plf‘(ﬁi of a glﬁﬁf}-;ba-x Expert. For Examplé;iiﬂf; one has a

complete artlruljtﬁ-i Qﬂ hmw to play expert chegs, Although:EhEFE are

e Or y

’ﬁnmg excellent Phgﬁﬂn mthinﬁj, they rely on non~human strategies  for

achinding Lhniksexprﬁtihgj th;; is, they are black-box ezferts. There are .

alao handbooks of rhﬁ'q prlnriplaq whiﬁh refdect piecds of articulate’

knowledge about upcﬂing moves, end g:mé tactics, etc. A chess coaching

5

ayatem acould take ndynnrﬁnv of the blnﬁkébox Expeﬁt "to identify 'éﬁiticéll

movea “and  uae s pleces of incnmplﬂfv‘hut articulate knowledge to~partially

explaln why the move wia critical and how it might have been detected,

People-alao appear to learn natural linguage through a similar nteraction,
% = o = .

’ . ) _ - i ; & - .
A complete, articulate -theory of English does not.exist. People do,
however, manage to bpcome fluent in EnglisH by receiving feedbagk from many

"hlack-box experta™ - othér people who spéak it. To help in the critiqulﬁg

fAank, ‘there  are’ incomplete articulate pleeces of knowledge, ' auch as

aubjevt-verb agreemend, }%HL in, in addition to getting black-box feedback

thia isaue), and GUIDON (Soe Clancey's article in this 1ssue) systems are

based. on articulate experta, an are many production rule based experts,

v
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of the form "that's not grammaticalr" which could mean almost anything,
DéDplE also get élass box rules such as "Don't say 'they is,' say ‘'they
are,' because you must have’ aubject verb agreement. "(5). '

The modeling technique discussed in this paper eémploys a black-box

"Expert - in conjunction with a set of local glass-box Experts. Briefly, the

black-box Expert is used to determine the range 'of possible moves the

student éould hévei made, and the glass-box chunks of expertise determine

possible causea for the less than optimal béhaviér of the student. As

suzh,i we hope this technique might also be useful in proiiding insights
inhto how to transform various black-box Experts 'that currently exist - (such

as the symbolic integration capabilities of MACSYMA) into intgﬁéstinéj
educational systems.(6) ' S :

A

,\ s 7 . B ., 2 . ,
Tutoring by Jssgue and Example.-- A General' Paradigm

To- . be played well, any game complex enough to be interesting requires

~many diffqugt skills. From the point of view of a coach, ~this 1is an

important faet . because it meansa that when a student does not perform well

5

in a particular situation, it i3 not necessarily clear what skill he 1is

. 13
"lacking. The difficulty of determining which skill i3 being misused is

-;inareasédhby the fact that much of the evidence that the Coach has is
indirect. That is, the Coach only knows that the student did pnot make a

‘better move, From this negative information, he mudt determine why not.

(Contrast this with a situation confronting BUGGY in which a bug in a kid's

subtraction procedure will have symptoms.)

HI

bt
-

s

82U

-

p

The paradigm ¢ es and Examples" was developed to focus a
coaching system on relevant portions of student behaviorm and to provide an
overall coherence (goal) to the Coach's cammeatsg The ilmportant aspects of

{ . e , : ,
the domain -- that is, the skkllsﬁandicgncept the astudent is expectgg to

(57 In this case, 1t might seem that Gthe black box Expert plays no
significant role aince the pieces of articulate knowledge used to_ critique

the sentence could also be used to perform .the role of the black=-box;

"namely, reject the sentence as being ungrammatlval However, the black-box

Expert also uses tacit knDHLFdEF ta analyze the sentence in order to
isolate atructural elements % nouns, verba) which are required for the
articulate mini-theories or pr ﬂviples, We all know the subject-verb
agreement rule and are very sakilled at recognizing nouns in sentences, but

Ygsy few of uas can articulate a precise definition of a noun.

The technique might also be useful when there exista a complete

glass-box Expert that can not do,the problem in "all" ways. For these
_dnmains it cannot be asﬂumgd that the student is in fact working the same
way a% the expert. X :

—{y—

£y



El

master -- are identified as a collection of "Iassues", The Issues determine

what parts of the student's behavior *are monitored by the Coach. Each

Issue represents an articulate mini-theory (a piece of a glass-box Eipert)
c@ncerning the structure of the domain. It is characterized by two

procedures, The first watches the student's behavior for evidence that the
student does or does not use its particular concept or skill., As such, it
is called an Issue Recogndzer. The Rgcognlzgrs are used -to conatruct a

"model" of the student's behavior. The second proéédure for an Issue knowa

éhow to use various parts of the student model to decide if the student is /
. "weak" in that Issge; It ia called an Issue Evaluator. “Thus ‘each Issue
! Eas associated with it .both a Recognizer and an Evaluator as procedural
Spééiéliatsg ‘

At aﬁy point in the game, the hypotheses concerning the weaknesses of
the student can be determinéd by running all of the Issue Evaluators.on the
model . When the student makes a "poor" move, his weaknesses are compared

, with the Iassuea®*necesfary to make better moves in order to try to accohnt

for why he did not make a better mqve. That 1is, the Coach looka for an
Issue in which the student 1is lacking and which is required for the:

Fxpert's better moves, Once an [3sue has been determined, the Coach can
preaent an explanation of that Iasue . together with a better move that
illustrates the Isaue, In this way, the student can see the usecfulness Df?

the Issue at a time when he will be most receptive to the idea presented --

immediately after he has attempted a problem whose aolution requires the
ITasue, ‘

Fjgugg i Ts a diagram of the modeling/tutorial process Qndérlyiné the
Issuea? ané Examples paradigm. ‘Figure la presents the DPDCESS: of

reonstructing a model of the student's behavior. The model i3 a aummary of
ﬁhg student's pertormance while salving a geries of problems (in thi%ﬂcﬂééi
mavés in a gamv), Each time the atudent makea a move, the important,
aaspecta of hia behavior (the Tasues) are abstracted by the ch@gnizﬁrs,‘
Thisd abstracting is nism done over the benavier of a camputérabfaed Ex;ert
in the game ¢nvironment by the game Recognizers. The two abatractions are

compared to provide a differential model of the atudent'sa behavidr, which

indiecates Lhose lasuesa  on which the dtudent is weak. We reoiterate that
without the Expert it isn not possible to determine whether the atudent  ja
weak Ln oaome akill, or whether the akill has not been used becauad the need

for it has arisen infrequently in the atudent's experilence,

ERIC
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=115ts (the "weak" Issues and the "better move" Issues), the Coach

1b presents .the top lé#el of the Coaching process. WhEﬂ the

student «akes a less than Dptlmal move (as determined by comparing hlS mave

‘with Bhat of the Expert), the Coach uses the Evaluation component of each

Issge to create a list of Issues on which the student is weak. From the
Efpert s list of better moves, thiﬁ;éach‘invokes the Issue Recognizers to
fdetermlne which 1issues are 1illustrated by ‘better moves. . From these two

gelects

% .

an --Issue and a good ‘move that“illustrates it, (i.e., creates an example of

it) and decdides on the basis of other tutoring principles whether or not to
intérrupt!(7) If the goach decides to interrupt, the selected Issue and
Example are then passed to the explapation generakgrs,wwhich produce the

feedback to the student.
- » 1. THE? GAMING -SITUATION ?
"How the West was Won" (WEST) 1s” a computer board game that was

originally designed at Project PLATO(8) to give students drill and practlcej

(8
in arithmetic. The board (see Figure 2) 1is 70 spaces l@ngi In a turn,

each player receives three numbers (from spinners), which must be -used in

an arithmetic expression (using the operations addition, subtraction,

ultiplication, and division). The value of the expression is the number
of 8paces the student is moved along the board. Thé“abjéct of the game is
to be the first player to land-exactly on 70 To make the student's task

more complicated than Jjust making the bigge t.number, there are several
kinds of special moves. .Towns occur every ten spaces. If you land on one,
you advance to the next/gne. There are also shortcuts. If you land on one
of these, yom advance to the other end of the shortcut.(9) And if you land
5nlthe apace your oppopnent is occupying, he 1s bumped back two towns,

unless he is on a téwdﬁ " The spinner valuég in WEST are kept small, so thatz
special moves wil% ﬁften be better (get one further ahead) than making the

biggest number.(10)

) If there are no Issues in common between the two lists, the reason for

7
he student's prohlem 1lies outaide of the collection of Issues, and the
Coach says nothing. -

8) The PLATO game was designed by Bonnie Anderson in Dr. Robert Davis's
l mentary Mathematic Project (Du dale and Kibbey, 1977).

Q In Figure 2, Spaces 5, 25, é are the beglnnlng of shortcuts. .

10) The rules assumed in thla paper ara the ones used on the PLATO aystem
ag of 1975, Our coach system, WEST, allows the student to change many of
the rules. For example, the board length the distance between towns, the
location and number of shortcuts, and the set . of’ %al arithmetic
operations can all be changed -and thé coaching system Wll continue to
work. In addition, the number of spinners can be chan% but we have not
built an Expert for such. Changing the rules ves students the



" his opponent is at 39, (11) and with his Splﬂﬂeﬁ? (2, 1, E)i’kthe
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" complexities

s . ;
/ ‘ { K .
,f’{ : £ s . ' - !
, v ( _ /ﬂ . v ' . )
- Figure 2 shaws .a board situation .that, illustrates same of . the

of tutaring, even in this simple‘game " The studentﬁls aﬁ 38

studént

makes he expression 2+1XE, reaulting 4n a move of 4, "Consider the

alternative moves the student could have made: he could have moved "1 and

ped his opponent; he could have moved 2 and landed on a tawn, he cauid

{ave moved 6 and taken a shortcut.

What p@551ble:reasgn5rmay underhje this
. ’ / Py

i

suboptimal move? -

Stagggsc:aﬁh"s tufﬁ ‘
The“*Numbers are: '

{1}

W

L Y
[
(N

e

Your fiove: 2142

i
Ep@rtunitj”'té'éeerﬁhéggeléﬁfbhship’béﬁﬁééﬁ the rules and the "feeling" of
ame :

?11) "WEST 15 tiplcally used by one satudent playing a%ainst the amputér a
Expert. a also possible for two students to play against/ each other,
in which case differential models are conatructed for each student, thereby

enabling cdaching for both players.

i
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' In the Issues and Examples paradigm {thégféSUES embady the important

éOﬂerts underlying a student 8 béhavior and define the apace of cancepts

the Coach can addFeSS Id WESTV theras: are thrge levels of 1Issues that a

/ACéach can faaus‘an- (At the lowest level are the basic mathematicaL skills

ERIC

that the student is praeti?ing An the current system theae inelude the -
use’ of .PARENTHESES, th§ use of vag%cus "arithmetic operations. such as

: SUETRACTIDN and,pIVISlDNa and the form of (the student's move as an

expressaion (PATTERN), ) . _ _

" The ‘second level doncerns the skills needed to play WEST. The Issues
at this level are: the“sﬁegial moves of BUMP, .TéWN, and SHORTCUT; the
directi®n of a  move (gér example, both FORWARD and BACKWARD are léga;);
and the development of a iTRATEGY for choosing a mo§§: such as maiimizing
the distance you are ahead of ,your opponent.

At the third level are the general skills of game-playing. -One such
general skill is tke Stratégy of wétching your opponent in ot§er to . learn
from his moves. Another is the effect that.différent rules of the game have
on determining tﬁeibest strategy.(12) |

Each of these Issues is FEpFESEﬂth in EWOSDSFtSf a Recognizer and an

Evaluator. The Recognizers are data-driven from the local context of the

student's and the Expert's movesa. The EvalqEEOF' are goal directed (what

are the student's weaknesses?). The Issue Redognizers of WEST are fairly

straightforward, but are, nevertheless, more complex than simple pattern

matchers. For example, the HRecognizer for the PARENTHESIS Issue must

‘determine not only whether or not parenthesés are present in the student's

mdﬁe (a lexiéal check of the expression’uﬂdé%lying his move) but also
whether they were necessary (which requires parsing the expression) o if
they were necessary in the optimal move (which requirea parsiu, che
expert's behavior). _

For the situation shown in Figure 2, the follgwing Issues are involved
in bettéé moves: Moving 1 entails knowing about the BUMP rule and using
SUETRACTiQN or DIVISION.(-13) Moving 2 entails DIVISION, knowing about

TOWNS, and knowing that the grder of numbers in the expression does not®

gié; At present the Qoachin% System does not address these directly.
13) Thel satudent could ourse, move 1 without being aware that it will

lead toy} a bump. One ramification of inadvertent moves is that the Model

will contiain some "noise", Noise - will be discussed in the section on
Modeling Qétnodolagy!
L ' ' . . ‘ -
/ -11-
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have ' to .be 'tﬁ'x\e same a3 the ‘spinners, Mgviné“&»gnta-ils PARENTHESES ahd
knowing about SHQRTCUTS. T ‘

N

I
v

A

T
A, 2

o Figu;é;31shaws s&ﬁe of the fields of a student model ‘created by the
differential hédeler; The fields it shoWws include patterns of mavesfused'by
the student, special moves, parenthesis usage, and strategy‘écnsidératicns.
‘The columns headed by "MISS" or "MISSED" are places where the E;ﬁért would
“have used thegﬁkiil ﬁut the ?tu@ent -did not. They are ;nd%éaﬁdquE Of
potential weaknesses, The's_xdgnt shown in Figure 3 appéa%s %é,be weak in’

the Issues PARENTHESIS and BUMP) Y B

i

E1C) (AR -C

vt o0 AtE - C AR(B-D)

5P IH-0RDER Goo
Original
Reuverse
Decreas ing
Incressing
“haxdist
. 3 4
That move ranks 6 which s GOOD
This player's overall rating is FAR e N
This player Is weak on the following: BUMP PARENS
Gonsidering non-optimal moves which are only 11
lssues also exemplified by better moves are: PARENS
The ordered ISSUES for this turn are: PARENS
PARENS are involved in ak better moves. 7
Breadth tutoring strategy: PARENS moved down issues list. s
Issues order now: TOWN SHORTCUT BUMP IDIVIDE BACKWARD IMINUS ORDER
PATTERAN STRATEGY PARENS
Tutoring on PARENS




] Even when relevant Issues and Exampleslhavé been iﬁehtified, it‘méy be
1napproprlate to tutar This is. détérﬁined:fby in@oking various tutoring
‘strategles Figure 3 shows traces of Ehe Coach's tutorial dEClSanS dur;ngs
tge 1nteraétion shown. in Flgure 2. One example is the ‘decision about whiceh
of the competing Issues. to -choose. If €Ethere are two Issues, both
~applicable, to a certain situation, swhich should be picked? [This is where a
ﬁsyllabus“ (GGldSt%lﬂ, 1977) might be useful to provide relative orderings
of importance or prereguisite\}inké over the space of Issues. However, the
Issues in WEST are sufficiently independent that there is 1little need to
y - et *tutoéing

.consider the prerequisite strueture.’ iﬁstead, additional

principles must be invoked to dééi&éswhich one of the set of applicable
MR .

i

Issues should be used. .

We Lhave‘experiménted with two altEFﬂSthE DFlﬂlelES for guldlng this
decision thus far. The first is the ;Qggé.etrgtegy, whlch ensures that if
EEEF&tﬁiﬂg else is'-equal, the issue is chosen that was most recently

disaussed;fthat is, have the Coach hapmer away on a'part’éular Issue until
ggeadzg

it is gasté%ed; The alternative ‘pringiple is the th strategy , which: .

[

ensures that if everythiﬁé else is equal, an Issue is selected that has not

reeently been discussed. This strategy minimizes the chance that a student
gets bored by h&arlng too much about one Issue. A simple agenda mechanism
=] enables EXQerimenﬂatigni with'.ai range of mixed strategies lying between
either a ‘pure Breadi®¥<ar Focus stratégyi(1u)r The default is the Breadth
-strétégy, because it prevenﬁs one of two interdependent ' Issues fr@mk
blagﬁing the other. Strategies for manipulating the agenda mechanism
Qrofidé only one source of guidance for the tutor. Additional tutoring
principles will be éxaminéd in the next main section.

p

Once . the - decision has been made to .tutor on a particular Issue with a
particular Example, the Coach still has to decide how to express the Issue

to the student. This is the ‘explanation problem. It is in general vVery

(10) The agenda mechanism is implemented as a priority' 1list, “along with
procedures for _reordering it. When two Issues are possible, the one that
oceours fiqst on the list is chosen. The "focus" Strategg moves a selected
Issaue o be chosen again,

the front of the list, makln% it more likely
and the "breadth" strategy moves "the selected issue further down the iat.

Since this list can be partitioned into sublists, it is straightforward to
have one strategy manipulate the sublists and another to manipulate the

elements within a sublist.

‘1 .‘ _ 1 _3 _ "

e .19
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%Vdifflcult in‘additian ta.sayingfthe things the atudent does not 'kﬂEH;

'nversaticnal pcstnlaﬁeﬁ‘/dictate that things the student knows already

shdh; igg; be said. (See Claneey [} arﬁicle for more Qﬁg a discussion an__

- In designlng WEST we have cancentrated on the. student
mﬂdeling task and the task of -determifing when -to break in, and have

prmgressed very 1ittle Qn' the explanation problemn, Curﬁentlg; the

explanaﬁlcns are stored in a procedure attached to each Issué, called a

Spéaker Each Speaker is rEsansible for presenting.a few 11ne§ of text
explaining its Issue. At present, the Speakers work by randcmly seiecting
prestared comments. Several improvements should be made to the Sﬁeék§rs.

For éxample, the explanation should be able to “handle multiple Issues. .It

" may .be very diﬁficﬁit to distinguish. between.twd Issues, and having a

Speaker that can assimilate both into one succinct comment 4canvediently

L P . N S * .
side steps the need to differentiaete between them. For example, the Issues

of SUBTRACTION and moving JBACKWARDS often occur together and it is

ERIC

oh 0 i _‘.,,_ & * . R | * . -
therefore difficult to sepdrate the two,. 7 i
‘ :

_ While the 1Issues were originally conceived of. for guiding the

eritiquing component @f"the System they have &proven ta‘ have other

tutorial uses.in our system. One example is when.Lhe sﬁudent asks For?ﬁelp &

while con51der1n§ what mgve to make. _;f the best move anDlVES an Issue_on

which the student 1is Leski the "hint" can stress that Issue, Oouy’

motivation here is that the Issue may be the critical piece of inf@rma;ién
for the student to see how he could make the good move, and hence the hint

should put §mph351s on it. .

Issues} are also usefitl in determining when to give the student

thus kééping him from viewing” the caach aa being

only critféal Our current bncouragement StFatEgy directs the Coach to
congratulate the student on his good move whenever it i= the optimdl jpove
that dem@nstrates an TIssue on which the student is weak. However, as we
exﬁlaln next% no one strategy determines what the Coach will\‘dﬂ béa%gse

different strategies may set up competing goals.

2. PEDAGOGICAL STRATEGIES

i £

There are many principles that spell the difference between success

t
and disaster in a computer-based gaming-plus-coaching environment for ’

i ‘;1‘5‘;

-



,infégmé% learning. Dveg 4he last few years, we hévé had a_chance to

experiment ‘With QESI and_modify it in resppnse to various subtle  and

not-so=-subtle - diffiéul ies that we have encountered. In this SEEtiGn we

will discuss same of they principles that we Faund impertant to embed in .our,

~system and identify thosedwhich have general spplicability to. informal

/

learning situations, . For the putggseé of our Eisaussion, we  will

distingulsh two Efpés of principles -- thcse fcr structuring the gaming

nvironmefit itself.and those for guiding the Coach within the enV;r@nment
Although much of what we have .discovered concerns exp%icit learning

environments, we believe that many of these principles are also of

‘importance in designing other "friendly" man-machine systems where the feel

or ambiagce of the total environment (including peripheral assistance -or
¥ ' - ’

tutoring) is crucial.

Before discussing these principles, let us briefly summarize the
philosophical1ﬁunder§}§ﬁings_ of a coaching énvircnmenti In these:
environmeﬁps Sit is “‘best for the student to %iscaver for himself as much og
thé strucdture of 'a situation as possible.(15) -Every-tiée’the Coach .tells

Sngsaqmething, it is robbing him of the opportunity to discover it

! Many human tutors interrupt far too often, generally because
of a lack of time or patience, and they may be preventing the development
in their students of important cognitive skills -- the cognitive skills

that alilow students to detect and use of tﬁeir own errors.

However, there are times when interference with the student's

discovery. process is called for. In gaming situations, an untutored

Y

(unwatcheg) student may fixate on a subset of the availablé moves and hence-

‘miss th%] potential richness of the game. In WEST, for example, a student

~may adopt the strategy of adding the First two spinners and multiplying the

ERIC

result by the third spinner, (A+B)*Cc. Since the third spinner tends to be
largest, -this strategy is el@se to the strategy of multiplying the largest
number by the sum of the Dthe_r) two numbers (whig¢h &réduees the ' largest

possible result). A student can  remain at this plateau indefinitely
without perceiving the failings of his strategy. But notice how much of

the structure of the game  1is being missed. The student is unaware of

(157 This 1s not to say that strugtur‘ed matar*laTTe 2., Texthooks) should

not have a ,role in formal education or that gujided discovery learring is
the only way Ea learn! ’ ; ng, 'ﬁq
=15-



® N «Eé ' ’ =

~special moves, such -as bumps, and therefore of such questions as, "Is it

‘better to send my 1@§pénent back 14 or get 9 ahead of him?" Sy¥nce his

ERIC

strategy requires no séargh to determine a move, the student misses the
whole notion of strategy as a method for deciding between alternative
moves. From the point of view of practicing arithmetic, he is performing
one calculation per move instead of the dozens of mentél calculations he
would have to p%rfcrm to answer questions such as, "What numbers can I form
w;th*these splnnérs?" or "Gan I _ make a 15 with 9, 10, and 62" By
¥nterjecting comments and suggesting ?ettér m@§25 to the atudents, a Coach-
can greatly expand}ﬁ%e student's involvement in the enviéonméntn

The, top-level goal driving the Coach is to ensure that its -comments

are. both\ relevant and memorable. The Issues and Examples tutoring strategy

provides a fraﬂéwcrk for meeting these two constraints. The Issues are

used in. Lhe disgnostk% process to 1dent1fy at any partlcular moment what 1is

relevant; The Examples ngnVlde' ﬁOﬂCFEtE, instances of these abstract

concepts. PFQVldlﬂg both the description of the generic Issue (a cancept)
ds well aé a concrete example aof it lncreases the chance that -the student’
will integrate zhiéapiege of Lui@rial commentary into his knowledge. -

' The.Issue that is raiséd must be -one in which the student is, iﬁ‘faet,

having a problen, Lést%£h€39dvice be ignored or meet with hostility,

g, 1ng advice, be sure the Issue used is one
is rak, . . .

B
ude

'U
r—ﬂ @

"'M m
m

N : - e . , _ , ; , ,
The primary ramification of this principle is in how the Evaluators "use the

student model. As will be discussed in the next sectdon, there is "noise"
inherent in tﬁ%‘model. The Evaluators fg; each Issue must allow for this
and be "conservative". Another ramificafion of this principle is that the
system should be cauti@us on tutoring an Issue that the stud®nt has
recently been advised on. -

EVEH if the diagnostic process caﬁ guarantee the weakness of an Issue
at a glven moment, the absence of a éggg Exampie of that Issue should
prevent the Coach from breaking in. Thus one of the  tutoring principles

for - enhancing a student's llkElln,SS to -remember what i3 said must

determine what a "good example" {s:
[

Principle 2 When illustrating an Iasue, only use an Example (an
alternative move) in which the reault or outcome of that move i3
dramatically superdior to the move made by the atudent.
x H
" ~16-



_Another b;Z)c principle that 1increasea the <chance of ,remembé§ing the
, , ph g ‘

o
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critieism of the Ceach 1s to have the %tudenc’epis@dically encode the
example., . , - : T,
X Fri&hipIEHB After giviﬁg the satudent advice, permit him to
.. incorporate the Iasue immediately by allowlng him to retake his
“turn, ’

This principle not only provides him the opportunity to observe th® results

of making a new move based on this Isgsue but is also apt to .decrease h}s-

antagonism to the advice.
The final principle of this category preaupposes that the student is a
bit competitive and that he is leas receptive to advice when he is about to

lose (even if he incorporated the advice when retaking;his turn).

]

Principle U: If a student is” about to lose, 'only lnterrupt and
tytor him with movesa that will keep bhim from loqing g
) ‘ : =

v

In an informal learning situatlon, the student's interest . stems
prlmarlly from the situation itself,. A satudent playa a game/be@ause he
enjoys it. Hence, one of the most important EFHStPﬂints of the Coach® ls=a
not to deatroy the student's Inherent interest {n the game by butting in
to@§@ftéd. [t would be much easier to) implement a Caach; that - broke 1in
Whe%ever the atudent made a aubnptimal move and told the student the better
move. But., faced with such a tutoring atrategy, the satudent would quickly
lose all interest in plaiing the game _— eapecially 1if he were - a  poor

player who could profit from Judlciauq,,ﬁdvl Below are some of the

brinciples incorporated into WEST to prevent it frnm b?lﬂg oppreasive, The

firat two principlea are the mosat obvious:

Principle 5: Do not tutor on two conaceutlve nmoves, no matter
what . ' Az

Principle 6: Da  not tutor before the student has a chance to
discover the game for himself. .

When a new student firat slta down to play the game or when a Stud{ﬁt awhn

has not played 1in a whila‘rﬁtﬁ;na‘ta the game, he will take some timé to-

Famgliarize himaelf  with its mechanics, He will be using cognitive

resources tD Figuvv out., for PXdﬁp1F haw to pre in an expresaton, It 1La

unréaﬁonablp to QKDPL, him to p{PFﬁT at his best when 1t comea to aétunlly

choosing a move before he feels fairly comfortable with the mechaniea of

the game,

. o
- U
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- Principle 7 Uo not provide @nl{ruritiﬁiim-whcn the Tutor breakas
inl If the student makes an exceplignal-move, identity why it 1is

good and congratulate him.

a

In WEST thia s done whenever a  FAIR player makes an'mptimal'mave or

whenever a player makes An optimal move Lhat uases an Iasuye in&whigh he isa
b . i

0 . . . . k! .
witak. Note thee  various  uses - e the Experty jusnt to Cﬁr?ﬁgﬂﬂgthlﬁ one
. -

pﬁinaiplé,
This next princliple sas appeared before in a alightly different  form.
. ) o ; r - *

N N ’ B = 5 o ;'—. ~ N
Principle 8: _After piving advice  to the student, offer him -a
chanece to retake his turn, but do not foree him Lo. .

[t the atudent can use the*Tutor's advice Lo imprafé his. poaition 1o the

i .

game, he may be more attentive, but he aficould be given a chance to refuse

o]
-y

to retake his turn, since he may conaider a retake to befa subtle . form
.
cheating. (16) -

-

lncreaging the Chaneeg of Loarnjing

®

]
]

The next  twe phineoples were  designed  to increase the chances ¢

pendent of the Coach’a commenta on

tearning from the gaming cnvicenment inde

the prosgress of the Same,
Principle i Always have the Camputer kxpert bliy an opfimal gdme.

The atodent should be able to observe and learn from the best poasible pfny
of hia opponent Ctvpically the computer) . one of the hént metaakillas that
a0 atudent can leaprn freon WEST (o any game) 1o te wateh what your oppbnont
in doing, eapecially tf von are inn{ngi. To mgximlqv ‘the  chianee  of Uhe

, B .
atudent aeeing the value of this heuariatie, he should;always havela. chance

to observe pxpert play.  Aloe, 1 the satudent. realizes that the computer is

not p}wyin; tgf boset posndble wame, he omay feel that he 1a being played

Jownpto and congAquent 1y lose intereast in o playing,

Principle 10 It the stodent aaks tor help, provide geveral leveluwo
gt hint:s, — )

s

In WEST  there  are four levels of help. The firat request for help cdusen

the Conohito look ot the atudent model top hig current.  weakneaned, L SN

wedaknesa g tound oo oaki bl that i required foroan optimal move ot thia

point in the game, the  atudent i told to conafder  that o Iasue. For

TTEY TFWEST T Deing poed 700 the mode  Where  two studepts are  playling
agatnat each other, bthe ability to retake turns after advice ia turned off,

N . e {

e
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~example, 1f the student is weak on the PARENTHESES issue and the optimal-
move for this turn requires paﬁéhthCSPS, the student will :bef told "Why

don't

& :
.
. L

EJ

B

you try to use parentheses to change the order ln whléh DpEPatlQnS

%

are done," fhe second request for help:@ on the same move prQVLdes’ the

student with the 3et of possible outcomes. For-the third requeatp the Coach

will

select - |the outcome that it considers beat. The f@uqth request cauaes

the Coach to give the student an arithmetic expressian that. bﬁings--abéut

the beat outcome. Thus, the four successive levels of hints are based on

the fGLlDHingarulﬁa;

F=°

»;JHGTN*F

¥

Hint 1: Isolate a weakness and directly address that weakness,

" Hint @ (what): Delineate what the space of possible moves is at

this Eain; in the game, i
Hint 3 (why): , Select the optimal move and tell him why it's

optimal.
Hint 4 (how): Destribe how to make that optimal move,
v L :
Envlrﬂnmpnfalglgj}ldvratlah* I R
- Lo k) .
VY :

intere

h
1£L59Lfy many things can be done to the environmen} to . make 1t more

Lo ! , - .
ile most of the interesat in a gaming environment is derived from the
= ‘ .

’ﬁtrng .- Graphica is a prime example, Playing.against the computer is

(Mtny CAl games have survived solely on the basis of these two

LDHSldFritiﬁﬂqf) In “his section we  discuss some more subtle

conalder

student

=

§

Notice
having

madel

‘ations that WEST employs. The next principle attempts to keep the

from getting di=zc aged.

Principle 1 It the student is losing chsiStently, adjust the
A i B .

level of pla

that this pringiple confliecta with an earliar principle of ‘glﬂéys

v the  evmputer  play an optimal game so that the student will have a

of expert play. For games in  whieh - there are several levels of

# Lo

étruugurﬂ to the play, such as cheaa, it may be bettér for the student to

have a

role model (hence opponent) which 1q only slightly above his 1level.

&
Thias will tend  to keep thesiames close while still providing examples a%

bettor

muvfn. nu(\quutlnn of this conflict is to give the EDmputEF bad

apinners Hhvn it Ya ahead by a amount.that varled with the quality of the

player.,
/

ERIC

Prineiple 12: It the studéent nfakes a potentially careleas error
he  forgiving. But. provide explicit commentary in case it was ncé
Juat carelesa, _ . ) .

&
¥

¥ .



The Sy"atﬂ,iﬁ ‘Bh-t)ul@ be frdendly about a student's error that . may’ be ‘from
‘mlsintferprgting’ the rules of the game or from mistyping a mcver- On such
errm‘a, the 5ygt:en:i should not only allow tpﬁ" student to-correct his mistake
but , LI a general r‘uj:a ::f‘ the gane . bhas (been vialated 1t ahould draw
._&ttént;ign to the rule.and pmuide spegi fig inatancea of it that are legal.
: -?‘0? ‘ﬁmplg. the WEST ayst—em has oamplled intg it diagnostic routines for
“manj typical errors that a studemt i3 apt to make (Euﬂh as precedence

lerr-ﬂr‘s in arithmetlc and giving as the value of his expresaiom the -end

‘f};.;io;jtmn of the move). _ ' ‘ .
Although = the tyelve principles  listed here are compiled into our

.Syatemi, 1t. ls our hapa that at sone future time t hese pr’-ineipl'as can be
"dir’-ect;ly int erpreter:l frc:m a declarative rapreaentatian of them. Sueh a
, repressen tat;t:xn éauld pﬁgvidg.a s ,‘ I nt in whichH student teachers i
véap 1d rh,od:lfy and_ oxtind the rules .and witness the ef fects .on students. 'In

HFS;T; a small advance along thdis diméﬁsiﬂn has been. made by enabling _t?e
Caaqh to ar*t}‘axlatg all t,he pros armad cons of what it ahould do next. Of
cpurag, the Coach' 3 «og itation 1§ not %afrt of what a player seas as he 1is
_playi’r:g the ‘gane but inst ead 18 displayed on secand “scraen" (see Figure
~3), .Thls ﬁra ce of the Coach's behavior provides a graphic illustration of
how- many of -the abowve pl‘ir’lciplés interact to produce some very subtle

t;ixt orial behavior.

3. ANALY SIS OF MODEL ING MET HODOL:0GY

Thu s far we have.provided a gl inpse iﬂt.a the underlying pr‘inciplea of
our z::oach;ng 3ys temr A8 mzl;L as = simplif‘ied‘ ‘deascription cst‘ how a
dif ferren tial dlagnoestic nodel can be inferred from a student's behavior.
It shogl\d now be clear how impor-tant the diagnostic model ls to the

successful executlors of the top-level Issues and Examplés coaching

paradign. 'Consequeratly, we feel it is Lmy::artar;t: to exaﬁline some of the
1imitations and under'ly:;ng preblens of this scheme that have not yét' been
discussed, we ’wil]= :uzg;in witk a mcre formal éxaminatlcn of the modeling
Drogess. _ ’ " : : )

‘ ‘The irmputs to thae Model er are the student's-move and the set of better

moves that the studerat could hgvémadéi Each of these moves has associated

" with it a set of requlsite “,Issizes " which must. be emplayed (in s ome

‘manmer”) to obtalin that move., For example, if the move M was to go back 2 °

spaces to land on a shortcut, the Issues of 'SHQRIQUT, SUBTRACTION and

- 20~
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BACKWARD are all required. Fr@m'the:stngﬁt move, -the Modeler can .infer

that the student knows the Issues needed for that move.(17)
that the

. What can bg gleaned frcm knowing the set of J,r=,, )
student did gqot . take?  In general, for each better move M, we only know
that at least gpne of the aet of Iaguea required fqr M was npt-emplcyed and
therefore réflecﬁs a thEHtLElFWEEKEEES'Gﬂ the part of the studenﬁ.' But
‘how do we know whléh of thesé Issues blocked :the student from making that:
move? This:.is’ what we refer to as the Yapportionment of blame/are&ii“»
problem: How should the Modeler apportion blame amaﬁg thegrequiaite.IaS§és _
for the student's failure to discover a move? ' . ;&

Our solution in WEST has been to apportion blame more or less ggugllj
among all of the Issues required for the missed bettep mqvés.(lal;f one
effect of this decision 1s the introduction of Lnagrrect-infcrmétibggﬁr
"noise" into the model, That is, blame will almost ' certainly be
apﬁartiéned to Issues that are in fact understood. ' ' e !

. Having to overcome this source of noise i3 an excellent eiampLelaf hau‘
Mﬂiaénas;ng a-student  in a problem-solving situation iﬁ'ﬁhieh the sﬁudent-is
in total SQQELLQL is 1inherently more prablematic/ than thé_ standard -
mixed-initiative lnatruetional systenm, In mlxéd;initiatiVé syStemé, t he
Modeler can always canstruct a differential hprthéaiS from-th;s source QE 
ambiguity, pose a task t; the student, and see what he ~does, . Eeeause it
can créaze ~a sequence of 'suchi tasks, each one eliminating ccntending
" hypotheses, thé Modeler can cénveréé_an the actual afflicting - weaknesses.
However, sasuch intruslons by the Modeler into the'gaming_ar problem-solving
" matrix could des&roy t he c@ncéntéatiﬂn and goal diﬁegtednesé of the student
-- creating‘én antidote potentially more 4estruetive than the raiaoﬁ;d'etre_
- for a 'student model .in the first place. |
: The simpfified view of a student's move as a set of issues that
somehow underlies the generation of Lhe move SuggESCS-several other areas

of concern in the médeLing'pracessi 'Siﬁce the aystenm does not have a

77 Even this cannot be inferred il Chere is more than one way_ Gto_ derive
move and ; the "Issues"™ deal with derivational rulea. In WEST, the
ues are all things that uniquely underlie or are manifest in a move .
) In case the Modeler has more than one move that is better than the one
the sdtudent made, 1t would be pﬂsalble to find the Intersection of ' the
Isasues required for each move, Unfortunately, the student is, in general,
weak on more than one Issue, 50 this intersecfion will often be empty
meaning that at least two of the better moves were blocked for 1ndependenf
reasons . Since the evaluators have to work with nolse in any case, . we di
not include this noise reduction - heuristic. ‘It has not proven to be a
difficulty: The Coach does use this strategy when -selecting an Issue, If
one Issue 13 needed for all better moves, it is selected as the one mcst

likely to have been missed.

"HW""
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camplete ?glags-béx Expert, (daes not . accaunt for the gn;l;g prccess that a
peraon wmuld uaé to derive the move) the set of Issues does nat neceasarily
aceount f@r evarything required to derive the mnve This Qpena up, ‘the

p@aaibility that the underlying reason the atudeﬂt didn't make a move may

‘not be oné of ‘the knawn‘lssuezrat_a;lr but might instead . be some other,

skill-that has not been articalated as an Issue.(19) Any incompleterdess in
the set of. Issues results in more noise in the differential student @ode%;

An additional source of noise in the model is that students are éeldam
’cbmplétely eénéistent' They often farget to use, techniques that they know
or get tired ‘and accept a move that 1s easy to generate ., ‘

Anathur source of naisé is learning., As the student plays the game,

we hope he lel be acquiring new skills that previously would have shown up

‘as ﬁ%aknesses.- Even after a student learns an Issue his mode; will

cantinua tD show the weakneas that" has accumulated over time 'Idééliy, ﬁhe
old pleces of the madel should decay with time. Unfartqnately, thévcasta
involved in this computation are prohibitive. To avoid dhis failing of the

model, the WEST Coach removes from ‘consideration any Issues thati the .

étudent has used recently (in:the last three moves)i” -

To . tombat the noise which arises in the model, the Evaluator for each.

Issue is implemented as a separate procedure. This allows individual

‘tuning of the Evaluators in response to percelved failings. In WEST, the

Evaluators use a comparison of the "taken fields" of " the model with the

‘"migséd fields." The comparison perc¢entages are adjusted to be high en@ugh

. to yield conservative Evaluators. This alleviataa the problems that might

be caused - by noise for less cénservatiwé technlques Some caaching

opportunities may be missed but ewentually if the student has a prcblem

addressed by an ISEue a pattern will emerge._g

T

O : ) - ' L S o ,
"In the scheme distussed above, the Expert is used to create a list of

better moves, and then the Modeler ‘diagnoses the student's weakness on the

-assumption that he did not make any of fhese_bétter moves because he had

not ' mastered one of the requisite skills or Issues underlying them. But

what happgns-if the student is.employing a strategy different from the

Expert's? In such cases,'the reason a~ student did not make a paftigu%ar

e

ERIC

(19) 1If the‘Cﬁaéh dnes ndE "have an Issue, 1t wWlll ﬂafdbreak In{ﬁbecause the
student's weakness may be beyond its scope. For this _reason, thef Issues
define the space of seaknesses the Coach Will try to Earrect

~232
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better mcve might simply be that he did not ﬂgni ta make it. . According _@6

hia atrategy, ‘his move was the best one pcssible.
.In order to’ ﬂDpE with this problem, the HDdélEF must be able tn deteet

"when the student 1s using some- ﬂther strategy and to characterize precisely

1

- what this other strategy 1s. If an “executable description of the

alternative strategy can be formed, then the Expert can be modified to use

.the ' new stratégy,- The Modeler -can' then reconstruct the diffeiéntisl

student m@dei on.the basis of- the modified Expert in order to separate cutﬁ

‘what Issues (as 6ppeéed‘ to strategies) the'student is weak on. Each of

;theae tasks has its own cgmplications- Let us proceed.in thi§ discuasicn

undar the aimplifying assumpticn that the student maintains a cansistent

strategy and a QQﬁBiStEﬂt set of wéaknesses during the period over . which

ig the model is being created. (ED)

' If a. modeling sacheme looks at‘énlj orie move mef‘ a student, it is

1@pgssible for it to determine whether the étudent's failure Ec'make

aﬁétber'move stemmed from a lack of a given skill or from harbaring a -

subéptimal' strategy.(21) However,’ from a gggggggg ‘of student moves it may

be possible to make such a separationi This fesulﬁs ‘from the fact that the -

gtudéﬁt‘s strategy remains the same over the sequence of moves, whereas the

.issues are likely to change from one move to §hé next.

The teehnidue for detecting *when a stﬁdent 'is iuéing a strategy

~different from, the Expert's involves the amﬂunt of, “tear" in .the student

om,

. model ., Briefly, tegr is a measure of- the cansiaténey of use;ﬂgf issuea,

Tear starts to. develop when.  several -1ssues begin to reflect both a

A subStantial‘aﬁQUﬁtséf uaé_when_they should not have*been used and non-use

'when they should have been. ~If tear in a model gets large enough, the

ERIC

H@delEE,iE'willang to expend - some effort in gonjéaturing, alternative

straﬁégies that thé’student might be using; Aﬁy alternative strategies can
then be —tested by rerunning the Madeler over the student's past moves and
comparing his behavior to that  —of the Expert wusing the eanjectured
strategy. If the resuLting_‘médel has substantially less tear? then tﬁg

(EGY'A typical perlad 18 asuang one . session of play, .egnsisting of
couple of games. Lcngéf periods
model to capture the change or growth of a student's knowledge. .

*Here agailn, ve continue with the assumption that the Modeler ‘is a
wateher and not a manipulator of the environment and hence cannot - Interrupt

thg activity and pose its own task, - _ > - e

LE -23-
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require a Eartiticning or layering of the
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- gonjegt qrad strategy is taken to be a more acgurate ‘apprax'matian éfb the
 studg,t‘a stﬁategy and is~ uaed ta form the differénti,l m@del. ~If the
. resulting model isn't substantially more .consistent, then’ fhis alternativé
  §tTa,egy is rejected and other conjectures are tried pnt l all raasanable

ilerate and test“

canjectures are tested ‘of c@urse, fcr this classiéal “g

\CﬁﬁjééﬁUFiﬂg siternative atrateéies is Extfemély d;ff;cult'udlesé one
| strategies éaﬁ béj
c araeterized Tbis Qharacter;zati@n._can take ' the! form of either a
‘generative mechanism (e;g,,"a grammaf) that synthesiges,.theA alternative
strategies (Miller & Goldstein, 1977, and also seé Millé}is article in this
- issue), or an explicit enumeration of péssible'aiﬁernative strategies, The
‘world of WEST is suffiaiently closed and small enough that the latter
technique appears to work. \ o ' T
_F . WE%E s alternative strategies fall into two eategaries -=-. those that
a?e suboptimal because of a "mind bug" about Ehe structure of the game and
those that reflect an alteration in the apirit or rules of the game An -

I:x,
sxample of a "mind bug" would occur when a student always tries to move as

Far ahéad as 1a possible glven ‘the partlcuLar spinner values -— a nearly
eptimal strategy but one that overlooks the patential Valué of bumping yaur
opponent. - An example Qfﬁaan alteration of the spirit of the game occurs
‘when the student is obsessed with bumplng his Dpponant (e g., because of
the pﬁetﬁy graphics efFégt) and will always i}ﬁ; whenever a cﬁance arlses
:Anather example that reflécts the subtléty of ‘this category ia the‘ studant
who bgcgmes flxated on gettlng the Caach to "speak" or interact with him
This 5£ud§nt~na longer cares about w1nn;ng the game but ;nstead becomes
~_involved  in psyching "out the actual teachiné strategies embedded in the
system -= an extremely interesting “metagame" It should .be !rémemberédv

that »the Coach is very eanservatlve and will ﬁct break into the student's

game unless there 1s a consistent paﬁtérn of poor' behavior that the Coach

Ecan addreas - If the student is’ doing something aampletely "aff the- wall“

it is unﬁikély that the Coach wlll bfeak in,

=24
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" Once a graﬁmar or an ‘expliait list of. alternative 'strategies- is
 §?§§§§§,: one may determine the - set of alternativs strategies that a player
:may"be ~using by créating a ‘"handle" or featuré recagnizar (similar to an’
issge reeoghiggr) for .each strategy (or grammsr rule) (22) Then, as ths’!'
fﬁcdeler is'aécruing‘evidencg f@r perceived student waakneasea gn-Iséues% it ‘
ean also be aecruing evidence on possible alternative strategiég by seeiﬁg»
_ which strategy'_features are5 présent in each mcve. Theae features att -
;.sclely as a heuristic. They are seldom-uhiQue ta a given stratggjp. aslj
several alternative strategies are likely to be ﬂGWSiEtéﬂt with any one
move. .Far example,” the strategy of making a maximal ﬂumber _might-'prsdueg

the same move as the strategy of maximizing the distance ahead of yduﬁ

B T

‘Qppanént
In summary, ﬁhese strategy featurés provide lgggL evidencé abaut what
alternative strategies the student may be dsingi A strategy for which
. there is local éviéencé.iﬁxfhen uéed»by’the Modeler to conatruct a new
kihyp@thetieal differential model. This new model pFDV;dEa a glngL cheak on
tﬁé strategy by determining how much the tear of the difféféhtial mﬁdel hastl

béen)$edu2éd L o » v o .
A ) : . .

Iﬁﬂ order “té test the . diagnostic sensitivity of this téehniéue to
distiﬁgﬁish actual student weaknesses fram alternative student strategies,
we  have \ﬂanstructed various - automated students (aﬂ idea prcéoged in
Galdstein, 3977) that play with, spe&ific.ﬁeékﬁesses_g&i simultaneously with’

'altefnative st tegiea These teats indicate‘ that’ the technique jué;
‘described 1is fectlve for WEST We fully PEEQghiZE the 1imitéd nature cf.
‘this prablem f@r the WEST "wafld"xand are cautious in aur belief that these.;

i

techniques will’ suff;ce for more camplex wariis.
4. EXPERIENCES WITH WEST
The btasie coaching system was. Qampletéd in Spring of - 1975 (Eurtanr &
BFQWﬂ, 1976). At that time, we ran an informal expEﬁimenL with 18 student
teacherst in which each one used the system for  at . least one - hour.
Afterward, each was .asked to complete a questionnaire about the, Coach's.
performance. - All but one had received advice from the Coach. Nine of ‘the

_'téaﬂheﬁs eamﬁenbed favcrably‘ abaut ‘the anch‘sz édvige- Tﬁc éthérs

“T227 Such feature recegnizers “can be quite eampiéx —and orften - reqﬂire
properties of the space of posaible moves inatead of just the given student .
move. For 'example, one featuré might concern whether the move involved the -

. maximum pg number given the particular spinners. .

k]
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'diaagread* one said that the Ccach was offering a strateg:\that he did not

‘firule* ‘the eamputér picked it up in the ‘second gamei“

feel he should fcllow because it wauld leave him “vulnerable\ta attack " anp

element of. strategy not  known tD our current Expert Eight df ten subjeets

=

found the cgmments helpful in learning a better way to play tﬂé game aﬁd,,’

mast important nine cf ‘ten felt that the

3eg! One subject cammented

HEST has: also been used in elémentary achcal classréﬁms! in.ar
; ki .

' eontrclled experiment,.the egached varsian' of - WEST was compared to an

.uncoached veérsion. Table 1 gives the distributién of move pattérns fQP the

coached cand . uncaaehed groupa. The coached students showed a consfderably;

gréatér variety ‘of patterns, indiéating that they had aequir'd many @ﬂ the
into "ruts"\that

more . subtle patterns " and had not falla permanenﬁly

prevented them from seeing -the relatively rare occasions u'en such .’ maves

. .were impcrtant. - Probably the mast aurprising result from this experiment

“was thétithe students in  ‘the coached group ‘enicyed play;ng the géme

eahsiderably more . than the uncaached'grbdpr Thié'findiﬁg was especially

significant because one of our gréatest fears had been that our coaching

principlea -Were sufflclently ill- developed that either the ‘Coach would \

interpret too cften, deatraylng the inherent enjoyment ‘of .the game or tb@-“

* seldom, faillng to get students out - Qi_rupsi We have not yet had the

opportunity’ to expl@re'whyi in féet, atudents ;gei to prefer the game . with

the Coach. One 'interésgigg hypcthesis is that the students using the

. coéahing version were gétuajly engaged ‘in a metagame of "pgyehing but" the

ERIC .

Coach to get it to sPeaE. If thls rather Pcmantie hypothesis turns out to -

be valid, it HQQld'épen a new: arena for c@nveying some of. the very

impo@tant sﬁrvival prlnciples for faormal educaticn.
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Table 1.
" Comparison between coached and uncoachéd
-+ . groups of the percentage of times each.
" move pattern was used when it was the
PR .+ . best,move. - o v J : : :
© _PATTERN . . Coached Group (%)* _ «Control Group, (%)%

(AtB)=C . | | o L2 o - 74 |

(A¥BEIC 57 58

oy

r - (A*B)-C- : '5' I o . 46
C(AtBYRC o s 65 , _ﬁéi;i'
AR R R AR .29
AkB0) DY A R
wwme .o e
-?Aiig—C) ff; L | ’ ‘25v, o o o :
= A%(B[C) : o ._A; - " _ "‘A: J. &3 . _O_.
B - "_ % e . 0
wm/c w0
A (B*C) - TR - - |
(A;Bj/é- o . o
Ve R o
al(BrC) LT 0 |
AH(B/C) R >', o0 : o | 0

SPECTAL MOVES | : N

' Goached Group (A)*

';',Epnﬁf@l,§§99ﬁ ()
J TOWN: 72 f;; TOWN: 79
Bwp: | 18 o ©Bmp: 54

© shorrcuts 41 RO _SHQRTCUi: 54

LI . , ’ ' y

; . . P . Sr

% % of time pattern was taken and was best.
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