BD 207 587

JR 009 705

, h ” N
AOTHOR Carr, Brian ‘i}
TITLE Wusor II: A Compate} Kided Instrqptzon Pr gram with

, \/ Student Modelling Capabilities. AI Memo 417. .
INSTITOTION _Massachusetts Inst. of Tech., Cambridge. Attificiq;
. Intelligence Lab.
SPONS AGENCY National ScSence Foundation, iaghington, D.C.

REPORT NO . LOGO-45 - \
POB DATE May 77 : e
NOTE - ., 133p..; Haster's Thesis, uassachusetts Institute of -
. . 'Technology.

EDRS PRICE MFO1/PCO6 .Plus Postage. ’ Ty
DESCRIPTORS . Artificial Intelligence; Conpnter Assisted

. Instruction; *Computer Programs; Decision Making

< Skills; *Games; Logical Thinking; *uodels, *¥Problea
solving; *Tatoring

IDERTIFIERS *Computer Games; *Intelligent CAI SysteiE\ Tutoraal

uodg Wumpus; - Wusor
-«

>

4BSTRACT N . .
. Wwusor II is the second Aintelligent coaputer aided
instruction (ICAI) program that has been developed to monitor the
proqress of, and offer suggestioms to, students playing Wumpus, a
cqaputer game designed -to teach logical thinking and problea solving..
Eromn the eaflier efforts mith wWusor I, it vas possible to produce a
rdle~-based expert qhich possessed a relatively comnplete pastery of
the game. Wusor II.endeavors to teach the knowledage embodied in the
tules used by the expert. The student sodel represents Uusorl
estimation of the student's knowledge of these ruies, and this
estimatjon is based primarily‘on a yses of tlesplayer's moves. The
student model allows Wusor to pels lize 'its explanations t¢ the
student according to the student's current kn!pledge of the Jame. The
result is a system-vhich, accordimg to preliminary resul}ts, is highly
effective atitutoring students’ of varied abilities. Thlrty-three ;
references are listed.-(luthor/LLS)

r, * ¥

J | | o § | . . | ,

-
* .

#*####*#**##**#*#*#**###ﬁ*#tl#####*#*####*###*######l#f######:####***##

* . Reproductions supplied by EDRS aré the bes£ that can be nade .

» . frowthe original docy ’ ' »
#t.‘#.#.####..‘.***####..#######‘*#####*##***.# ‘###l####’##.#.*##**‘..

- - ) - Al
Q L
 } ; ; e




.
N
e

*

-
ED2

07587 @

, < - f"/ | \ [}
Artificial Intelligence Laboratory |
~ s Massachusetts [nstituts of Technology -
Al Memo 417 Logo Memo 6'9’

Wusor I1: l

A Computer Aided Instruction Program.
~ With Student Nodelling Capabilities

..

° i P "
7 US OEPARTMENT OF HEALTH,

EOUCATION S WELFARE
NATIONAL INSTITUTE OF

EOUCATION . "«
, Brian Carr
Sh b DCT_MENT =AY BEEN NEPRC
DLLED Exa7 T, v A, RECE ED FROM
THE PERRSON TR JRLAN J&T ONCR G N
AT NG T PO NCSOF o EACROP N ONS
5TATED DO NOT NECESSAR (v REPRE- . \
SENTOFFE € AL NAT ONAL NS TUTE OF, 977
EDLLAT ON BOS T OGN TR RCL 7Y r‘w 1
-« Abstract

. . .
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uas possible to produce a rule-based sxpert uhich po#sessed a relatively
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Wusor’s - estimation of the student’s knouledge of said rules, and this
satimation is based primarily on snalyses. of the player's moves. The
t Mode! allous Wusor to petsonalize |ts explanations to the student
sccording to the student's current knouledge of the gawe. The resuilt le
- @ system which, according to preliminary results, is highly effective at
tytoring students of veried abilities. : ¢
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N " ,1\ i , . .

One of the purposes of our educational eystem is to teach better
-~ . : R '
uways to think about probliems in gensral. Th;s is a key justification for

’ the etudy of higher ’athonatica and the sciences by the genora‘l student. ~

e

Similarly, can be' an Iidea] teaching instrument., Most games

games
- ‘ . . .
) represent Ane facet of life but in a much sirnier domain, theréby
¢ ' . - . / ; - ol
allouing the student to develdp .his ‘problem solving abilities in an

.

environment which is ‘more cofiducive to I:arning. Such.games can .be fun

However,” students ean

r

A ! .
ulvile SQachi'ng valuable skill each a plateau in

[

their ;:rle playing and cease td try new strategi€s, When this occurs,

. . 'the learning process halts. A‘solutiOn/tp/

-

thlsiproblen is to encourage
-the student to improve by ocu,slonallu offering suggestions regarding

B - * - r N
. improved game strategies. Unfortunately, the cost of providing human
- ]

' & i
- teachers to watch the game (and offsr suggestions) is prohibitive.

-

1] . . I
Houever, it is poaaiblo/to uses a computer to mon'i tor“the jprogress of the

game and to offer duggéatlona when warranted. With this goal in mirid: a
' : b

‘ .
program was written to serve as. just .uéh an advisor for a computer game

» (1), ‘

- ¥

-

referred to as "H'unpu} hunting™ or "Wumpus

. L]

The relationship of _tho‘ Nugpua‘A&viaor tothe pjayer is illustrated
,

in Figurs 1.1, The Advisor analyzes the lnterdctlon be

the player, giving advice when abproprlate. When the Hunbua Advisor

, p
! .

-

(N The gams: of HWumpus was originally dsscribed -y Ypb in Creative
Computing, and this pert

Clemenson. - ..

¢

*

- Page 3
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icular. variation was' impiemsnted in LISP by

.~

tueen the game and
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, ’ The Wumpys Advisor - | The Introduction
! s

. c\r’\?océa to give adviE:e. it can intercept the player’s messages to the

-game and allow the player to'modify his move if he ®o desires. Also, * -

. ’
from the player’'s point of view, the Wumpus Advisor receives exactiy the

_same information As the player. The Wumpus Advisor can alter "the game

’ L g
(shown in dotted Iines) to a certain degree. It does so to create
. / ‘ .
. / situations which are more canducive to learning.
’ Figure 1.1 . . R
t - Conceptud! Mode! of a Tutor. ; . /
b —
. Player'é Move .
- X —> Wumpus
k) Resgo‘nse ' Game
’ . ’
4
- 4 [’ Game
X . ,* Modifications
Wumpus e .
. - Adv%sor
The game ;H\jmpus" is an example of a game which encourages
A :
— deductive processes and deveiops a3 sense of probabilii.es. The player
» \e - . : ’
must seek out and kuH a monster, the Wumpus., The player moves i/b the
Wumpus's wdrren, a netuork of interconnecting caves containing the Wumpus
¥ )
L] , ' » , v
‘ and other dangers, namely bats and pits. At the start of the“game the
«

player uo told the number of caves in the warren and the numper of ,bats

and pith} (") Be.f.or'e every move the plager is told which cave he is in

>

and the neighboring caves that he can move to, (iii) ¢ any of the

neighboring caves contain a bat he will be informed ‘that he hears

L I A L 3 . - , -

In a normal game, there are tuenty caves, -three pits, .and three
‘caves with bats, X - . A,
Giii) Each cave is identified by mimber, * +

’ ) Page & '

<




\ The Wumpu.s'.(ldui.so? ' " The Introduction
/ squeaking. Li'keu.ise. if a naéighboring cave contains a pit; the player ,

il be Tnformed of a draft {as pits are bottomless chasms), but in
. , . . ” . L4 .
neither case is the player told uhich of+ the :caves are dangerous.

Whenever the player is within tuwo caves of the Wumpus he -will sme’ll its

* horrible stench. [f the pl;ger,. enters a cave With @ pit he loses the

game, whereas if he enters a cave containing a bat, he Will be carried to
4 ’ -

- * a random cave which may contain another bat, a pit, or the Wumpus. The

Y

Wumpus eats unuary players »;ho stumblie rinto his lair. The player tries

.

to visit enough caves (avoiding bats and pits) to locate the’Uu'mpus’
Qitm\at actually e‘ntering its cave. Once the player has /found the

- Wumpus, he can shoot an arrow into the Wumpus' lair from a neighboring

cave, killing the beast. [f the player shoots an arrow into a cave and
’ ~ the Wumpus is riot there, his arrow wWwill ricochet through the warren at

random for 'r0ughlg four caves and may kill either the player or’ the
Wumpus. In Figure 1.2 part of a possible warren is shoun,

4

Figure 1.2

#
. g 15 ‘pit (?)

/
. 13 bat
.. ¥ .
e 38 )
J ’ e ' STENCH
. ‘ -« . .
. . : - .
, “ . * = (ircled caves have been visited. -
' . - Upper Case: Given Facts
Lower Case: DedUctions
Lo - 4 L ’\ \/
. B Playing the game can Involve simpls deductions and’ risk
' - F ; . Page 5
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The Wumpus Advisor : The Introduction
. ; ~ .

| . ..

-~ nininiza{iono as weld as more cSnplex strategies and considerationg. At

- the foimplnt I'nvol. the . plagor“can deduce that certain caves ar-{\

7

absolutely safe by the absence of warnings. These caves should be

explored before any othere. At a higher lewvel the player can perce}vé
4.

. that certain caves are “probably safe, i.e. less iikely io contain dangers’

than other caves. Thase 5erceptions are basodion the péttérns of the .

) -

uWarnings and.rpquire application of- probabilistic heuristics which are

common |y 'used by knowledgeable persons. An advanced player can usually
L] N

deduce the ;xact’ iocation of tﬁo Hdmpus through a quite thorough
application of-logic. but most players dévolop a general idea of its
location-without compieting all the required deductions {though theghare
uroﬁg often enough.to encourage ?hon to improve their deductive pO:FrS)u"
There are alsg unusual situations which reguire vd}g \advanced
considerations of the risks involved ﬁn order to‘seloct the best move.

e The Wumpus is 3 game that can be enjoyed by the beginner as.well 3s the
T advanced player., . T . - ..

-

In the déaolopment of the Advisor, two different generations of ‘j

»

programs have been written. They are referred to as Wusor | (Hgmbus

. Advisor 1) and Wusor Il. For the sake of perspective, the next chapter . . ;
“Will discuss the.dovelopment of Wusor 1, and then the Femainder{of the
paper wWili discuss Huqor'II. the moat recent Wumpus Advisor.
. .
. - - B : ;
: D R
R \ -Page 6 -
. A } N -
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"+ The Wumpus Advisor - . \ Wusor I ¥
' The Origi nal Humpus Advlisor-.. Wusor |

[

Cl?apter. 2 N

‘ N
v, A
L]
L] ) '
s

Wusor | can be viewed as a continuation of the workl Burton and
Brown (1975) with the game of West. West is an algebraic game for which

theg developed an Advisor prograr;n However, West ués a relatively si_mple

-
[l 0

\ domain which was not conducive to more advanced Adv‘isors. As a resﬂt.
it ;aas decid.ed that Wumpus was 5 domain that was sufficiently difficult,
: to all.ou. the development of more\‘advance& Advisors, though it was still
simplé enough to gllou the devélopment of' a functi_onaI: program. With
this géal in mind, Wwork was begun on Wusor I.
. Uus—oﬁr } Was Written as a course project for nine graduate students °
‘ at HI'I'. Wwith its development pe'mg supervised by Jim Sténsfield and Ira
Gold;tein. As the Wumpus Advisor was required to discern the quality of
the .different moves as yll as /be- able to expliain itself when
appropriate, it quickly becam: a very complox program. To kéep everythjng
manageable, the program was written in a modular fashion. This aided in

the development of the Advisor 4s it allowed the modules to be written,

- i - /'
debugged, and modified reliativeiy independentiy. After its initial
(i)

£

development, Wusor I was extensively modified by the author.

Wusor | had three main modules and several sub-modules. The'three
main modules were the Executive, the Bat/Pit- Locator, and the HWumpus

[} Y . .
Locator. (i1) Agsociated with the three main modules were various™ sub-
S : : .. #
» . ,

.
- o B w e @ e o= o= o= ’

: . r
(D) Lusor I is fully described in Stansfield, -Carr, and Goldstein (1376).

- {11) The Bat/Pit Locator was written with the help of Will Clinger. John

‘ Avgoustis, and Fred Knowie. 'The Wumpus Locator was originally wuritten by -
e , " , * ) Pageﬁ? ’
. ] -

Q . u 4
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) ?Iguro 2.1
Dotted |ines represent significent flous o

.

Bolid lines Illustrate the hisrarchy of control.

~

¢ information. - )
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The Wumpus Advisor - y Wusor I

e

modules which are il‘lustrated in Fig‘t:nro 2.1, Each of the Locator modules

had two sections, the Evaluator section Which cc;nudutad the meri«,e;_of' the

various caves, and the,Epr:ainer- eectior; which explained the results of

the Evaluatori Aisd, the Bat/Pit Locator h'al’tuoﬂevetls. the I‘evel which

cogsidere;i .bats and pits separately, and-the Combination level which
. ,

combined these resalts. Finally, the Executiye Evaluator combined the

results from the Bat/Pit "Evaluator and the Numpbs Evaluator to come up
'S

lui'th an overall utility for each cave. Then the kxegutive had the option

of ca)ling upon the Explainér routines to generafe explanations for the

student. This structure is rather contorted’ anc& unnecessarily hard to

\understand but this is primarily due to an mcon*)lete understanding of

the, domain at.the start of the project. chever. from the work on Wusor
’ /
I it wuas possmle to gain many insights uh_{ch finally led to the’

development of Wusor Il.

s’

The Bat/Pit Locator computed an egtimate of the probabni:tg that

L

any cave contained a bat or a pit, but fhe Wumpus Locator was not.
advanced enough to arrive at estimation of the risks from the Wumpus: "it

Onlu determined which caves could not contain the Wumpus and which caves

were |likely to return information about the Wumpus® location. i) The

Executive Evaluator could not directly compare the risks Ninvolved from

Bats/Puts and the Numpue as it did not have any probabllltu estumates for

the Wumpus. Instead it broke doun the different moves lnto the eight

E3

categories shown in Figure 2.2 and evaluated the player’'s move according

-
- 1 -------- * .
Neil Rowe, Beth Levin, and Robin Grdss. The Route Pianner was uritten by

Ginny Grammar.

(iii) The Wumpus Locator was sufficiently advanced to locate the Wumpus,
but it could not deal with incomplete information.

Page 8
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mpus Advisor ) . o o Wusor I

. L ' ! [ _—
to these categoriés. The different Evaluator’ routines taken together

comprised the Wumpus “Expert” “‘_’) which possess¥d a knowledge of- the
B - L. N ~ .
. t

- ¥ * . ) " .“
" Figure 2.2 . )
Wusor 1 uses oigp’t./classifications for unvisited caves.

hY

-

Tu;;e 1. A cave thatyli.g absolutely safe-and that gtves informat;‘fm abou‘tﬂ
the Wumpus. ' )

Tgpe' 2. A cave that is absolutely safe.

Igpé 3. A cave that~has no bats or ptis. but that could contain the
Wumpus. This cuve inherently gives informqtion about the Wumpus.

Type ‘4. A cave that might contain bats or a pit, but nz‘t Ythe Wumpus and
which gives information about the* Wumpus .

Type 5. A cave that migh't contain bats oi'.a pit, but not the Wumpus.
Tgpe's. A cave which could contain bats; pits or the Wumpus.

Type. 7. A cave that contains a bat. This classification is a very ) ‘
~ special class that has varying value.

Type 8. A cave;hat is cefpain death. (Either a pit or the Wumpus).

-

Throughout ths desvsiopmsnt of ths Expert, hsuristics uere alfays

. Ve
used in _prafe‘reﬁce to |engthy calculations. This was partly because the
exact calculations were so lengthy that it was unrealistic, to compute

them, but also because such heuristics were, in fact, ysed by humans
- . N ,

players. (v) This correspondence betusen human and computer reasoning

greatly simplified explanations. An example of this was the manner in

7

which the Bat/PEtﬁLocator determined the likelihood that 3 cave contained

- . /

(iv) Thle concept of designing the tutor aroundfn expsrt uas developed by
Broun (1973) in his Sophie progranm. ‘

v) 1n ~par-ticutar-. the heuristics were those used by the designers of
Wusor I. Further experimsntation is required to determime how common
these hsuristics are.

! ' Page 18

d




g ~

-

Thé Wumpus Advisor
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-

probability of a cave containing a bat. orra pit, but this calculation

Would have been timp consuming and complex. Yorse yet, any explanation -of

A ~ »

an,_exact probability would have had to discuss the relevant permutations

and combinations, which would almost corta‘inlg have béen above theé i1evel
)

of the student. o L

Wusor I had only a very |imited mode! of the user's knouledge. 1t
\ = . .
did not keep track of di fferent players, 'but, instead, asked the user at
the start of, each session for an estimation of his ability. For the rest

. - . ‘ t ‘ \—-—' .
of the session the Expert would make all of its computations at a level

.

of complexity hoped to be slightly above that ‘oi\the studenf. This had

the disadvan'tage that, if the player entered an unrealistic evaluation of

. -~

his ability, he would either be overwheimed by material well above his

Ie'vel. or he would find the AdvTéB?‘z\‘adv’iz:e over simplified. There was

»

.alsg the problem that Wusor .| d¢id not have, fine gradations im the level

of its advice (it had four levels) due tothe expense of programming the

.
+

Expert to functionxa,t- more levels.

Wusor | was tested on.a vergm\basis and was fqund to be
reasona‘blg,effective at’ teaching better Wumpus atrateg‘ies. l}ouever. it
was mostly used by M.I.T. related 'personnel (inciuding children. and
graduate\‘students) ‘Who, We assume, alr;aadg possessed ; Iogi.cal bent. - In
tljéee c/a—s'Qé it was effective, but ?t'das not atte(mp,ting to teach a better
Hay to think about problem's {as .the piayers already possessed the desir'-éd
thinking habits) but merely better wuays to think about a particular

problem. In those very few caéés whers it was advising students who did

not already have the desired thinking hablts, the handicaps of Wusor I
A

’

Page 11 . ' -
) 1° , N

~ .

a bat or a pit. It might have been possible to compute the exact .
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- - .

nere 'ro‘ag\ilu‘ appa'ron‘t. At wae not \blo to corofultg gmde the plager-

-

\ ‘through. the more gnic stapo (Ito nlnplnt | uu not baﬂc’mugh)

- ~

and tended to’ confuse and fru.trate the otudent. éocquse s0f these

uutmm. uork was ctartod ‘on ’ a ‘noro.aduneod Wumpus Advno‘hmth a
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< 5 The Expert * .
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\ . Chapf‘qr 3 . ‘
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Overview of the Expert , . ‘
’ g s <
Fron the work Mhﬁch was dono on thc expert of . Nusor I, it was ’
¢ Ty ‘
possible to develop a much more pouorful and general Expert. The

I |
. First Step .| ‘Second Step |  Third Step
- ' |
Hame. : Information{ K - Pbss&bﬂity | Probability | Risk _
Information |Propagator I -i]Evaluator I jEstimator \Estimagions-.\/
. o | a :
1’ | .
~ ~ |
Pags 13 '

| ' = - .
"daductiona rgguired in locating the dangerous caves and the heuristics °

‘mecessarg to arrive at an estimation of the daqjer‘ in cases of

uncer tainty have -been r(lnplufued to the point where there is a Ldcator

Algornthn which reqyrrqs onlu verg general mfornatgon (such as the

nuuber of caves, the number of bats. hou far a bat yarning probagates,

ets-.l to determine the ralatwe dangers of each caye. The Locator -

Algorithn has three basic steps as shown in Figure 3.1.. It is executed
once for aacﬁ'\ danger being considered, and the resultis are then combined
probab:lcshcallu. The hrot‘ step is the acceptance and propagatuon of‘

. ¥

any and all infér

tiqn supplied by the Wumpue gln.

Figure 3.1
ree Sups of the locetor Auorttu

- -
. . .
. * R
€ " R 0
. v
.
[y
.
.

—

1
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‘The Wumpus Advisor. ‘ c The Expert
The-Information Propagator. . .

[y

¢ ‘R...
For easch of the three dangers th’lnforntion Propagator marks each

closest danger, the minimum distanco/to the closest danger, and'. when theé
- first two numbers eliminate all other possibilities, a marker for the

—

exactedistance tb the closest 'dangor. Tho;y are eight theorems which
. .

allow the rropagator to updéte this information abou*f a given cave. Thg.

e . \ .
© tirst tuo_are that any time a cave is visited it can be marked as either

*_\.

more than zero away or exactlu~ 2ero mj (i Also, in the iapocial case
of. tr;e:l;l\inpua, it ‘t'ho plvagor shoots a
kill the Humpus, th:n. that cave is more than zero away.'!i) Next, if a
cave ianvi:i ted and h'é’q; no warning, then that cave can be marked as more
than N away, where N is_the distance that a warning for the givemalanger
travels. Likeuise, if a ua;-ning is sensed, tr.wn thé cave must be Jless
" /7
than (N+1) a&ay. The' Iagx’; theorems deal uitﬁ the propagation of
* information through the warren. If a ‘given'cavé is more than N a
then all of its neighbors must be ln;rc than (N-1) away, Converaélg. i
all of a cave'; ne'ighbore aré more than (N-1) away, then 'said cave can be
classified as”“more than N away. The ghove theorems correspond to rules

zero through seven shown in Figure 3.2. Ug/ing additional theorems, more

. information could be propagated, but thou{oight rules dre sufficient to

\ -

\ (i) Except’ for bate, the-classification of -zero away attained in this
fashion is rather pointiqss as ig also signifies the end of the game. .

/

(i) Note that in\ so impl'e'mentat(jéna of Wumpus, the Wumpus moves uhen
an arrow I8 shot it does not kill him), HWusor [l does not permit
this primarily because it would require degrading the data base. This
could create - situations which were too complicated to readily be
oxp‘llinod to children. .

- ‘ ] / Page 14 . |

\Ave with thr‘og pieces of information, the maximum distance to the

arrow into a cave and does\ry
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mark each cavé u«ith all the mforma,,tnon relevant to playing the game

.Hang caves: Ean be oA.:_saﬁnad as being safe juat through the use of the

more then N away 'tag. ThBre are sxamples of - the deductive process in

Figurae 3.3 and 3.4.

T . - Figure 3.2 )
The Logical Rules of the Expert /

Lét‘ A cavc.can;-ibe marked as "zero away” 1f it was visited and found to

contain a danger ’ - (R
. /
L \ A cave can be marked -as "more thau zero away” if it uwas safely
vistted.®

.
’

L2 I1f the pla};r shoots an arrow irto a cave and does not Rill the
- Wumpus, them that cave can be marked as "more than zero away”
(Wumpu.s), ‘ .

L3 Ij a cdvve i visited and there is not a warning, thes that cave-is
"more than Nay dhere N is the .distance that the warning
propagates }

Lé - Réd a ‘cave is vts\tedm and there is a waraing, them that cave is
"less than (N+1) qwaj".

LS If a cave ts marked "more than N away” them all of its neighbors
must be "mere than (N-1) away”. &

Le If all of q caves neighbors are "more than (¥-1) auay”. then it
must be "moNe than N away”. -0

L7 IJ a cgve i.s "more thau (ﬂ-l) awgy” amd "less tham (N+1) away”..

then tt is "N auay” . N
L8 When thn hgortthu is creating cave-s‘ets -and 1t ercounters a cave

which wowld be ¥ caves away but which is akso "more than N auway”.

then that cave canr not'have any coutrtbuttou to the cave-set.

o

LS - Ij tho player encountercd a darger ir a cave, them the cave does
’ rot contain a danger_of higher prtority, t.e. the Wumpus eats the
player defore he can fall -into a pit, and he will fall into a pit
bejon hc is ptcked up by bats. -
L1@ * TCertuin .caves can be marked as "more than zero away” based on
consideration of thq differeat complete, ecn-uts erd the Rumber
‘ of dunr: »

3 ' Page 15 © * -
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In Figur@. 3.3 and 3.4 there is a standard notation for diagrams of

s

Circled nulboro rbprncnt caves which MVO been vi.itod by the player.

To.the top right of uch vuoited cavo is @ -arkor for whéther or not- any

ulrningo uoro unud. ("W indicatn that & warning was sensed, and 23

left of each 'cave

{i.e. more than N, less

"MJ' means that a uarning was not unud) To the bot

ie any classification that tho cave may have
\ k4
than M, and J away) The reader is cautioned that, while the the diagrams

of the .warreh in the ‘examp|es ar:;verg regular (planar), normally warrens

v ‘ . »
are much more randow in their arrangement, (i1i)

,/ln Figure 3.3, the jdangor being - considered is pits. Hérice.

L
’

~uarniv;gs propagate fo‘v""ﬁ distance of one cave. In Figure 3.§A. the plager

3

‘has visited two caves,. neither of which had any warnings. ‘Therofore, the

\
visited caves are more than one away and all’ the neighbors are more than

zero away (i.e. safe)'.- Upon visiting cave 3 (Figurs 3.3B8), the p"auer

receives a Harning, indicatmg that cave 3 is Jless than two away. Since

it is airso T" than zero away, it must be one away (i.e. cave 3 is next |

“to a pit). S .

.ty

I Figure 3.4 the danger io the Humpus uhose uarmnq propagates for

a distance of two caves. At the otart (Figure 3.4A), the player has
visited various caves and has discerned that caves 7 and 18 must) contain

pits. He has also visited two caves of rolevanco?rca\’/ee 5 and 6.7 As no
v :

uarning’of the Humpus were sensed, caves 5 and 6 were marked as more

than two away. Al the neighboring caves *“""‘? then marked as more tham

(i11) An interesting experiment is to determine whether the restriction
to rogular warrens increases the speed at which ?oplo learn the game.

. / v
Page 16 '

the warren. The nodes of the rﬁtuork‘aro nuni:ered snd represent caves. .
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one nycy'.'Noxt the player visited cl\;o 3 (Figur:o 3.4B) and sensed 3 g

" - warning. JThie indicated ihat cave 3 uas less than three away. As it uas

also more than oné away, cave 3 uas marked as being exactly two caves

from the Wumpus, Caves 2 and 4 were marked as more than zero away by °

e 1]

-

dint of clvo\’3’l classification of more than one away. In Figures 3.4C
lr;d 3.40 the player visited caves 2 and & which he knew to be safe. At
thees cavn‘ he 'un,ud.a warning and ;érkod the caves accordingly. -
Finally he visited cave 3 (Figure 3.4E) and could then conclude that the
Wumpys must be in cave 1 (by a process to be described |ater). :

The special ciassification of N caves away is made because it is

‘

the only classification used extensively in the lafer steps-of the
11 . N R

Locator Algorithm. n particular, if one can determine all caves that

.

- are exactiy.N caves gfay from a cave which is classified N away then’ one, ’

hae wWhat ies referred to'ao @ compiete cave-set. (A partial cave-set is
- = Lt ¢ B
ons in which all the caves uhich ars knoun to be N caves auay are listed,

but the-set is nof necsssarily ccmplietel. In the case of bats and pits,

[ 4

the datoruinationibf the compiste cave-set is especially simple since the ‘
“only glaseification of relavance is one dway and the complete cave-set is .
just the immediate 'noighborq. Cave-sets are important because at least

one membder of each compléete cave-set must coatair one of the grven
dangers. Therefore one can:‘clininote frTn the cave-set those caves uhich

'

.cap not possibly contain the given danger for utfier reasons (as indicated
kL

in the data base). The result after this elimination ie called a reduced

s +

cave-get. (Logical rule L8 in Figure 3.2 is the formal statement of the

.
-
!

- . i
.
’

rule to reduce cave-sets).

’

A S ‘ .
In Figures _3.3 and' 3.4 there are several examples of cave-sets. In . .
Page 18 19 - .
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Figure 3.3B the .compiete cave-set is cave-s 6, 7: 8,-and 17. However, as
' L)

caves 6 and 7 are both more than zero away, ‘the reduced compiete cave-set
: ) ; ,
is just caves 8 and 17. This means that ei‘ther 8 or 17 must contain a

pit. In Figure 3.4C the partial’ cave-ut is caves S 7, 1, 18, and 9.

As caves 6, 7, an«i 18 are safe from the uunpus. the roducod partual cave-

. \
set is caves 1 and 8. In Figure 3,4D thege is an excellent example ‘of

the application of logical rule L8, The reduced cave-set is caves 1 and

9, but this cave-se; is also a compiete cave-set as the neighbors of cave
4 are knoun and, while the neighbors of cave lé are no? knoun, cave 18 is
marked as” more than one away and none of its neighbors can possibly
contain the Wumpus. (Hence they can not be members of any reduced cave-

%et for the Wumpus). When the player visits cave 3 (Figure 3.4E) .he is

taking a blg chance, but once he has v(nted it he can eliminate it from

- the reduced compiete cave-set (nt is more than 2zero away). Then the

+ - 1] V4 ”

player can conclude that the Uumpus myst be in cave:l as it is the onjy

-

member of the reduced complete cave-set. 'In all future references, it
Will be assumed thast a cave-set is actually a reduced cayo-aot'. gince the
f L
; . :
Locatpr- Algorithm aluays reduces the cave-sets.

The Possidility Evaluator

L3

The Possibility Evaluator marks certain caves as "more, than zero

away” 'by considering the different complie:e cave-sets and the number of

dangers. [t implements logical rule L1% shown in Figure 3.2, [f the

-~

number of compiste cave-sets exceeds the number of dangers, then it ‘ié -

.

likely that this step of the Algorithm will deduce that certain caves can

not contain a danger. For example, if there are only three caves with the

\ ‘ “ given danger, and there are comrpiete cavo-—oe){ of:

1,2) . o '
. 2 ]
Page 28
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Y (3,4,8) E ) ' .
(6,7,8)
8,9, - , - :

then ons.can deduce that caves 6, 7, and 9 must be safe. This means that
+ cave 8 wust contain one of the given dangers. The fesult after the

applicatio;\ of the second step s

(1,2) ;
(3,4,5) . ) .o
(8). . . - -
) . ’ '
An sxplanation for why cave 6 must be safe could bs, "You can deduce that SN

cave .6 must be safe as there are ooly three pits. You know that there
must be a pit in either cave 1 or 2, Just as you know that there must be

a.pit in"one of the caves 3, -4, and 5. Likewise, there must be a pit

-

Ac‘lther; cave 8 or 9. This accounts for all three pits and hence there can

’ not be a pit in cave 6." . . ’/ ‘
¥ P - _

An algorithm to determine which caves are safe in this case is to

. « . N " .

choose N iv) complete cave-sets that have no intersections (i.e. no
- .

members in common). Then any caves that are not a member of the union of
the N cave-sets must, of necessity, be safe. Th#election of the N

- complete cave-sets is carried out by exhaustively tryiag all
4 > t
possibilities. : , n

£

Unfor tunately, this algorithm does not find all possible caves that

must  be safe. For example, if there are only tuo dangers and there are

-

' cave-sets: - . 1
‘ 1,2) .o ~ -
(2,3) K -
- . 1,3 .
(1,3,4),
, (iv) N ig’the total number of aangc’sre of the type being considered.
- ‘ Pags 21 ’
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vi . , \ .
then cave'lo can not possibly contai,’\ one of the glven dangers. An

The Expert
/ .
]

llgériéhm to find all safe caves is to construct all conb:inations'of N
cavee fri‘:n' the eset of all caves: that are. members of any cave-set,
sliminate contfinatione which do Aot fulfill the roqu/ir;wonta (i.e, do not
have at Iea.\t; one cave f:-on every cave-set), and ‘wark those caves which
are not a member of any of the..remaining combinations as safe. Thi's
algorithm is roughly as efficient " as' the first algor.i thm, but,
unfortunately, it is sometimes ﬁot possibls to o;plain .tho results of

L J

this ldst algorithm in simple terms. This is especially true in those
I'e

unusual cases wuhere the first algorithm failed. For exgmple, the
ubl,apatio‘n for the example above wéuid roéd. “Ceve 4 can’ not contain a
pit because there are only two pits. I a pit were in cave 4, th;re would
only be one other pit to explain all the evidence. We know that there
must b; a pit in either cave 2 or cave 3, but if the rcmi.ning .pit were
in cave 2 there could mot be a pit in one ‘of caves 1 ana/a {(and we know
that there must be a pit in one of caves 1 and 3). Likewise, 1if the
remaining pit were in cave 3 there could not be a pit in either of caves
1 and 2 (and we know that there must be a pﬂf in on; of caves 1 and 2).
Therefore thers can not be a pit in cave 4."’ 1f this explanation seem's
rather obtuo’e. the reader is cautioned that the case explained above is
‘the simplest possible case in which the firet algorithm faila.' Most
other, cases ars sigr.if:icantlg more 'co'np>licated 1 (and virtuél iy

unexplainable). t’ For this reason, the first algorithm uas used instead

of the sscond aIQritnm.' . . '

(v} Interested rsaders are chal lenged ui(urita an explanation in simplé

terms for why cave 11 can not contain & Ppit if there are'three pits and
cave-sets 1,7,3,11), (1,2,3), (3,4,5), (5,6,7), (7,8,9), and (9,10,1).
The ‘explanation/should not tontain any new terms |ike "cave-sets"”.

. Pags 22
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The Probability Estimator

The third step of_the Locator Algorithm estimates the probabi lity’

,that each cave contains a3 danger. It considers all the cave-sets,

’

cohbieto and partial, and jis guided by five basic pr‘incipies.‘:\'The first
v, :
principle (P11l of Figure 3.5) is that each member of a cave-set has am

a’gpmximate probabiiitg bf 1/N where N is‘ the number of .caves in the
cave-set: In the case of partual cav?-aots. N is an ostmato of the size .
qf the comnlete cave-set. 'For example, in Fugure 3. loC tho/partual cave-
sat_ is cavea 1 ?nd 9, but N would be four as ore would expect that the

neighbore of cave & would add roughly two more caves to the cave-set. In

1
(24

any case, the probability of 1/N is not exact because it is often

. . . 9 )

possible that some cave-sets will contain more than one dangerous cave.
-

However, the estimate does give a relative measure of the risks involved

12

With the different caves.

The next, general principle is that if a cave has been identified ‘as
definitely cont;‘ining a danger, that cave- “will explain the warnings
respondible f6r any cave-sets of uhuch it is a menber. vi) This makes
it Iess I:kolg that the other mgmbers of these cave-sets ‘will contam 3
danger. Tho third prmcaple is that if a cave is a member of more than
;:ne' cavo-aot. lt is more likely that the cave does. m fact, contain‘ é‘
danger. Converaelg,“the,ot}er membore of these cave-sets are |ess tikely,
to contain dangers. Lastly, it is bétke_r to shod’t‘into caves that are

: /
'Iikel? to. contain the MWumpus before visiting them. Thi] pﬂ’nciple

considers the fact that 1f the Nunbuo is not in. the cave, then the arrow

N :

("” Everu cave-set with more than one nanbor can’be attributed to an
-originating cdve at which a warning was received.- -

o

Page 23
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‘ figuuss ' .
* J

) Plh Equ.l Likel1hood Principle set Psl/N whers N is the nusber of caves ln the smaliest
save-set ¢f whioh sald save is & member. 11 correspends to the simpiifying mun that each™”
m«oﬂ had exsstly oman'r rmm asnigned ts It

rd »

-

P12; RMU,!! Evim Principle imen it is neted thet s |&m save-set Is & superset eof.
' anether save-set, then the swperset.agve-set is ne lengér ceneidered 88 the uarnings invoived are
sonplotely explained by the subset ssve-set. For the savas remtining In the supsrset atter the

subest s remeved, the prebability is'pet tes .

u - N |
P= . - . ‘ ‘.
T-1-8 . = ' v :
where: le the number of Identified dangers. (The nusber ef ln‘qm‘uﬂ cempliete cave-sets). )
U the mumber of ynidentifiod dangers. (The tetal nunber of dengers minue D ) .

S the tasaTumber of safe caves based en the present wlm
Te the tetal number of caves
This prebabliity la alse applicable to soves for nld there is ne evidence te estimate the uo’or by.

-

P13; Multiple Evidence Principle fer these saves which are mesbers of wore than ene cave-set the o
probability is set te: -~ f

P]=1=1x(1-N]—A-)x(_ NB)x(--ﬁ]-c-)x---. .
: w _ - .
whore: Ne the muaber of caves In the given cave-set of which sald eeve IS & newber.
This expression cerrespends te the singlijying sesumption that exsetly ene danger I8 rmm .
sssigned te sach cave-set. It is P (denger) =1 -P (ne donger) wrete P |
P (ne donger) =P (ne denger trem tirst cave—set) 2P (ne danger tres sesend sove-set)%. .. )

’

P14; Adjust For Multiple Evidence Principle fer caves shich are mesbers of ceve-sete to
whioh the sbeve formis Is applied, the probabiiiticn sre adjuated te:

i LSV I
Py 1--,,1—{[ MN )+ (Pyp- N]) -] —T)'*[“’zA Ny 1w, } .

whorei- FPes the final prebabliity for the spesified cave. ~
Ne the nusber of caves in the specifind save-set.
Pe the prebabiiity Initially coloviatad (abeve) for the specified cave.
s f= the number of cave-sets of which the speciiied cave s & mesber.
Numsr e subscripte are for the varieus cave-sets of which the Ith cave ie 2 sstber.
Lotter subsoripts asseciated ulth numerie swbecripts are for the various -.on of the specified
cave-aet, osnitting the Ith eceve.
This expression aversges the changes frem P1) dut smengst the other mesbers. It has ne theeretical -
Justification, but It werke very nicely. . '

-
- -

P186; Shoo%{lm Principle unenever P“_",. onconde Py, oy I lo reset tor
. . . ‘- ] /: -
PR, = (1 = P) x5 .}.-.. Peut o = (1-P

s @

p

1. -
cut OFF) *35 Pcut off -
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Wwill etart ricocheting with roughly a one third chance of Killing the

plauer..d It 1s applied|only if thers are sufficient arrous so that the

loss of an arrow will not end- the game. These five principles are stated

as rules with their acgompanging formulas ,in Figure 3.5. The’ fprmulas
” L
are not referred to in any explanatib%s but are simply used intarnaliy to -+

-

allow the Advisor to evaluate the relative merits of the different moves

t .
. 1

more precisely. N

N .

.\ . Combination of the Results A

~ . *

To complete the c’b"mpariipa'betueon the different moves, the Expert

calls the Locator Algorithm three times, once for sach respective danger.
. ‘ ' - -

. Then it combines the probability estimates to gome up with an overall

estimation gf the value of visiting sach cavs. The Expert is guided by

" dight basic principles in corputing the overall evaluations. They are:
C8: Safe unvisited caves are 'proferablg.to'alﬂii’“others.

Cl: Given that it is necessary to take some risks, those moves uith
the lower risks for all dangers are breferable. T
. ) .
C2: Risking multiple. dangers is worse than riak}i%‘ng a single danger,
‘presuming there is a common danger and that the common danger is equally’

likely in both cases, -

; -~ .
C3: Presuming that- there ?comnon dangers: that are equdlly
likely, it is preferable to visit those caves where the unequal risks are

|ower.
N L

—

C4: Bats are.not as dangerous as pits or the Wumpus.

36 .
CS: Locating the Wumpus is an Important goal, and it is worthuhile
to visit caves which are likely to give information about the Wumpus’

‘

location. 5 ® . :

C6: When the player is in a very dangerous section of the warren
- Wwith no krawn route to .a safer area, it is sometimes advisable to seek
out bats insthe hope that they wWill:carry ths player to a safer section
ot the warren, )

C7: When the location of the Wumpus is probably knpun, . it is best
to shoot into the cave. ' ’ -

* -

Page 25
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o 2 ¢ Ll ‘ Figure 3.8 - ‘
vq T)\.\Coubi ation Principles were converted into the following formulas:™
! ’ b, O

» . P

.COST= 1-(1-C, x(1- c,,,)*u - (C8 thru C3)

Bat Huml

4
cuu-pu'-'Puu-pu-

Coi=Ppiy .

‘p - . E’H+Nuumpul *
C -P.J-

Ba Q*. "

-E

Bat

Caves —Bat

GAIN= VCavc+VBu . ¢ L lb‘ B
v.écga*(l-Phtl (l-P'Pn) (l-PHunpul) o #5)
i N N &, Q-N

Cavn: Vigited Humpus .

x(1- ~Pp,,) (1-P,, —

Nu»pus
. : NCavu-E

ht Bat

Bat

»

Ps The probability for the specified danger for the “cave being conndcnd.‘
b= A measure of the vaius of the information to be gained at that cave. (normally one).
- It is-increased i the cave is chlgj to give informiition about the Wumpus.’
Ne The number of caves ok the type spuclhud.
~ Es Bn estimation of the number of caves With the specified danger .that do not contain
another danger of a hughor priority. The rnormu from highest to onm are Wumpus, pits,

snd bats. For exampie, ‘
¢ ) N/ N <
y , .
. Humpus ¢

Egpr =Ny k(1= ——) (1- )

Bat”
NCavu NCavu
The above formuias can be used to give an tngex ofs

GAIN )
INDEX=s" ——. . :
, Egg , g - - ) ]

v
L]

The caves can then be ordsred according to the INDEX. It COSTeE, the INOEX wéuid go to infinityg
thers would Bave to be different sizes of .infimity. Instead, if the COSTsd, the INDEX is set to
very igrge nusber times the GRIN. ’ ’
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. - . ) . ’ b N .
.. These principies ware 'incorporated into the formulas shoun in Figure 3.6
and are used, to compute the index for each cave. This in‘d:x is an
1

* .

estimation of the value of visiting g‘acH cave. ,
. .
Su}dn . ) ‘ ¢

It is worth noting Qn,)t the Expert described herein does not aluays

]
find the best move possible. In several cases ‘it was decided to use less

, *  accurate algorithms in orde; to make the computations of the Expert more

understandable to humans. An example of this at a global level is the

AN

lannerbin which cave-sets are implemented. In Figure 3.7 there is a

diagram of 8 section of the warren. The actual Locator Algorjthm would

»

conclude that c’av\cq S, 6, and 7 are all equally likely to contain the

k4
<

-

Wumpus. In fact it i7o more Iikolg that cave 6 contains the Wumpus, as a
‘ " Wumpus in caves or cave 7 does not explain all the warnings directiy.
ow (vii) An iuprovgd'algorithn could aﬁplu probability rules thréughout the L

propagat.on of cave-sets. A einbliotic approach to ‘this would be to a r
- . assign to cave 3 and cave 4 a probability of one Half of being next to
» r . M .

the Wumpus. {viii) In this manner one achieves the results shoun beneath
-P"Figure 3.7. These results are more realistic, but the improved algorithm

has the un.l‘ortunato_drauback of destroying the precise division between s .
v : b N ~ a [

the probabiliig rules and the ‘logical rules, 1t aiso makes it much more

-

- difficult to break the rglee into bite-sized chunks which are ®asy to
. . -, Y, »
teach. For such ‘reaeons, the.improved Expert does not carry out its .-

computations in the most, ac%rate manner possible.

- Vi ‘ - -

b A - - ~e
. i - {vii) An additional Tonnection’ is required betuesen cave S and 7 .t
expiain all of the warnings. )

. o (el Thia is one of the general
Carr, and Goldstein (1876). =« ) -

. _ J

A ’ |
i

|

[ - .
approaches suggested in

. . Page 27 ‘ .
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.Smell

’ "Probabilities For Wumpus bt
,g., Cave | Oid Algorithm | New Algorithm
> ' Probability Probability
5 333, 3 v
6 3333 . .58 ' ]
‘ 7 .3333 . .5 -

. The sixtesen danger epecific ruies (the elsven "Idgical rules in

- . 1 1}
Figure 3.2, and the five probability rules in Figugda3.5) togsther with

the eight combination rules zre 3 concise definition of the Nump;‘s

Expert. Many pf the intricacies of tha expert, such as the pricrities of

the different probabilitu' rules when there are confiicts, have been
w—*~o\'jted. Such details were worked out in the actual program, but are not
uorthg of note in this paper «~ The dofforbnt rules have been presented in
'Qand are numbered in) order of increasing complexotg and. to a certam
degrmm order of logical dependency. ’Normallg., each rule uses only

o 3 \
the input data and the resuits of louer numbered rules., The 24 rules

< L ]
taken together comprises the knowliedge uhich the Wumpus Advisor endeavors
?

to teach. In this eense, tne.entire Humpus Advisor centers around the

Exper t.
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‘The Improved Wt'uupu. Advisor, Wusor [I

-~

Wusor II

/ C}Tap;.er 4 .

Thevﬁuera Ll -Structure
‘\\ °

Wusor Il has been impiemented wWith the structure shown in Figure

- [

4.1, The Wumpus Expert module is an implementation of the expert just

dqscribed," The Hove'Comparerj analyzes the different moves noting the

\

‘know | sdge” required to justify their relative merite. The Psychologist
uses this’ i'nforﬂmation to. defarmine how the ;Iager's actions (moves)
raflect ubﬁon his kno;aledge of the game and iné{m\B the Student Mode! as
such. The Student Mode! can the:i decide what tfwe player is presumed to
knou: an;i, ‘rqm this, it determines uhat'rgaterial is at the studen.t's

level, (it The Wumpus Advisor uses this information (added to the
 C R ) N * - -

results of the Move Comparer) to determing what to explain to the
. A , “ - . -

student. Lii) ¢ it decides to give advice to the student, it will call
. ’

upon the Eng,lish routines .to explain certain of the results of the

o
- v

Expert. The English routines use the Student Mode! to prune their . .

/ - . -
explanations in light of the player's current knowliedge. The Wumpus

Execut'iye coordinates the activities of the Humpus Advisor and Wumpus K

[ Y

game and implements the corteptual upodeiz of a tutor shoun in Figure 1.1.

-

- ey W e

(i} Not& that within tATs paper, “Student Mode!® wiil be used to refer to

more than just the data about the etudent, but aiso the routines which
maintain and evaluate the data. In effect, the Student Moge! ie a "black ¢
box* which ansuers queries about the student's current stale, and we will

not be ‘concerhed about the details of its functioning until later.,.

(i) Burton and Brjémn (1975) desfFibes a previous Adviscr program for the
gitiue of Hest which ~uas bu]i!t arodnd an Expert and which utilized a
p®imitive Student Model, ’

Page 29
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* As th; 'Uuupur Expert performs its calculations, it keeps a record
of the  processes it went 'thrOugh to- arrive at its results. The
information relsvant to ssch cavs is kept on ths ‘cave's proﬁ.rtg list so

.that the information is easily accessible. Tags are ®iso put oé the
property iiste which corroapond to the unique numbers asaignod'to each of
thg rules listed in Figure 3.2 and Figure 3.5. In this manner the ExpeF\

_provides a compiete set of sub-conc;usiona anc‘aub-rooulte along uith.the
final results. -These property |ists are used extensively by the English

Generator. and Move Comparer. Both of thess moduies contain a structure

modeli | ing thafnof the Expert.

3

Figure 4.1 ‘ .
Diagram of Wusor Il .
Arrows Represeat Date - : !

~

Psychologis
L

Move

Comparer

Wumpus . Wumpus

Wumpus Student

N
Executive Advisor __)1 Expert Model

Wumpus English
Game Generator |
g,
, A9
*’ ' r
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The Wumpus Advieor also has the abili-ty to modify the Uumpus game
to create situations ‘mwons conducive, to learning., This has been done
' primarily by allowing the Wumpus Advisor to define the number of bats,

pits, Wumpii, and caves appropriately as well as choosing the initial

) 4 . :

: caves encountersd by the student. The starting cave 1s seiected by the
rd

Advisor, and the player’'s first move is transposed to the desired cavé

(all of the choices for the first move are isomorphic). This" prevents
the plag? from losing on the first move before he has sufficient
information to make intelligent decisions and also allows the Wumpus

+ Advisor to challenge the student With simple idealized problems that are

e

. i appropriate for 3 student of his level. Examples of pro'ET:ems selegged

o~ N\ ° r
for students o¢'differing levels are 'shoun in the Appendices. As a

(4 S

‘ . further addition, the Wumpus Advisor i:ould be given the ability to

restructure the warren as the game progreseses. This modification i% non-

¢

S . \triv“aal since trhese changes must be transparenmt to the player, but, more
. , impo~tantly, the Wumpus Advisor must bs able to fully describe the

situa\tion it is trying to create. ‘The current Wumpus- Advisor does not
. - .

have sufficient infprmaiion available to it to allow it to fully specify

more compljcated situations; but ipcould attempt to move dangers so
-~ R
. . - ed ~ {
that,” if ,the student were playing wisely, he would gain posituv“e
. . " , . b ) }
reinforcement, Conversely, if the player were playing unuisely, negative
“ ld

reinforcament would be supplied. .

v In the remainder of .this chapter we will discuss the curriculum of

_l +  .the Wulmpus Advisor. t the next chapter, we will fully describe, the
. ¢t .
. Student Moge! and ita rwsiationship to the Move Comparer and the

P -~

chhologlot.;'Then in Chapter 6 we will distuss the tutoring strategies

"4
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"which have been selected for Wusor 11. In CF»aptor 7 we will desgribe the
‘Epgl’uh Generator before we discuss (in Chapter 8) the experiwentation
» which “is appropriat‘e. for the Uuipus Advisor.

v i @ ! {
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. e , .’

The Curriculum \ ’ , '

THere is a definite hierarchy for the different rules used by the

-

to have a corresponding hierarchy in the

’

» .
Expert, which makeg it logical

curriculum of the Wumpus Advisor. X} is not. realistic to explain the
. . “

difforent probaQiITTg rulgs until the student has mastered some Of the
logical rules ‘used in the derivation of the cave-sets béc;use. the
pFobabili;g rules are so dependent on, these c;ve-seta. Becagso of such
dependencies, th; curriculum of ihe‘uunpua Advisor has, been broken doun

into five phases.(iii) In -each phase, the Wumpus Advisor attempts to

14

teach certéﬁn rules, and the student Wwill not be advanced to. the next
phase until he has mastor;d,dhoao rules which are the foundations for the

next phase. In the zeroth phase, the student is taught the basic rules
g ’ . L
of the game. In pariicular, the player is taught that he is &liowed to

backtrack, {iv) anJ that, if a cave d;ighbora on a cave in which there
Here no uarninS:T that cave is nocessprilg'oafe., In phases one through
four, the ptlayer i% aliewed to advance separately uifh respect to‘éach
danger and each danger has its own cur;iculun. This is necessary because‘

the complexity of the differént rules varies widsiy according to- the

distance through which warnings propagate. For this reason, there are

tilo basic curriculums: a curriculum for when wWwarnings propagate one cave

and a curriculum for when warnings propagate further. :
- . - . , . EY

- - e w - e o= = ¢

-~
(iii) gip, (Barr, Beard, and Atkinson, 1875) a CAl program for teaching
elementary programming skills, has considered the issue of the conceptual
dependencies betueen the skills which are taugnht. BIP takes the more
general approach of formeiiy stating these dependencies in an Information

Network. This task is performed implicitly in the phases of the Wumpus =

Kdvisor, along With various other functions.

S Y . .o
(iv) "knowledge of backtracking is essential for good play, and some neu
playere do not grasp it on their oun/ )

- " Page 33 .
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\ The ‘curriculums for bats and pits_presunos a wWarning distance of

.

one cave. In the first phase of this curriculum, the player is taught
how to pérceive which caves are safe from the absence of a warning. He
must master these rules before he can advance to phase two where he is

taught the first probabiliig rule (P11). The player must master this

,///;robabilitg rule and its supporting logical ruies before he can advance

- to phase three. In phase three, the player is taught the reasonably.
Complicated probability rules (P12 and P13) and must master both of them
before he can’advance to }ha last phage. In the-last phase, the player

is taught the most advanced of the.probability rules (Pl4). Thie ry4e i8

/
ieft to the last as it has a-conceptual dependsnce on tho tuo DPQCedlng

rules. All of the rulea taught in aach phase are shown un/ﬁlgure 6.2

along with thes necessary conditions for advancement to the nex: phase..
(v) ' ’

1

V) n Figu{% 4.2, there is a neu rule, T19, in th irst phase of the
Humpus curriculum. This rule is a specialization of the logical rule LS.
It is relevant uhenever 3 "More Then" classification invoives N
applications of rule LS uhege N is the warning distance. It is recegsary
in cases where the uarning distance is greater than one because in these
.cases students will sometimes not appliy LS ta the limiz, e

Page 34
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® . R Figurs .2 | i

Rﬁloo taught in sach phass.

Phase | 8 i 1 | 2 3 4
~ Bats L1 | 18 L3 L5 [LeL7PI1| L6 L18 P12 P13 P14.
Pite |11 LB 3158 L L7 Pi1’| L6 L9 L1e P12 P13 P14
* Mumpus| L1 | LB LZL3 LS TI9 | Lé 7 |6 ue ey P1S | P12 P13 P14

Rulss uwhich must be mastered to advancs to ‘the next phase.

Phase |8 | -1 2 ' '3 o

Bate [LL| L3 15 |L4L} P11 P12 PI3
APits | L1 L3 15 Ls L7 P11 P2 P13
.° .Hu-pt;o LW| 135 ne L L7 P11 i
. R b | ,
e ‘ The Wumpus curriculum presumes 3 warning distance bf more than one

. ’
cave. In the firet ‘phase of the Wumpus curricuium, the player is taught

the logical rules necessary for perceiving which caves are safe from the
Wumpus. This phass has the aane,rgleo a.lin the bat/pit curriculum, but
becauss of the \néroa.od uannind’di.tanco. the rui are more complicated

. “to appiy. In the second phase, the Humpus Advisor tedaches the player

) those :ules necessary to arrive aé cave-sets. This separation of the
.rulas for deriving cave-sets from the first probability rule is made
pﬁcoiblo because of the special value aopignoq to caves which are likely

to give information about the Hunpu;. The Advisor can speak of the va[ue

of completing. cave-sets without ‘pctuallu getting Involved with the

details of probability. The_separation of the logical rules used in the

Page 35
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derivation of cave-ssts from ‘the probability rulss is necessary because
of ths extra compisxity of a warning distancs of tuo caves. This not

only - makes ths logical rules more complicatsd, but also makes the o«

) !

:;robabilitu ruls Pll mors complicated as it nou involves sstimates for-

ths ~o"izo of the cave-set. In the third phass, the plauo; is taught Pll

and P15, .He must have mastered Pll bsfore he ‘can go on to the fourth and .

final phase. In the Iaa\t phass the Wumpus Advisor attonﬁpt.s to teach the /\

P12 and P13, This is not iaasibls in ths standard gams as there is only

ons WumpGs and there are no situations to demonstrate these rules. As a

result, the Wumpus Advisor changes the game sd that there are two Wumpii

in the warren as soon as the student ad'vancoi to the last phase. i}

The p“!auer' is a.Houod. to advance independentiy through the last
four "phasss of sach dangsr. This allous for ths possibility that the
- \\Buger might rn the use of a rule with respect ‘to one danger, but

might not recognizs that it also appliss to anothsr danger. Houever,

oncs the player has mastered a few of the ‘logical rules for bats and
pits, it can be expected that he wl'll recognize their correspondence for

other rulss. Vi1l For this rsason, thers is @ function in ths Student

Learning Mods! which notss when ths playsr has lsatned several
corresponding rulss for bats and pits; thereafter, it presumss that the

player will recognizs the corgespondence bet.een any other rules for bats .

S

- - - e e = = w - - ?

(vi) _Note that since there is ?nlg one Wumpus for the earlier phases, the
. logical rule which considers ‘the number of dangers (L18) becomes nuch
simplisr and is taught in the same phase with Pll,

("")~Thio statemsnt is based upon ths players which the author has
observed. The author has ‘observed fifteen or so students in their
intsractions with Wusor; in all cases ths students quickly learned the -
correspondencs betwueen applicable bat/and pit rules. However, this issue
uarrants further irﬁorinntation.

Page 36
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" and pits and adjusts the Familiarity Values accordingiy. The player is
taught the combinaticn rules (ruies C8_thru C7) indopondontl; of the

 djfferent phases. However, in teaching the Conbi’nationyﬁles. the Wumpus
Adviéqr takes into consideration the conceptual deﬂzndencies of the
(u{os. ‘

-~ The curr.iculun that is taught by the Wumpus Advisor is designed to
first teach the student the basic ruies and then the #oro complicated
applications of these rules, Tr;o tota} knowledge is broken doun into
specific items, and thse'itéﬁs are grouped into phases so that each
phase has applications’that can be taught directiy. This ala{)aus the

~

s tudent

Wumpus Advisor to make short but meaningful explanations to th %

at all times.

N Page 37
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2

The Pc;chof;gl-t and Student Model’
,Chapter 5
An Ov;rvteu o] the Hovq Couiaror. Paychologist, and Student Modei
The- Student ﬁodal (alo.ng with the Move Comparer and Psychologist

P@vo the purpose of}dekernining'juot what moves can be explained to the
o v

student and of determining what rules can be pruned froh‘tho axplan;tions

"to be ngon. These tuo goﬁlu roquiro.}hat’tho Student Model be able to
determine which rules are known to‘the/otudont. I1f a human tutor were

faced’ ufth such @ problon. h|o Studont Nodol would be. baood on several

-
~—sources of information. This oort of gonoralﬁzod Studont Mode! is shoun

in Figure 5.1. The decision 'of whether or not the student knous a

particular rule is based on the following inputs. ’

’

1. Héu ofton the otpdent seems tp have applied the rulo.
2. Hou ofton the otudont has had tho rule explained to him,

3. The student's knoulodgo of other rules (upon which this rule
depondo).

Consideration must also be given to other important points. They are:
4. How quickly the student |earns.
S. The student’'s initial knouledge of the rules.

6. The time period that has elapsed and hoguzgrgotful fhe student
is. . "

4

Of course, these ars not the 6n|u thinge considerod by a8 human tutor but

they are cor{éinlu very important considerations. Our Student Model will

~

take @all of these inputs into con.ldiration.‘
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' " . The Wumpus Advisor— - * : , The Student Model .~
’ F'Lguro 5.1 |
- Generalized Studeat Nodel .+

. ) Know'l.e'dge of
" . Prerequisite Rules

- Apparent Appli '
. PP pplication . ] Student - o

."0f Rules Knowledge of

. { Model

2 » | Expert's Rules
Explanations Given :
»
s ) ) v .
In Figure 5.2 there is a diagram of the data fiou betueen the Move-

. ) o -
LComparer, Psychologist, and Student Model as well as the various sub-
modules of the Studqent Model. The Move Comparer takes any tuo moves and
. determines ‘which rules aréd necessary to justify their relative merits

with respect to a single danger,(” [t also quertes the Student Model to

. . determine wWhether or qt\t:e;e rules are knoun to the atudeﬁt. acceptatie
The

v

for teaching, etc.. sychologist uses the results of the [Move -

. 1 %
-Comparer accorcding to the Combination Rules to determine if the student

cF

~ has demonetrated a working knowledge of any danqer—spo(:'?jfic rules while
¥

the HWumpus Advisor uses them accordifg to the Combination Rules to

hd

™ ' determine which of the Expert's resglte it will explain to the user. The

. loop in Fig'urve s.1 reprosen/t;ing the c‘tudentfa kr;ouledgo of other rules is

'imnlement.ed through the loop from the Léarnir;g H&‘Jel to the Move Comparer

to the Psychologist to the Knowledge HModel and back to th‘e Learning

Model. The Student.KnOuledqo Mode! maintains Fam'lHar'lty Vawes which

represent the student’s famlnarutg, With a;g given rulo. The Student

L;arning Mode! -uses its estimate of the student’s learning apif’itg, to
......... o ) ’ . .

| ‘ NRYR I TN Appendix C there is a. }:omplete description of houw the Move
: Conp’arer. functions, S -

/’/ Page 39 )
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intorprot thc Fuﬂ‘lar‘lty Valuess and determine uhnch rules the plager is
prnuhod to knou (i) Hlth these rules, the Studont Learning Medel can.
mplelent the,cqrr:culun of the Nunpus Adwsor by coaputmg which rules
' are acceptable for teaching. Finally, the Student Mode! Critic ‘analyzes Q U'_

the ;'intor’ionc betyeen the Psychologist and the Learning Model and

i adjusts the Learning Model as appropriate. “",“[l .t 't'f"
. Figure 5.2 . -, . . ‘ o
-t Arrows Represent Date -~ :
t \ ' Explanation’ | "
Player's ¢ Knowledge .‘ij
—_—iPsychoiogist g Model . -1
‘Move I Rt T Given -
C oo . e A
% 2 ° . ’ - .
' . T - o - Student
: . -0 Model ] :
.7 . . . . Critic ) ,
. . " » - s Y )
: N & R s .
' - . ‘ Explanation ‘Move : Learning N / .
h—- \ ‘;\‘ . . )
o ) Complexity Comparer - Model “ = »
v PR

% - . , 1 ada. g - .
o Knowledge of . .
m Information ‘Particular Rules.
. | 3

.+ "S=~_3 .| nbout the
. . Warren '
s, , ) ; ) . , . ’\‘ ) ‘\-’ I .
N - : ' , ) )
: -~ '
4, . . : -
. 2 \‘ . - . )
U0 1 i e . " stodont”’ .
- ') In twie chapter there will be hany references to the student's - '
knowledge of tho different rules., This will normally refer to the T

Student, Learning' Hodol's estimate of the s\udont'o’knouledgo.

(i11) Tne Student Hochl also m&mtams disc files on all of the users.
These flles are keyed on the student's first ,and last name; ang time a

neu player, uses the Wumpus Advisor, a new file is crutad. It is copied .~ ‘
J - - ont8. disc at the'end of each sessicn, and his file 38 roloaded at the ‘
~ stqrt of 4 new session. The-file contains the variables and arrays of
a the Student Knoulodge and Learning’ nodala as uoll‘aas Wyarious .other . .

mforlatlon. - . . .
- L] o - -
4 ’ ‘ Page 40 . S
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% Psychologist and Combination Rules ' : S

The 7egcholog|st begins its analysis’whean the player asks to wsnt

(iv).

in the fringe area and it assumes that, if the plager has

moved to a cave which is distant from the starting cave, he must. have

di'scerned that'something was urong With those moves which were closer to

the starting cave. (y) Thécassuwpt10n that the plager recognnzed a fault

7
"with oach of the lorse moves is quallfoed by consoderlng the route which
. )

s
'the\fﬁager took to his move. [f the route taken uas\non-optumal the

Psgchologoet will consuder onlg those caves which were very close to the

{vi)

staq}ung cave. If the player takes a partucularlg lengthy route, the

* Psychologist will consider bnlu the immediate neighbors of the starting
~ * . -

)

cave.

plager. to go to the move which.he Tinally 9eleciedr.the Psycholpgist will

not consider his move as it can.not be certdin just how much of the
) '4’ - ﬁ ¢ ¢
< ) . ' ‘
. - ' .
- - - ;- -
«{iv) The ¢ringe area contains those caves which the player has not

- already visited. e

visited. and which are accessible to the player through caves whictmhe has
rd

»
‘e

(v) The starting cave is the last fringe cave uhich the player visited or
the last cave at which the player shot an arrow or recenved advice erm
the Wumpus Advisor,

i) The HWumpus Advisor hq;;leveral features which are intended to aid
the player during the game, One of these is a route planner uwhich wild '
explain an optimal route to any cave that is accessible through visited
caves. |f the ‘player uses this feature to find a route to a cave and
then goes there directly, the Psychologidt will presume that the player
recognized some fault in all caves which were worse than the selected
move. . , ' ‘
(vii) Random chante becomes very likely when the plajer takes an
extronelg indirect royte.. Therefore, the Psychologist only considers
caves that are within N cave$ of the starting cave where N=20=L-1, L is
the length of the route actually taken by ghe\plauer. 0 is the length of
the optimal route, and N has a minimum value of one.

. . ) a -

¢ - ‘
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advice the player actually understood, (Vilil g

v‘.

Presuming. that thers were worse_-moves for the Psychologist " to

consider, it would determine if the player -hag demonstrated a 'work’{ng ’

knowledge of any rules. ' The Peychologist would cénclude that the player

: ) [ Ty :
has demonstrated a8 working knowledge of a group of rules with respect to

a certain danger only if there were ro other -plausible explanation for

 why the player's move Was the better move. These conclusions are based

" on a restrictive definition of the first four Combination Rules. There

an‘e examples of this in Figure 5.3. In Figuro=5.3A: th; last fringe cave
visited by the player uas cave 5. The player then moved. directly .to cave
12. Cave 6 is a worse move because it risks pits and the Wumpus.
Houever,’ in this case the i’sgchologist "would‘ do nothing as it is not

clear uhether the player perceived the danger from pits and/or the danger

from the Wumpus. The player also bypassed cave 3, a can that was unsafel

for bats, but, in this case, the Pogcholognst would presume that the - ~

player had perceived that cave 3 uas unsafe (the default) and that cave
12 uas safe from bat; It would note that‘ the plag’r .had demonstrated 3
uorkin} knouledge of those rules which made cave 12 safe from bats:
. . .
(Logical Rules L3 and LS for baje and Combination Rule C8). {n Figure
5.38, the player atartod at cave 18 and cho;o the better move, cave 14,
bypassing cave 17. If this cass, there uas a common danger from bats and
a lesser risk from pits. The Psgchologut uould assume that the plager

eau that"thers wae a smaller risk from pite in cave 14 because there was
]

absolutely no difference in bats for the player to perceive. It uoulqg

- » ‘

- - -. ------- N ‘ ) ’
(viii) Correspordingly, the Peychologist will not consider iorse moves
which the Advisor had previously informed ,the plgysr were bad.

- Pago 42
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L -

> ' . .
note’-that the player had qgmgnatrézed a3 working knouwlédge of the rules
~ N

*
-

necessary to explain both caves’ ‘probabilitios for \aits. {Logical -Rules

—

L1, L4, and L7 for pits, ﬁrobabilitg Rules Pll and Pl2 for pits, and

Combination Rule C3). .lix) . 4

e

“ Figure 8.3,

17

: ‘"
queak .
O

Breeze “Stench
vl £ “ ,
matench I of

*, l’.’ PN 0‘
RN .

Figure 5.3B

14 (Selected Move)

Breeze

d&o also implemsnts thy different Combination Rulgs,
odt 1t uses™ a less Festrictive definition of the Combination Rules.
While the Wumpus Advjeor wi'll only explain why a move is better because
of a single dangerd it is, acceptable for ths move. to be better for
reasons other than fhose explained. |f the player asked to move to cave
" 6 in Figure 5.3A, tle Wumpus Advisor would advise him to move to cave 12
* instead because offfa smaller risk from the Wumpus. The Wumpus Advisor
would only cursorifly mention the smaller danger from pits If it mentioned
pite at all becaus@ it tries to kesp its explanations short.
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Somstimes a8 plager will uk.o :a lucky move uhich"' gives the
sppearance of 8 nasteory ‘of sertain H;Iu but -bhich does not realfy ,
indicate a knoulsdgs of said rules, To restrict this possibility, the‘
chl:sologin first checks to insurs that the rules in qusstion are not
Mel| abovs the expsctsd Iev‘i‘l of the otud"ont."‘) It they are, the
Psychologist uillﬂcon/aider his ;love a lucky wmove. As a further

precautian,. the Psuchglogiat compares the .move selected by the player

with all the bétter moves available to him. [f thers are any moves which

are better than the selected move and which the ussr should have knoun

were better, ths Psychologist will degrade the Student Knouledge Model
appropriately. The Psychologist determines if the student shouid have

recognized ths better move by insuring that ths move in,questioh FEY)

- .
better than or sxactly the ssme as tho ulectod move in svery way. [t ‘

then insurss that the atudant was thought to knou all those ruies wnich
indicated the quality of the bstter move, and, if 80, it uill degrade the

appropriats ruies of the Student Knouledge Mods!. In some cases, this

degrading of the Student Knowledge Model will causs the Studert Learning

B -y N
Model to decide that the player does not actually know the rule(s) in
b . ;- .
question,-and it will move the player to as low @ phass as nscegsary.

-
rd

{x) Rules ars considersd to bs above the sxpectsd Isvel of the student if
they ars not rulss which ars considsred lccoptablq for tsaching. - :

Pago &4
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The Student Learning.ﬂgde{

Just as the Student'KhOuleégo Mode! can be viewed -as an overiay of

th; rules (and knowledge) of ihe Expert, the Student Learning Mode! is an
overiay of those tutqging capabilities possessed by -the Advisor. [{ is

composed of ' tmose abilities which are deemed appropriate for

’

each

student: (Xi) In Goldstein's Coach proposal (1977), an Advisor is
‘) V4
envisioned capable of different expianatory strategies so that the
X .
Learning Model contains ‘those explanatory strategies which are

|
appropriate for' the particular student, However, the Wumpus Advisor does

not rave this degree of freedom (as it has only one explanatory
strategg)("ii). and the Learning Model ies primarily concerned with a
vector’u{rich represents edch student's learning ability in the three

dimensional Learning Space. The tirst dimensicn of the Learning Space is

hou'long it takes the student to learn something (the Repetition Factor)

and the next dimension is how long it takes him to forget something (the N
forgetfulness Factor). The Receptivity Factor is the last dimension and

indicates how often the student likes to be spoken to. Houw often the

Advisor gives the student advice depends on the student’'s Receptivity

Factor. There is a large region Within the three dimensional Learning

Space in which the Wumpus Advisor can function effectively.

The first dimension of the studént’s learning ability (the

Repatition Factori‘ia a variable which determines how high a Familiarity

Value the student must have before it can,be -presumed that' he kndus 3

, .
(xi) Overlay modelling' is discussed more fully in Carr & Goidstein
(19771 . ‘
(i) Later versigns -of the Wumpus Advjsor will have expanded’

explanatory abilities witH a correspondingly increased Learning Model.

- . Page 45 _ ' ,
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rule. The Familiarity Value for a rule ie incremented for one of two
reasons, (f .tha #Iluor is not deeméd to have heard of the rule in
question,. then the Familiarity Value will be incremented when the player
is told the rule in question. (xiii) Likeuise, the Familiarity Value will

be incremented if the student demonstrates a working knowledge of the

.

L J N
rule ;as determined by the Psychologist). {xiv) Whenever the
Fan171$r1ty Value exceeds the Repstition Factor, ths Student Learning

Hodclfufll presume %hat the” student knows the rule in question. (xv)
: it alse

When it notes that the student has jearned a rule, it also éheck;.to see
. . . .

if he has learned the rules requisits to advancing to the next phase. If
80, the Student Learning Mode! will note that it is acceptable to teach

the additional rules of the new phase. (XVi) ~ e

The second dimension of the student's learning ability -is the
ForgetTulness Factor. The Studsnt Lsarning Mode! normally presumes that
the ‘student has forgotten certain of the more recently acquired rules
between sessions, This is done by decrementing the Familiarity Values

according to the Férgctfu7ncss Factor and hou long ths student has been

.

(xiii) Unether or not the player is deemed to have heard of the rule in
question is decided by comparing the number of times he has been told the
rule Wwith a variable that is dependent on his Repetition Factor. Note
that this requires the Student Knouledges Mode! to keep track of how often
the player has been toid a rule as weli as his familiarity.

(xiv) Familiarity Values are a rather pcimitive implementation of the
Model in Figure 5.1 as the two external ifiputs are combined iinearly.

(xv) 1¢ is worth noting that the test value for having heard of rules is
such that it is not possible for the Student Learning Model to presume
that the player knows a rule without ths pliayer having demonstrated a
" working knowledge of the rule at some tims.

{xvi) Even after the student is presumed to have mastered & rule, the
Familiarity Value is updated whenever ths student dewonstrates 3 working
knouledge of the rule.
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.  T e

away from the MWumpus Advisor, ~ xvii) e Fan1€'lar'lty Values are ,
decremented by an amount equaL' to the log of the number of days that the

player has been auay from the Wumpus Advisor (pius one). The base of the

lﬂ the inverse of the Forgetfulnkss Factor.
The Student Model Critic

The Student Model Crigtic analiyzes the player’'s behavior whenever
4 N
the player makes a move which indicates a working knowledge of a rFule

which he is not presumed to know, and when he makes a3 move uhich he

-

-

s~ould have recognizedtaa better (these situations are identified by the

L
In stsich cases the Critic will often ddjust the
student’'s Repetition Factor or Forgetfulness Factor, uwhichever s
»- LN .
appropriate. Also, if the player follout, the advice of the Wumpus

Psychologist, of course).

. Acvuaor. the Critic will increase his Receptivity Fac’tor. In contrast, .

- - .

if the player ignorés" thel advice of the Advisor and makes moves Which the 3
Advisor has noted as bad, the Critic will degrease the player's
Recept1v1ty Factyr. "“’"'” These oaall incremental changes to the key. T -

variables of the Student Loarmng Mode! are intended to adjust the
‘ . -
Learning Model to the actual student's learning ability.
T LY

- The Student Model Critic makes an analysis of the situation before

making any changes to the Forgetfulness Factor or Repatition Factor. Its

. ~

. analysis is guided by the six Critic rules shoun in Figure 5.4. The

Critic first notes whether or not 4He player is a neu player; in such

- e e e e e = = = - Al

(xvii) The values representing horoften the player has been told each

rule are aiso decremented as his memory of the advice given is presumed ’
to _have decreased over the given time pefiod.

‘ (""“') The amount which the Critic increases or decreases the student's
receptivity depends on how rocentlg the advice was given.
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Familiarity Value wuas set°in the initialization period.

The Wumpus Advisor . . - The Studeat MNodel’

cases, it is quite likely tlha't the initial u‘tinte _of the student’s
knowledge wae incorrect, and so the Critic will only make immediate
adjustments to the Knowledge Model. This is formally stated in the first
two Critic rules of Figure S.4, Th;Critic Will presume that it has ane
acceptable approximation in the Knowledge Mode! when it has to undo a

deci'sion made earlier. For example, if the Critic repeatedly decreased

its estimation of the,atudent's knowledge, it would aiop adjusying the

x

l{ngulodg: Hodel as soon as the player learned 3 rule which he had
proviq:alu de'loqstrated that'\ho did not know. Xi%) Thig is formally
stated as the third Critic rule. Once the Critic feele that the
Knowl|edge Mode! has been adequately adjusted, it will begin adjusting the
Repetition Factor and Forgctnynus Factor. Houever, the Advisor will not
make any_ ehanges to the Factors i tna student's Fanilierity Value fo- a
rule iA:ut.ion is not ro‘ativolﬁ close to the Repetition Factor, 1f it
is not fairly clo,aél. it is fér more |ikely that this case is rot
ihdiclﬁ-{o; the studert's learning ability, but,® instead;, a fluke 1v<
mistake on the part of the player or a lucky movel. xx)

X Once it/ is determined that the move imrueélon involves a ru»e'
with a. marginal Familiarity Valus, the Critic will make the adjustment
Wwhich is indicated by the last tuwo Critic rules.

3 -
]

(xix) Because. game situations often sllow the student to more quickly

demonstrate a knowledge {(or tne lack thereof) cf ruies with raspect to
..certain dangers, the Critic notes whether or not the Knowledge Mode! hac
been adjusted with respect to each danger. ' )

(xx) The Critic will not make any changes to the Learning Model if the

L}
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) Figure 5.4

CAZ i¢ a new player demonstrates & working knowledge cf 8 ruie which
he was not initially presumed to know, adjust the Familiarity
Value to indicate a knowledge of said ruls.

If a new player indicates that he does not kno a rule which he
uas” initially presumed to know,  adjust the Familiarity Value to
indicate that he does nof really know said rule.

Cease adjusting the initializations of the Familiarity Values
soon 3s some decision ‘made according to CRl or CR2
contradicted. .

lf the player demonstrates 38 uorking knouledge of a Oule which
uaa not presumed to know, then

A Decrease the player's Forgetfulness Factor if this was a
- rule which he uas presyme¢ to have forgotten recently.

~

, 8 Otheruise, decrease tne player's Repetition Factor.

CRS | ¢ tho-plager 8 actions |ndnc&to that he does not really know a
rule Which he uas presumed to know, then

A lncrease the Forgetfulness Facto>\~4f this was a rule
which the player was presused to have learned in 2
previous session. 7

2 Otheruise, increase 'ne player's Repetjtien_Factor.

v/ ! 4

In this manner, the Student Model Critic adjusts the values of the

Student Learning Modei as apbropriate.(f”i)

The Stwdent MMode! Critic alsoc identifies those situadtions in which
[ 4

the limits of the Wumpus Advisor are exceeded and 3 human teacher 8

necessary. This is done by noting when the piayer does not seem to e

advanc.ng after an extended period.and. more importantly, by noiing those

situations in.uhich the limitations of the Wumpus Advisor are exceeded.

-

For example, within a two dimensional Learning Space composed of the

Repetition Factor and the Fforgetfulness Factor, the Wumpus Advisor is

d

At this point it should have’/become clear to the reader that the
Student Mode!| keeps track of 1 en 3 player is presumed to have
learned/unliearned each rule, which rules were forgotten, etc..

[y

\
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compstent at deioingi students within the srea shown graphically iri/

Figure S..S. The Student Learning Model can represent a user as a Vector

anyuhere uithimnarkedvaru.("""” Any time the gptudent’'s Learning

Voétor falls oufoidn,of this region, the Student Model Critic calls for
-

hussn help ‘as the |imite of the uu-pu.'luyugr Wwill have been exceeded.

Repetition
Necessary
To Remember

S

N

AN

N

~

Time Befor\Forgef:s

Becauss of the limitation on the Repstition F;(tor.' the Wum
y ¢ /D-Uku

Advisor can not aluways keep up‘uith extéomelg qui;k—students. but the
Advisor is not really necessary in such cases. However, the Iinitaltion of
the Forgetfulness Factor may be very significant, as the Wimzus Advisor
can not deal effectively with €tudents who are extru;lu forgeytul. The
limitation is caused by the fact that the Wumpus Advisor keeps track of
time in days, uwhich could be too large a unit of measure in extreme
cases. Further testing is cequired to determine if {hi; is an acceptable:
cimitation, Otheruise,— it would be necessary to modify the Wumpus

Advisor to keep track of time in hours or, possibly, minutes.

(xxii) The reader should note that the Wumpus Advisor is not able to
finely tune its advice for players whose vectors are close to the limits
of the Wumpus Advisor's abiiities.

N 3
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It is essential that the Etudont Model have the ability to
recognize ites own limitations, From dbserving various students and their
.nteractions with the euumpuo Advisor, ths author has noted that one very
inporta’ht step in ths student's |sarning i ths development of a good
representation faor information about the’ warren. Without. a_ gond
representat}on. it does not seem to be possible to advance to the more
advanced phases. In all cases, the studénts have eventudily developed’a
good .repr'es‘entation on their own (the Wumpus Advi{/or does not currently
have the ability to teach'good waye to draw warrens). However, it is
likely that some students would not overcome this obstacie on their oun.
Ur}ile it is simple ta add in the 8bility to graphically display "good
warrens” tocthe student, ‘this ie almost certainty only one of .many
possible pitfalis for the student that the Wumpus Advisor would not be
ablie to de'al ‘wifh. In such cases, it is essential that the Wumpus
Advisor have the abilﬂitu to monitor itself an'd determine when something
has gone aury.

The Ipitializations .

The Student Model is ini‘t'Lalized according to information e"licited
from the user., Whenever a user starts up Wusor and the Wumpus Advisor
does not alrsady have a flle on disc about him, the Advisor will ask the
new user a series of questions which are used to initialize the S}udent
Model. First, the Uympus. Advisor will ask the student 1) how old he is,
2) howu .nanu yeare of education ha has complieted, and his general .atti‘tude
to Math/Sciences. MWith this i;\for:mation. the Advisor uill\ calculate the
studentlo Repetition chtor and Forgetfulness Factor under: the assumption

-

that olider, better educated students who enjoy the Math/Sciences are
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-

better preparsd to Isarn about the Wumpus domain. Once the Studeﬁt

L;.rning Mods| has bssn calculated ths Advisor will ask the student’ hou
many gemes of Wumpus (if any) hs has playsd. This will be combined with
. . . ( .

whether . or not ths estudent chose to read the instructions and his

»

estimated lsarning ability to.selsct ons of the four possible starting
"statss for the SiLdont Knowlsdgs Model, From sxperimentation it has been
found that the Advisor advances ths Studsnt Modsl more qufcklg 4and
accurately than it degrades the ,Student Model  (as increao{ng knowledge of
the gams is normal), and so the injtial osyio’of the Knowledge Model is
goqfrallg a cOnoervative'gsti;ato. In this manner ths Student Mode! ‘is
initjalized to a state which is hoped to be close to.tho act;al'state of
the student. In any case, it is not of great lnpor{énco that the Student
Mode! be initialized with extreme acturacy as th; Student Model has the

ability o compensate for such errors,
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Tutor-lng Strategles _
. Chapter 6

. Model of Tutor/Student Interactions . ?

In Figure 6.1 there i? a\fodgl of the'inter.ac}iona.be’tueen a tutor
and a student. [t.is intended to‘:empha'eize the cyclical natures of their
communications. T,he tutor‘comwunicates his,vaxplana_tion? u; the student
and the student cpmmuﬁicates his understanding t& the tutor (feedback).
The tutor modifies his instructions according to ;he tesdback and- ui !l
elicit feedback if he is raceiving insufficient feedback, Tgpiqallg. the
v

instructions are the exptanét.ions of -a teacr.\er‘, while the feedback

includes everything from facial expressions (boredom, non-gomprehensioh.

'\ etc.) to test scares. This model is of a generalized tutor which could
. ,be a human instructor or a computer program. . S -
. . 4 - .
) 0 Figure 6.1 .
_Model of Tutor/Student Interactions
* . ' K - s
. - Instruction
- ) . - ’
Tutor 1Feedback Elicitor Student
N
P _Feedback . ) :
o » ' “ ) 4 -
- . N . ) v, » .
There are several' limitations in the computer's apility to -

» P
communicate. This difference is primarily dues to the fact that “the

’
. - .

‘computer’s communications are restricted ‘to the domain of typed

\

responses. The computer can not rely on fatial expr'easi'ons or verbal

signale to emphasize key points. Alsa, it can not use facial oxpreesio'ns

» i
. ) .
y ' 5 om . L
> . . p
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as _» eource of foddbéck. rF-'or- examplo. it is inappropriate-for a computer
progran to use jOkG! as a foodback elicitor bocagse the computer ca‘not

evaluate tho _response (Iaughter. anrlng. etc.).
L]

N

. @ The " instcuctions can havs varigus ' forms. These different

-

the al!ouf\t ‘of thihkinQ required of' the ‘student., This. is bhoun- in Figure

£.2.40 A point at ¢he ieft end of the spectrum, indicates_ that the &u tor
L g P * ‘\_/'

'. \
littie thought on the ‘part of the stadent and carm be highly .effective at

qusck.lu guvung the student masteru of’ tho fie.d. i1} THe opoosite
. |

l,exfrome is to simply present thé.problems to the student an state the

o
2

solutiors. This requires the etudent to work out a tecl;nique for sg\l-ving

» & . Ieave?Open the possubulutg that the siude uull\nﬁler master the gnven
probiem domam. However, once the student has mastered the domain uith
- . .

the latter approach.’ he is very unlikely to forget the learned mater |}al‘
- . \

v ’

LS . \

bl ikely cgc_:‘e apgheq m other domams.

and ‘those lessons which the student isarns in fhe given domain are more

- . - ——-‘

: o
i The idea qualnfglng the type of teachmg according .fo the effort
re&wred of the’ student 13 preesented in leéton (1978) .- ) -

(ii) 0t course this duscusscon presumes tha tha strategy selected uill
. . be deveLoped in the ‘best means ossibge. - The approach ox presenting

language,” thereby requiring s:gmfucan effort. of the student just to
* comprehend the tutor. This i8 contrarf™to the intent of the algorithmig
approach, and we do not consider such cases here.

algorithms to the student coul e Tllucated by using’ very complex .

- ' o ‘ > Page 54
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:\‘v In general, @ tomputbr program must rely on more formal avenues of
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communication for its§ instructions, feedback elicitors, and sources of
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% » ) g M N s 1 Co
approachep: to teaching:.can be iaid out along a spectrum uhich represents .

' the problems, Thi prbcess IS generallg viry sliow and pamgtakmg anda

aunplgv pra’sonts‘ algoruthms about the domain, Thls approach requires -
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' ‘ - Figure G 2. - ° R ’
) ) Spectrum of: Iustructiou Emphasis
A ’ A i
Teaching ’ . Explaining > Giving
Algoritms . , Examples Results
'l o » . . i ‘1
) ‘ . ’ A - A
s - . Algebra Wumpus ~ . Wumpus
: . ‘Tutor ) Advisor Game
S ‘ |
< ’ . In developing ihe Wumpus Advisor, it wes decided that  the Wumpus

N -
Acvisor's instructions should be biased toward explaining results. This

] is shoun 'n the spectrum of Figure G§2. The Wumpus game itself could be
- ., . ‘ .

lotated at the. extreme end of the spectrum (3s shown in Figure 6.2) as it
3 ° L]

ai,mplg*:plies the player wWith results and the player is left on his oun
sto dcvelop~better'~ techniques for avo'ﬂding dangers. The disadvantage of
‘\ the game without an Advnsor i8, és stated earlier, that the player can

reach.plateaus in his developrnent ahd not advance to hugher Ieveflq The

v

HWumpus Advisor generates explanations uhich are intended to lead the
* - ’ - .

s‘t:udent'tb the -accepted solutions. With this purpose, the most direct
approach uo(;ld be to present the student uwith a somewhat simplified
version of ‘the algorithms ubed batthe Expert, but this,aﬁproach qoes not
seeni to be conducive to teaching better uagé}p .thfr;k about problems.

The author has tutored various stidents i!n the game of Wumpus, and,
‘i‘en he pre;éntad the algorithms of the expert, the players quickly
mastered tille game, but there ygre also no indications that.these students

o - , <
develioped any improved thinking -habits. However, when the author relied

on the Wumpus Advisor and its explanations of the results (as opposed to
-the actual algorithm), he found that /t‘iaarning process varied. Those

A} «
players who were already logically oriented (such as M.I.T. graduate

g ¢ T ' S | : )
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S\ after having mastered the material they found it difficult to accept that
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-
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‘ 4'

students) quickly devolopod algornthms of thesr .oun. The players’ who dad

not possess the desired thinking habits: (:.o. those uho wer'e not,

’lathelaticalfm/sciontificalIg inclined) found the ideas presented
) N . It y

-

intriguing and rather difficuit. They would put serious thought into the

explanations and after many tries mastered the material. Comments weres

made such as "Oh wow."this_ is-‘a comple_tcly‘new way of .thinking.", but

~

the material was so difficult ("but its so odvious™).'ii) Because of

idence, the Wumpus Advispr generallg does not state its rules

ly 40 the student but rather gives expianations of the results.

i
Ir, domains where the material "to be taught is thougnt to have more

\

intrinsic value (such;as Aigebra which, it can be argued, can be of. use

. had *
in every day choree such as balancing checkbooks), thare is a better .

.* - - .
justification for teaching with a more aigorithmic approach. A computer

..

tutor for.Aigebra might facto- several problems, showing all the steps to
. f > - " ~

the student. Then it could gi;/e the stydont' various problems to do on

his oun to help him remember the algorithms presented. This form of
instruction is appropriate in those domains where the subject matter has

intrinsic value ({rather tnan helping to develop improved -thinking

habite). (iv) .
“ “Feelback - . ' .

It is also possible.to lay out the different approaches to feedback

(i) The above obsetvations wers made with about tifteen students in
aeparate aeaanono. each of which lasted. an average of three hours. ('All
results uére 'the subjective evaluations of the authorg '
(iv) Socratac instruction (through~ leading queax-ons) can be vueueth as
another approach to -‘the problem of non-aigorithmic tuto-ing strategues.

Socratic questioning is discussed fulfy in Collins, .
-~ * nge 86 -
\ . ) o)

s
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. . , ,
along a spectrum. Such a s cgfﬁhﬁig,Jqun in Figure 6,3. The point. at

the rnii'opa of.;Qi spectrum iR for tutors which ask the student direct

Y

Juestions about the subject matterNgJhe poipt at the right end indicates

that the tutor .estimates the student’s Wgpwledge solely by observing his

-~

bohéviqr. An Algebra tutor uhich .pressnte pMglgms to the studént and
‘ o+ ) . )
observes how he solver them, would be toward the middie & AmgRec trum.
. Figure 6.3
) Nethods of Gaiaing Feedback
Questions About Giving Problesz Observing
Domain Knowledge . Requiring Knowledge Behayiour
P ' |
, ) : A
N R Algebra Wumpus e
’ Tutor - Advisor
K e '
-

The rethods used -by 3 tutpr' to gather feadback are- largely

determined by the teaching environment and the subject mattar that is
beiﬁg taught. The teaching environme&} restricﬂi‘izf options available to
the tufﬁr so that many technigues, such as jokes, are not available to a
computerized tutor. Also, the subject matter lends itself to varjous.,
feedback apbroachea. Geography is a field in which it is verg difficult
to e;aluéto the student’'s retention of ths material without directiy
asking questions concernfq;.that know | edge. . (v)

*

The MWumpus game i8 a domain which is conducive to obtaihiqg

_feedback by. observing the student’s behavior.” This is true of most games

environments 3s the galle p-esents the student With problems to solve; an

} - -
(v) A goographg tutor uould bd expected to ask questions such as, "What
ts the.Fap1ta7 of Brazil?™, which is 8 direct testing,of ‘the knowledge
that is being taught. Just such awgeography tutor has besn devoloped by
Carbonel} and Collins ‘in SCHOLAR.
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_Adviooq\' need only observe the results, In such environments, it is
important that the Advisor be caroful‘to take full advantage of these
observations and minimize the number of questions which it asks of the
student. If the Adviaor'doea resort to "testing” the student as a normal
procedure, the student’'s enjoyment of the game is likely to b; greatly
diminished, and he is likely to resent the ministrations of the Advisors
Foﬁ these rsasons, the LWumpus Advisor relies almost solely on

observations of the student for its evaluations of his knowledge of the

ga.e.(vi‘)

eliciting feedback is the manner in which it defines (and perhaps alters)

L]

the game in order to crsate environments which are mores conducive to
iearning and the evaiuation of thes student. . =

The above two spectrums are, of course, ainﬁlificafions. but they
A

halp to emphasize two very important issues of tutoring strategies.

4

Other i ssues that must bek considersd (and warrant fur ther

experinontégion) are such issues as graphical versus verbal exglanations

¢

and the types of instruckion which are most effective (such as proof by
contradiction, which is one the key methods of the Advisor for sinple

proofs). It s expectsd that Wusor IIl will be abis to varg\its tutor ing

strategies according. to the student and will consider each of the above
issues as Well as other of such issues, Thess additiogs will. increase

. . 4
Wusor's Learning flodel.- to the dimensions described in Golsstein's

2

proposal for the Coach Project (I1S77). ..+ o
o>

N . V
Conclusion

(vi) For the purpose of testing the validity of the Advisor's deductions,
a useful experiment is to ask questions ¢f the student .to determine the!

"correctness of the Advisor's estimation of his knowiedge.
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~

In designing Wusor I, there were several possibie approaches to
the problems of presenting the material and evaluating the student's

¥

The Advisor presents explanations -of the reguits of the

<

response.
algorithms, instead of *he algorithms themselves, as this seemed to bLe

.

more conducive to. teaching better ways to 3hihk about problems,
Llkewise, it was decided that the feedback from the student should be
gacheno%kprimariLg by observing 7Pg,studoﬁt| behavior as this would not

detract from the students énjogment ot the game and would help maintain a

positive feeling on the part .of tha student £Ouard the Advisor,

a

]
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, ' y The English Generation Rou‘tlma
' Chapter 7 - .
The ’Englh.h used by the Humpus Advisor |is generated in a
MMHU clesr manner. For ueh of the routines/rules of the Expert.
there is a corresponding English routlm/rulo. It a routine of the Exper t

—_—

uses the results of a lower level routine, the corresponding English

routine will likewise insert the text generated by the corresponding’

lower level English routine into its text. X!} In this tashion, it is a
quite simple to write sho functiondl Engllif) generation routines. Tb;
problen ullth such an arrangement is that the English thereby generated
teods to be rather Iong and sukuard. For this resson, various additions
were made to the basic framework just described to Improve on the output
of the English routines. In the remainder of this chapter, ue will
descr ibe those additions which u;ro' made to this simple spproach.

’ A very importent addition to the English routines was to make them
susre of what the player llr:ndu knows. In this fashion, tr‘ English
‘routinu con omit. those portlﬁ&‘ of explanations which the player i
thought td sliready know. This is not pxtre;‘fb important in the ear'lier
phases of the curriculum, but it becougo sore lnporunt iater on. As the
Hl.-p(u Advisor to‘ochn progreulvoly more advenced rules, It relies
increasingiy on the simpler rules mich have slready- been taught. I[f the

English routines do not omit the Ilower level expisnations, the

explanations become quite iong (and it becowes extremely uniikely that

(” The approach of having the explanation routines kodel the decision
making routines is fully described in Stensflield 8375). .
i : 7
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s

. t
the student will.read the explanation at all). The general solution to

this problen is to have each English Routine first check to see if the

oy

piayer aiready knows all of the rules involved in its explanation. |f
Bo. then the English routine Wwiil not generate a complete explanation,
but Will instead only summarize its resuits. TYhis simple check generally

‘ guffices to prune out the.unnecessary parts of the expjanations.

Figure 7.1

SQUEAK bat (?)

- 16
C1rc1;& caves have been visited.

Upper Case: Given Facts
Lower Case: Deductions

. .
For example, a moderately advanced playsr was faced wWith warren
shouwn in Figure 7.1 and he received the folfouing explanation of why cave
1S uas ;ery likely to contain pbats (P13).
One of caves 15 and 7 contains bats. Likewise, one of

caves 5 and 15 contains bats, and one of caves 16, 15, and ¢

‘ contains bats. As you have miltiple evidence for bats in cave 15,

: )

‘ L 1
it 1s very likely that cave 15 contains bats.
This explamation® presumed that the plagor'alraadu.kngu all -the rules
- _ .
necessary to derive cave-sets, so that the ewxplanation routin€s simply

-

' _ ! " Page 61
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The ﬁu’u Advisor '

lieted the civg-ut. concerned rather than explaining each one. However,

"once the student node ! uas mogified to indicate no knowledge of the

requifed rules, the following explanation uas obtained:

) One of caves 15 and 7 contains bats. Ceve 19 must be
next to bats because we heard squeaking in cave 10. #gnce one of
caves 15, 7, 8, and 4 contains bats, but we have salely visited
cave 4. Also, cave & can not contein bats because i/ bats were 1n
cave 8 we would heve heard squeaking 1n cave 4 a3 cave 8 15 next to
cave 4. This means that one of caves 16 and 7 contains bats.
Likewise, one of caves 5 and 15 contains bats. Cdve O/;Uu be next
to bats because we heard squeaking in cave 0. Therefcre one of -
cava;s 5, 18, .4,'and 3 ;:ontams_ bats. Mowever we have safely
visitec caves 3 and 4. This means that one of caves ’6 and 15
contains bats, and one of caves 16, 15, and 9 contains ba:s. Cave
2 aust be .next to bats because we hurd( squssking in cave 2, and so
one of éav’e.s[\’l/c, 15, 9, and 3 contains ba‘s, but we have safely

visited cave 3. This means thit one of caves 16, 15, and 9
) .

contains bats. As you have multiple evidence Mr bats in cave 15,

1t 15 very 11kely that cave 15 contains bats. : ' S

THe Wumpus Advisor would never .havo made such an explanation under normal
circuastances “”. but this example does point out .the importance of
pruning the English for even Iodl;'atllg advanced ewxplanations., Without
pruning, explanations quickiy becose so long that the”the overal| thread

Y]
of the explanztion is lost, .

(ii) Normal iy the Curriculum would prevent the Advisor from explaining
rule P13 before the student, had thoroughly mastered a?” o¢ the rules
involved in explaining cave-séts, but for this exazple the Curriculum uas
disabled. ’ )
s y ol

. ’
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Another problem with the very simpie mode!l of the English routines
is that such a mode! does not consider the idiosyncracies of the English

language. For examp:.e, the English routines should not say "one cave

away from" or “zero caves away from" (as was common in this paper), but

rather.it should say "next to" and “contains”., There are a great many of
such special cases (most of which center around the end conditions), and
the English routines must- have th:s know!edge programmsed into them. Such

probiems can be handied Hith ittie deviation from the conceptual model
i)
-

In order to finely ture the English routines 8o that i1ts output

conesistently sounds natural, each English routine should be written witH
;n idea of the context in which % Wwill be used. An example of ¢his is
the agount o0° introduction given by an Englj;h routine for @ lower level
English routine's expianation. 1f the lower level routine returns oniy 3
short summary, then-onlg a short introduction (if any) is warranted. [n
contrasty if the lower le;el routine returns a lehgthg reapongé. é longer
introduct?on ia‘uarrqnted. ard, in some cases, the entir? ;xp;énatnon
should,be restructured. Such iss.es can be resolved rolati;;lg eas~ig by
conaideripg the curriculum, and the overall hierarchy of the rules: It.
is unrealistic to presume that the English routipea which explain complex
3 - P
probability rules will ever be called before the etudent has mastered the
simpler probabi]itg rules. With this in mind, it is reasonably s3dfe for

the more complex probability routines to.presume that the student 5.1!

" have thoroughly mastered cave-sets by the time they are called. This

» ’

\
The solution to the problem stated above is iinplg a routine that
converts "N caves away from" into its English equivalent,

Page 63




\/ 4
The Wumpus hdvtsor "“The Engltsh Gereration Routines *
t relisnce on the structure of the curriculum allous the context )

-
-

sensitivity to be static, -

A

The addition of various checks to the conceptual framework

-

originally described has changed what would have been very simple
-

1)

routines into relatively long and complex routines. An altornative'method
. of improving on the English generated bgbsilp!e routines is to. use a
standard English Generation Front End as shoun in Figure 7.2, ~The Front
"End would acccpwho relatively “rough” output of the English Geoarat\or
and then improve on it by perforaing such tasks as pronoun inser)tion.
introduction -odificition. phrass replacement, stc.. This would have the

sffect of i-ﬁroving. the overall quality of the Englien g'e'\erat‘eg (as

great effort has gone into developing such Front ESnds) (iv) and would

also make the task of generating English simpler, (Less knouledge of the ‘ )
. English language would have to be- prograsmed into the Advisor’'e routines S
» as that k'nouledgo is already programmed into the Front End). . o .- ) .
Figure 7.2
R Diagram of an English Gemeratioa System . i 4
Arrows Reprsseat Date ; . o\
‘ Wumpus Expert ; = :
TInformation English Rough English , Normal ’
' | | Generator | ' > o _
Student Model Frong End | X s
ToTormation :)- English . ' English .
‘ - mew oo e e o m - - - -——----—---' <
(iv) For more detatled information about English Generation Front ,Ends, . h"
. see the work of ﬂEDobald. Novak, Simmons, Schank, etc.
«®
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.

Testing the Advisor

. Chapter 8 - B ’

.

The Wumpus Advisor is currentiy bsing tested to verify that is

does, in fact, function as described. Aiso, a great many of the

P .

—

decisions which were made during the design of the Wumpus Advi%on were
based on the judgpment of the author; thsse issuss warrant futther.studg
tg determine if the approaches taken wers correct. Finally, it is
impo;t;nt to detoﬁmin; whether the Advisor succeeds in teaching better
ways to play Wumpus and, more importantly, better ways to think apout
prob{ems. The tests can be’divided into tyo general classes. They are
local tests deeidnoé to test the asilitu of the Advisor to pegform
specific iunctions and global tests intended to test the overall ability

>

of <he Wumpus Advisor.

’

Local Tests
~ }océl tests have been nade with two different approaches to the
problem. The first uas a series of sessions in which students used the

uhﬁpua Advigok, in the presence of the author. In one such session, it
was noted that negative logic (explaining the absence of Harnings) wWas
much more understandable than the approach then being used by the

Advisor. Prior to this, the Wumpus Advisor would generate explanations

‘4 3
Cave 0 ¢ t contain the Wumpus becauss we did not Smell the
Wumpus in cave This means that cave 2 1s more than two caves
away from the WimplUs, cave 1 1s not next to the Wumpus, and cave 0
can not contain the Wumpus.

/

Tqia (positive logic) seemed unnatural to students, and they responded
N
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[ 4

much better to ths nsgative logic which is currsntly used by the Wumpls

«Advisor. In the sams situation, the Wumpus Advisor would expliaint

Cave 0 can not tontain the Wumpus because, 1I the Wumpus were
there, we wode have smelled the Wumpus 1n cave 2.

3

-

Thers wsre approximately ten such ssssions’ of roughly three hou’g}/

duration, and, based on subjective evaluations of the sessions, it was

determined that in general’ the Advisor ‘fuctioned as desired, but it was

not possiblie to determine how well the Wumpus Advisor would function in

the wide range 6f situations it would eventualiy face, .

The next group of experiments to test the Wumpus Advisor's ability

to functior: as planned were ronducted with a Synthetic Student.!i) Tne
Synthetic. Student (Syndi) was designed .to plag"tm game of MWumpus in
conjunction ui‘ the Wumpus Advisor (Wusor) . 'Sgndi is 3 perturbation of
prert of MWusor with the main- change being the addition of

‘

conditional statements which allow Syndi to play with séwe subset of the

full Expert. Syndi has a Kﬁo;ﬂodgo Model of her oun and her Expert wili

not apply aay rule unless the f(nOuIe'qge Model indicates that she
possesses knoulsdge of s3id rule at that time. Using Syndi, a great desl
of debugging of Wusor was-achieved u‘v relative ease. Wusor's aﬁalgéis
of the student’s move involves aevzal inhor-cmti assumptions and Syndi was

designed to tést Wusor's analysis given that these assumptions are true.

t
Al

The assumptions are:

1. The student doss not apply paradigms unknoun to the MWumpus
Advisor. oo

2. When faced with several equally desirable choices.for moves,

the player will choose that movs which is closest (and hence
easiest to get to). - ‘ \
_______ P N .

(i) The jdea of Aéinq a Synthetic Student to test an Advisor program was
originally deecribed in Goldétein’s Qoach Proposal (1977). .

s
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3. The player is consistent in hi's application of rules.-He does/

. not have partial or incomplete understanding of a given rule-
(the undesirability of this assumption is decreased by the
almost atomic rules of the Expert).. .

. 4, The plagor does not make mistakes. Wusor's relative c8ution is
necessary because this assumotion is ohvigus!y false,

8., The plauér comprehends the expianatiods'givoq by Wusor.
. . N . \

»

Syndi wWas designed to satisfy all of the above assumptfons. Also, as‘Qpe
. N - .

had a distinctiy diagnosable knowledge of the game at all times,” it was

quf‘e simple to verify any results obtaihed by the Advisor, Several

experiments were run uith Syhdi ,and Qusdr."and they can be grouped into-

¥ -
» three types; ’ . .
. / . ." °

1. Experimerits ‘in which Wusor initially presumed Syndi had no.

’ knowledge of the game and Syndi~ played with a congtant
knouledge state. ldeally, dusor should advance his estimation
of Syngi's knowuledge to exactlg correspond to her actual state
.and not beyond. ) ) , L =

b

. 2. Experiments -in wh'ch Wusor initially presumed Syndi had a
complete knowledge of the game and Syndi plaued with a constant
knowledge state. Id®ally, Wusor -should dograde his eatimation
of Syndi's knouledge to agree with the actual state.

- S , N &

" 3. Experiments in which Syndhr started as a new plager with no
knouledge of the game, and “!earned' rules as Wusor explained
them to her. ldeall Syndi's knowledge should increase .to
comblote know!ledge of the gbme with Wusor™® estnmatuon lagging

a |Tttie behind each change. ‘
. 4
These experuments are relativaly compiete and thoroughliy™test the
Advisor’s functigning given that the above assumptions are true. In

>

" experiments of Type' 1 (advancing to 3 fixed knouledge .state), it:is

, acceptable to aluays start With Wusor presuming Syndi has no knouledge of

7

the game because Wusor must advance his estimation through all of the

phaees up=td\the aesired phaéé to achiéve the ‘desired reeult. This also

justifies starting all Type fﬁpiperiwonta {degrading to a fixed knowledge
: L -
. /!

.
’
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sgate) from an initial estimation of cowplete mastery’ of }gam[e.
. ' ’ " 3 S ‘
Exporjiunto of the first tuo tupe.‘ serve to test the _existehce. of
, . . . }
. - . ; . o . /
\ situations which uill allow Wusor to make deductions as well\as testing
. ~¢ . ' .

-tho corrgctness of said deductcom.. The third- type of experiment is

—~

necessary to insure that thoro are eutuatlons« uh'ch allow Wusor to tutor

a student™ from tho very baucs to the most advanced skills in a moderate -
’ . 4 ' -
- ‘ . v
amount of time. ’ . . R
° i C “
When conducting the above experiments, severd! modifications were

L}

'

~ fobnd neCessary. Many pf the experiments With Syndi did not achieve the

« d‘oojroq results on their first run, which required thgt Wusor be modified

in l¥ght of tho pre' iminary results. Then the process would e repeated.

1

‘ln fhll sectuon. ue, Will dascuss the experments which were run, the"

’

problsna which arose, the solutions which were found (jf any), and thel

~final resulits achieved. All this will be in general terms with the

*

sspecific resultg‘achie;vod shoun in Appendix F.~
B L]
g ot .
’ The first experiments 'were run with Syndi having a complate

‘knnuledgo of the game and Wusor initially presuming that sh

knouledge of . the game. H was found tS’A‘Husor advanced the student

» .

S’ rapidly unth reepect to the Wumpus domain, but unreasonably slow'y with

L

. respect to the bat/pit domain, Because of this, -several modificatiors

. Here roquirqd,befo?e Wusor would correct its estimation of - the studert’s

knowledge to complete mastery ‘of the game within a reasonable amount of

-

‘time, The tirst preblem was that Syndi would risk bats :far more
regularly than plts (as bats are not necessar; |y fatal) so that Wusor had.
very feu chances to wbserve the‘appli"cat‘ion:o'f the probability rulwdyuith

respect to pits. Thie required the modification of %:e student model!ing

‘ \
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components so that- the .bat/pit Familiarity Velues woulid be assocfated
together orice’ Wuscr ‘had d'otorm’neca that the piayer had mastered the rules

&

. to ‘determine uhicl:m caves are safe (i.e. Nusor would «presume a

transference of bat/pit knouledie once the player had mastered Phase 1).

The next modufu:ataon was requured bezause there uere often Iong per iods
® - in uhich there wete no situations which uould allow Wusor to deduce 3

mastery of prodability rule P11l for bats/pits. In order to overcome this

. .difficulty, Wusor was given the ability to modify the initial game °

r %

‘#ituation to create "ideal situations appropriate for a player of the

" given phase. These ideal—situations are described in Appgndix C and

. illustrated in Appendix D. The desired results were achieved by combining
the above. modification' with another 'modification; the criter‘ia for
deducing that t“e player had mastered a given skill was lowered someuhat.

& . N . N

g ' '. P
. ‘ Previously, the situation had ¢o have been such that the seiected move .

» A >

was Cetter than some other move Wwith respect to a single danger and

b ]

identical (no differences)-uith respect to the other two dang—ers. Then . .
. ) . .
Wusor uguld note that the player had given the appearance of mastery of .

those ruies which were required to justifg\the superiority of the better
cave for .the relevant danger. This was relaxed so that, if there uere a

-

. gingle deciding danger *uhich made the eelected move superior, the tuo
moves had to be one of “the folliowing with respect to each of the two

remaining dangers: 1) identical,~2) such that the plaue’r should have a

o

..+ perceived that they involved the e"az::e risk, or 3) such t. the pldyer «

.
“ - -

- - A sh0uld have perceived that the betﬁér move bdeed ‘a 4re ter risk.

. Thhse tuo modufucatuons. along with fixing various 0utrught waOued N

— _

To- Nueor to advance the etudent to conplete nlastoru of the game in roughlh .

[ o i .o \ y
. . . .
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thirty gano (a figurs uhich is considersd écce'ptabii for a tutor
‘~ " W - P

dungnod to uork ulth chuldron).

The noxt series of exper imentd were tuch that Syndi uud a fixed
2

lubut af tho oxport s knoulodgo and Wusor ‘started with an umtaal
. , ‘8
estimation- of no know ledge. of tho; game, In these sxperiments, Wusor

advanced rapidly to theactual state {as it did befcre), but-rather than
r i \ A ‘ .
stopping, it continued to advance the student slouly, albeit ‘surely.

T‘nio required the addition® of the ngre . conpteto anziysis  fog
= M ‘: - . .1
probabilities described in Appendix B. of course tl;:e orTginal

experiments had to be run over again, out it wuas found that in aH ‘cases

» @ . R
. M would advance to tho correct knouledga atato and then make ~no

l

further presumptions of the student’s knoul.dgo. The advancos proceedea :

at ap acceptable rate. The onlg non-optunal porfornanco bu Husor. uas due

to problems in mplementmg Sgndn. In dovelopmg Syndi it was faund that
.

it uas nocesoaru that she .have some minimal knowlédge of the game at all

timn in order to model even begianing players. Jhe required k‘\btﬂedgé

uas am understanding of uhat it meant to have oncountorod a danger, uhat

ut meant tq have safoly vuouted a cavs, dr a rudcnfentaru understanding .

of uhat'it meant to shoot into a cave.” Thé problem uas that the

rudimentary understanding of " the shooting pr'm’cible_ (P15)  wouid

occasional ly ceuse MWusor to advance the studenmt slightly beyond the
actual knowledge state, assuming a full-mastery of rule P1S and the rules

associatsd with it when, in fact, thers was bnlb a partial maa,tergﬂ‘(i.e.
. . .

Assumption 3 was violated). ’

-

The next est of experiments wers of the Type 2 described earliér,

A 1 . . P

Syndi was started with a fixed, but |imited knowledge af the game, while
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Husor iritially assumed that she had complete mastery of the game. The .
ideal was that Wusor wouid degrade his estimation of Syndi's knowledge

until it corresponded to the actpal knouledge and then make no further

L] - Y

.change. Several experiments were run with different knowledge states for

»

Syndi. Many of the same problems that were encountered in aj?zing the

student we-e éncot{mtered in degrading the knouledge eat\ima/t' n It was

found that there were not sufficient game situations which would clearly
. e

/ ‘ . . :
reflect_on the application of rules Pll for bats/pits (as in advancing

-

tne student for the same ruies). The problem was that the udgal

situations which had been introduced-to aid in tMe advancement of the

student were atuays-one level more advanced than sould be necessary to
. . .

deg-ade the-student’s knowledge model. Fortunaltelg the implementation of

-, . ! [ .7
the ideal sntua_tlona nad been such.that Wusor was oniy able to create an
x " N
ideal 'eltuatlon approumatelg one fourth of the tlme ("). and this

allowed Wusor to ty _to create.an Tﬁga} situation for a student of the’
? ‘

next I*ouer _level (and the :next m:re:adiranced level) if it failed to

™

create the ideal situation for the gnvep lﬂal. This was sufficient to -
. 4 - D <

overcome this problem. .

.
. LV
- e ’

' Ancther 9roblem that uaa encouotnr.so when running the Tgpe 2
,-4.

exper iments was that Syndi somef"imoi wou | d not"rlsk pits often enough ¥

altow Wusor to analuze ner knowledge of the pit rules. This problem had

s
. ¥

been encbuntered earlier %e-sting Wusoris. ability to advance the
. . . (U
student and had been solved By assuming that knouledge in one\ of the

bat/pit domains would be transferred to the other domain. gsolut on to
. ’ \

-

(i) This was done to restrict. the &Jaaumlltg of the. student deducing
that Wusor was modifying the game. ‘ ' :

’\. : ~ Page 71 - .
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\

1
-

the problsm uoulqihavo been to completely tis the t.‘uo d;:méina together

e with a rosul‘.ting lack of )I.xibislii*tb‘ ’(.‘mct.uusor Would not be able to
- diagnoss failures to transfer knowlsdgs fra ons domain to the other).
i‘t was dcci_dod'_ that the_d;c'reaso in flexibility was not warranted in
Ilght‘;:f the fact that decreasing Nuaor."e estigation of the ‘atudent's

knouledge was not<thc normal ‘mode in which Wusor woulid function.\ This

same trade off came up when it was noted that Wusor would sometimes

’ >
ugh rarsly) note thaff the player had demonstrated a knowledge of

rdles which ths student did not, in fact, possess. This was caused by
. »

the reduced requirements for demonstrating knowledge of a rule which uere

.Implemented. while running the Type | experiments. In particular, bec3use

Wusor assumed that the student wouid recognize that .2 move Was worse
because cf @ certain aangerv (and in this case that was a ,false .

. ) -

assumption), and thecefore conclude that he he n‘yot have seen the virtues

of lth‘e move With respect.to another danqor‘ (since he chose the move) .

Y . ‘

‘This was determined to be a minor probiem because the problem .as very .
~ \

unlikely in normal situations .(since Wusor would not be that far off in

“

his_ estimation of the student's knouledgé) land because Wusor eventuaiNy
.o £ . ™ .
oorrocted, for the error, ., To return te tha more -stringent requirements

would .decreass Wusor's ability to advancs 3h€ student .(his normal mode)

without significantly ~affecting MWusor's ability to decrease his

estimation of the student's k,noul';dge. £ ‘ 4 «
. * The above tuo sets of expe‘imento showed that Husor was completely -

’ . accurate in ite ability to increase its estimation-of the student's .

X 4 - ’ 2 * . )

knowledge to the appropriate leyel -(and not beyond) when its intrinsic
*

assumptions ugre valid. It was also ‘found that, when the assumptions |

*. v
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’ were violated (in"particular, the assumption that the student would not

have partial or incomp!ite unders*tandi g,::f a rule), Wusor could diaynose

_the gersral level of the student, tngugh«its sstimation of the student’s
- \ -
- knowledge of particular rules was niat always reliable. [t was also found

that uueor‘ had a Hmitpé ability to decrease his estimation of the
student’s knowledge, *though this modgz(iua“s not nearly as reliable. In
light of theso‘ results, Wusor's initiaiizations of the student's
‘knohledge were alwdys kept on the cona‘ervati.vo side, (i) Having,
vor'if\ied that L'Jus;:r'e analysis of the student’s actione’ were wWorking, it'

was then appropriate to insure that Wusor could.give advice on %1 tre
. - . ¢ N .
different aspects of HWumpus play. Thies was to 'insure that, if the

p student could urjdérstana W.osor's explanations, it uould.be possnm}e for
him to become an expert in Wumpus play without any outaide heip (i.e.
‘ ‘:he.re uerle‘not any holes in Wusor's curri_culun).
The fimal set of experiments uers of Type 3, in which Syndi_started
With a minimal knowledge of the gams, but wou'd learn each rule as soon

as it was explained to her. After a certain leve), Syndi would’ begin
’ 1 ~ .

transférring knéu!odgp betueen the bat and pit domaine. Wusor started
Wwith a correct estimation of Syndi's ‘abilit-u. Of courss, Syndi’e -ability

v
to learn is rather artificial. When Wusor notes that hef has just

exblained a rule to the student, Syndi will be so, informed "'Ss'ﬁell
(thereby allowing her to begin .applying the rule in question). Another

stechnical problem was to decide how Syndi should modify her behavior when

”
L4

[ . . '
.

(i71) The claim that Wusor's initializations of the Student Mode!’ tends

.to be conservative is justified by the fact that, in real usage, HWusor

. typically starts the student at a certain level and quickly advances the

‘ . student.to a more appropriate level; after which advances tend to come

more siowly. ( . . /
Page 73 _ .
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she first Isarnsd a rule. Should she recalculats her sntire data base or
change it as her attention was calied to it. This.uas very important as

human ‘players do not take either extreme (but, instsad, do a little bit

-

of both). The general tack that was tasken was to emuiate a human player

as much as po.gibl_;. For sxampls, if a player did not previously
. understand the signi.ficanc’e of warnings/nowarnings, it is unlikely that

he would have kept a 'rjccord of this information. When he did/learn their

nan'ing, he would haye to revisit a cave bsfors he uould\able to use the
information of its uwarnings. So It was Qith the data base with Syndi.
This ks not true of the more complicated rules as they simpiy involive
petter ueag; of the available information, This aspect of human players
was also modelled in Sgndi.' : N

In the Type 3 experinent.a' it was found that Wusor was able to find .
situations to ‘advioe‘ the student for all levels of knowliedge of the
bat/pit domai~ (again, thil“ was largely dus to Wusor's abiLitg' to modiry

the game to create ideal situations for bat/pit knouledge), but Wusor was
. r o , .
not able to ever advise the student with respect to the rules of Phrase 2 '

of the Wumpus. This was because of a bug which made Kusor unnecessarily
. res;rictive in the situations wuhere .it would advise the player abou't
thess ruiss. (iv) Thig bug ‘was fixed, and Wusor then began expfaimng to ‘ .
Syndi the rulss of Phase 2 for the Wukpus. Once this obstacle was

overcome, it was found that the situations in which Wusor would explain”
4 -
the rules of Phase 3 for the Wumpus were extremely rare. This problem . '

was fixed by i:reat'mq a new Combination Rule, Combination Rule Seven. The

-, e g T e e e - - -

(iv) The bug was mutual’ly exclusive requirsments prior to the explanation ' . T
of Combination Rule S. . s “
\ . ’
o Page 74 >~
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. * ‘_
above tuwo modification; .allo;ed Wusor to advance Syndi fram é most’
basic ?agglg to the most advanced levels by firs£ e;plaining a rule and
then observing when Syndi appiied the rule. In Appendix G there is the
first part of the‘brotocol_taken in a Type 3 oxpor{ment. It is indicative
~of what all the protoqgls look |ike, ] /

The last three of the }ive assumptions are most questionable. The
above experiments incicate that Wusor functions 3s desired even when the
third assumption (the assumption about incomplete understanding of rules)
is viola.ed. Tbe fourth afSsumption that 'the ‘player does not make
mistakes is obviously invalid, but, because of this, Wusor was designed
1o be cautious in its "conclusions (thereby decreasing the detrimental
effects of mistakes). _The re;aining questionable assumption is the
assumptnon that the player understands Wusor's explanations. There 'S
eviderce that Wusor is, in fact, éffective at.tutorlng students in his
gane strategies, While the absvé experiments were being carried Oyt}
Wusor was accessible to the general conm@nitg at the Artificial
Ingelli;end; Lab so that angon; who Was in}croctod could play with Husor,
ROuéhlg 15 - students played with HWusor oxtonqi::lg with reasonable

(v)

results , but there was one disturbing anomaly. It was knowun that

1
$horo were more situations uwhich allowed the student to demonstrate
. knowledge of the Wumpus domain because Wusor advanced his estimation of
Syndi in this domain. much more quickly than in the “bat/pit domain.

However, when Wusor was being used by actual students it was observed

“that knowledge of the bat/pit domain far exceeded the Wumpus domain

(v) This is the subjective evaluation of the author based on his study of
the complete protocols kept by Wusor.

Page 75
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\

beyond Phase 1. It was fsared that this indicated that Wusor assumptions

e not valid, but then it uas discerned that Wusor was unable to tutor .
[ ]

’

estudents on the more advanced HWumpus rules. This, in /ituif.' is
indicative that' students do tend to adopt those strategies explained by

/ . .
Wusor, though stronger evidefce will be gaineu if students advance more
{

quickly Jn' the Wumpus domain now that Wusor csn advise thea in trese
“ekills, (v | : h

When a large tutorial progras, such as Wusor, is designea with such

varied behavior, it is extremaqly difficult to determine whether or not

»

" the program functions as desired. Houovor.tthiu testing can be vastly

-sinplli'fiod through the usé of a Synthetic Student, Byndi served to test

Wusor in cliosgd oxéerinents where all variables couid be controiled
(Syndi never had a bad daylr Of course, experiments uwith Synthetic
Students_do not conciusiveiy show the offsctivedoss of a tutor, but they

do sarve .as a wonderful debugging aid. With a Synthetic Student, t s
. v B - ! . ———-

possibie to determine whether or not the program functionas as desired:

the dét_ornin;tion if.the corréct approach was t'kon h8s to be aqtermnned

through othef experiments which are of a more global nature. ke will go
on to de\c‘ri these global exper‘iments.‘in more ditais. ‘

Global Jesting <
- The Global Testing is the next step in testing the u‘uMpus Advisor.

, » N
One_of the goalé of this phase of oxporinonta;r“{\ is to test out ‘the

relative merits of different tutoring strategies, such as graphical

-

versus verbal. Houever, the main goal of these axporinent‘s is to

<

(vi) " The' resder can also verify that Wusor's explanations are
compsehensible by studying the scenarios in Apdendix E‘and Appenaix G.

Page 76 =,

¢




»

»

The Wumpus Advisor Testing the Advisor

éeternine how well the. Wumpus Advisor actually teaches better gane
playing (if it does, in tact, help students master ,the ﬁape). The
eprri;omg would probaQT:kbe a rather simpie arrangement invol;ing a
total of roughly ten students. Five of these students would be,allowed

v

to ‘plag the game of Wumpus _(as wodified in this paper), without the
Advieor, Tho remaining five would be ailowed t; play the game witn the
advicg of the Wumpus Advisor. At {he end of the fepting period (uhich
would almost cgrtainlg‘extend over a period of about two weeks to 3
mogth). the'studente would be tested on their understamding of the game. -
There chld be the.objective results bf the percentige gf games won and
lost uhen the students were allowec to- play, without any nelp, but there
srould also be subjective results, The students should be ;ested .on
their ability to make deductions, their ability to estimate dangers, and
their general uncers‘anding of the gawe. I; is expected that the
;tudents who played u?;h the Advisor widl not' only play better .(as
indicated by their percentages of wins and losses) but aiso ha;e_a ggtter

understanding of the game. T .

The final;cxperiment is to test the Wumpus Advisor's ability t6

teach petter ways to think about probiems. Oniy a general outiine of the
. [

experiment will be given as the details will be dependent on the resuits

‘of the pre9i0ua tests. The experiment should involve about 158 students

to allow for statistical evaluation,. At the start, all 158 students will
. ‘ . . . . .
be given a test that measures their abiiity to think about problems

(probably an 1.Q. test with emphasis on thinking apility). After the

test, the students will be separated into homogeneous groups of SB. ' The
first group of Sﬁ students will be left alone for six w;ntha. The second
. ‘ G
e : s Page 77 .




The Iuiu:_oldvuor © Testing the Advisor

group wWill ﬁllu the gams of Wumpus without the Uunbuo Advisor.‘ The last
group will pilg the gams with the Wumpus A?vioor. The sxperiment will
continue for.aix'ngnths with the active etudents playing Wumpus for a
specified period ‘each ueek. Finally, all the students will be given a
variation of the briginal test. In this manner, it should be possibie to
test both the gani of Wumpus and the Advi.orhin their abil}tu to teach
better thinking habits. .

The large size of the géoup{ to bs testsd is sssential as it is
doubtful that any ore force can be that significant in improving thimking
hqpits. Hith 3 smalier sampling size it is possible that the smaid

9
increménts in thinkiﬁg}abﬂi}g wouid be lost in the normal noise that

~ ‘

accompanies such ‘testh. It is also possible that the resuits would rot |

be conciusive even with such'a largs sampling, but there is no way to
predict this. A significant number of the subjects n the standard

LY

curriculdu.o} the public scrools are justified by the hope that mastery
of the given fi;elti‘uill help the student develop better ways to think
about p:oblens. Houever, no one seems to have made a‘significanf effort
to verify these ciaips of improved thinking habits, and so it is very
difficult to estimate the sample size which Will be neceedarg to arrijve
at conclusive results. The proposedetea} shouid help to clarify hou large
a ;anple is required tp ;rrive at conclu;ivo results in such 3 test.
Conclusion
. The Hﬁipu;:i2visor has been thproughlu tested to desug it and fine
tune its tutorial abili;u. ancurrentlg. consideration was given to the
‘ various programming daciaioqs,uhich uwsre mads according to :%e judgement
of. the progéaumor dus to the lack o}.concrate*ovidenco. The Advisor has

s vy
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’

been determinéd to be "ready," testing is in progrool‘tq determine the
e .

Advisor's ability to teach better game playing. This experiment will be
on a relatiyely émall scale because it is espected that the results will
be conclusivl in any case. However; when the .Wumpus Advisor is tested on

A

its ability to#ctually teach better ways to think about problelfs, the

resul ts are not expect‘td to be as obvious., For this reason, a larger

samp.e size is necessary if the experiment hopes to be ‘conglusive.
L] ',

-

Finally, based on the results of these experiments, further work .leading

to' Wusor 111 could be warranted.

-
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The Conclusion < -

Ch.pt’.or 9 -

“ - A,, new generation of Computer Aided Instruction (CAI) is evolving

rules of . the Expert are aiso the .foundations for the Student Knouledge

L

which transcends past |imitations bu using Artificial ‘Intelligence (Al)

<, ta . .. «
‘techniques. Thege neu programs are AICAl programs since they incorporate

- \
the concepts of Artificial Inteliigence while maintaining the goals and
. N :

objectives of Computer Aided Instruction. AICAl is a field which

contains many interesting and challenging problems, the Wumpus Advisor

being just one example. . : .
The. Wumpus Advisor appiies many of the techniques develo?:ed in

Artificial'flntolligendc., ltiontlro around a8 rule-based Expert .hich

uses heuristios to arrive at resilts that are both reliable and

A
understandable to humans. The rules of the Expert are organized into a

curticulum which is taught by the Wumpus Advisor as .appropriate. The

P’ o

.

Model. The Student Learning Mode] interprets the Student Knou!edge Model
and determines which rules the student is presumed to have - learned and
which rules are acceptable for teaching. In making these determinations,

the Student Learning {lode! makes.exte<sive use of the Student Learning

Vector. The Expert's rules are aiso ‘the basic framework around which the

English generation routines are built. The fact that both the: Studeat |

Model and the English Generator are designed around the rules of the

o+ N « e .
Expert ailow the Engl ish routines to prune their-English according to the

-

otudcnt's*\knouledge. The logical grouping of the Expert’s rules in the:’

bl

curriculum also ailoup the English routines to be context sensitive
- ¢ ~»
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“

Without ‘lengthy computations. The essence of the improved Wumpus Ady i sor

.
#

is the different rules of the ExporAt and tho\r intérrola\tionships.

The main limitations of the original Wumpus Advisor were due to the

lack of a Clear understanding of the kgbuledge to be taught. Once this

knouwledge had been broken dewn | specific items, the development of

the remainder.of the Wumpus Advisor was relatively straight forward. In
more interesting problem domains (such as chess), it will probably hot be
. . R - o
as difficuit to dev’elap the rules for the expert, because the problem
5 . ‘ - Y j

domain will have-been analyzec before the program is begun. The main task

Will be to break down the knouledge of the problém domain into rules.
. L. .

"Tris wifl aflow more effort. to.be directed into those areas u;\ich are of

more theoretical interest (sucn as the Student Model). .

" . The next ‘Iogica_l step bjagonq, the Humpu3 Advisor will be a program
that teachee skiils in‘a problem domain-that can not-ﬁbe\\anaigzeq Wwith
atsolute certaint;;.‘ An important asset of the. game o; Wumpus was that it
~as ’possible to discern a single-best mo;/o and explain ur:ng. In problem
domains such ao’che;s. it 'lis 'not possible to.know absoluteiy the MHtg
of 1’uoot moves. This would l:ar)dicap an advisor si;\ce here would afuags;be
the possipbility that the expert would not givo‘ correct advice. However.

this is 2 'handicap ghared with human teachers.” An advantage of more

complex problem domains is that the Advisor wWill be able to teach

principles and concepts which can not be represented within the limited’

<

- r
domairt of, Humpus., For example. the formal methods of decision theory

riuld not be taught e.ffectwelg within the Humpua domain, but it could be

taught in more conpllcatgd domains. . An adylsor uhich funchoneﬁ "a
more complicated demain could be built along the general lines of the
o~ v
Paga 81 T
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POEY

S ™ Pumpus Advisor, but ite Student Model would require significantly more
0 ~ * f A

~

¥

. Qifsrt. An advi;ér ’for a more complifated domain would neéd to be mor;.
, . @ ) il

. flexible 'in Its sxplanations
.‘-‘ - - .

the_ student since Mthe- a&v,.isor uould‘ not
.be as certaih of the res

-

s of its expert, Tho'pr:inqru'oource of this.
. . L .
increased .fl:a;ibi lity would be the Student Model. ’

a
.
.

—~
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- Modular Diagram of the W:f’nbu. Ad.vl'-pr’ A

g Ap@x A .
v Each oub-nodulo of tho ﬂunpu. Adviuor has a umque\/r\efux which

identities ali the routines of that s sub-nodu s, These pratixeé are uged

tg sdenhfg the Sub-modulés in_ the flow chart. Each sub-odulo per forms

» -~

. . plrhcular task which is deoémbed 4n tha ronamdsr of thus Appéndax. <.
. TR ST, . -
. y . . ' 3 /j ’ .
The Wumpus Execative . y . Lo
\ . HE- is the prefix for the Wumpus Executive routings.. R .
- ! . 3 e € Wumpt cutive | \nes.. L
‘WG~ i for the Wumpus game. ) - S ) "
” ] . - . .
) A o ' "vv
The Wumpus Advisor - . T e ‘o
‘ HA- is the prefix for the Hunpus Advlso‘ routmos. . . ) ‘ . ‘
‘., . ) WAW- is for the routines of Jw Qunpn‘arAdvucr uhich kqu track cf ) ;\
- the route taken by ‘the plagerr\_\r . .
) NAB- Js for the rouhri\\uuméﬁ compute the distance to different , o .
Lot ] '/-caves from a guvan starting point. They also compute routes. etc.. . ' .
. r ] [ - ¢ \ *
-7 WAM- is for the Nuupuo Advisor routines uh;ch lbdofg the gamg and’ '
_ , create the varnbuo starting sutuatlona. : . . -
. - . . - ‘ M ., A
- v v, ;( .’ , . ) - . ’ .
.- « The Expert) - Ce . -t . . .
L. XX4s for the fuwhve for the qupus Expert.- It activates tne other . = .
. Zcub-uodulec and then ?oubmn thanr rnum. » ‘ '
< .. - ¢ ‘ ) ¢ s
; o XD- is the prof:x for “the ‘routmos uhoch.lalmam the gata base ‘for " Jl“i R
S , the Expert. . They also coan’to the "MOBE- THAN" ,and "EXACTLY" values. S DA ,
/ ) N
) .,‘- . X roatmu kup track of the dlfforont cave- eeta. noufhg uhich’ /’L\\\, .
. i ére co te, otc..\ L \‘ oY . _ .
. - * \ I'd ‘ . ‘e a . . LR . Ed
> ¢ XR- routlnir identify those cayss which must be eafe based on '
global consideration of the cave-sets ior 8 perticuiar danger and the . .
s » W nuamber of the dangérs in the warren. \ B . - Lt .
Y - Page-84 . , - - ‘ )
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. . .
“ .
. . . ' N ~ -
<

' XP- is the prefix for the routines which compute the probabu litres
' %{ for thd different dangere. —

. The Move Comparer : '
. . ( . -
CX- is the prefix for the Result Explainer routines. Thly return o
the rules which are necessary to juatifg the resuits of the Expert.-

¢ CM- is for the - Exﬁlanatuon Conpaf‘er. which compares the ruleﬁ h
~eturned by the. Resul t Explginer and determines how familiar the student
|.uath the ruies in question.

NG . . N
~ . N .

The Psychologist

4 ’ ~
' PS~ ,if the prefilx'of the Psychologist. ) . . % , . *
. The Student Model  , ' » - ]
SK- is.the prefix ofl the Student Knowliedge Modei. These routmés keep ,
‘ £ track of the student's knouledge 'f the diféerant rules. T ) . .
§

SL- is the prefix of the Studeit Learning Model. These routinoa estimate
hou ﬂuicklg the student learns material, forgets same, etc..

\SC— is the Student Mode! Crltuc. It adjusts the .S’tudent'.Learning Model
as appropruate. .

PR SF- routines maintain thaodi_ec’fileo. on the 'differ‘ent users. . .
‘% s N A H N
1 -\ .
The English Generation Module . _ ‘ ™
e _EX- i3 the prefix for the routines which genenaté‘Engliah to explain the ( \
r,gsults of the Expert. oot .- ) . \
foL - EG- toutines generate cieusds in Engllah that convey a particular
’ gn*pt (such as "N.caves away froa"). :
N Yoy
- d ¢ ‘ ) , ' L © |
b . Ytility Routines o P - . v A
AP- is the prefix f’generai purpose utllatu funétaons umch expand the -
abilities of LISP. . ) ' * ‘\
,. / . "
' ‘ - ' G- routines are the 1/0 routises of the Wumpus Advisor. . -
. coo ‘ ) ) N ‘ ¢
e 4 v - L © - Page 85 ’ ’
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The Wumpus Advisor . _ S . . Apperdices
ot :
Ghs routines q query the student unth standard questions and returr
]u. responss once it is in an accoptabfo form.

GM- are general purpose routines which do mapping (such 3as a
routine to do MAPC non-dutkuctlvol—u).

1

GC- nroutines do the processing of the circular list which are used
in Engligh gomration and FIFO stacks,

=

PLAYER ie an extraneous variable in an otheruise conceptually clear
framework. This anachroniem will be eliminated as soon as pcesibie,
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' ;Uczsga Advisor . % ‘Appendices
. ‘ Modular Diagram of the Wumpus Adwisor
Dotted lines represent significant flows of information.
Solild lines illustrate the:pierarchy of coatrol.
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Move Comparisons

Th.- Move Comparer is responsibie for t.aking‘tu'o moves and’ Co
"juotif-ulng their rol_itivo merite with respect to a single danger uur\"‘-.- .
™\ specific ruis numbers, For .t'hu purpou thers ‘aro two separate sub--
modules\ to perfor hnu task.~ Thou tuo oub-nodulc: ars “the Result-i\

i

+ Explainer 8snd the Explana_tuon Lomparer,. First, ‘the Result Explaaner . T

determines uhich ruies were Tsed by the Expért to arrive at a"'spzcifié

A

~
w

. ruuH {i) Thon tho Explanat?on Conparer takes t'uo results and compargs .

. "the daff.ront rulu ypvoived. In thuo faehgoﬁ the Movs Conparer&cap .o < e
v d }

retyrn the ruies uhifh justify the diffsrencs betueen tuo poosublg move s : &

Wwith respect to @ s\pgle danger. The Move Comparer- also per forme various
- . ) . . -- Co
N . other functions; primarily, the Explanation Comparer consuits the Sfude:\t' ad '

Learning Mode! and determines if the ‘student knows the rules in question,

s
-

bar:e they gccoptable for teeching, etc.. This ie a;cyrsoru overviem of !

P A Y
the process, but uWe have overliooked many of the- probl'gvgs' of such -
comparisons. In fhe remainder of this Ap;ondi,x_ we wilY. look at these v
. : ' o, - -
¥

. luueauore'cloulg. . . . . . s.\\\ N
. ]

When the Wumpus Advisor |s conparmg two dnfi}r‘ant boves it must‘%

@ ' occasionally conudor which of the probatvntg rulos is mvolved. ‘an : : a
R [ . \ N R
is trus if the Wumpus Advisor '.\atjluzmg tho itudontd no?a to update e
his Student Modei, or if the Wumpus Adv_ioor/’iu deternining o f gt can - - ° ,
L} . .
explain a particulac_good move to the player. [n any casd, the fMove - .y
"' N ) . .. \ : \; 3 *A - . ' %
f . : ) R} s L) . \ . . a '

(') In. thh I|ght. the Rnult Explainer is otructurod aluon axactly "like:

the Expert. e . ‘
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- N _y ,
Comparer mast be gble to decide ﬁich probability rules are applicable in

’ «

different situations. . : ' . A )

=

. , : ¥
J The .dmpus Expert only consi:c'iers the most accura'te probability

rul;s.in its analysis, but the Wumpus Advisor must be able to determine °

'rh‘en less advanced probability rules are involved. in a particular

comparison. 'For ‘xample. in Figurd B.) there is a' common situation tliw';.t5

. *
hd

is presented to moderately advanced\'plagors. Cave 8 is verQ' likely to
%gnta:m a pit because of the double’evidoncq of a'pit li.e. the .breeze!
which were :elt in c;.aves 3 and 12). This makes it rather unlik’elg that
either of caves &4 and 18 contain a pit 's}nce a pitt in cave 8 would
'e>_<p|ain the breezes in caves 3 and 12. Thewule ur;icn justifies the nigh
-probability of a pit in cave 8 is R13. Tl;\o rele which justifi‘es the oW

probability for caves 4 and 18 -is rule Pl4. Now, if the Wumpus Adv.i sor

-
bd

Here <ompar ing the two probab.lities for caves 4 a‘r‘\d 8, it might note

that rules P13 and Pl4 were both involved in the i:ouparison. However, a .

atudent could knou onty rute P13 and not rule Pl4, and he would still

.choose the better move. Correspondingly, the Wumpus Advisor could
- i '\ v . -
gain Why cave 8 was 3 bad move by simply explaining how P13 applied.

‘ "

. Figure B.1

L3

‘
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a

Such ﬂ tuat:ono roqul,re that the Kumpus Advuor iin particular, the .

. r‘lovo Conparor) nake a dotailod analysis when two probibllitles are bemq

éonparod. For this purpose, the Wumpus Export computss the probabllltg

for' every cave uith respect to each probability rule. It then chooses
the prefered probability (the most reiliabie) and saves all of the

o . ‘
different probabitities. The first step of the Wumpus Advisor!s analysis

is to insures that one cave actually dees have a lower risk than ' the

\ ] ) )
octher move. (,”) It ,t{on determines which of the following cases applies

®

by checking them in-order.

A) 1f the bettsr cave (Batter) is safe, then ‘tﬁ only applicable
rules are the rules which make Batter ig is becausé
the presumption is that caves are moderately dargerobgguniess
there is sowe evidence indicating that thsy ares safe.

B) torrospondinglg..if‘wonsg is ceptain to contain the danger,
then the only applicable rules are the rules wuhich show that
Worse contains.the dangar (nogﬁallﬁ LB). This is because the
presumption is that Better is woderateiy unsafe. \

+ .. H
C)- 1f both of the above two rujes dre applicable, then choose the
simpler of the 'two explanations (least advanced) as the
necessary explanation. . ) ’
. te . »
0d If the compafison of the two Pll probabilities will justify the
quality of the Better wpve, then Pll is the only applicable
ru!o. . : o .
]
. E) If P12 is applncable for the Better cave's probabnlntg. then
P12 is the only rule that is appiicabie.

F) 1f the P13 probability for Worse is greater than the Pll
probability for Better, thon P11 and P13 are the approprlate
probability rules.

G) If the Pl4 probabiilty fdr - Betisr is less “than ,the Pll
probability for Worse, then the proba msg ruleo thCh are
applicable are rules Pll and Pl4.

H) 1f none of the above appiy, then use the ynplgst probabilfty

¢ ,

LS
- - - e - - (]

,“' This comparison is based on the "preferred”" probebilities of -the
Wumpus Expert. ® . - . , et
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rules uhich will justify the "preferred" probabilitg,“i”

2

In this faéhion. the Wumpus Advjsor determines the simplest pc&ssi'b'e

rules which can justify the difference betueen tuo caves. | This
r
information is used in gﬁalgzir{g the student's move as well as in
(‘

4

determining whether or not the better ‘move is suitable for oiplaining for

the studenmt. Once .the Wumpus Advisor has discerned that a move can be

ex{:lained Yo  the student, it then determines the best rationale\pj‘

explain to the student. [n the example above, the Wumpus -Aqv&sor might
decide to explain to the student that cave & is a better move. Depending

on Wusor's estimation of the student’s knowledge, Wusor: would choose to

.

‘explain either ruie P13 or rule P14, Wulor’s e&planatibn would center on_

rule P16 if the student alreacy Knew rule P13, and the explanation uouldg
. Cooe.
center on rule Pl4 if the piayer was not yet advanced enough to ailoy the

expTanation of rule Pl4. )
Once Wusor-hias decided to explairi‘ the comparison between two moves

and has selected rationales to ba “explained, it must thon"create an

. expianation wWith the appropriate’ emphasis. The points of/ emphasis ;f

such sxplanations ars shoun in Tabls B.2.* ° . \
. . o .
Table B.2 : ;
[Rationale For | Rationais For o .
' Better Cave. Worse Cave Emphasis of Explanation ro
( Ryfe P11 Rule P11 The Cave-Sets involved
' Rule P12 Nqt Ruie P12 The explanation of Pl2
, Rule P14 "Not Rule P14 The sxpianation of Plé
Not Rule Pl Rule P13° | The explanation of P13
. Rule PiS Not Ruls P1S The sxplanation of PLS
. Any Other Any Other Both,Probobi\lltJn. «’_/ »

@ cave is only a member of one: cave-set, then the

probabilities for Pll, P13, and Pl4 will be equal in most Cases.
Thereforey P11l is applicable for that particular cave.
. ~ .

. ' ot Page 91 ‘
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'Uuur_ uill generate the explanation-which first fi'ts. Examples ~of some

of these explanations are in Appendix 0. .
) v .
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Analysis of Game Modifications
: 7

- Appendix C

Befc~e the start of a game, the Wuipus Advisor will attempt to
.modify the gahe to create a situation uihith ie thought to be a

. challenging problem to the student., This is done "by looking for a

LI

;étarting zave wWithin the warren which meets all the requirements of thé'
sityation desired, Typically, the requirements will involive the uarndngs
.at the cave in question as ue]l~as the wWarnings in one of. its neighboring
caves, If a cave is found that m;ets all of the requirements, the Humpu;

Advisor will move the atarting cave to the desired cave. Then, :the

~

player will be informed about Qis szarting location (the .one selected by
tne Wumpus Advisor) dnd what the neighboring ceves are thatshe can move

to. Once the e‘lag‘or“ Has selected 4 cave (at randcm since he does not
. ' / s ~N
have enough information to choose uﬁsolg). Wusor will transpose the caves
1 ‘ , ,
" of the warren so that he moves to; the neighboring cave se.ected by the
¥ .

Wumpus Advisor. _The requirements ¥o¥\“g1::;ing situations’ vérg Yor

. ‘ <
‘students of different phbsss. These requirsments ars shown in Table C.].
' .

- Table C.1. C .
Starting Cavs Neighbor'se Requirsment On Teaching
Roquifhmento Warning - Overali Situation |* Point

e

No-UWarnings «Some Warning ~ None * . Backtracking

Bat or Pit Warning |- Other Warning | Neighbor in Common L3 and LS

Bat or Pit P Same Warning” | Smaller Cave-Set | ©  Pill

o — : — -

Bat or Pit Warning | Same Warning Nsighbor in Common P13
. |

No Wumpus.Warning Any Harning None ‘ P13 (Wumpus)

s

—

A}
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-
-~

- Exuplu &f each of these utuotaono “are ohoun in Appendox D. There are
not acccpublo otlrhng cavu in nng Warrens, s0 that the Wumpus Advisor

;e onlu croatu theu aituatiom roughly half of tho tin. -This.‘uhen’ added -

-~ BN

- to tho fact \}horo are varnous possible otorting gonﬂgurataons for each

s phase, should -be suf’hcuont‘ to prevent the studgﬂt from ever r'ecognlzmg

" the similarities of the starting situations before he is in a neu phase.

(iv)  Houever, even when -the Humpus ‘Advisor ‘doss not mgdify “the game, to
create an ideal situation, it ujH transpoee the plauer’o first move. if

it is to a can contatnmg a dangor'. thorcbu preventing ‘the plager from
sver Ioamg on tho tirst move (uhlch an_hau v/u bad effect/on morale).
r

" This abillty to transpose moves can sasily be extended to give poeutwe

.or negative rpinforcement as nécesgary.

* - '
- 4 "
. ‘ - .
. r . I
~ i r“ ~ r';g::/. +
/ D
! ~ t
~ - .—’ . , .
’ - : : / '
. : i
‘. \"
. ,g\ 4
- N ‘ :.. ~
g . - 4 [
- |
t
EY >
o - - ) l
A “ - R “‘{ '
13
- ~ j . ') |
;o
. ., ]

. ”"’_ This is a hupothun uh%ch has. not yet bnn vorlfi d through
- " experimentation. . . . '

’ . * . -
s . Py (o .
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‘ Examples of Ideal Situation

The Wumpus Advisor ‘ e <« Appepdices

and Probability Compa

. ‘ N )

* . Appendix D
) . 4 . N

Thie appendix contains %xamplee of .the "ideal si%hatione" that were

created for studente in different’phasés along With the corresponding

.

’exﬁlanatians. Tﬁe requiréments for the situations are given in Appendix

C ang the structure of the explanations is given in-Appendix B, These
are "actual situations created by the Wumpus Advisor and the actual
explanations given. - '

A beginning pfayer (Phase 8) who is being taught\the rules wWould be

faced with a situation very similar to this.

‘ , , _ Figurs 0.1 . ' .
rd 5 ’ R .
s / 6
’ R . Xl
Y . : ( f
~ . - ¢
¢ . o 1P .
R 13 /’g\\¥, ® - /7o )
NG/ Kll 18 .
Start Squeak :
. ‘ .
- | \ ‘
, 12
e L X a8 0 . ‘ ) -

Thie situation would give riss to the following explanation 1 the §layer

‘asked to moys to cave 18.
Brian, did you knonw that we can backtrack to caves that we
have alreadgbvisited? Yes .

bhq... Well then why not go bdtk to cave 3 Where we
didn’t get any warnings at all. - From there we can safel( go
to cave 13 without risking the bats.-.It is.-not wise to visit
caves wlth bats because while THEY will not harm us they will |
carry -us to another cave which could contain a pit or the *

' ™ Page 35
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juulpu 8. ¢
~ Hould you I1ks to go to cave 18 anyuay? -

A -player who was-slightly more advanced (Phase 1) and presumed to

have gotten a basic undoﬁqtendlné of the cuf.o. would be faced with the

-

“following sltuation. . A
. : . M
Flgqro-OJZ ’
- 6
8 . . . tart
17— — 11 8 0
} : Breeze. Squeak

3:\-{

J /

R r'* ‘9 . 5 /

" . N g
v
.

Ll

This eituation would give rise to the following oxplanatfon tf th} plauerd

A ]

asked to 'move to0 cave 8.

Bfian, we don't need to risk bats in cave B as cave.
.+ 16 is safe. Cave 16 can rot contain pats because, if bats
wer® thers, we would have heard squedking in cave 11, It
is best to avoid Jats as they could carry ue to a fatal -
cave. , .

-

Would you like to go cave 8 anyway?
\

A ‘player who is prasumed to have mastered the }ules necessary to

--discern’uhich caves are safd (Phase 2), would be faced with a situation

v

;luiiar to this.

s
te




-This eituation would give rise to tho-folfg%ing expianation if the

asked to move to cave 18.

given\g\?jtuation like this.

\

Figure 0.3 -

16

, . . L I
Brian, it isn't necessary to take sych large risks
With bats. It is true that one of caves 8, 12, and.l6
contains bats because we heard squeaking in cave 1, but Sne
of caves 18 and 1l contains bats because we heard squsaking
in cave 18. This makes it less |ikely that cave 8 contains
bats. Therefors, Brian, we.might uwant to explore cave 8

instead. ,
’ .

Wouid uoujlike to go cave 18 anyway? .

A player who has rastered the simple probablility rules would be

a ’ !

Appendices
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o " e
- JThio situation would give rise to the follouinb‘oiblanation if the plaler - = o

asked to move.to cave 3.

Brian, itfien't necessary to take such large risks - N
uith pite. One of caves 3, 7, and 8 contaihe a pit. o 4
N _ Likeuiss, one of caves 3, 2, and 6 Cohtains a pit. This .

is multiple adeonco;of 2 A@t in cave 3 which makes it ¥
probable that cave 3 contains a pit. It is less likely \
tnat cave 8 contains a pit. Hence, Brian, ue might want, o
to explore cave 8 instead.

- Would you like to go to c7vo 3 anyuay?

In the course of playing a game, a player of this level could be * .
- ¢ A\
feced uith a situation like this. , . . .o
¢ I - ,/ ; - ) -

) ' Figure 0.5 .. ’
I/ ‘ ' ' . " .
9| Visited Bat ¥ 16

18

»

5 ‘ .

. . ‘ i
Thie eitustion would give rise tquho tollowing-explanation if the player

asked Yo move to cave 16. R . e
. Brian, it isn't necessary to take such large risks "
. - With bats. It is true that one of caves '8, 8, and 3, o ’
contains bats, but cave 9 gonfainp bats b-qause We Wore . i ¢
picked up.by bate uhen He visited it before. This explains v
all the evidente for bats in caves 18, 8, sand 3. As we cv,
not have any evidenca of cave 8 containing bats, wé can .
presume.that it is unlikely that cave 8 conta’ns bats.
"There ia evidence of bats in cave 16 which makes it a more
dangerous cave. Therefore, Brian, ue might want to explore
cave @ instead. '

-

. This is an explanation qf rule PI? for bats as deecr1bed in " -

€ Appendix B. ) - ‘ : L

0y

4
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L~ Sample Wumpus Advisor Scenario

" Appendix E
R ; .

In the foliowing scenarioa. both Wusor's siatenente and the player's
responses Hill be mdente* to the actual fiaslds uded; the plager 8

reaponu d4ill bs underlined. Th.u scenarios have bsen cof¥tructed by

’
\‘;I' g ~ con(bnmng advice actually given by Wusor, but theg are not realistic

because Wuser uouldlnever give advice so often and because there is not a

. M .\ .

consistent Student Model throughout. ) This Appendix is intended to
. " ) . -~ .

give the reader some idea of Wusor's ability to give advice in a wide

-

.range of situations. [n this regacd, i.t is not all inc'luaive since Wusor

oA

- B .
has given advice in many eit}atione far removed from the ones shoun/

Hello, my name is Wusor VII.\ What is your name? JIM STANSFIELD"

AN X
Do | have your name right, Jim\o{anafield? Yes
" Would you !ike instructions? N_o_'

R ¥ - N . -

Just a second while | erase my blackboard.

In this game, Jim, there will be 28 caves all total, three
pits, and'three caves With bats. T .~

Y

» \e ] . - ‘.
In fact @ nsu player would not bs put in a warren with so many bats g}d

\

pits, y ’ i

*a ' . . ’
. - AW
. - 2
0.K., now | will draw up a neu warren. . N

We are noy at cave 6. ’/ B ~
The r\qughbormg caves are caves 3, 12, ang 5. ’

e
»

What now? 12

(;’) Wusor’s behavior is .highly dependsnt on the turrent Student Modet
and the following scenarios 'have bsen designed with a successively more

£ ‘ 101 ._ ../

advanced Student Modsl, fn fact, ths Student HModsl would not be
advancing in such a manner because of the comuuteﬁt mistakes bu the
player. . a .

' Pago,SS .

Py
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e are now at cave 12. Lo L . :
T The neighbdring caves are caves.l, 8, 18, and 6. i '
Squeak. [ hear bats they must be in one of the neighboring . .
CaVQS. 1] )
' 'r’ " . . , !
What now?' 1 | ' - . . ' .
k3 4
, P
v
3 b2
" - P \ .
4
’ | 8 i
v H f ¢ -
*Jim, did you know thkt W8 can backtrack to caved that ue
have aiready visited? No
\ HWell ws can, so why not go back to cave B where we didm't ' ‘
get any warnings at all. Fecom there we can safely go to cave 3
without risking bats. We should avoid bats becguse t’heg could
| drop ue in a cave with a pit or the Wumpus.
(%uld you like to go. ‘cave | anyway? No i
‘ e are fow at cave 12. P
The nooghbormg caves jare cavee 1 8, 18, and 6.
Squoak. I” hear bats.
Nhat nou? S .
We are now at cave 8. - A R
: The noaghbormg caves are caves 3, 12, and 5. :
. |
. -uhat ‘hog? 3+ . . . T
oﬂ ‘ ¢ ‘
We are-mow at’cave 3. - N
The nmghbor ¥ng caves are caves 2, B, 5, and‘l7.
Brerr. 1 feel a breeze, We must be next to a pit.
Whew, what a.etench! That is the smell of the Wumpus. [t )
) means that we are ujthin.two caves of the Wumpus.
. What now? Shoot - B S ' s . .
\ R o ®
v I : . C ) | AN . R
- " i ) R i
- *  Page 188 -
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‘What a stench! The Wumpus i? near,

h What now? 17 : .. . .

3
(‘ :
The Wuwpus Advisor y *Appendices
" o v 7
i .
1
. -4
a—t
2 »
Breeze
Stench ‘
17 ’ —J g .
) & < - .
Into which tave uould you like to ahoot? i7
Cave 17 can not contain th Wumpus because, if the Uumpus
Were there we would have smelel-him in cave 6 as cave 6 is
Within tuwo caves of cave 17, [f\uwe shoot an arrow into cave 17,
it copld ricochet back and kill us. *
Woulid/you |ike’ to shoot into cave 17 anyway? Yes
Poing ) :
Poing - L .
Poing : :
- . N \ )
We arq nou afzave 3. L *(:
The neighboring caves are caves 2' 6, S, and 17,

Brrrr. | feel-3 breeze. . |

\ ~

-
.

-

Hummm,
Jim, ue don't need to risk a pitlin cave 17 as cave S is
safe., Cave 5 can not contain a pit bscaule,- if a pit were ;here.

we would have felt a breeze in cave 6, Ws ehojpld try not ta
stumble into a pit as b+t would be fatal, ‘ ,
s . . {

Would you like to go to cave 17 anyway? No°

. T\ . \ oy o

We are now at cave 3 .. R
The.a®ighboring-taves ara Caves 2, 8 5. and 17. o
Brrer, ~ v » '
What a stenchl , N o

4 - ‘ . .
What now? § .

X ' '
We are nou at cave 5.
The neighboring caves are caves 15, 6, 3, and 3. ¢

Page 181
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Brree, ) + s U/> -
B What now? 3 ‘ -
]
2 — ) )
‘, \ Breeze : \
Stench : J . B
‘ T 17 b 8 - .
Hummm, (o . o N
- Waily Jim, | think that | would rather risk bats in cave 18 :
' than pits in cave 3. . ‘
Would you I’ke to go cave 3 anyway? No
We are now at cave 5. .
The neighboring caves are caves 15, 6, 9, and 3.
Brere,
P o e .
What now? Route . ‘ '
. What cave would you like to go to? 18
¢ To get to cave 18, Jim, ue could move to caves 6, 12, and 18.
: . ‘\. v
Hould you like a route to another cave? No )
P Y4 .
WNe are now at cave 5 .
The neighboring caves are caves 15 8 9, and 3.
Brrrr.
Htat.nou? 6
N "
. We are now at cave 6.
. ) * The naighboring caves are caves 3, 12, and 5. .
. R *
_ v, a
What naw? 12 : ) ' r
‘We are now at cave 12, . M oL
The neighboring caves are caves 1, 8, 18, and 6. ‘
Squeak. , '
‘ g\ Page 182 10 1
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What nou? 18
- _ " -
This game would cgntinue aiong the same lines. We will shift to a more )
advanced player.

Hel lo, mg'nam;‘is Wusor VII. What is your name? Brian CA
Do | have your name rlght.ﬂBrlan Carr? Yes

\\Yl belisve that we have hunted Numpln together before. Is that .
right? Y ) ) .

L
— . . ’ ,

Just a pecond wHile | erase my biackboard.

v

In this game, Brian, there will be 28 caves all total, three
pits, and three caves with bats.

‘3 Ko, now I will draw up a new warren.
e are now at cave 8. : .
The qflghborong caves are caves 6, 3, 13, and 10.
Brrrr, _ —

Hhat now? 6

.

e are now at cave 6.
The naighboring caves are cavee 8, 5, and 8.
Brrrr. '

L4 N

What now? 8

) Figurs E. &
0 . 10

14
Breeze Breeze

5 - 13
Hummm, )
Brian, it lsn't nscessary &o take such large risks with

pits. It is true that ons ot caves 13, 3, and 18 contains a
v pit because we felt & bresze in cave 8, However, one of caves -

Eago 183
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’

8 and 5 contains’a pit bescause we felt a breeze in cave 6.
This makes it less |ikely that cave 9 contains a pit, ‘and so, -
Brian, we might want to explore cave 9 instead. - .

Would gou like to go cave 8 anyway? No

We are now at. cave 6.
The neighboring caves. are caves 8, S, and 8. - o
Brrrr, .

" Hhat now? 8
We are now at cave 8. -
»” The neighboring caves are caves 6, 3, 13, and 18.

Brrrer, N
What now? 9 "\ /)
' " e are now at cave 9. /
The neighboring caves are caves &4, 13 8, and 7.. |
Brree, {
/ ‘\
What now? 13 .
|
. - Figure E.5 : e
“ . .
- -~ 0 lo —K
r
o N Breeze Breeze
(:% 8 at 9 4
. Breeze
.5 13 7
Hummm,

Brian, it isn't necessary to take such large rigks with 7
pits. Ono of caves 18 and 13 contain a pit. Also, one of
caves 7, 4, and 13 tontains a pit. This is multiple evidence .
of a pit in cave 13 which makes it qtito likely that cave 13

‘ contains 3 pit. [t is less |ikelg that cave 4 contains a pit.
Hence, Brian, we might want to explore cave 4 instead,

Would you |ike to go cave 13 an way? No
We are now at cave 3.

The neighboring caves are caves 4, 13, 8 and 7,
Brrer,
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T What nou? Info S : ' ' //{/,~

. . Nhat c;ve would you llke to know about? 8§

. +  The neughb3’a of cave 8 are caves 6, 9, 13, and 10. .

~ It has warhing "Brrrr.", RS
Wogld you |ike to know about-snother cave? No ) .
] We are now at cave 9. (// v B Co ”
» The neighboring caves are caves 4, 13, 8 and 7. . ,
; - Brrre., . ’ . / .,
-What now? 4 '

We are nou at cave .
. The neighboring caves are cavee 7, 3, and 9
lkhat a stench!

P
. - 14 .
What now? 7 3 . '3
/»"
@ 0
Breeze
©
Breeze Stench
[N o 5 L2
* HU..M . \' .
Cave 2 is a very good cave to explore, Brian. Cave 3 must .
be next fo the Wumpus because we smelled the Wumpue in cave 4. .
We know that cave 4 is not next to the Wumpus,. and so cave 4
z . is tuwo caves away from the Wumpus. Ope of caves 2, 16, and @ -

must be next to the Wumpus, but we also know that‘caves 7 and
- 9 are not next. to the Wumpus. Therefore, cave 3 must be next
to the Wumpus, and, if we visit cave @, we Hill gain
. 4 ‘information about the location of ths Wumpus.

Would you like to go.cave 7 anyuay? !ég

4
- ‘e are now at cave 7.
' \ The neighboring caves are caves 17, 4, and 9. ‘
- Squeak. . ) - X
' « Page 185
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Hhat nou? 4 ‘ .
Ho are nouw at cave. 6.

The.neighboring caves are caves 7, 3, and 9.
What a stench! .
\, . " ’

What nou? 3‘{ AN
We'are now ‘at cave 3.

The neighboring caves are caves 4, 12, 10 and 18.
What a stench! ) . !

" What now? 18

Breeze

w

: K o squeak . ..
Ae it ie quite poseible that cavolng;;;:§¥no the Wumpus,

. x ‘ Appendices

Broan. yau might uant to ehoot an arrou into cave 18 before we

visit it. . T
Hould you |ike to ahoot an arros into cave 18 inetoad? Yes
Congratulpt!onn. Bruan.,gou have |ho\>ﬁhe Wumpus.

, Your rcczfg_ts eught wins and four lpsaes. «
Hould you' |

ike to'blay again? No . ' \\\‘,.

Well, Brian, have a nice dau.. Please look me up next tipe

.

you uant to go on a Wumpii hunts

I am roturning you to'0DT....
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4,_‘ .0 ?esults \-Qf' Expe’rlment- Wlth the Synthetlc Student

:arf _\\ : ’ ’ : Appendlx F .- Q'?/\ C- B O
., * . .‘\ M ’ : .,

P 7T R The following are’ the r.eaults of Sgnthetoc Student
2 expéri ts. Tho complete protocoh are,. m fact, much mdre raveal'%g.

. ’ ~ . l‘ R
", but+al together amount to-uul ‘Gver & thousand p.ageq of computer outpu't. ’ v
l. s A~ editted pdhtion: of the last' gxperiment ie.shown in the following « ‘

Appendix. . Thio pi-otocoj is.r"epf'esén:tativo' of all of th; ;;rotoco'ld
_(except that Syndi ngrmally had a foxed state and did not ”Io.-n”) In .

‘ j//nalyz/mg the tabloage actu;l numbor? fhoun arﬂ? Ilttl" omportance. '

v The keg vartable is uhqther or not the given rule 'is kn/:l: (as mdncated

: bg/an aeternpk folloumg the Familiarity Vnues). The: forst group of

" sxper ',"““ Here of #he Tupo 1 described earlier.

e <t S .
. . y

T R Exporlnnt ulthgvndl Pouuolng Full Knouledge e
Nunor'l Student Knouledge Mode!l - ) Sundl'l Student Hodel _
Bats o Plta Wumpus’ Bats - Pits . Humpus
6.7838712x  2.7830743s 8.8- - |- @.ex 8.0x 0.0%
386.78307x -  278.78387% ’ 385.78387« 0.8x 8.6x 0.0x .
8.8 8.8 " 64,7830712x 8.6 . 0.0x 8.0x
79.78307x 80.78307x 188.78307x 8.0y 0.8x Ox
27.783@712¢  27.7830712« 62, 7839715 8.8x ° BDx P.0x
.1 -79. 78387* 80.78387x 11967830745 0,0 0.0x 0.08x
-|. 8.0- 0.8-° - - 9,78307116x | @.0x -  0.8= 0.0x
22, 7838712: \2‘1‘&7830712:' 62,7830715x ?91 . 8.8x - 0.0x
‘8.8 T 3178387120 dea 8.0s - 0.8x .
8.0 8.8- 8.0 0.0« 8:0% 8.6
8.78307127«  8.78367127x  4.7830712% |- ©.0x 8.0« 0.8x - 4
18.7830712x . - 18.7839712x  24.7838712% | ©.0x 8.2x 0.0x -
~ 3.78387113x  2.78307113« - 8.8- . 8.ex - 8.0« 0.0x
5.7830712« . 3.78307113x 7. 7830712* 8.6x ¢ 0.0x 0.0x
2.78307113«  2.78387113x 6.8 8.0x 0.0x 0.0x
8.9 8.0 . Tt 28,7830712= | '0.0s 0:0x 0.0n
)| a0 .. 8.9 +29.78307125 | 0.0 0.0« 8.0,
NN ‘ ' ® ’ . .
. ‘ ) - ‘ , ; v
l 0 Rage 167_ i ' -
. * . . . 10(‘ ' . ‘ - 1

. . . ;
.
N R . H
c - . ~
' . .
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Exper iment uith Syndi Possessing Knouledge up to Phase 2

- ' B . : v
‘ ‘Wusor's Studént Knouledge Model . Syndi’s Student Model
Rulé | - Bats ° * Pite® -'Uuupuo Bats 3 Pite Wumpus
— L3 =
8 | e.e- 8.8- 8.8- - | 1.8« 1.0x 1.8%
1 437.78387% ° 235.78387x  235.783@7x% |- 1i.8x 11.0% 11.0%
. 2 8.8 . 0.0 »' ' 8.8- 8.0 8.0 1.0% ,
. 3 2]. 7836712 . - 33.7830716%  8.78307127x | 1.8x 1.8%x" 1.0 ‘
4 158- - 1.8- 2,78387113x | 0.8° " 8.8 8.8
5 27.7839712«  33.78397165x  8.78387127= | 1.8= 1.0x 1.8%
6 | 0.8 . ' :sﬁ 8.8~ - 8.8’ 8.0 8.8 .
7 100 , - 3078387113. * aoe ’ﬂ.e eoe ' .
8 8.8 T 8.8 - 8.e- 8.0 .0 8.8
%-a 8.8 8.8 . 8.8- 8.8 .8.8 8.0 .
8.0 8.8 - /8.8~ 8.0 8.8 8.0 - /
11 | A.e- ; 1.8- 8.8- | e.e 8.8 8.9 ,
12-+70.0 8.8 8.8 8.0 8.0 8.8 :
13| e.e 8.8 ' 8.8 8.8 .0 8;8
16| e.8 8.8 8.8 8.8 © 8.9 8 N
15| 0.8 8.8 8.9- 8.8 8.8 8.0
19| eo.0 8.8 2.78387113= | 0.8 0.8 1.0%
Exporount u\ Synd| Pououlng Knoulodge up to Phase 3 .
s Husor's Student Knoulsdgo Model Syndi's Student flode! - . "
Rule | . Bats : Pits. Nuanuo Bats Pits . Humpus -
p— . &
. ‘s 2.78387113x 8.8- 1.0 1.8 8.9
\ . 130.78307x 95.78307% | 36.8s 3. 0% 34. 0%
2% b.0 4.7838712x | 8.8 0.8 2.8%
3 21.7838712x" \ 21.7838712« | 1.8« . ~ 1.0= 5.0x
4 8.78307127x - 3 15.78307132 | 2.0x 2.8x - 4.8%
. 5 21.7830712x  24.7838712p- . 21.7830712x | 1.@x 1.8% 5. 8%
, . & 8.0- - 8.8-- 4.7830712» | ©.8 .8 8.8
-7+ | 3.78397113x  8.78387127x ° 15.7838713% | 2.0x 2.8x 64,8
o 8 8.8 . 8.8 8.78307127% | 8.9 . 0.0 . 8.8
’ 9 eoe. e.e" e.e" eoe eoe eoe
10 | 3.78307113x  3.7837113s  1.8- ° 4} 2.8x 2.0x .8
11 | 6.7838712x 6.7838712% © 8.78387127x | 1.8x 1.0 8.0
- 12 los 1.9«. eoe"’ eoe eoe ada
. 13 108 1._8- e.e“ eoe eoe eoe ‘
146 | 0.9 . 0.9 8.0 8.8 8.0 8.8
16 | e.0 .0 . - 8.78387127= | 0.0 0.0 8.0
- 19 [ 0.8 8.8 8.78387127x | 8.8 0.0 - 3.0%

~
-
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The next set of experiments were of the Type 2 with Wusor initialiy

‘ . ’} The Wumpus Advisor . LI Appen%es i

assuming that Syndi had af cdaplete knouledga'f.tﬁe game. Because of the
najef® of ilﬁe Phases, once the plager is no longer presumed to knou a
/

simple rule (like rules 3 a\nd 5).' the higher rules can no longer be

degraded. 'In anlg case, the player uas Fec‘uced to the appropriate phase.

and advite jculd only be given at the appropriate leval.:
. ,’7 )
Exq:rinent Nith/uusor Degrading hie Student Model .
" Wusor's Student Knouledbe Model gyndi’ ¢ Student Model ,
Rule Bats Pits ) Wumpus I Bats Pits .’ Wumpus
8 | 0.8i-- ",  1.8% 8.9 |1 1.ee 1.0% 1.0%
. i 120, 0x+_ 112.0%+ 113.8x+ 1.8x 1.8x 1.0x
\ 2 0-9 0.9 ’ 809' ) 9.5 8.9 . 10
. - 3‘ Bo 36'* M 8036-+ ‘ 8.3‘0-4' - 'aoa aoa aoa
4 3.0x+ v  2.0x+ . " 3.0%+ 0.8 8.0 . 8.0
' s a'3“"+ = a'a-' * 8.3‘0-4' . ’ aoa aog aoa
. 4 6 8.8- 040 - 8.0 - 9.0 8.0- ;0.0
- ‘ 7 3.0%+ 2.0%+ 3.0%+ 0.0 0.0 8.0
. 8 0.0 8.0 2.0x4+ _ 0.0 0.0 8.0
9 8.0 8.0 1,0 0.0 8.0 8.8
18 | 1.0%+ 1{9:» g.e 8.8 2.9 8.0
11 3.0+ 2.0x%+ /8.8 + 0.8 8.0 8.0
! 12 - loa*ﬁ 1.8*+ aoa + 0!8 M aoa ao‘e
- 9§ 13 |- 1.0%+ 8.0 + 1.0+ 0.0 0.9 8.0
I6 |- 1.8%+ 8.346 + 0.0 0.0 0.0 2.0
1S 8.8 8.8 8.9 + 0.0 8.0 . 8.0
* 19 8.0 . 0.0 ,0.0-+ 8.0 0.0 0.0
. . /
s (V -
! .
’\./ f |
" ¢
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The Wumpus Advisor

. 1$ - -
The last set owpom.nto ware of° tho Typo 3, where Syndi started -~

-

uith e ninhul knoulougo .ﬂ thoﬂan (ruln B. 1, and 2) and "learned”

A
.

ruln n they wo ol‘plolnod to hor.

Euporhont ui th Syndi Lurnlng

- Huoor ] StudonVKnoulodgo ﬂodol Sundl'o Student Mode| . .
Rule Bats Plto Nunpuo Batse Pits Wumpus
? | 18,88 - “ioe 8.8- 3.8 1.0 1.8
1 517. By+ 495,08+ S23.8n4 6.0% 4.0x 29.8x
2-] e.8 pigy - %7.00+ 0.8 8.8 9.0x
3 118.0 1180w+ 68. 0%+ §1.0s " 1.8% 29.08x
. £8.08%+ 51.0x . 52.0%+ 3.0= 3.8x 27.8x%
5 118.0s . 118.0n+ 68,08+ 1.0 . 1.8 29.9x
‘ s e.e- . ao : 200’ e;a poe h eoe
7 |..33.0«® 51.0% 52,0+ 6.0 3.0» 32.2x
‘% 8.8 X 8.8 . 35. 082+ 8.8 8.8 32.08x%
'l e.8 . 8.8- 8.8- 8.8 8.8, 8.8
~ 18 1 13.8s+ 13.8x \ 6.8%+ . 1.8 1.8 11.8%
11 | 38.8%+ 39.8x 28.0%+ 1.8 1.0 4.8% |
12 | e.8- 8.8- ¢ - e.g; 8.8 8.8 2.0
: *13 | . 18.0x 3.8+ 2 4. 1.8 1.0 8.8
16 | e.8 ‘8.8 O\ 8.8 8.8 8.8 2.8 @
1S | .0 .08 \ 31.08s 8.8 8.8 8.8 ‘
19| o.0 8.8 22,00+ 6.8 8.9 8.8
- : N (%
7
.- " & .
) L .
- oA :
- '. -3
s v | ‘ ]
’ | ’ .
‘< ,
Q ) )
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. SR 2N :

Scenario Bétwéén'Synal Learn gnd;"héo;.~

.

. What follous is a tgpical?gbtocol With 'thé Synthetic Student and
Hueor. At varlouo‘point’ each had inocftgd their.current stddent mode!

,values intb the file, .but these uere deleted to eave space. Also,

4 -

betueen every move both Husor and Sgndu Hould output their analyses of

each moVe, but moaf of’ tﬂbse have alao been delated to coﬂserée space
\ . e
(the remaining are shoun in italico{. The compiete protocols from all . the

‘l; e
exper iments are available through the author,
\

-«

M ¥
Comments made by Wusor which would not normally be displayed for

/
&

the etudent are enclosed in "xix", THey constitute a trace of Wusor's

reasoning and make Wusor more believable to a human teacher as .well as

serving as an invaluable debugging aid. Syndi’'s comments are much |ess
\

frequ&nt“énd are enclosed in "###".  Syndi’s replies are all listed in
. - ‘ 3

-

upper case characters and undérlined.
Hello, my name is Wusor VIII. What is your name? -(Piease
~type in your first and last name., Foliow all responses.uith

.a space,) SiﬂDI LEARN

"Do | have your name right, Syndi Learn? YES -
I belidve that we have hunted Wugpii together before. Is
that right? YES s

In this game, Syndi, there will be 28 caves all
total, one pit, and one cléve With bats. . )
. 7 Ve
. “ ot -

Just a second while | erase my bhackboard. )
sokk Time is 198, sk .

" 0.K., now | will draw up a new Warren. .
=xx | am altering the game to create a situation appropriate R
for a player of phase 8. % R :
We are now at cave 1l.

The neighboring caves are caves 14, 1, 9, and 13.

\

What now?
Page 111
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#74. The Jollowing is my estimation of the moves.
: Cave  Cost. Gain Index coo B S
- 19 - 0.108270723 0.80131674 4.0416233 ' I . o
7 0.108270723 0.80131674 4.04158233 o ) . :
-1 0.108270728 0.80131674 4.04162383 ' ~_ . \‘ e s
, 14 0.198270723 0.80131674 4.0416233 K T >
. L A """ after the cave rumber trdicetes that these :
Jigures nfloct shooting into the ceve Defore visiting {t. .o . -
Cave  .Cost Gain Index - o o8 T s
10 - 9,0 1.0 10000.0 ’ : .
, 9 0.0 1.0 . 10000.0
1 oo tlo 110000.0 '
. 14 0.0 1.0 © 10000.0 - ’ /
.L& P R L
 We ‘are now at cave l4.. ¢ ' ,
. . The nsighboring,caves are caves 16, 5, 19, and 1. . . .
‘ Brrrr, 1 feel a bro/oze' We must be next to apit. ‘ -t C
L ¥ hat now? = T .
#4/F The followtng 1s my estimation of the moves. : '/\
Cave _Cost -~Gain Index . o "
- ) 9 0.198270723 0.79707436 4.0201313
1 0.198270723 0.79707435 4.0201313 ¥ ' ]
19 0.198270723 ° 0.79707435 4.0201313 * .
R - 0.198270723 0.79707436 4.0201313 .
18 0.198270723 - 0.79707435 4.0201313 ) . r ,
A """ aYter the cave number indicatés that. these
Jigures reglect shooting imnto the cave before visiting
. y Cave Cost .’ Gain Index . '
. 5 0.6 - 0.6 . 1.0
. 18 0.5 0.6 - 1.0
. " - 9 0.0° 1.¢ 10000.0
1 0.0 1.0 10000.0 . 7
19 0.0 1.0 10000.0 *
16
: — -
A . . Syndi, why not-go back to cave 1l where we didn't
get .any uarnings at all. From thers ue can safsly go to
" cave 1 without risking the pit, .We should try not to
stumbie lnto the pit as it/would be fatal,
) wex | have ubed: (ruis | for the Wumpus), (ruls 1 for tha \
pitr, and truls 1 for YL{)G 8) in explaining combination
rule 8. »oxx \ :
Would you liks to go to cavouuau? NO
Ws ars now at cave 14, *
The neighbor.ing caves ars cavss 15, 5, 19, ‘and 11.
Brrrr, 1 fesi a breszd. ' U
What nou? 11 ’ ‘
. = . ] 1 » ‘
‘ . -~ 1 I .
C )
. : : . . Pags 112 -
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T n

| Wk I have stopped |nat|al|zang the plauer s knowledge model
for the bats because he seems to be iearning rule 1. wkx
»xkx | am advancing the dtudent to phase 1 for the bats as he
has mastered rule 1. s
wkk | have stopped initializing the player’'s knouledge model
for the pit because he seems to be learning rule 1. wxx
skx | am advancing the student to phase 1 for the pit as he

* has mastered rule 1. oKk
“xxx | have stopped Aniti
" for the Wumpus because
ook | am advancing the

—
alizing the player's knouledge model
e seems to be learning rule 1. wkx

tudent to phase 1 for the Wumpus as

e had mastered rule 1. ok
We ‘are nou-at cave 11.° :
The neighboring caves are caves 14, 1, 9 "and 19,

-

What now? 1 . . A
wokk | am upgradnng the prager s receptivity because his move
to cave 1 is a move that | toid him was good very recentiy.
N
We are noy at cave 1. ; o
The neighboring caves are caves' 8, 15, and.ll. . .
Wheu, what 3 stench! That is the smell of-the Wumpus. It
:Zano that.ue are_uithio tuo caves of the Wumpus.

v at nou?- ; O
##8 The Jollowing is°my estimation of E)e moves . .
Cave Cost Gain ~ Index '

] 0.198270723) 0.79283296 3.9987394
16 0.198270723) 0.79283296 ~3.9987394_
19“ 0.198270r28\ 0.79283296 3.9987394
9 0.19827a723 " 0.7928326 3.9987394
16 0.1 - 2.792833 479283297
0" 0.1 2.792833 27 .9283297
« A """ after the cave number indicetes that these

Jigures reflect shooting imto the cave before vistting it.

Cave Cost -Gatn . Index
6 0.6 0.6 1.0
10 0. 0.6 1.0
19 0.0 . 1.0 10000.0
9 , 0.0' 1.0 10003.0
16 0.0 1.1 11000.0 .
-0 0.0 1.1° 11000.0
SHOOT . oY : T ¢

Into which cave Would you |ike to shoot? @

Cave B can not contain the Wumpus because, 1f the -
WHumpus were there, we would have smelled-the Wumpus. in cave
1] as dave 8 is within tuoscaves of cave 11, and, if We
shoot an arrdu jnto cave @, it could ricochet back and kill
us. ‘

" Page 113
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. Thé Hunpu:‘Advt:o§” .

+ - X

. wox | have used: (rules 3 and § for the Wumpus) - in

S gxplllninq combination rule 9, =xx . ‘

© HNN | have juet "learned" rule 3 for the Wumpus. MAN

S  HK# 1 have just "learned” rule 5 for the Wumpus. lg#
‘ Hould‘uou.liko to shoot into cave.8 snyuay? NO

Ho are now at cave 1. '

~+1 . The neighboring caves are caves 8, 15, and 11. *
Wivat & stench! The Wumpus is near. ,
P . : }/
/ , Hhat now? SHOOT .
"y #nto uhich cave would you Iike to shoot? 15. g '
- . . - 6 . ’
N _ .Poing \ ‘ 3
You have just shot yourself, ) r
, Would you like to take back your |ast move? YES y
. {
We are nouw at cave 1. .
The neighboring caves are-caves 8, 15, and 11.
What a stench!
| What nou? 18 Coe ! €

We are now at cave 15,

The neighboring caves are caves 1, G 3,
Squeak.
caves,
What a stench! .

.nd 13.
[ hear bats, they nuut be in one of the nooghborung

A """ after the cave number
Jigures reflect sﬁootiug iato the

Cave Cost
5 2.6
16 0.6

10 ~ Q.227228693

3 0.227225893 .

o 0.227228698
19 090
9 * 0.0
0 0.0
J) /

indicates that these

- What now?
, . /
L.« ##F The following is my estimation of the moves. '
Cave Cost Gatn Iadex
— v6 0.108270723 0.78869158 3.9773476
- 16 0.198270723 0.788691568 3.9773476
A 19 0.198270723 0.78859156 3.9773476
9 0.198270723 .78869168 -3.9773476 &
. 0 0.198270723 0.78860168 3.9773476
- 10" 0.1 2.78860156 27,8860167
3" 0.1 < 2.78869166 27.8860167
6" 0.1 2.788601568 27.8869167

cave before visiting it.

Gain Index
0.6 - 1.0

0.§ 1.0
0.7828629 3.4462203
0.7828629 3.4462203
0.7828529 3.4452203
1.0 10000.0
1.0 10000.0
1.1 11000.0 -

Page 114
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L}

SHOOT “

Into which cave would you |ike to shoot? 6 s e
Congratulations, $yndi, you have shot the Nuipds.

Your record ‘s one wins anch one losses,
Would you like to play again? YES

7

In thi‘ gaQ:. Syndi, there widl bo 28 caves al |
total, two pits, and two caves with bats.

Just a second while | erase my b]ackboard.
sk Time is 143, ook )

‘0.Ke,snow 1 will d‘rrdJup'a new warren.
sk | am altering €he games to create a situation appropriate
.for a player of phase 8. »oxx .

We are row at cave 3.

The neigaboring caves are caves 7, 8, and 15, “ :
) What now? 7 S
We are mou at cave 7., .

The neighboring caves are caves 6, 3, 13, and 18. ,
- Squeak. | hear bats,

Brerer.
What nou? . ) .
» . A4 . ~
. ##F The following is my estimation of, the moves.
s Cave Cost Gatin Index . ’ -
-0 0.114270098 A 0.83430289 7.7387077
. 16 0.114270098 0.88480289 7.7387077 .
18 0.:14270098 0.88430289 7.7387077 - .
J .13 0.114270008 0.88430289 7.7387077
6 - 0.114270098 0.88430289 7.7387077
A """ after the cave number indicates that these !
Jigures refLesi shooting intg _the tave before visiting tit.
Cave Cost . Gatp . Index '
18 0.36866813 0.6279084  1.70364266
. 13 0.36856813 0.6278084 1.70364266
i 6 0.36856813 0.6279084° 1.70364266
X 0 0.0 1.0 < 10000.0
. 16 0.0 1.0 10000.0
, § )
Hummmm. )

»xx Better moves which 1 have not mentioned.to the student
recently are caves 15 and 8. »xx.

. Syndi, we don't need to risk bats and pits in cave 6

" ae cavs 15 is safe. Cave 15 can not contain a pit becauee,

\ if @apit wers there, ue wouid-have fsit a bresze in cave 3.

We should avoid pits as they are fatal. Likeuise, cave 1§
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s oafe from the other dangsrs. .

xxx | have ussd: (rules 3 and 5 for pits) in onplainlng
combination ruls 8. sbkx

44 1 .have just "lsarned" ruls 3 for'pits, #H#

Hi# 1 am transfsrring my knouisdge of rule 3 for pits to
bate. ##k

" #8481 have just "lsarnsd® ruls S for pits. W%

s 1 am trlnofarrqng my knowledgs of ruls S for pits to v

- bats. #UR

Would you |ike to go-to cave 6. anyway? NO

We are nou at cave 7.

The neighboring caves are clv.o .6, 3, 13. and 18.

Squeak. “ ] »
Brrer. '

What now? 3

Ho are nou at cave3.
Ths nesighboring caves are caves 7, 15 lnd 8.

Hhat pou? 15 Q\\ ol

xxx | am upgrading th; player's receptivity bscause his move -

to cave 18 is a move that | told him uas gdod vsry rscently. ‘
oK .

We are now at:cave 15.
The neighboring caves are caves 1, 4, 3 and 8.

What now? '
#7# The following is my estimation of the moves. —
Cave Cost Gatn Index
~18 0.114270008 0.87038217 7.6056466
18 0.114270098 70.87938217 7.6058466

/,ﬂ 114270098 0.87038217 7.6056466 ‘ ‘
0:0 1.0 ") 10000.0
8 0.0 - 1.0 - 10000.0 n
4 0.0 1.0 10000.0
1 0.0 1.0 10000.0

A """ after the cave number indicates thet these
Jtigures .reflect shooting tato the cave before wisitiag (t.
Cave Cost i Gain Index
v 18 0.3068506813 0.81676847 . 1.67007747 1
. 138 0.30866813 0.61676847 1:67Q07747

1y

0 0.36860813 0.61676847 . 167067747 ' - .
0 0.0 1.0 10000.0 -
. 8 0.0 1.0 10000.0
4 0.0 -1.0 10000.0 . . .
1 0.0 1.0 . 10000.0 ‘ .
1 ‘ .

We ars now at cavs 1.
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;] .
" THe neighboring caves are caves 15, 2, 14 and 9.
Squeak. #
What a stench!
What row? 15

We are nouw at cave 15.

The neighboring caves are caves 1, 4, 3, and 8. d .

; What now? 4

I ~ ‘
oMok Hovea which the student seems to have correctlg
identified as worse are caves 2; 14, and g, AKX ' .
#kx According to combination rule 8, I am marking ruies 3

‘ and S for bats because his move is better than cave 2. xxx
We are now at cave 4.
! The neighboring caves are caves 15, 11, 18, and 2.
. . Squeak.
Brree,
. 7 - »

What ncu? 1S
’\_> "

We are now atscave 15.
The neighboring caves are caves 1, 4, 3, and 8.

. . ( What nou? 8

xxx Moves which the student seems to have correctly .

, . identified as worse are caves 2, 11, and 18. o .
. %ok According to combination ruie @, | am marking rules 3
) and S for bats because his move is better than cave 2. . .
xkx I am advancing ‘the student to phase 2 for bats-as he has .
mastered rules 3 and 5. sokk
~ 0 xxx According to combination rule @, | am marking rules 3
and 5 for pits because his move i betfer than cave 1. ,
Aok . .
sk | am advancing the student to phase 2 for pits as he has
*  mastered rules 3 and 5. o - °
We are nou at cave 8. ’
The neighboring caves are caves 15, 19, 13, and 2.
- _Brrer,
What row? 2 ) . —
We are now at cave 2. ‘
. The neighboring caves are caves 8 1 8, and 4.
’ WHat a stench! . . .
What Now? 8 N . .-
. " MWe are now at cave 9. '
' The neighboring caves are caves 18 2, 1, and 5. . :
. uhat a stenchl ' :
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s Cave Cost . Gain Index

- . .
- A . A
D N )
. . - N 2 .

[y

What now? 1 . :
We are now at cave 1. '
Ths neighboring caves are cavoo 15, 2, 14, and 9
Squeak. . .
What a atench! .
What now? 16 * : ‘ .
). ’ '
We are now &t cave 15, ’
The neighboring caves sre caves 1, 4, 3, and 8,

{
What now? 8
xxx Moves which the student seems to have correctly
identified as wores are caves 18, 5, 14, 19, 11, 13,
and 18. ok .
‘According to comblnatuon rule @8, | am marking rules 3

" and S for the Wumpus because his move is better than cave iﬂ.

Aok

sk According to combination ruie 8, 1 am marking rules’ 3
and S for bats bscause his-move is bstteér than cevs 14,
20K ’ N

axx According to combination rule 8, 1 am marking rules 3
and S for pits becausa his move "is bstter than cavs 19,
AoHOK .

We are now at cave 0.

‘The neighboring caves ars caves 11, 16, and 3. .
What a stench! - ’ .
What now?

##F 'The followiny 13 my estimation of the moves.

18 - 0.114270098 0.84986783 7.4372723
6 0.114270008 0.84986783 7.4372723

19 0.100000001" 0.9 .. 8.99999988
13 0.100000001 0.9 T 8.99999088
- 6" 0.1 v 2.9 n 29.0000002
- 10' ,,g * 2.9 29.0000002
0168666026 0.9442866 59.666169
~16 0.0 . . 1.0 10000.0 .
11 0.0 1.0 1 10000.0

A """ gfter the cave number indicates that these
Jigures reflect shooting. itnto the cave before visiting f1t.

Cavé:  Cost Gatn Index
© 18, 1.0 0.0 0.0 .
19 0.6 0.6 1. »
; g {20
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What now? 3 ? ; “
We are now at cave 3. = . ,
The neighboring caves are caves 7, 15, and 8. ) -,
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13 0.5 0.6 1.0
14 * 0.168566588 0.442864954 2.79310346 - .
6" ‘\0 16666 3.416686 120.6021603 .
10' 0.16566 3.416686 20.6021603 : '
‘ 6' ~ 0.0 1.0 10000.0 ‘ ' -
11 0.0 1.0. .100b0.0 .
16 0.0 1.1~ 11000.0
i1 - : -
Hummmm, i !
%%k Better moves which | have rot-mentioned to the student
. recentiy are cave 16. xxx e
We are nou at cave 1l. \ .
The neighboring caves are‘caves 2, 4, L? and 18.
Squeak. N
Brrre. ' .
What now? 8, - \
He are noil at cave(@.
The neighboring gaves are caves 11, 16, and 3. r

What a stench!

-

What ndu? 16

*kk Moves wuhich the student seems to-have correctly
identified as worse are caves 17 and 18. e«

"We are now at cave 16. ]F
The neighboring caves are caves 13, 5, 18, and 8.
Brrerr.
What a stench! e
What now?
I;; The following is my estimation of the moves.
Cave Cost Gain Index
6 0.1142700 .8400164 .7.3611479

18 0.114270098 .0.8400164 7.3611479
17 0.134270098° 0.8400164 7.3611479

19 0.100000001 0.9 © 8.9990998& T
i3 0.100000001 0.9 8.09009988
100" 0.1 2.9 © 20.0000002
6" 0.1 2.9 - - 29.0000002

14 0.0158546625 0.93335166 58.886603
A """ aft&r the cave number indicates that these

Jigures reflect shooting into the cave before visiting it.

Cave Cost Gain . Index
18 1.0 0.0° 0.0
13 * 1.0 0.0 0.0
14 0.1568666688 0.333616684 2.1034483
10" 0.16665 3.416686 20.5021603
&" 0.16666 3.416686 20.5021603
19 0.0 1.0 10000.0 -
. ‘ .
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- . 8, 0.0 1.0 100000 , -
17 0.0 1.0 10000.0
. ° . | .
l - ’ ‘ '
v o We are now at cave 0.
The neighboring caves are cave&ll. 16, and 3. . i
<Hnat"a stench! . ) ”
2. "~
Hhat now? 3 . . !
We are now at cave 3. . ‘ o

The neughborung caves are caves 7, 15, and 0.

»

_ Whgt now? 15 .

e are now at cave 15. -
heighbor ing caves are]caves 1, 4, 3, and 8. .

What nou? 1 -

le are now at cave 1.

The neighboring caves are caves 15, 2. 14, and-9,
Squeak. ‘

What a stench!

FR t , ! ! ] 5;
What now? 14 ' Lo ¥

xxk Moves which the student seems to have correctiy

identified as worse are caves 13 and 18. KK~

Hummmm, . J
wok Better moves which 1 have not men{ioned to the ‘ﬂj)dent
recently are caves 19, 17, 18, and 5,

Bon Voyage!

We are nou at cave 8. -

The neighboring caves are caves 15, '19, 13; and 2.

Brrre.

‘What now? ™
#4F The following ts my estimation of the moves.

Cave Cost Gain Index
: 14 0.158656588 0.333616684 2.1034483

6 -0.114270098 (.8400164 7.3611479
17 0.114270098 0.8400164 7.3611479 -
18 0.1M4270098 0.8400164 7.3611479 -
* 13 7 0.100000001 0.9 8.99999988
19 0.100000001 0.9 -~ 8.99999088 !
6 0.1 . 2.9 29.0000002
10° 0.1 ) 2.9 29.0000002
A """ after the cave number inditates that these
Jigures reflect shooting into the cave before visiting it.
- Cave Cost Gain Index )
18 1.0 0.0 9.0 . -
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= 18 o 4 0 "0.0 ‘ - '

. - \64 >o mmm 0. 3335;6604 2.1034488 .
o 0.1666 v 8.410686 20.6021003
« 5 e IU" 0. 16606 . 3.416685 20.6021608 :
. 6 0.0 - 1.0 10000.0 _ : .
~ ) 17 0.0 . . 1.0 10000.0 . ” ’
- 19 0.0 - 1.0 - 10000.0
L < -2 A ) o . f . ' <,
s = C S
We are now at cave 2. A

The ngighboring caves are caves 9, 1, 8, and 4.
What-a stench!. . . T
- 4 R ‘ “\'
What naW? g - S .
s - : .

Ne are noW at cave 9. ’
5 The_neighboring caves are caves 10 2, 1, and 5./
Wnhat a stench! \

. ¥
What now? SHOOT = . - =~ _ : L -
Into u{ch cave Would you |like to shoot? 18 .
f . Poing ~ . ‘ v
. We are now at M 3. =
‘ The neighboring caves are cavu 18. 2, 1, dnd- 5.
& What a stenchl
What now? .
i The followtna is my estimation of the moves.
Cave  Cost Gain » “Index
- 14 R 0.168566688 0.33361 2.1034483
’ . 8 0.114270098 0.840010%  7.36511479
C 17 0.114270098 0.8400164 7.3611479
Y - 18 0.114270098 0400164  7.3611479
g © 18, 0,100000001 ¥.9 8 90909088 Y
- ’ 19 ° 0.100090001 0.9 . 8.90900988 < -
. 6 0.1 2.9 '29.000000% .
' 10 0.0 1.0 s 10000.0 - :
y ~ A """ gfter the cave number {ndicates that these
/1« o~ ° . Jigures reflect shooting iato the ¢ }nrh]bro wisitiag it.
.7 Cave Cost : Gain Index . -
. o 18 1.0 ' & 0.0 ,
Y A 13 1.0 ’ o o - -
Co 16" .'0.168450688 0.333616684 z wama
*u 0 0.0 1.0 10000.¢
- 17 < 0.0 1.0 " 10000.0 '
) _ -~9 0.0 1.0 10000.0%.
S 10 0.0 1.0 10000.0
T 6 0.0 6.1 “81000.0 )
® 1 . - .
h , , . L
r ; M -~ - 1 L]
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¥ Humpmn, ‘ : “l" N
S wex Bettse movss which | havs ndt lcntlonod to the student

- recently #rs cave b, mx ]

- » Hs are now at cavs 18. ' v

+ _ The neighboring caves are caves 17, 9, 18, and 16.

What a stench!

> . »
What now? 17 ' )
- oy
Hummom,
A wick Better moves whic have not msntioned to the student
.~ recently are cave 5. .

We ars now at cave 17,
] Hhat a stenchl
Nhat no 6 - -

. ] xck | am degrading tho player’'s receptivity bscause his move //)
- ‘ to cave 6 is @ nove that | told him was bad very rscentiy.
Foo ok

We are now at cave B.\ '

The nsighboring cave® srs COVIU‘7. 12. 17, and 13.

Brrer.
- . What a stench! ° - ’
WPinat now? 12 > “ D
’ Humlnn.
ok Better moves which 1 have not mentionsd to the student
‘recently are cave 5. ok v .

. ‘We are now at cave 12.
- . The neighboring caves ars caves 5, 6, 14, and 17.
1 Squeak. \ :
‘ p}Jhat a otench' )

What now? 17

r Ws ars now at cave 17. ’
*+ "The nsighboring caves ars cavsJ [ 10. 12, end 11.
What a stenchl .

Hhat now? 18 C

-

. Ws ars now at cavs 10. !
The neighboring caves ars cavqg 17 3, 19, and 16. .
tht e stench! .
. What now? 19 ' o -~ P
- ' wiox Moves which ths otudont ssens to havs corrsctly
Y . ldentified as worss ars caves 14 and d3. wmx
' * som According to combination ruis 8, | am narking rules 3 - o
. , | ol Page 122 R
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and S for_pats because his move s bettor than cave 14,
fokox

xx According to combinstion rule B. I om merking rulee 3
and 5 for plits because.his move ia qetter than cave 13.

Aok

Hummmm,
%wkk Better mpoves uhrch I rave not mentionad to ths student
" recently sre cave 5. ik

We are now at cave 19.

The neighboring caves are caves 14, 8, 18, and 10.
Squeak.

Brrre.

‘What a stench!

What now?

#¢F The Jollowing is my estimation of the moves.

Cave
14
18
13
6.

Cave ,
138
18
14
.1

10

0.168666688 0.0601421544p0.379831034
0.114270098 0.81641279
0.100000001 0.9 ' 8,99999988
. . 29.0000002
A """ after the cave number indicates that these

NJlgures reflect shooting into the cave before visiting it.

0168660688 0.060142164 0.37981034

We are now at cave 18.:
The neighboring caves are caves 17, 9,
What a stench!

"‘—*-\44hé§ now? 16

19, and 16.

We are now at cave 16,
< The neighboring caves are caves i3, 5, 18, and 8.

Brrrr.

What a stench!

Hhat.nou? SHOOT

Into which ceve woutd you itke to shoot? §

Congratulations, Syndi, you have shot the Wumpues.
Your record is two Wing and are lossea.
Hould you |lke to play sgein? YES

ln thlo gouo. Syndi, there will be 28 ceves |l5,

total, tuo pits, end two ceves With bate,

W
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Just a sscond whils [ erass my- ‘blackboard.

wex Time |g-208, wnf

0.K., now | will dray up a neW_warren,

x| am oltorlng the game to oreste 8 sltuation cpproprloto
for a player of phas€ 8. woxx

n
He are nou pt cave 5.
Thc’nolghboq*rq cavas are caves 8,12, 3, and 19.

THnat nou? §

He ars now at cavs'8.

Ths nsighboring caves are caves' 5, 4, 6, and 7.
Squsak. :

Brerr.

What a stench!

What now?

### The folleing ts my estimation of the moves.
Cave Cost Gain Index
7 0.114270008 0.834380280 7.7387077
6 0.114270008 0.88430280 7.7387077 :
4 - 0. 11’}70098 0.88430289 7.7387077.
19 .. 0.0 1.0 10000.0
12 .0 ., 1.0 10000.0
8. 0.0 1.0 10000.0
- A """ after the cave rumber indicates that these
Jtgures reflect shooting into the cave before visiting tt.
Cave Cost Gain - Fndex
0:36866813 0.67236288  1.82422046
0.368668183 0.67236283 1.82422046
0.36850813 0.67235283 1.82422046
0.0 1. 10000.0
0.0 1. 10000.0
0.0 1. 10008.0

Ws ars nou at cave 5. .
Tho nilghbortnb cavoo ‘ars cayss 8, 3. 12, and 18.

‘What now? 3

xox Moveg which the stydent sssms to havs corrsctly
identifisd as worse ars caves. 4, 6, and 7.

We are nowu at cave 3.

The noidhborlnq\clvoo‘lro ccvoo 18, 9. and 5.

What now? 18 ’

He are nou at covo.ia. ) i
The nelighboring caves srs cayps 3, 17, ond 16.
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.
Lo e
L4
.

. What nou? 13 - ' .

Ws ars-nou at cavs 17.
The neighboring caves are caves 15, 18, 11, and 14,

Brerr. ;
What now?
" ##F The Jollowing 15 my estimation of the moves. '
Cave Cost - Gain Index ) N—
. 7 0.114270098 0.86964078 7.8096211
b -8 0.114270008 0.869640783 7.6096211 .
4 0.114270008 01.869584073 7.68096211 -
11 0.100000001 0.9 8.990999988
16 0.100000001 0.9 8.99900088
¢ 19 0.0 1.0 10000.0
12 0.0 1.0 10000.0
-9 0.0 1.0 10000.0
14 0.0 - 1.0 10000.0

A """ after-the cave aumber indicates that these
Jtgures reﬂect shooting into the cave before vtstttu it.

Cave Cost ° ~ Gain Index -
11 0.6 0.6 1.0 L ‘|
16 0.6 0.6 1.0 , ‘
7 0.36866818 0.63690306 1.7263338.

. , .8 0.36866813 0.63600306 1.7263338
4 0.363566813 . 0.83500306 1.7263338 .
19 0.0 1.0 10000.0 o
. 2 0.0 1.0 10000.0 :

9.. 0.0 1.0 10000.0
4 00 ™~ 1.0 10000.0

16 . ,

We are nou at cave 14,
Jhe neighboring caves are caves 8, 11, 18, and 17,
Squsak.
Brirrr.,

i

-

What now? 18.
‘We ars now at cavs 18. ’ .
The neighboring caves are caves 3, 17, and 14.

-~ What nOu? 3 - 5

"Ws ars nou at cave 3.
The neighboring caves are caves 18, 9. ‘and 5.

Hhat now? 8
S xcex Moves uhich the stydent ssems to havs corractiy
. identified as worss 8re caves 8 and 11, woxx
: ' . e’ Accqrding to combination ruis 8, | s marking ruiss 3
, ) Page 125
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‘

and 5 for bats becsuse hio move is better than cave 8. wxx

" e According to combination ruls B. | om marking rules 3

and 5 for pits because his move |s batter than cave 1l.

We srs now at cave 9. . .

he neighboring caves are cavss 3 6, 18, and 2. N T
mt 8 .tmh' . ! .

-

Khat nou? &

o - -

. e ors 7w at cave B.

The nelghboring caves oro caves l. 8, 11, end 1, . ' )
Brrre, ‘ .
Khat 8 stench! y

*

Khat nou?g) SN . |

We are now at cavs 3.
The' nsighboring caves ars caves 3, 6, 10, and 2.

‘What 8 stenchl s

What nou? 18 ¢
xxx Moves u\}nich the ‘student sssms to havs corrsctly L
identified as worse ars caves 1, 4, 7, and 1], wmx A
wex According to combindtion ruls 8, | sm merking rules 3, .
S. and 19 for the Wumpus becauss his mave is better thar ’
cavesl,
ox | am advancmg the student to phass 2 for tho Humpus as
he has mastered rulss 3, 5, and 18, =xx

According to combination ruls 8, I o merking-rules 3
and 6 for plits bsceuss his move |s better. then cave 11.
sk

?

- We ars now at cavs 18. ' -+

Ths neighboring caves srs ce¥es 3, 2, 18 and 3.

-What a stench! ’ , -

- ' o, ! . .\
What nouw? 2 L 5 )
. [} S~ -

We ars nou at cave 2. " .

The neighboring caves ars caves 18, 8, 16, and 3. : L~
squ'.ko * ’

Khat a stench! .

Khat now? _l_ﬁ — !

We ars nou at cave 10

- The nelighboring caves srs cavn 9, 2, 16, and’13.

What a stench!
L]

What now? 1§

. %= Moves which the student seems to have correctly . ‘
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identified as worss ars caves i6, 13, and 8, woex
»xx According to combination ruis 8, | am norklng ruies 3
. and 5 for tho Wumpus bscauss his movs s bstter than cavs 16.
Aok ..
»ex According to combination rule 8, | am marking ruiss 3
and § for bats bscauss his movs is bstter than cavs B, xx%
He are nou at cavs 15,
The nsighbor ing caves are caves 17, 19, and 18. [

~

What now? .

. ### The following is my estimgtiorn of the moves.
Cave . Cost Gain Index !

7 0.114270098 0.8400164  7.3611479 ! ;
4 0.114270098 0.8400164  7.3611479
1 0.00d00001 0.9 8.99000088 .
1" 0.1 2.81 - 28.1
16 0.1 2.8400164  28.400104 . !
0 0.0168566626 0.93336166 68.8856603~ :
A2 0.0 1.0 10006.0
13 0.0 1.0 ) 10000.0
19 0.0 1.0 10000.0

A """ ‘after the cave number indicates that these
SJigures reflect shooting tnto the cave before visiting it.

Cave Cost Gatn Index
11 1.0 0.0 0.0
7 0.63963915 0.358378894 0.6641084
4 0.63963918 0.358378894 0.6641084
0 0.1685656588 0.333516684 2.1034483
1" 0.181094997 3.5061289 21.764368 °
18 0.127766 4.0427918  31.842406
12 0.0 ~ 1.0 10000.0
10 _ 0.0 1.0 10000.0
13 . 0.6 , 1.1 11000.0

19 Ve

Hummmm, :

sxx Better moves which | havs not nontlonod to ths student
recently are cave 13. wokx

» Cave 13.is a very good cave ‘to explore, Sundc. as us

know that one of caves 2 and 13 must bs next to the Wumpus.
Cave 18 must be exactiy two caves away from ths Wumpus

bscauss ws smelled ths Wumpus in cave 18. This means that

cave 18 is within two caves of ths Wumpus. We also knou

that cave 18 is not next to the Wumpus. Hence cavs 18 is
sxactiy tuo caves away from ths Wumpus, Thersfors ons of

caves 9, 2, 15, and 13 must bs next to ths Wumpus, but .
neither. of caves 9 aod 15 ars next to the Wumpus. This ’
msans that ons of caves 2 and 13 must bs' next ko ths(Humpus,
and 80 1 f we visit cave 13 ws will g8in information sbout
the location of ths Wumpus.

sax | hays used: (rulss 8, &, and 7 for the Wumpus) in
sxplaining combination rule 5. wxs

i g
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v The 3 hlvtaor T ;\
. #9% 1 have just "learned” rule 8 for the Wumpus. H¥¥
#¥%:] have just "lesrned” rule & for the Wumpus. ##%
¥ 1 have just: "learned” rule 7 for the Humpus. W¥¥
Would you |ike to go to cave 19 anyuay? .
This experiment continued on fo; BaNYy ROre pames. \
. .
N\
. ¢
- 4
A/
: 3
!
y 4
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