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A b s t r a c t 

T h i s paper examines the p o s s i b i l i t i e s o f 
a p p l y i n g A I -Me thodo logy deve loped f o r n a 
t u r a l language q u e s t i o n - a n s w e r i n g systems 
t o c o m p u t e r - a i d e d i n s t r u c t i o n a l sys tems. 
P a r t i c u l a r l y , i t f ocusses on how semant ic 
n e t s can be ex tended to hand le p r o c e d u r a l 
know ledge , and how an i n s t r u c t i o n a l model 
can be expressed in te rms o f g o a l - d i r e c t e d 
p rocesses sepa ra ted f rom s u b j e c t - m a t t e r 
knowledge. 

I n t r o d u c t i o n 

F u n c t i o n a l l y , q u e s t i o n - a n s w e r i n g systems 
and c o m p u t e r - a i d e d i n s t r u c t i o n a l systems 
(CAI -sys tems) are s i m i l a r , and i t seems 
a p p r o p r i a t e t o t r a n s f e r A l - t e c h n i q u e s d e 
ve loped f o r Q/A-systems (11 ,13) t o C A I -
sys tems. But so f a r , r esea rch on Q/A-
systems has n o t g i v e n much t h o u g h t to t he 
q u e s t i o n s a user c o u l d or shou ld be a s k e d , 
o r how t h e sys tem ' s r e p l y shou ld be e x 
pressed as to be e a s i l y u n d e r s t a n d a b l e by 
t h e u s e r . These f e a t u r e s a re no t o n l y r e 
q u i r e d i n t u t o r a l d i a l o g u e , b u t shou ld 
a l s o be p r e s e n t i n any i n t e r a c t i v e sys tem, 
where a t l e a s t two p a r t n e r s j o i n t l y 
s t r i v e to ach ieve a g o a l , and each may 
reques t use o f t h e c a p a b i l i t i e s o f t h e 
o t h e r . C l e a r l y , a t e a c h e r needs some know
ledge o f h i s s t u d e n t ' s knowledge and g o a l s 
a s i d e f rom knowledge about s u b j e c t m a t t e r . 
That knowledge is r e f e r r e d to as a user-
model. Other i n t e r a c t i v e a p p l i c a t i o n s 
l i k e o p e r a t i n g sys tems , debuggers f o r p r o 
gramming l anguages , o r i n f o r m a t i o n - r e t r i e 
v a l systems would a l s o b e n e f i t f rom e x p l i 
c i t l y c o n s i d e r i n g a model o f t h e user i n 
p r e p a r i n g t h e i r messages. 

We w i l l o u t l i n e (1) how s u b j e c t - m a t t e r 
knowledge may be r e p r e s e n t e d in semant i c 
n e t s , and t h e n (2) how p l a n n i n g o f i n 
s t r u c t i o n i s d i r e c t e d b y a n i n s t r u c t i o n a l 
m o d e l . 

B u i l d i n g semant ic n e t s i n a s u b j e c t a rea 

SCHOLAR by C a r b o n e l l (3) and SOPHIE by 
Brown (2) a r e examples of the use of a 
semant ic ne t f o r r e p r e s e n t i n g s u b j e c t -
m a t t e r knowledge and u s i n g i t i n gene r 
a t i n g p r o b l e m s , o r answer ing q u e r i e s . 
Simmons has h y p o t h e s i z e d t h a t semant ic 
n e t s may se rve as the c e n t r a l c o g n i t i v e 
s t r u c t u r e ( 1 1 ) . We w i l l show how a seman
t i c ne t o f a s u b j e c t - m a t t e r a rea can be 
b u i l t ( us i ng the n o t a t i o n o f ( 8 ) ) , and 
how the n o t i o n of a semant ic ne t may be 
expanded i n o r d e r t o ach ieve q r e a t e r f l e x 
i b i l i t y i n u s i n g i t . 

Bas ic o b j e c t s and r e l a t i o n s 

F i r s t , c e r t a i n concep ts a re d e c i d e d t o b e 
p r e - r e q u i s i t e and known to any s t u d e n t . 
Some o b j e c t s and r e l a t i o n s a re a l s o used 
a s p r i m i t i v e s i n t he p r o b l e m - s o l v i n g com
ponent o f the sys tem. The r e l a t i o n " n o r t h -
o f " may e i t h e r be assumed b a s i c or e x 
p l a i n e d t o t h e s t u d e n t i n te rms o f l a t i 
t u d e , a s w e l l a s computed i n te rms o f l a t 
i t u d e . I n choos ing b a s i c r e l a t i o n s and 
o b j e c t s , i t has t o b e c o n s i d e r e d t h a t nat
u r a l language sen tences may be conve 
n i e n t l y g e n e r a t e d . 

Concept nodes 

Second l y , the concep ts to be t a u g h t a re 
d e f i n e d i n terms o f r e l a t i o n - o b j e c t t u p 
l e s ( l i k e a LISP p r o p e r t y l i s t ) . E . g . i f 
we t e a c h , say "Ch inese C o o k e r y " , some bas 
i c o b j e c t s may b e : r i c e , s o y - s a u c e , pan 
e t c . , and some b a s i c r e l a t i o n s a r e : i n -
q r e d i e n t - o f , made-by, shape e t c . . An o b 
j e c t l i k e a "wok" i s n o t b a s i c because 
t h e s t u d e n t m igh t need t o know t h a t i t 
i s l i k e a n i r o n p a n , hav i ng a b o w l - l i k e 
shape w i t h two h a n d l e s , and i s used m a i n 
l y i n a c o o k i n g method c a l l e d " s t i r - f r y 
i n g " : 

S e v e r a l q u e s t i o n s about a "wok" may be 
asked b y the s t u d e n t , and i t i s p o s s i b l e 
t o r e t r i e v e r e s p e c t i v e answers . G e n e r a l 
l y , i t i s a prob lem t o d e c i d e , how many 
nodes deep we s h a l l go i n t o t h e n e t when 
r e t r i e v i n g the subnet used f o r t h e answer. 
C a r b o n e l l (3) used i r r e l e v a n c y t a g s as 
w e i g h t s t o d e t e r m i n e t h e subnet i n c l u d e d 
in t h e answer. We f e e l t h a t t h i s i s a 
weak p o i n t i n SCHOLAR, and t h a t t he r e l e 
vancy shou ld r a t h e r be d e t e r m i n e d on t h e 
b a s i s o f a n i n s t r u t i o n a l m o d e l . 
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S i t u a t i o n nodes or frames 

F i n a l l y , concept no serve as b u i l d i n g 
b locks f o r l a r g e r s t r u c t u r e s capable o f 
expressing s i t u a t i o n s , events and compo
s i t i o n s of events . A s i t u a t i o n can be 
thought of approx imate ly as the d e s c r i p 
t i o n o f pa r t o f the (hypo the t i ca l ) wor ld 
at an i ns tance . Aga in , teaching "Chinese 
Cookery", we may descr ibe the i n i t i a l s i t 
ua t i on before p repar ing a course by l i s 
t i n g each i n g r e d i e n t , respec t i ve amount, 
s t a te o f p r e p a r a t i o n , t o o l s , r e l a t i v e po
s i t i o n e t c . . Anyth ing a l t e r i n g a g iven 
s i t u a t i o n is c a l l e d an event . The d e s c r i p 
t i o n of an event should express the 
changes i t w i l l make, i f app l ied t o the 
network s t r u c t u r e represen t ing t h a t s i t 
u a t i o n . As a consequence i t is n a t u r a l to 
a l l ow composi t ions of events (nested, se
q u e n t i a l o r p a r a l l e l conca tena t ions ) . I n 
order to inc lude such knowledge, semantic 
nets requ i re procedures w i t h i n them. 

We f o l l o w Minsky 's no t i on of a frame "as 
a data s t r u c t u r e fo r represent ing a s t e r 
eotyped s i t u a t i o n " ( 1 0 ) , and i n t e r p r e t i t 
f o r rep resen t ing sub jec t -ma t te r in an i n 
s t r u c t i o n a l system: "A frame is a c o l l e c 
t i o n of quest ions to be asked about a 
h y p o t h e t i c a l s i t u a t i o n ; i t s p e c i f i e s i s 
sues ra i sed and methods to be used in 
dea l i ng w i t h them." (Minsky ( 1 0 ) ) . Organ i 
z ing a cu r r i cu lum f o r a CAI-course should 
then s t a r t by i d e n t i f y i n g such s i t u a t i o n s , 
app l i cab le ques t i ons , and the ways they 
are connected, ra the r than b u i l d i n g a 
"h ie ra rchy of p r i n c i p l e s " (Gagne ( 4 ) ) . 
Some of the quest ions associated w i t h a 
s i t u a t i o n might be, what concepts are p r e 
r e q u i s i t e , how a s i m i l a r s i t u a t i o n would 
l ook , which s o l u t i o n s are p o s s i b l e , or 
methods could be t r i e d , e t c . . We s h a l l not 
d i g f u r t h e r here now, but look f o r a way 
to extend the computat iona l aspect of a 
semantic net in order to g ive i t some of 
the c a p a b i l i t i e s of a frame-system. A 
frame d i f f e r s from a convent iona l node in 
a semantic net in the sense t h a t : 
(a) Before any node being po in ted to 

( t e rm ina l ) is accessed from a frame 
head, an a p p l i c a b i l i t y t e s t is made. 
I f i t f a i l s , a l i s t o f a l t e r n a t i v e 
frames i s made a v a i l a b l e . I f i t suc
ceeds, i t may determine which arcs 
to access and in what o rder . 

(b) I f a frame is accessed, i t may take 
over c o n t r o l and not r e t u r n to the 
c a l l i n g frame. 

(c) The te rm ina ls may spec i f y cond i t i ons 
t h a t have to be s a t i s f i e d . These con
d i t i o n s are f u n c t i o n s tha t may have 
as arguments values of o ther t e r m i 
na ls of t h i s f rame, or a frame 
through which the cu r ren t frame has 
been p rev ious l y a c t i v a t e d . I f the 
c o n d i t i o n f a i l s , a d e f a u l t value i s 
g i v e n . 

123 



When c o n t r o l is rega ined , r e t u r n to 
c a l l e r . > 
The basic operat ions of c r e a t i n g , s t o r i n g , 
r e t r i e v i n g , and removing concept nodes are 
handled by standard L ISP- func t i ons . For 
frames such func t i ons must be rede f i ned . 
A l so , nodes should be r e t r i e v a b l e by p a t 
t e r n - d i r e c t e d invoca t ion (5 ) . The develop
ment of such t o o l s promises to be va luab le 
f o r implementing a teaching system more 
v e r s a t i l e than SCHOLAR. Nevertheless i t 
was SCHOLAR which mot ivated these r e f l e c 
t i o n s . 

Planning i n s t r u c t i o n 

Assume, a semantic net represent ing know
ledge in a sub jec t -a rea has been b u i l t 
along these l i n e s . How could an a lgo r i thm 
to teach it be designed? One approach is 
to wa i t f o r a user query, understand i t , 
invoke the frame(s) re levan t to i t , and 
c a l l a procedure which generates a na tu ra l 
language r e p l y . A d i f f e r e n t way is to l e t 
the system decide what the cu r ren t goal of 
i n s t r u c t i o n should be, and proceed as be
f o r e . Since the i n i t i a t i v e o f the d ia logue 
is e i t h e r on the system's or on the use r ' s 
s i d e , Carbonel l used the term m i x e d - i n i 
t i a t i v e d ia logue to express t h a t SCHOLAR 
enabled both modes (3 ) . But i t is impor
t a n t to n o t i c e , t ha t both modes need a 
s p e c i f i c a t i o n of the d i a l o a u e ' s g o a l . The 
use r ' s query must be understood as a f u r 
the r s p e c i f i c a t i o n of the (poss ib ly vague
ly expressed o r impl ied) i n s t r u c t i o n a l 
g o a l . I t s meaning depends upon the context 
of prev ious d ia logue , assumptions about 
the use r ' s knowledge, and the purpose of 
i n s t r u c t i o n . 

A human i n s t r u c t o r (hope fu l l y ) knows what 
he wants to i n s t r u c t , and a lso takes note 
of what he be l ieves h is student has a l 
ready understood. Sometimes, before s t a r 
t i n g to teach a new concept, he makes sure 
t ha t the student has grasped a l l e p r e - r e q -
u i s i t e concepts by asking ques t ions . The 
s tuden t ' s answer is then used f o r updat ing 
h is notes. This i l l u s t r a t e s some of a hu
man teacher ' s i n t e l l i g e n c e . How can it be 
made a r t i f i c i a l ? 

L e t us d e f i n e an instructional model as a 

representation of (1) goals of instruction, 
(2) methods to achieve their, and (3) a 
user model. The goals may be formulated in 
terms of a set of concepts the student can 
apply to a set of situations. These goals 
may be modified by particular user pre
ferences. The methods include general, 
hence transferable knowledge a teacher has. 
The user model contains the history of un
derstood concepts and solved problems, a 
description of situation features the user 
is l ikely to be motivated by, and possibly 
some characteristics of his abi l i ty ( l ike 
reading speed, preferences for inductive 
or deductive reasoning, forgetting factor 
etc. ) . The function of an instructional 
model within a CAI-system would be to 
search the semantic net, retrieve the 
frames to be taught, match their pre-req-
uisites with the prior knowledge of the 
student and interpret user queries and 
answers as updates of the instructional 
model. 

A CAI-system should expl ic i t ly incorporate 
such model, but presently only few at
tempts have been made to do so (6). The 
tradit ional approaches to this problem 
using decision theory and stochastic 
learning models (1,7,12) have reached a 
dead end due to their oversimplified re
presentation of learning. The reason for 
stochastic learning models fa i l ing as 
models for instruction is their lack of 
representing the content to be taught. The 
teacher's decision can in general only be 
made, if he knows what is understood, but 
not the probability that a specific re
sponse w i l l be given to a specific stim
ulus. 

A new approach would be to express the i n 
structional model as a structure of goal-
directed processes (in a language such as 
CONNIVER (9) or PLANNER (5)). We can 
sketch the idea for a (overly simplistic) 
f i r s t approximation to such algorithm: 

Let the goal of instruction be that the 
student can solve problems generatable 
from a l i s t of situation nodes of the net
work. This l i s t could be a tree implying a 
default ordering of concepts (e.g. in 
terms of the pre-requisite relat ion). In 
planning his next move, the instructor 
takes a node from this l i s t , and tr ies to 
find out whether it is answerable by the 
user model. 

A problem generated from a situation node 
is answerable if i ts l isted pre-requisites 
are marked as known or if a problem-sol
ving procedure containing only steps pre
viously demonstrated in other situations 
can be successfully applied. The function 
that evaluates whether a problem is an
swerable may in case of fai lure return a 
l i s t of unknown pre-requisites, and also 
recommend other frames to be examined 
f i r s t . 

To find whether a pre-requisite is met, or 
a substep in a solution sequence is avai l
able to the user, the model may yield in -
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s u f f i c i e n t i n f o r m a t i o n s u c h t h a t a teat be
comes n e c e s s a r y . A s p e c i a l l o g i c f o r r e 
t r i e v i n g t e s t s c a n ' c o n s t r u c t e d : F o r e x 
a m p l e , k n o w i n g t h a t a g i v e n r e l a t i o n h o l d s 
f o r t h e s u p e r s e t node o f a c o n c e p t i m p l i e s 
t h a t i t i s known f o r any node t h a t i s c o n 
n e c t e d v i a t h e " I s a " - r e l a t i o n . S i m i l a r 
t h e o r e m s h o l d f o r o t h e r r e l a t i o n s l i k e 
p a r t - o f o r t e m p o r a l o r d e r i n g . They s h o u l d 
a l s o b e u s e d when a n a l y z i n g answe rs t o 
p r o b l e m s n o t g i v e n f o r t e s t p u r p o s e i n o r 
d e r t o mark t h e p r o b a b l e k n o w l e d g e - s t a t e 
o f c o n c e p t s . 

I f i t t u r n s o u t t h a t a p r e - r e q u i s i t e c o n 
c e p t i s n e c e s s a r y , w e s e a r c h f o r a node 
d e s i g n e d t o examplify i t . The n e t i s b u i l t 
t o f a c i l i t a t e s u c h s e a r c h b y h a v i n g " E x -
a m p l e " - a r c s f r o m c o n c e p t s t o f r a m e s . A l s o , 
s p e c i a l p r o c e d u r e s f o r g e n e r a t i n g e x a m p l e s 
may b e c o n s t r u c t e d : F i n d a p r e v i o u s s i t u 
a t i o n whe re t h e s o l u t i o n w o u l d have been 
s i m p l i f i e d t h r o u g h t h e use o f t h a t c o n c e p t , 
o r a s i t u a t i o n w h i c h i n case a t e r m i n a l i s 
bound d i f f e r e n t l y r e q u i r e s t h a t c o n c e p t i n 
o r d e r t o b e a n s w e r a b l e . 

R a t h e r t h a n l o o k i n g f o r p r o b l e m s w i t h a n 
s w e r a b l e p r e - r e q u i s i t e s , a d i f f e r e n t p l a n 
w o u l d p r e s e n t a s i t u a t i o n node f i r s t i n 
" g e n e r a l t e r m s " b y b i n d i n g some t e r m i n a l s 
t o s i m p l e c a s e s , and p r o c e e d i n t e r a c t i o n 
w i t h t h e u s e r , s p e c i f y i n g t e r m i n a l s i n t h e 
d i r e c t i o n i n d i c a t e d b y t h e s t u d e n t ' s k n o w 
l e d g e and i n t e r e s t . I n SCHOLAR i t i s a 
p r o b l e m , how deep one s h o u l d f o l l o w a r c s 
t o r e t r i e v e r e l e v a n t i n f o r m a t i o n a t a 
g i v e n i n s t a n t . I f t h e i n s t r u c t o r m a r k s t h e 
a r c s a l r e a d y r e t r i e v e d , h e can a v o i d b e i n g 
r e p e t i t i o u s . F u r t h e r m o r e , i t seems good 
p e d a g o g i c p r a c t i c e t o c o n n e c t new c o n c e p t s 
w i t h ones a l r e a d y k n o w n . T h i s l e a d s t o 
f i n d i n g c o n n e c t i o n s f r o m t h e p r e s e n t e d 
node t o a l r e a d y marked o n e s , r e t r i e v i n g 
o n l y d i f f e r e n c e s o r s i m i l a r i t i e s ( t o e n 
hance d i s c r i m i n a t i o n o r g e n e r a l i z a t i o n ) . 
A l l t h i s may n o t y e t i n v o l v e any r e s t r i c 
t i o n s b y u s e r g o a l s . B u t h i s h i s t o r y may 
i n d i c a t e t h a t h e i s more i n t e r e s t e d i n say 
p o l i t i c a l f a c t s a b o u t S o u t h - A m e r i c a t h a n 
i t s m a i n r i v e r s . The d i a l o g u e s h o u l d b e 
used t o e x t r a c t s p e c i a l p r o c e d u r e s t h a t 
e v a l u a t e t h e s t u d e n t ' s m o t i v a t i o n when r e 
t r i e v i n g a node and f i l l i n g i t s t e r m i n a l s . 

The s y s t e m has to have t h e problem-solving 
ability i t t r i e s t o t e a c h ( a t l e a s t w i t h i n 
t h e t o p i c o f d i s c o u r s e ) . A s t u d e n t q u e r y 
c o n c e r n i n g a c o n c e p t , may f o r c e t h e i n 
s t r u c t o r t o e x p l a i n t h e c o n c e p t i n t h e 
c o n t e x t o f t h e c u r r e n t p r o b l e m . O r , i f t h e 
s t u d e n t has c o r r e c t l y s o l v e d a p r o b l e m and 
i n d i c a t e d h i s s t e p s , some o f t h e used c o n 
c e p t s may b e i n f e r r e d ( o r g u e s s e d ) s i n c e 
e a c h s t e p i s s o l v a b l e b y t h e i n s t r u c t o r 
t o o . These used c o n c e p t s can t h e n b e m a r 
ked a s " k n o w n " ( o r " p r o b a b l y k n o w n " ) . What 
d o e s t h e i n s t r u c t o r do a b o u t a bug i n a 
u s e r a n s w e r ? H e can t r y t o p r o d u c e t h e 
same bug b y u s i n g h e u r i s t i c s a b o u t p r e 
f e r r e d e r r o r s d e t e c t e d i n u s e r s ( l i k e 
l e a v i n g o u t a " ) " o r a t e r m i n a t i n g c o n 
d i t i o n f o r r e c u r s i o n i n L I S P ) . A n o t h e r 

h y p o t h e s i s t o t e s t i s , w h e t h e r t h e u s e r ' s 
answer was a c o r r e c t r e p l y t o a s i m i l a r 
p r o b l e m , i n d i c a t i n g t h a t t h e s i t u a t i o n was 
n o t c o r r e c t l y u n d e r s t o o d . F i n a l l y , i f t h e 
i n s t r u c t o r i s n o t i n t e l l i g e n t enough t o 
u n d e r s t a n d why t h e p r o p o s e d s o l u t i o n i s 
w r o n g , h e can t e l l t h e u s e r f a c t s c o n t r a 
d i c t o r y t o h i s s o l u t i o n o r a s k f o r i n t e r 
m e d i a t e r e s u l t s . 

I t a p p e a r s w i t h i n r e a c h o f A l - m e t h o d o l o g y 
t o d e v e l o p C A I - s y s t e m s t h a t a c t more l i k e 
human t e a c h e r s . A c r u c i a l s t e p i n t h i s d e 
v e l o p m e n t i s t h e s e p a r a t i o n o f s u b j e c t -
a r e a k n o w l e d g e f r o m i n s t r u c t i o n a l p l a n n i n g 
k n o w l e d g e . What has been s a i d i s p r o v i 
s i o n a l , and may s e r v e a s a g u i d e l i n e t h a t 
w i l l need t o b e f u r t h e r e x t e n d e d and s p e 
c i f i e d . 
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