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A b s t r a c t 

A computer-based i n s t r u c t i o n a l env i ronment f o r 
s t u d e n t s l e a r n i n g LISP i s d e s c r i b e d . I t s des ign 
i n c l u d e s a LISP I n t e r p r e t e r w i t h an extended 
e r r o r - h a n d l i n g c a p a b i l i t y f o r e v a l u a t i n g f u n c t i o n s 
w r i t t e n by s t u d e n t s . S tudents can ask q u e s t i o n s 
in n a t u r a l language about LISP in gene ra l and con ­
c e r n i n g s p e c i f i c LISP f u n c t i o n s which they have 
d e f i n e d . A fuzzy pa rse r i n t e r p r e t s the s tuden t 
reques ts and b u i l d s a LISP f u n c t i o n wh ich ope ra tes 
on a semant ic ne twork to de te rmine i t s response. 

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

A s a n a p p l i c a t i o n a rea o f A r t i f i c i a l I n t e l l i ­
gence, computer -a ided i n s t r u c t i o n ( C A I ) , has r e ­
c e i v e d c o n s i d e r a b l e i n t e r e s t ( 1 ) . C a r b o n e l l ' s 
SCHOLAR (2) is perhaps the bes t known example of a 
" m i x e d - i n i t i a t i v e " CAI sys tem. Through SCHOLAR, 
s t u d e n t s can ask q u e s t i o n s about concepts r e l e v a n t 
to the geography o f South Amer ica . 

Koffman and B loun t (3) have developed a s y s ­
tem to teach machine- language programming. Th i s 
system can genera te programming prob lems, and mon­
i t o r and a s s i s t s t uden t s i n cod ing t h e i r s o l u t i o n 
programs. Th i s system conca tena tes a sma l l se t 
o f prob lem p r i m i t i v e s and assoc ia ted s o l u t i o n r o u ­
t i n e s i n o rde r t o c r e a t e and so l ve m e a n i n g f u l p r o ­
gramming p rob lems. 

N a t u r a l language unde rs tand ing i s becoming 
more impo r t an t In CAI system. Many power fu l p a r ­
se rs have been developed f o r v e r y e x t e n s i v e sub-
Bets o f E n g l i s h i n c l u d i n g Wood's pa rse r (A) and 
V l n o g r a d ' s PROGRAMMER ( 5 ) . These methods are b e ­
g i n n i n g to be o f use f o r q u e s t i o n answer ing sub­
systems and f o r i n t e r p r e t i n g s tuden t responses . 
Of p a r t i c u l a r I n t e r e s t is the work done by Brown 
e t a l ( 6 ) . I t i s h i s s e m a n t l c a l l y d r i v e n fuzzy 
grammar t h a t has I n f l u e n c e d t h i s r e s e a r c h . 

Brown ana lyzed s tuden t scena r ios I n v o l v i n g 
e l e c t r o n i c c i r c u i t t r o u b l e - s h o o t i n g and d i scove red 
t h a t the concepts and i tems d iscussed f e l l I n t o 
s m a l l numbers o f semant ic g roup ings or c a t e g o r i e s . 

These i n c l u d e d : measurements, c o n t r o l s e t ­
t i n g s , c i r c u i t e l emen ts , and c i r c u i t l o c a t i o n s r e ­
l a t i v e t o the e l e c t r o n i c c i r c u i t . The parse was 
then accompl ished by a n t i c i p a t i n g and l o o k i n g f o r 
phrases wh ich matched these semant ic c a t e g o r i e s 
where they m igh t be a p p r o p r i a t e . The p a r s e r ' s 
f u z z l n e s s stems f rom the f a c t t h a t words t h a t a r e 
not unders tood can be sk ipped ove r . 

Teaching a programming language embraces two 
ma jo r t a s k s . One is p r e s e n t i n g new m a t e r i a l In an 

o r d e r l y c o n t r o l l e d f a s h i o n . The o the r i n v o l v e s 
making a v a i l a b l e a f r i e n d l y , i n f o r m a t i v e e n v i r o n ­
ment t h a t a l l o w s e x p e r i m e n t a t i o n , and t h a t can r e ­
cogn ize e r r o r s and m isconcep t ions and p o i n t them 
o u t . W i t h ISLE ( I n t e r a c t i v e Student LISP E n v i r o n ­
ment) we have concen t ra ted on t h i s second i tem by 
d e v e l o p i n g a computer-based envi ronment f o r LISP. 
The system knows about the s t r u c t u r e and semant ics 
of t he LISP language and can answer ques t i ons 
about LISP da ta s t r u c t u r e s , concepts and f u n c t i o n s ; 
bo th those f u n c t i o n s d e f i n e d by the s tuden t and 
the p r i m i t i v e s i n t e r n a l t o the system. 

As an example cons ide r the f o l l o w i n g d i a l o g u e : 

N o t i c e t h a t q u e s t i o n s are answered W i t h a 
complete s ta tement to avo id any a m b i g u i t y , a l s o 
no te the use o f the pronoun i t by the s t u d e n t . 
Some l i m i t e d anaphor ic r e f e r e n c e Is p e r m i t t e d by 
the system to a l l o w a more n a t u r a l d i a l o g u e . 
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The system is b u i l t around several subnodules 
as shown In f i g u r e 1. Each stud ent command or r e ­
quest is received by the monitor where i t is c l a s ­
s i f i e d as input fo r e i t he r the e d i t o r , the eva l -
ua to r , or the parser. Any input which is not 
e i t he r a l i s t of ed i t commands or a func t ion f o l ­
lowed by an argument l i s t is assumed to be a r e ­
quest fo r in format ion and so is passed to the 
parser . Anything the parser cannot handle is r e ­
jec ted and the student is asked to rephrase or 
break up the quest ion. 

The pa rse r and t h e semant ic r o u n t i n e s work 
t o g e t h e r t o answer f a c t u a l q u e s t i o n s about the 
LISP language , i t s da ta s t r u c t u r e s and f u n c t i o n s , 
and about the f u n c t i o n s the s tuden t has d e f i n e d . 
The parse mechanism has a semant ic b a s i s in t h a t 
s p e c i f i c words o r phrases a re looked f o r t h a t r e ­
f e r t o t h i n g s the system knows a b o u t , i . e . , f u n c ­
t i o n s , d e f i n i t i o n s , o r e n t r i e s i n the semant ic 
n e t w o r k . These i tems are d i v i d e d i n t o groups o r 
c a t e g o r i e s t h a t a re s e m a n t i c a l l y s i m i l a r . 

S e m a n t i c a l l y s i m i l a r i t ems are those t h a t 
m igh t f i t i n a g i v e n s l o t i n a sentence o r ques­
t i o n , and t h a t f a l l i n t o a supe rse t c l a s s i f i c a t i o n 
such as da ta s t r u c t u r e s or f u n c t i o n names. The 
r e s u l t o f the parse i s an e x e c u t a b l e LISP f u n c t i o n 
whose e v a l u a t i o n causes a response to be gene ra ted 
f o r the s t u d e n t . 

The e v a l u a t o r e v a l u a t e s s tuden t f u n c t i o n s 
when c a l l e d upon , a c c e p t i n g n e a r l y any LISP 1.5 
c o n s t r u c t i o n s . When s tuden t e r r o r s a re f o u n d , i t 
r e p o r t s the type o f e r r o r and i n what f u n c t i o n i t 
occured to the s t u d e n t . E d i t o r commands can be 
used t o l o o k around i n s i d e o f f u n c t i o n d e f i n i t i o n s 
and to i n s e r t , d e l e t e , and change p a r t s o f t h e 
d e f i n i t i o n . 

Semantic Ca tego r i es 

The ISLF- system uses f o u r semant ic c a t e g o r ­
i e s . These c a t e g o r i e s a l l o w the pa rse r t o be 
somewhat s e l e c t i v e i n choos ing what t o l o o k f o r 
nex t w h i l e p rocess i ng the s t u d e n t ' s i n p u t . The 
semant ic c a t e g o r i e s a re the f o l l o w i n g : (1) Func­
t i o n s (2) f u n c t i o n t ypes (3) da ta s t r u c t u r e s 
(A) o t h e r genera l c o n c e p t s . 

Each semant ic c a t e g o r y is r ep resen ted in the 
i m p l e m e n t a t i o n by a LISP f u n c t i o n wh ich w i l l 
check , b e g i n n i n g a t the head o f the c u r r e n t s e n ­
t e n c e , f o r a phrase t h a t matches an element in 
t h a t c a t e g o r y . Depending on the f u z z i n e s s se t by 
the grammar at t h a t moment, one or more of t he 
i n i t i a l words in the c u r r e n t sentence may be 
s k i p p e d . 

The f i r s t semant ic c a t e g o r y i s t h a t o f f u n c ­
t i o n names. I t i s rep resen ted i n the grammar b y 
FNNAME. T h i s ca tego ry c o n s i s t s o f a l l f u n c t i o n s 
t h a t a re c u r r e n t l y d e f i n e d i n the system; t h a t 
i s , a l l SUBRS and FSUBRS p l u s any f u n c t i o n s t h a t 
may have been d e f i n e d as EXPRS or FEXPRS by t h e 
u s e r . FNNAME and t h e o t h e r t h r e e semant ic c a t e ­
gory match ing r o u t i n e s a l l ope ra te i n the same 
manner. They opera te l i k e any o t h e r grammar r u l e 
f u n c t i o n i n t h a t they accept some t a i l o f t he i n ­
put sen tence . They can r e t u r n NIL i f they f i n d no 
match a t some p o i n t I n t h a t t a i l . I f they d o f i n d 
a ma tch , t h e y r e t u r n the nex t t a l l ( c o n s i s t i n g o f 
the o r i g i n a l t a l l minus the matched p o r t i o n ) . 

They a l s o se t the atom RESULT w i t h a g l o b a l 
(CSET) v a l u e t h a t s p e c i f i e s what semant ic e lements 
were matched a long w i t h t h e i r semant ic c a t e g o r y . 
As an example, c o n s i d e r the t a l l fTHF FUKCTION 
FACT CALL ANY SUBRS' passed as an argument to 
FNNAME. (Perhaps as p a r t of t he q u e s t i o n : "Can 
the f u n c t i o n FACT c a l l any sub rs? " ) FNNAME would 
match the t h r e e words ,THE FUNCTION F A C T . I t 
would r e t u r n the t a i l , 'CALL ANY SUBRS' and se t 
the v a l u e of RESULT to the l i s t (FN FACT). FACT 
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Perhaps the l a r g e s t semant ic ca tegory i s t h a t 
c o n s i s t i n g o f LISP da ta s t r u c t u r e s . Th i s i s r e p ­
resen ted in the grammar by STRUCTURES and in the 
imp lementa t ion by a f u n c t i o n of t he same name. 
Table 3 shows some of the phrases accepted in t h i s 
ca tegory by the f u n c t i o n STRUCTURES. 

The f o u r t h and l a s t semant ic ca tegory serves 
as a c a t c h - a l l f o r a n y t h i n g not i n c l u d e d in the 
o t h e r t h r e e . Th is ca tegory i s rep resen ted by 
CONCEPTS in the grammar and the i m p l e m e n t a t i o n . A 
few phrases recogn ized by the CONCEPTS f u n c t i o n 
a re shown in Table 4 . 

The h e a r t o f the E n g l i s h unde rs tand ing com­
ponent of the system is a BNF grammar. A f t e r a 
l i n e has been read i n , a n i n t e r p r e t a t i o n o f i t i s 
a t t e m p t e d . In the SOPHIE system ( 6 ) , every non ­
t e r m i n a l i s cons ide red a semant ic e n t i t y to be 
searched f o r when necessa ry . In the ISLE sys tem, 
however, o n l y a few of the r u l e s a re a c t u a l l y con­
cerned w i t h semant ic e n t i t l e s o r c a t e g o r i e s . 

These semant ic e n t i t i e s are d e f i n e d as on l y those 
t h i n g s wh ich have e n t r y i n the semantic ne twork . 
The r u l e s wh ich embody c e r t a i n semantic groups 
have a l r e a d y been d e s c r i b e d . The r e s t of the 
grammer r u l e s a re used to i d e n t i f y requests f o r 
c e r t a i n r e l a t i o n s h i p s o r p r o p e r t i e s o f the seman­
t i c e n t i t l e s . 

Most programs wh ich make use of a grammar use 
some k i n d of pa rse r or grammar i n t e r p r e t e r . Th i s 
pa rse r (a program) then uses a t a b l e or a r r a y in 
wh ich the grammar r u l e s are s to red ( d a t a ) . 
S p e c i a l c o n t r o l s t r u c t u r e s must be set up to con ­
t r o l back ing up when an i n c o r r e c t parse is begun. 
In ISLE, t h i s grammar i s implemented d i r e c t l y in 
LISP. For each r u l e ( n o n t e r m i n a l ) in the grammar, 
t h e r e i s a co r respond ing LISP f u n c t i o n w i t h the 
same name imp lement ing t h a t r u l e . The LISP c o n ­
t r o l s t r u c t u r e s make t h i s imp lemen ta t i on r e l a t i v e ­
ly easy due to the r e c u r s i v e d e f i n i t i o n o f LISP 
f u n c t i o n s in g e n e r a l and the use o f the s p e c i a l 
b u i l t - i n f u n c t i o n s ; COND, AND, and OR. Backup is 
au toma t i c a s each r u l e - f u n c t i o n can l e t i t s c a l ­
l i n g r u l e - f u n c t i o n s know o f i t s f a i l u r e o n r e t u r n . 
A l l p o i n t e r s and v a r i a b l e v a l u e s w i l l aga in b e 
those o r i g i n a l l y set i n the c a l l i n g f u n c t i o n . 
There is n o t h i n g to undo or redo as the LISP con ­
t r o l s t r u c t u r e hand les t h i s a u t o m a t i c a l l y . 

The Semantic Rou t ines 

The p a r s i n g o p e r a t i o n , i f i t i s s u c c e s s f u l , 
w i l l produce ano the r LISP f u n c t i o n t o b e e v a l ­
u a t e d . Some of these f u n c t i o n s and the sentences 
t h a t produced them a re g i v e n in Table 5 . Each i s 
a c a l l to a p r e d e f i n e d semant ic r o u t i n e . The 
f u n c t i o n s FN, FTYPE, CONCEPT, and STRUCTURE r e ­
t r i e v e the d e s i r e d semant ic i n f o r m a t i o n f o r t h e i r 
a rguments . In t h i s way words such aa ATOM a re 
d i samb igua ted . For example, (FN ATOM) w i l l r e ­
t r i e v e i n f o r m a t i o n r e l e v a n t t o the f u n c t i o n ATOM, 
w h i l e (STRUCTURE ATOM) w i l l r e t r i e v e the I n f o r m a ­
t i o n f o r pronouns wh ich i t does b y match ing i t s 
arguments a g a i n s t the semant ic c a t e g o r i e s o f p r e v ­
i o u s l y ment ioned i t e m s . 

ISLE 's semant ic r o u t i n e s are a l l s p e c i a l i s t s 
f o r answer ing t h e i r own type6 of q u e s t i o n s . Some 
take i n f o r m a t i o n d i r e c t l y f rom the network to be 
f t iven to the s tuden t or to be used in compar ison 
o r r e l a t i o n s h i p t e s t s . DESCRIBE, f o r example, 
g i ves the s tuden t a p r e - d e f i n e d d e f i n i t i o n o r d e s ­
c r i p t i o n i f i t e x i s t s . I n the case o f s tuden t 
d e f i n e d f u n c t i o n s , i t t e l l s the s tuden t the type 
o f f u n c t i o n i t i s . RELATE r e p o r t s o n ' s u p e r s e t ' , 
' s u b s e t 1 , and ' p a r t - o f r e l a t i o n s h i p s between I t s 
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The semant ic ca tego ry c o n s i s t i n g o f f u n c t i o n 
types is rep resen ted in the grammar by FN/TYPE. 
The o p e r a t i o n o f t h i s f u n c t i o n i s v e r y s i m i l a r t o 
t h a t of FNNAME. In this case , a word or phrase 
t h a t somehow d e s c r i b e s or c l a s s i f i e s a group of 
f u n c t i o n s i s looked f o r . Th i s i n c l u d e s f u n c t i o n 
t ypes l i k e e x p r , s u b r , f s u b r , and f e x p r as w e l l as 
t h i n g s l i k e a r i t h m e t i c f u n c t i o n s and c o n d i t i o n a l 
f u n c t i o n s . Table 2 shows the v a l u e of RESULT t h a t 
w i l l be produced f o r a few i n p u t ph rases . 



argument , o r i n the case o f s tuden t d e f i n e d f u n c ­
t i o n s — t h e a c t u a l f u n c t i o n d e f i n i t i o n , t o t e l l how 
many arguments a p a r t i c u l a r f u n c t i o n has . 

The permanent semant ic I n f o r m a t i o n used by 
these f u n c t i o n s i s se t up as a s s o c i a t i o n l i s t s o f 
r e l a t i o n s h i p s and va lues f o r each semant ic e n t i t y . 
Tab le 6 shows t h i s I n f o r m a t i o n f o r the s t r u c t u r a l 
I tem atom. The v a l u e of the r e l a t i o n s h i p TEST is 
the name of a p r e d i c a t e f u n c t i o n wh ich t e s t e f o r 
the assoc ia ted semant ic e n t i t y . I n t h i s case , the 
f u n c t i o n ATOM t e s t s f o r the s t r u c t u r e wh ich Is an 
atom. TYPE and TYPE OF i n d i c a t e subset and super ­
set r e l a t i o n s h i p s , and DESCRIPTION i n d i c a t e s a 
l i t e r a l d e f i n i t i o n o f the i t e m . 

Other , temporary I n f o r m a t i o n t h a t might be 
used by the semant ic r o u t i n e s can be c rea ted and 
changed in v a r i o u s ways. When a s tuden t d e f i n e s 
a f u n c t i o n , the f u n c t i o n i s analyzed and l i s t s o f 
the v a r i a b l e s I t b i nds o r uses and the f u n c t i o n s 
I t c a l l s are c r e a t e d . Th i s i n f o r m a t i o n i s used b y 
the r o u t i n e s wh ich handle ques t i ons about the 
s t u d e n t ' s f u n c t i o n s and Is updated whenever a 
f u n c t i o n i s e d i t e d o r r e d e f i n e d . The e d i t o r and 
the e v a l u a t o r a l s o s t o r e i n f o r m a t i o n t h a t cou ld be 
used by the ques t i on -answe r i ng system. Th i s Is 
done whenever e r r o r s occur and i n c l u d e s I n f o r m a ­
t i o n about the c u r r e n t s t a t e o f t he e v a l u a t o r o r 
e d i t o r ( e . g . , t he a s s o c i a t i o n l i s t ) and the cause 
o f the e r r o r . Th i s would a l l o w the s tuden t t o ob ­
t a i n more i n f o r m a t i o n about the source o f the 
e r r o r and what the e v a l u a t o r (or e d i t o r ) was do ing 
b e f o r e the e r r o r occu red . 

Knowing About Student Def ined Func t i ons 

Knowledge concern ing f u n c t i o n s d e f i n e d by the 
s tuden t f a l l s i n t o two d i s t i n c t c a t e g o r i e s . The 
f i r s t i s the ca tego ry t h a t might be c a l l e d seman­
t i c s ; t h a t i s what the f u n c t i o n does (o r shou ld do 
o r perhaps what the s tuden t t h i n k s I t shou ld d o ) . 
Th i s i n v o l v e s why the f u n c t i o n does what i t does , 
when i t does i t , and how i t does i t . The o the r 
ca tegory i s t h a t o f syntax o r f u n c t i o n s t r u c t u r e . 
The f u n c t i o n s t r u c t u r e c o n s i s t s o f o n l y the i n f o r ­
mat ion con ta ined i n I t s d e f i n i t i o n — t h e f u n c t i o n s 
I t c a l l s , the v a r i a b l e s I t b i n d s , s e t s , o r uses , 
i t s arguments and any d l s c e r n a b l e r e l a t i o n s h i p s 
between these bas i c components. We have concen­
t r a t e d on t h i s second ca tegory and ignored the 
f i r s t one. T h i s system handles knowledge o f use r ' s 
o r s t u d e n t ' s f u n c t i o n s i n two p l a c e s . F i r s t the 
f u n c t i o n s must each be scanned as they a re d e f i n e d . 
I n f o r m a t i o n concern ing the use of v a r i a b l e s and 
f u n c t i o n c a l l s i s recorded to be used by the 
semant ic r o u t i n e s when needed. T h i s is a s o r t o f 
p rep rocess ing t o c o l l e c t i n f o r m a t i o n f o r the se ­
mant ic r o u t i n e s . 

Dur ing the scan , the f o l l o w i n g p r o p e r t i e s a re 

Once the c a l l to these semant ic r o u t i n e s has been 
genera ted the answer t o the q u e s t i o n I s e a s i l y 
de te rmined th rough t h e use o f the above p r o p e r t y 
va lues f o r the d e s i r e d f u n c t i o n s . 

Problems Encountered 

The problems encountered i n d e a l i n g w i t h 
n a t u r a l language seem t o f a l l I n t o f o u r sepa ra te 
a r e a s . I t i s d i f f i c u l t t o measure the e x t e n t o f 
each o f these problems a t p r e s e n t . There a re v i ­
ab le approaches to the s o l u t i o n o f each wh ich 
should be examined. 

a) The use of a d j e c t i v e and m o d i f y i n g p h r a s e s . 

Students can be expected to t r y to d e s c r i b e 
v a r i o u s t h i n g s conce rn ing t h e i r programs i n many 
d i f f e r e n t ways. A t p r e s e n t , m o d i f i e r s are looked 
f o r by the grammar a t c e r t a i n p o i n t s and then 
ignored o r , i f necessa ry , used i n w r i t i n g the s e ­
mant ic i n t e r p r e t a t i o n f u n c t i o n s . Problems can 
occur when one o f the b a s i c semant ic e n t i t i e s i s 
used as a m o d i f i e r , f o r example In phrases l i k e 
LIST VARIABLES and VARIABLE LISTS. T h i s p rob lem 
would be so lved by add ing more i n f o r m a t i o n to t h e 
semant ic ne two rk . The pa rse r cou ld then use t h i s 
I n f o r m a t i o n to dec ide how to hand le the semant ic 
e n t i t l e s when they a re used as e i t h e r m o d i f i e r s o r 
a s nouns. C e r t a i n o t h e r m o d i f i e r s t h a t a re n o t 
c l a s s i f i e d as semant ic e n t i t i e s shou ld be I n c l u d e d 
i n the network t o a l l o w v a r i a t i o n s o f meaning t o 
be unders tood t h a t a re now i g n o r e d . 

b) Cause and e f f e c t r e l a t i o n s h i p s . 

O f ten d u r i n g the w r i t i n g and debugging o f a 
program, s t uden t s w i l l want to ask 'What happens 
i f . . . ' o r 'Why' q u e s t i o n s . To answer q u e s t i o n s 
o f t h i s type i t I s u s u a l l y necessary t o compare 
d e s i r e d w i t h a c t u a l r e s u l t s . I t I s a l s o necessary 
to know about v a r i o u s s i d e - e f f e c t s t h a t m igh t o c ­
cur such as s e t t i n g g l o b a l o r f r e e v a r i a b l e s . 
The i n f o r m a t i o n necessary to handle such q u e s t i o n s 
cou ld be o b t a i n e d by t r a c i n g the e v a l u a t i o n o f 
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t he s t u d e n t ' s f u n c t i o n s . Th is cou ld then be 
checked f o r v a l i d i t y in some way ( i . e . , compared 
a g a i n s t some d e s i r e d r e s u l t ) o r r e p o r t e d back to 
the s t u d e n t . I t would a l s o b e u s e f u l t o a l l o w the 
system to s i m u l a t e the e v a l u a t i o n o f c e r t a i n forms 
o r l i s p f u n c t i o n s . T h i s m igh t take care o f a 
l a r g e c l a s s o f 'what happen i f . . . ' type q u e s t i o n s . 
Others migh t be handled by add ing more i n f o r m a t i o n 
t o the n e t w o r k , ( i . e . , t h a t a n e r r o r w i l l occur 
when CAR is c a l l e d w i t h an atom as i t s a rgumen t ) . 

At the p r e s e n t , none of these cause and e f ­
f e c t type ques t i ons can be asked because of a l a c k 
o f the necessary semant ic i n f o r m a t i o n . I f i t were 
a v a i l a b l e , the a d d i t i o n o f a few more r u l e s to the 
grammar would a l l o w many such q u e s t i o n to be asked . 

c ) Verbs and a c t i o n r e l a t i o n s h i p s . 

The system now can o n l y handle s imp le b i n a r y 
r e l a t i o n s h i p s between the semant ic e n t i t i e s known 
t o i t . These r e l a t i o n s can o n l y d e s c r i b e s t a t i c 
s i t u a t i o n s such as s u b s e t - s u p e r s e t (an EXPR is a 
FUNCTION), p a r t - p a r t of (a VARIABLE LIST is p a r t 
of a LAMBDA-EXPRESSION) and f u n c t i o n s t r u c t u r e 
( f u n c t i o n X can c a l l f u n c t i o n Y ) . When t a l k i n g 
about w r i t i n g and us i ng LISP f u n c t i o n s , s t uden t s 
o f t e n need to use ve rbs s p e c i f y i n g a c t i o n s o r r e ­
l a t i o n s h i p s i n v o l v i n g two or more t h i n g s . These 
ve rbs i n c l u d e the f o l l o w i n g among o thers—DO, 
MAKE, EDIT, CHANGE, INSERT, STOP, and REMOVE. A 
taxonomy of the ways s t u d e n t s use these ve rbs 
would be v e r y h e l p f u l . The number of such ve rbs 
t h a t m igh t be needed may be sma l l enough to keep 
the system r e l a t i v e l y e f f i c i e n t . The bes t p lace 
to t r y t h i s would be to a t t emp t some a d d i t i o n s to 
the grammar t h a t would a l l o w the s tudent to e d i t 
LISP f u n c t i o n s u s i n g E n g l i s h sentences i ns tead o f 
e d i t commands. Most e d i t i o n o p e r a t i o n s i n v o l v e 
a c t i o n s on v a r i o u s o b j e c t and s u b j e c t nouns. 

d ) Pronouns, anaphor ic d e l e t i o n , and e l l i p s i s . 

S tudents o f t e n use pronouns or leave out 
words comp le te l y t h a t m igh t seem o b v i o u s . We have 
a t tempted to a l l o w the use o f pronouns, but i n 
some cases the r e s u l t s a re not the d e s i r e d ones. 
For example, the f o l l o w i n g d i a l o g u e : 

A t t h i s p o i n t the system would no t have r e c ­
ognized the r e l a t i o n s h i p between 'PLUS' and ' a r ­
guments* due t o I t s i n a b i l i t y a t p resent t o r e c ­
ogn ize the r e l a t i o n s h i p between m o d i f i e r and mod i -
f l e d e n t i t y . A ve ry m in ima l h i s t o r y o f t he p r e ­
v i o u s d i a l o g u e i s kept so t h a t , a l t hough the s y s ­
tem remembers t h a t PLUS was d iscussed p r e v i o u s l y , 
i t does not remember t h a t i t was i t s arguments 
t h a t were i n q u e s t i o n . T h e r e f o r e , the system 
t h i n k s t h a t ' t h e m ' r e f e r s to ' a toms ' and not the 
arguments of PLUS, and d e s c r i b e s an atom. Th i s 
p a r t i c u l a r problem cou ld be so lved by h a n d l i n g 

m o d i f i e r s in a b e t t e r , more c o n s i s t a n t manner 
and by keep ing a more complete h i s t o r y of the 
p r e v i o u s d i a l o g u e . 

The h a n d l i n g o f anaphor ic d e l e t i o n and e l ­
l i p s i s i s , however, even more d i f f i c u l t . The 
f o l l o w i n g , seemingly n a t u r a l d i a l o g u e , would not 
be accep ted : 

The s tuden t has d e l e t e d most of the ques t ion 
" IS Y AN ATOM?' assuming t h a t Y is to be s u b s t i ­
t u t e d f o r X in the p r e v i o u s q u e s t i o n . There are 
many s i m i l a r d e l e t i o n s to be found in nea r l y any 
n a t u r a l d i a l o g u e . Ve rbs , s u b j e c t s , o b j e c t , mod i ­
f i e r s , o r any comb ina t ion o f these might be d e l e ­
t e d . A s tudy and c l a s s i f i c a t i o n o f t he v a r i o u s 
t ypes o f e l l i p s i s t h a t might occur i n a s t u d e n t -
teacher d i a l o g u e would be ve ry h e l p f u l h e r e . 

The most impo r t an t l esson lea rned concerns 
the I n t e r a c t i o n o f semant ic and s y n t a c t i c i n f o r ­
ma t i on i n d e a l i n g w i t h and unde rs tand ing n a t u r a l 
l anguage. Heavy use Is made of semant ic i n f o r ­
ma t i on d u r i n g the p a r s i n g o p e r a t i o n . A parse w i l l 
i n f a c t f a i l I f i t does not make sense based on 
what the system knows, even though i t may be s y n ­
t a c t i c a l l y c o r r e c t . 

The shor tcomings here i n v o l v e the s t r u c t u r ­
i n g and use of the semant ic i n f o r m a t i o n . There 
is a l a r g e l i t e r a t u r e d e s c r i b i n g how to form and 
use grammars and o t h e r s y n t a c t i c s t r u c t u r e s ; how­
e v e r , s i m i l a r s t u d i e s f o r semant ic s t r u c t u r e s a re 
not ye t a v a i l a b l e . 

There are many models under s tudy such as 
semant ic ne tworks and concep tua l models ( 7 ) . 
However, as y e t , t h e r e are no d e f i n i t i v e measures 
o f the c a p a b i l i t i e s and l i m i t a t i o n s f o r these 
v a r i o u s t e c h n i q u e s . A l s o , t h e r e are no s t u d i e s 
comparing v a r i o u s means of Imp lemen ta t i on and t h e 
s to rage requ i rements o f these model**. H o p e f u l l y , 
r esea rch a long these l i n e s would a i d those a t ­
t emp t i ng to use these models f o r CAI In o t h e r a p ­
p l i c a t i o n a r e a s . 

Conc lus ions 

Th i s system i s undergo ing con t i nued d e v e l o p ­
ment . The ques t i on -answere r i s be ing expanded to 
a l l o w the s tuden t to get more o f the I n f o r m a t i o n 
he or she migh t want and to pe r fo rm more e d i t 
f u n c t i o n s i n E n g l i s h . 

ISLE I s implemented in LISP which runs i n t e r ­
a c t i v e l y on an IBM 360 /65 . Th is I n t e r a c t i v e LISP 
is an improved v e r s i o n o f the Water loo LISP wh i ch 
uses a c a t h o d e - r a y d i s p l a y as the a c t i v e user 
t e r m i n a l . The system runs in 250k by tes of mem­
o r y . Each q u e s t i o n i s processed in one second or 
l e s s . 

P r e l i m i n a r y i n d i c a t i o n s are t h a t the system 
w i l l serve as a u s e f u l t o o l f o r f a m i l i a r i z i n g a 
s tuden t w i t h LISP c o n c e p t s . The q u e s t i o n answer­
i n g c a p a b i l i t y a l l ows a s tuden t to i n q u i r e about 
the semant ics of L ISP; he can use the LISP s t u ­
dent e v a l u a t o r t o t e s t h i s knowledge o f LISP s y n ­
tax and to h e l p him c o r r e c t h i s e r r o r s . The ex -
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panded d i a g n o s t i c i n f o r m a t i o n p r e s e n t e d s h o u l d h e l p 
hire c l e a r - u p i n i t i a l m i s c o n c e p t i o n s and ease h i s 
t r a n s i t i o n f r o m ISLE t o t h e s t a n d a r d L ISP e v a l u a t o r 

T h i s a p p r o a c h a p p e a r s t o b e g e n e r a l i n t h a t 
one c o u l d p r e s e n t any m a t e r i a l o f a f a c t u a l n a t u r e 
i n a s i m i l a r manne r . SOPHIE ( 6 ) i s a n examp le o f 
a s i m i l a r s y s t e m f o r t e a c h i n g e l e c t r o n i c - c i r c u i t 
a n a l y s i s and t r o u b l e - s h o o t i n g . O t h e r p r o g r a m m i n g 
l a n g u a g e s , l o g i c c i r c u i t d e s i g n , and b a s i c a l g e b r a 
and c a l c u l u s m i g h t p o s s i b l y b e t a u g h t u s i n g a s i m ­
i l a r c o m p u t e r e n v i r o n m e n t . 

The i m p o r t a n t l e s s o n l e a r n e d c o n c e r n s t h e i n ­
t e r a c t i o n o f s e m a n t i c and s y n t a c t i c i n f o r m a t i o n i n 
d e a l i n g w i t h and u n d e r s t a n d i n g natural l a n g u a g e . 
Heavy use i s made o f s e m a n t i c i n f o r m a t i o n d u r i n g 
t h e p a r s i n g o p e r a t i o n . A p a r s e w i l l i n f a c t f a i l 
i f i t does n o t make sense based o n w h a t t h e s y s t e m 
k n o w s , even t h o u g h i t may b e s y n t a c t i c a l l y c o r r e c t . 

The s h o r t c o m i n g s h e r e i n v o l v e t h e s t r u c t u r i n g 
and use o f t h e s e m a n t i c i n f o r m a t i o n . T h e r e i s a 
l a r g e l i t e r a t u r e d e s c r i b i n g how t o f o r m and use 
grammars and o t h e r s y n t a c t i c s t r u c t u r e s ; h o w e v e r , 
s i m i l a r s t u d i e s f o r s e m a n t i c s t r u c t u r e s a r e n o t 
y e t a v a i l a b l e . 

The re a r e many m o d e l s u n d e r s t u d y such a s s e ­
m a n t i c n e t w o r k s and c o n c e p t u a l m o d e l s ( 7 ) . How­
e v e r , a s y e t t h e r e a r e n o t d e f i n i t i v e measu res o f 
t h e c a p a b i l i t i e s and l i m i t a t i o n s o f t h e s e v a r i o u s 
t e c h n i q u e s . A l s o , t h e r e a r e n o s t u d i e s c o m p a r i n g 
v a r i o u s means o f i m p l e m e n t a t i o n and t h e s t o r a g e 
r e q u i r e m e n t s o f t h e s e m o d e l s . H o p e f u l l y , r e s e a r c h 
a l o n g t h e s e l i n e s w o u l d a i d t h o s e a t t e m p t i n g t o use 
t h e s e m o d e l s f o r CAI o r o t h e r a p p l i c a t i o n a r e a s . 

References 

E. B. Kof fman, Gene ra t i ve computer a s s i s t e d 
i n s t r u c t i o n : A n A p p l i c a t i o n o f A r t i f i c i a l 
I n t e l l i g e n c e to C A I , Proceedings o f the 1s t 
USA-Japan Computer Con fe rence , Tokyo, 1972. 

J . R . C a r b o n e l l , A I i n CAI : A n A r t i f i c i a l 
I n t e l l i g e n c e Approach t o Computer -Ass is ted 
I n s t r u c t i o n , IEEE T r a n s a c t i o n s on Man-Ma­
ch ine Systems, V o l . MMS-11, No. 4 , December, 
1970. 
E. B. Koffman and S. E. B l o u n t , A r t i f i c i a l 
I n t e l l i g e n c e and Automat ic Programming In 
CAI , Proceed ings o f t he 2nd I n t e r n a t i o n a l 
J o i n t Conference o n A r t i f i c i a l I n t e l l i g e n c e , 
1973. 

W. A. Woods, T r a n s i t i o n Network Grammars For 
N a t i o n a l Language A n a l y s i s , Communicat ions o f 
The ACM, V o l . 13 , No. 10 , Oc tobe r , 1974. 

T . Winograd , Unders tand ing N a t i o n a l Language, 
Academic P ress , New Y o r k , 1973. 

J. S. Brown, R. R. B u r t o n , and A. G. B e l l , 
SOPHIE: A S o p h i s t i c a t e d I n s t r u c t i o n a l En­
v i ronmen t f o r Teaching E l e c t r o n i c T r o u b l e ­
s h o o t i n g , B o l t , Beranek, and Newman Report 
No. 2790, Cambridge, Massachuse t t s , March , 
1974. 

R. C. Schank, I d e n t i f i c a t i o n of C o n c e p t u a l ­
i z a t i o n s U n d e r l y i n g N a t i o n a l Language, i n 
Computer Models of Thought and Language, 
e d i t e d by R. C. Schank and K. M. Co lby , 
W. H. Freeman & C o . , San F r a n c i s c o , 1973. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7 ) 


