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ABSTRACT 

We r e p o r t here on the goa l s and s t a t u s of an 
i n t e l l i g e n t t u t o r i n g system be ing deve loped f o r 
nov i ce Pascal programmers. We a l s o d e s c r i b e our 
approach to program u n d e r s t a n d i n g , bug f i n d i n g , 
and the i n f e r e n c e o f m i s c o n c e p t i o n s . Examples o f 
the sys tem 's c a p a b i l i t i e s a re g i v e n . 

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

We a l l know — and grumble — about the e r r o r 
messages t h a t one ge t s f rom a computer sys tem. 
That prob lem i s magn i f i ed f o r the nov i ce 
programmer who is l e a r n i n g a f i r s t programming 
language . W i t h t h e number of i n d i v i d u a l s who are 
l e a r n i n g programming r a p i d l y g r o w i n g , t h e r e i s a 
c l e a r need f o r i n t e l l i g e n t t u t o r i n g systems which 
can a s s i s t t h e n o v i c e a t a most c r i t i c a l t i m e : 
when he/she i s a l o n e , one-on-one , w i t h the b e a s t . 

O b j e c t i v e s and S t a t u s of System 

We are b u i l d i n g an i n t e l l i g e n t t u t o r i n g 
sys tem, M e n o - I I , t a i l o r e d t o the needs o f n o v i c e 
Pascal programmers. The goa ls of M e n o - I I are: 

* c a t c h r u n - t i m e (semant ic and p ragmat i c ) bugs 
i n t h e s t u d e n t programs * * 
- focus on i n t r o d u c t o r y programs: s t r a i g h t 

l i n e , b r a n c h i n g , s imp le l o o p i n g . 
- must be f a s t and r o b u s t ; at l e a s t 85% of 

s t u d e n t programs are buggy 

* suggest m i sconcep t i ons in the s t u d e n t s ' heads 
which u n d e r l i e t he bugs 
- " t a l k " i n language which i s c l o s e t o 

programming so s tuden t w i l l unders tand 

* T h i s work was suppor ted by t he Army Research 
I n s t i t u t e f o r t he Behav io ra l and S o c i a l Sc i ences , 
under ARI Grant No. MDA903-80-C-O508. Any 
o p i n i o n s , f i n d i n g s , c o n c l u s i o n s o r recommendat ions 
expressed i n t h i s r e p o r t are those o f the a u t h o r s , 
and do no t n e c e s s a r i l y r e f l e c t t he v iews o f t h e 
U.S. Government. 

• • Wh i le i n t e r e s t i n g , we are not conce rn i ng 
o u r s e l v e s w i t h syntax e r r o r s (see [ 1 1 ] ) . 

* i n s t r u c t / t u t o r the s tuden t w i t h r e s p e c t t o 
t he m i s c o n c e p t i o n s . 

The c u r r e n t s t a t u s o f t he system co r respond ing to 
these o b j e c t i v e s i s : 

* M e n o - I I can f i n d over two dozen bugs w i t h 
r e s p e c t to r e p e t i t i o n and assignment 

* M e n o - I I can suggest u n d e r l y i n g m isconcep t i ons 
f o r a subset of those bugs 

* t u t o r i n g has no t ye t been implemented in 
M e n o - I I . 

Leverage on Program Unde rs tand ing : The Bug F inde r 

The Bug F inde r must be ab le to recogn ize two 
t y p e s o f bugs : problem independent ones , and 
problem dependent ones . An example of t he fo rmer 
type i s the e x p l i c i t i n c l u s i o n o f a n inc rement t o 
the index v a r i a b l e i n a f o r l o o p . Bugs o f t h i s 
s o r t r e f l e c t c o n f u s i o n about t he semant ics o f t h e 
v a r i o u s programming language c o n s t r u c t s . 

I n o r d e r to r ecogn i ze problem dependent bugs , 
however, t h e Bug F inde r must be t o l d what the 
program is supposed to d o ; o f t e n t i m e s a s tuden t 
program w i l l r u n , b u t i t w i l l so l ve the " w r ong " 
p rob lem. For example , in F i g u r e 1a, we d e p i c t a 
problem . for wh ich the the program in F i g u r e 1b is 
the c o r r e c t s o l u t i o n ; t h e program in F i g u r e 1c 
does no t s o l v e the p rob lem, b u t does in f a c t 
e x e c u t e . I n o t h e r i n t e l l i g e n t t u t o r i n g sys tems, 
the s t u d e n t p r o v i d e d a s p e c i f i c i a t i o n o f the g o a l s 
o f t h e program ( e . g . , [ 3 ] ) . I n c o n t r a s t , our 
approach i s t o have the teache r p r o v i d e the 
s p e c i f i c a t i o n , s i n c e everyone i n the course w i l l 
be wo rk ing on t h e same p rob lem. 

The v e h i c l e f o r t h i s " i n t e n t i o n 
s p e c i f i c a t i o n " i s a Problem D e s c r i p t i o n Language 
(PDL) which we are deve lop ing f o r i n t r o d u c t o r y 
programming p rob lems . The PDL a l l o w s us to 
s p e c i f y t h e components o f a program s o l u t i o n to 
t h e i n t ended p rob lem. In F i g u r e 2. t h e PDL 
s o l u t i o n f o r t h e problem i n F i g u r e 1 i s g i v e n . 

T h i s language is based on what an e x p e r t 
programmer m igh t know about problems o f t h i s t y p e . 
I n p a r t i c u l a r , t h i s knowledge i s focussed o n t y p e s 
o f l o o p i n g p lans and the v a r i o u s r o l e s wh ich 
v a r i a b l e s p l a y i n programs. For example, t h e 
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program in F i g u r e 1b i l l u s t r a t e s what we c a l l t he 
New_Value C o n t r o l l e d Runn ing_Tota l Loop P l a n ; i t 
i s j u s t a s p e c i a l case o f t h e Running__Total Loop 
P l a n , i n wh ich t he l o o p , w h i l e accumu la t i ng a 
t o t a l , i s c o n t r o l l e d b y t he v a l u e o f t h e read 
v a r i a b l e ( i . e . , t h e New__Value V a r i a b l e ) . T h i s 
knowledge i s d e s c r i b e d a t g r e a t e r l e n g t h i n [ 8 ] . 
T h i s c h a r a c t e r i z a t i o n o f programming knowledge 
draws on the work o f [ 3 3 , [ 5 3 , [ 6 3 , and [ 113 . 

The Bug F inde r is g i v e n a PDL s p e c i f i c a t i o n 
o f t he program s o l u t i o n ; c u r r e n t l y t h i s i s i n a 
p r o c e d u r a l f o r m , bu t e v e n t u a l l y i t w i l l b e t a b l e 
d r i v e n . The Bug F inde r then parses as a s t u d e n t 
program i n t o a syntax t r e e r e p r e s e n t a t i o n . In 
o r d e r t o f a c i l i t a t e speedy r e t r i e v a l , t h i s 
s t r u c t u r e has been augmented w i t h : (1 ) e x t r a 
l i n k s ( e . g . , a l l occu r rences o f a v a r i a b l e are 
cha ined t o g e t h e r ) , (2 ) semant ic a n n o t a t i o n s a t a 
node which summarize t h e s u b t r e e below ( e . g . , t he 
s ta tement i : = i + 1 would be summarized as 
" i n c r e m e n t - b y - o n e " ) . The PDL s o l u t i o n d e s c r i p t i o n 
i s then matched a g a i n s t t h i s augmented parse t r e e . 
For example , i n compar ing t he d e s c r i p t i o n i n 
F i g u r e 2 w i t h t h e program in F i g u r e 1c, t h e Bug 
F inde r r e c o g n i z e s t h a t t h e New_Value V a r i a b l e , 
Sco re , shou ld have been m o d i f i e d in the l oop by a 
r e a d , as opposed to be ing m o d i f i e d l i k e a c o u n t e r . 
Bugs are then r e p o r t e d to t he Tu to r Module 
( d e s c r i b e d b e l o w ) . 

The g u i d i n g metaphor o f t h e Bug F inde r is 
p a t t e r n match ing a t the l oop p l a n l e v e l . Thus, 
two d i f f e r e n t p rograms, wh ich s o l v e the same 
problem can be r ecogn i zed as such . The Bug F inde r 
keys o f f t h e l oop be ing used and c a l l s i n 
knowledge s p e c i a l i z e d t o t h a t p a r t i c u l a r l oop t o 
h e l p i n t he m a t c h i n g . C u r r e n t l y , t h e Bug F inde r 
does no t do e x h a u s t i v e c o n t r o l o r da ta f l o w 
a n a l y s i s ; i t does d o s p a t i a l da ta f l o w a n a l y s i s 
t o r ecogn i ze t h a t : 

X := Sum; 
Sum := X = Nu_Value; 

is e q u i v a l e n t to Sum := Sum + Nu__Value. Nor do we 
map t h e progam i n t o a l o g i c f o r m a l i s m and do the 
a n a l y s i s i n t h i s l a t t e r r e p r e s e n t a t i o n ; w e f e e l 
t h a t w i t h o u t e x t e n s i v e t r a n s l a t i o n the e x p l a n a t i o n 
t h a t would r e s u l t f rom t h i s t ype o f approach would 
be " t o f a r away" f rom t h e s t u d e n t ' s u n d e r s t a n d i n g 
o f the program to be o f much h e l p . 

Ty ing Bugs to M i s c o n c e p t i o n s : B u i l d i n g a Model o f 
t h e Student 

Given a bug in t h e p rogram, one needs to 
i n f e r t he u n d e r l y i n g m i s c o n c e p t i o n s , i n t he head 
o f t he s t u d e n t , wh ich c o u l d have caused the bug 
( [ 2 3 ) . Based on t h e e x p e r t ' s p l a n knowledge we 
have b u i l t a knowledge n e t w o r k , t h e Competence 
Mode l , wh ich d e s c r i b e s t h e c o r r e c t components o f a 
l oop and t h e i r r e l a t i o n s h i p s . We a l s o have b u i l t 
a Bug Model which s p e c i f i e s t h e s u r f a c e 
c h a r a c t e r i s t i c s in t he program o f t h e common bugs 
which we have i d e n t i f i e d ( [ 7 3 , [ 8 3 ) . F i n a l l y , a 
se t o f i n f e r e n c e r o u t i n e s t i e t he Bug Model t o the 
Competence Model i n o r d e r t o d e r i v e t h e 
Performance Mode l , i . e . , a model o f t h e s t u d e n t ' s 
p o s s i b l e m i s c o n c e p t i o n s . Both t h e Bug Model and 
the Competence Model a re implemented in a v e r s i o n 

of KL-ONE ( [ 1 ] ) which we have augmented w i t h some 
s p e c i a l a r cs t o f a c i l i t a t e qu i ck r e t r i e v a l . 

For example , t h e bug in t he program in F i g u r e 
1c c o u l d have been caused by t h e f o l l o w i n g 
m i s c o n c e p t i o n s , wh ich would be i n f e r r e d by our 
Tu to r Module: (1 ) t he s t u d e n t s i m p l y 
m isunders tood the p rob lem, (2 ) t h e s tuden t d i d no t 
unders tand how to ge t new, success i ve v a l u e s , or 
(3 ) t he s t u d e n t d i d no t unders tand how t h e read 
s ta tement worked . For example , t h e s tuden t m igh t 
have t h o u g h t t h a t the v a r i a b l e Score was d e c l a r e d 
to be o f " t y p e r e a d " and t h a t i f 1 were to be 
added to i t , t hen the system "wou ld know" to do a 
r e a d . 

C u r r e n t l y , t h e Competence Model c o n t a i n s 
about 200 concep ts wh ich r e p r e s e n t l oop p l a n s , 
v a r i a b l e r o l e s , and the v a r i o u s r e l a t i o n s h i p s 
among these e n t i t i e s . The Bug Model c o n t a i n s 
a p p r o x i m a t e l y 50 bugs a s s o c i a t e d p r i m a r i l y w i t h 
the improper i n i t i a l i z a t i o n and m o d i f i c a t i o n o f 
v a r i o u s v a r i a b l e s . We are expanding b o t h 
n e t w o r k s , and we are d e v e l o p i n g r u l e s which can 
b e t t e r d iagnose m i s c o n c e p t i o n s ( e . g . , i f t h e r e are 
m u l t i p l e , r e l a t e d bugs , t hen t h i s shou ld h e l p 
focus the d i a g n o s i s ) . S t i l l t o b e worked i n i s 
t h e h i s t o r y o f t h e s t u d e n t ' s i n t e r a c t i o n s . 

T u t o r i n g 

The c u r r e n t system f u n c t i o n s as a " smar t 
c o m p i l e r " ; i t f i n d s bugs , d iagnoses 
m i s c o n c e p t i o n s , and s imp l y l i s t s t h i s a n a l y s i s t o 
the s t u d e n t . We p l a n to have the Tu to r engage in 
a d i a l o g u e w i t h the s tuden t f o r b e t t e r d i a g n o s i s 
and i n s t r u c t i o n pu rposes . However, we do no t p l a n 
on a l l o w i n g the user to communicate v i a n a t u r a l 
l anguage ; r a t h e r , we p l a n to use d y n a m i c a l l y 
genera ted m u l t i p l e c h o i c e q u e s t i o n s p resen ted v i a 
a menu s c r e e n . We w i l l , however , a l l o w t h e user 
t o submi t program f ragments i n response to 
q u e s t i o n s f rom t h e sys tem. W i t h t h i s sys tem, we 
want t o e x p l o r e the range o f p o s s i b l e i n t e r a c t i o n 
s c e n a r i o s . I n p a r t i c u l a r , our o b j e c t i v e i s t o 
" p a r a m e t e r i z e " t h e amount and t ype o f i n t e r a c t i o n 
i n o r d e r t o i n s t r u c t a long t h e cont inuum from 
t u t o r i n g ( [ 9 3 ) t o coach ing ( [ 4 ] ) . 

Conc lud ing Remarks 

There a re a number of assumpt ions which 
u n d e r l i e our approach , and wh ich a re s t i l l open 
q u e s t i o n s . For example: 

1. Can we d e f i n e a PDL s u f f i c i e n t f o r t he 
problems under c o n s i d e r a t i o n ? We f e e l 
t h a t t h i s w i l l b e answered i n t he 
a f f i r m a t i v e . 

2 . W i l l t he p a t t e r n ma tch ing approach , 
w i t h o u t e x h a u s t i v e d a t a o r c o n t r o l f l o w 
a n a l y s i s b e s u f f i c i e n t t o hand le t he 
l o o p i n g problems? Can t h i s be extended 
to hand le programs w i t h p rocedures? Can 
we c o n t i n u e h e u r i s t i c a l l y h a n d l i n g 
q u e s t i o n s t h a t t y p i c a l l y r e q u i r e d 
r i g o r o u s d e d u c t i o n systems? These a re 
t he t h e most t roub lesome q u e s t i o n s . 
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3 . W i l l our a n a l y s i s , i n terms o f p lans and 
v a r i a b l e r o l e s , p r o v i d e enough l e v e r a g e 
i n t o t he s t u d e n t s ' t h i n k i n g ? S ince we do 
no t see the h i s t o r y o f t he d e s i g n , as 
M i l l e r ' s SPADE-0 system does ( [ 5 ] ) , i t i s 
u n c l e a r whether we can s u f f i c i e n t l y 
r e c o n s t r u c t t he s t u d e n t ' s p l a n from 
s i m p l y t h e raw code. 

These are e m p i r i c a l ques t i ons which we p l a n 
t o e x p l o r e t h r o u g h t e s t s o f the sys tem. I n t he 
f a l l semester o f 1981, we p lan to t r y ou t M e n o - I I 
i n a c l a s s o f 700 s t u d e n t s t a k i n g i n t r o d u c t o r y 
Pascal programming. They c e r t a i n l y w i l l e x e r c i s e 
the sys tem, and tax i t t o i t s l i m i t s . 
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Test V a r i a b l e i s t he New_Value V a r i a b l e 
New_Value V a r i a b l e is the Read V a r i a b l e 
t h e r e is a Counter V a r i a b l e 
t h e r e i s a Running_Tota l V a r i a b l e 
Average := 

Running T o t a l V a r i a b l e / C o u n t e r V a r i a b l e 

F i g u r e 2 

I n f o r m a l PDL S p e c i f c a t i o n of Problem in F i g u r e 1a 
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