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ABSTRACT 

T h i s paper d i s c u s s e s e x p l a n a t o r y schema 
a c q u i s i t i o n , a l e a r n i n g t e c h n i q u e w i t h s e v e r a l 
i n t e r e s t i n g p r o p e r t i e s . I t does n o t r e q u i r e a 
t e a c h e r o r concep t m a t c h i n g p r e d i c a t e t o b e p r o 
v i d e d . I t does n o t r e l y o n s e a r c h i n g a concep t 
space t o p roduce g e n e r a l i z a t i o n s . I t can a c q u i r e a 
new c o n c e p t based on o n l y one i n p u t examp le , 
a l t h o u g h l a t e r i n p u t s m i g h t r e s u l t i n r e f i n e m e n t 
o f l e a r n e d c o n c e p t s . These f e a t u r e s a r e made p o s 
s i b l e by t a k i n g a v e r y know ledge -based a p p r o a c h . 

I . INTRODUCTION 

T h i s paper g i v e s an o v e r v i e w o f a l e a r n i n g 
t e c h n i q u e b e i n g d e v e l o p e d a t t h e U n i v e r s i t y o f 
I l l i n o i s . The t e c h n i q u e , c a l l e d e x p l a n a t o r y 
s c h e m e s a c q u i s i t i o n has some i n t e r e s t i n g p r o p e r 
t i e s . Fo r examp le , i t does n o t r e q u i r e a t e a c h e r 
o r o t h e r o r a c l e t o s e l e o t i m p o r t a n t e x a m p l e s ; i t 
i s c a p a b l e o f one t r i a l l e a r n i n g ; and c o n t r a r y t o 
M i t o h e l l ' s r e c e n t taxonomy o f l e a r n i n g sys tems 
[13 ] i t does l i t t l e o r n o s e a r c h i n g i n t h e p r o 
cess o f a c q u i r i n g a new c o n c e p t . 

B e f o r e d e s c r i b i n g t h e t e c h n i q u e w e w i l l pause 
b r i e f l y t o c o n s i d e r what w e m i g h t c a l l t h e " s t a n 
d a r d t h e o r y o f c o n c e p t f o r m a t i o n . " T h i s app roach 
u n d e r l i e s much o f t h e concep t l e a r n i n g work i n 
p s y c h o l o g y and A I . I n t h e s t a n d a r d t h e o r y , a s y s 
tem i s g i v e n a number o f i n p u t s . Each i n p u t has 
some s t r u c t u r e . P a r t o f t h e s t r u c t u r e i s e s s e n 
t i a l f o r t h e c o n c e p t , p a r t can b e v a r i e d . A n 
i n p u t w i t h t h e p r o p e r s t r u c t u r e i s a n i n s t a n c e o f 
t h e c o n c e p t ; o t h e r w i s e i t i s n o t a n i n s t a n c e . A 
t e a c h e r , u s u a l l y a human, s u p p l i e s sample i n p u t s 
t o t h e sys tem t o g e t h e r w i t h t h e i n f o r m a t i o n o f 
w h i c h concep t ( i f any) t h e i n p u t i s a concep t o f . 
The s y s t e m ' s t a s k i s t o d i s c o v e r t h e s t r u c t u r e 
t h a t d e f i n e s each c o n c e p t . T h i s app roach has been 
f r u i t f u l l y a p p l i e d t o many d i v e r s e domains ( f o r 
examp le , [ 1 1 ] , [ 1 2 ] , [ 1 8 ] ) and i s a c o r n e r s t o n e o f 
t h e f i e l d o f i n d u c t i v e i n f e r e n c e . 

Now we can ask how we m i g h t c o n s t r u c t an 
u n t u t o r e d concep t l e a r n i n g s y s t e m . A t f i r s t t h i s 
seems a b i t o f a non s e q u l t u r . Removing t h e 
t e a c h e r appears t o r e s u l t i n n o l e a r n i n g a t a l l . 
A l s o t h e n o t i o n o f f o r m i n g a c o n c e p t f r o m a s i n g l e 
i n p u t seems s u s p i c i o u s . 

T h i s work was s u p p o r t e d i n p a r t b y t h e A i r 
Fo roe O f f i c e o f S c i e n t i f i c Researoh unde r g r a n t 
F49620 -82 -K -0009 and i n p a r t b y t h e N a t i o n a l S c l 
enoe F o u n d a t i o n unde r g r a n t NSF 1ST 8 1 - 2 0 2 5 4 . 

The key is to adop t a much more k n o w l e d g e -
based a p p r o a c h . The l e a r n i n g a l g o r i t h m to be 
d e s c r i b e d r e q u i r e s access t o a l a r g e amount o f 
domain know ledge . I t i s t h r o u g h r e c o n c i l i n g a new 
i n p u t t o t h e domain knowledge t h a t l e a r n i n g and 
g e n e r a l i z a t i o n o c c u r s . 

T h i s i s NOT t o say t h a t t h e p roposed l e a r n i n g 
t e c h n i q u e i s domain s p e c i f i c . Techn iques s p e c i f i c 
to a p a r t i c u l a r domain wou ld be ad hoc and o f v e r y 
l i m i t e d t h e o r e t i c a l i n t e r e s t . R a t h e r , e x p l a n a t o r y 
schema a c q u i s i t i o n i s domain i n d e p e n d e n t . I n d e e d , 
i t has a l r e a d y been a p p l i e d t o t h r e e v e r y d i f 
f e r e n t doma ins . The app roach d o e s , however , 
r e q u i r e access t o a r i c h domain m o d e l . I t i s 
i n t e r a c t i o n w i t h t h i s r i c h domain i n f o r m a t i o n t h a t 
d e t e r m i n e s whe the r o r n o t concep t a c q u i s i t i o n i s 
p o s s i b l e o r d e s i r a b l e f o r a new i n p u t . The 
i n t e r a c t i o n a l s o g u i d e s t h e g e n e r a l i z a t i o n p r o 
c e s s . 

I I . EXPLANATORY SCHEMA ACQUISITION 
The p r o c e s s i n v o l v e s t h r e e l o g i c a l l y d i s t i n c t 

( b u t p o s s i b l y c o n c u r r e n t ) p r o c e s s e s : 

1 ) The new i n p u t i s u n d e r s t o o d . 
2 ) The i n p u t i s e v a l u a t e d t o see i f schema 

f o r m a t i o n i s w a r r a n t e d . 
3 ) The i n p u t i s g e n e r a l i z e d to a new schema. 

For i l l u s t r a t i v e pu rposes w e w i l l assume t h a t 
t h e i n p u t i s t h e f o l l o w i n g b r i e f n a t u r a l l anguage 
s t o r y . The a s s u m p t i o n o f n a t u r a l l anguage i n p u t 
i s n o t necessa ry a n d , i n d e e d , one o f t h e c u r r e n t 
a p p l i c a t i o n s i n v o l v e s r o b o t arm p l a n n i n g w h i c h , o f 
c o u r s e , i s n o n - l i n g u i s t i c . 

J o h n , a bank t e l l e r , d i s c o v e r e d t h a t h i s 
b o s s , F r e d , had embezz led $ 1 0 0 , 0 0 0 . John 
s e n t F red a n i n t e r - o f f i c e memo s a y i n g t h a t 
he wou ld i n f o r m t h e p o l i c e u n l e s s he was 
g i v e n $ 1 5 , 0 0 0 . F red p a i d John t h e money. 

A . U n d e r s t a n d i n g t h e I n p u t 

The r e q u i r e m e n t s o n t h e u n d e r s t a n d i n g p r o o e s s 
a r e n o t c o n t r o v e r s i a l . By " u n d e r s t a n d i n g " we mean 
n o t h i n g more t h a n o o n s t r u o t i n g a c a u s a l l y c o m p l e t e 
r e p r e s e n t a t i o n o f t h e i n p u t . T h i s r e q u i r e s t h a t 
any c r u c i a l i n f o r m a t i o n m i s s i n g f r o m t h e s t o r y 
must b e I n f e r r e d and t h a t t h e c a u s a l r e l a t i o n s 
between components be d i s c o v e r e d and made e x p l i 
c i t . W h i l e t h i s i s n o t a n easy t a s k , i t i s one 
w h i c h has been t h e f o c u s o f a good d e a l o f 
r e s e a r o h , p a r t i c u l a r l y f o r n a t u r a l l anguage t e x t s 
( [ 2 ] , [ 9 ] ) . 
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We requ i re tha t our representa t ion have one 
component tha t is not genera l ly inoluded by under
standing systems. We requ i re tha t the under-
stander maintain data dependency l i n k s ( [ 3 ] , [ 5 ] ) 
j u s t i f y i n g each element in the representa t ion . 
The l i n k s connect each representat ion event w i t h 
a l l of the inference ru les from the domain model 
tha t were used to J u s t i f y the event dur ing the 
understanding process. This includes a l l causal 
i n fo rmat ion , goal enablements, planning in forma
t i o n , e t c . This makes e x p l i c i t in the f i n a l s tory 
representa t ion the reasons the system had f o r con
nect ing events in a p a r t i c u l a r way. For example, 
in the blackmai l s tory John's demanding tha t Fred 
give him $15,000 is e x p l i c i t l y mentioned. The 
system must i n f e r tha t John has the goal of pos
sessing the $15,000. This is a necessary i n f e r 
ence. A system cannot be said to have "under
s tood" the input ( i n any sense of the word) i f i t 
does not make t h i s in ference. 

By and la rge , current understanding systems 
do not include these backpointers to inference 
ru les in the f i n a l representa t ion . We w i l l i n s i s t 
t ha t they be e x p l i c i t l y s tated in the understood 
representa t ion . We c a l l the amalgam of a l l of 
these data dependency l i n k s the Inference J u s t i f i 
ca t ion Network. 

B. To Generalize or Not to Generalize 

There are f i v e aspects to be considered when 
decid ing whether or not to general ize an input 
i n t o a new schema. By hypothesis we w i l l assume 
that the input d id not match an e x i s t i n g schema 
( i f i t had then the system already possesses the 
desired schema and indeed tha t schema would have 
been used to process the s t o r y ) . I f any of these 
f i v e cond i t ions does not ho ld , cons t ruc t ing a new 
schema from t h i s input is inappropr ia te . 

The c r i t e r i a are: 

1) Is the main goal of a character achieved? 
2) Is the goal a general one? 
3) Are the resources requi red by the goal 

achiever genera l ly ava i lab le? 
4) Is t h i s new method of achieving the goal 

at l eas t as e f f e c t i v e as the other known 
v o l i t i o n a l sohemata to achieve t h i s goal? 

5) Does the input match one of the known 
genera l izab le patterns? 

These c r i t e r i a are tested f o r a l l goals in 
the s to r y . The f i r s t c r i t e r i o n "Was the goal 
achieved?" is s e l f explanatory and eas i l y judged. 
The second " I s i t a general goal?" and the t h i r d 
"Are the resources genera l ly ava i l ab le? " requ i re 
some d iscuss ion . 

Novelty alone in an approaoh to aohieving a 
goal is not s u f f i c i e n t to warrant cons t ruc t ing a 
new sohema. Consider, f o r example, a p l o t from 
the "Mission Impossib le" t e l e v i s i o n se r i es . These 
p l o t s are very novel but too s p e c i f i c to be usefu l 
again. 

How can the u t i l i t y of a p a r t i c u l a r goal be 
Judged? The answer to t h i s is o lose ly t i e d to 
where goals come from. Aohieving a goal which 
ar ises from general cond i t ions important to an 
I n d i v i d u a l ' s wel l -be ing and using r e a d i l y a v a i l 

able resources i s l i k e l y to r e s u l t i n an i n t e r e s t 
ing new schema, one which w i l l a r i se again and 
again. For the s o l u t i o n , we use an aspect of 
Schank and Abelson's theory of p lanning [ 1 5 ] . In 
t h e i r view themes give r i s e to the h ighest l e v e l 
goals (goals which are not simply subgoals in the 
achievement of other goa l s ) . In te rpersona l and 
L i f e themes are what we are In te res ted i n . An 
example of the former is a husband o f f e r i n g (and 
the re fo re , at some l e v e l , wanting) to type a term 
paper f o r h is over-worked student w i f e . People 
o f ten work to s a t i s f y the goals of t h e i r loved 
ones. The system should r e a l i z e tha t t h i s 
requi res no f u r t he r explanat ion on the par t of the 
husband. Examples of the l a t t e r are at tempt ing to 
s a t i s f y one's hunger, to gain money, or to r e l i e v e 
boredom. L i f e themes give r i s e to goals tha t 
requ i re no f u r t he r j u s t i f i c a t i o n . Our example, 
which demonstrates a new way to gain money, 
re la tes d i r e c t l y to a l i f e theme and there fo re 
s a t i s f i e s t h i s c r i t e r i o n . 

C r i t e r i o n 4 is se l f -exp lana to ry . The idea is 
t ha t the system should not bother cons t ruc t ing 
schemata tha t are much less e f f i c i e n t than s i m i l a r 
already-known schemata. 

The f i f t h c r i t e r i o n has been discussed e l s e 
where [ 1 ] . As t h i s is a shor t paper descr ib ing 
on-going research i t i s not appropr iate to repeat 
i t here. Su f f i ce i t to say tha t there i s a taxon
omy of explanatory a c q u i s i t i o n techniques. The 
teohnique tha t is matched has imp l i ca t i ons f o r 
exact ly how the genera l i za t i on is performed. 

c. The Generalisation Process 
Assuming the input is completely understood 

(w i th data dependency l i n k s to inference ru les 
j u s t i f y i n g the understanding) and the f i v e tes t s 
f o r learn ing have a l l been met, we must now per
form the ac tua l gene ra l i za t i on . The genera l i za 
t i o n process oonsists of rep lac ing the objects and 
ac t ions in the understood representa t ion w i t h 
abst ract counterpar ts . These counterparts are the 
most abst ract possible whi le s t i l l preserv ing the 
v a l i d i t y o f the inference j u s t i f i c a t i o n network. 

Consider again the example of John b lackma i l 
ing Fred. One p ropos i t i on tha t is a par t of the 
understood representa t ion is tha t Fred decided to 
pay John $15,000. This ac t i on is j u s t i f i e d to the 
system by a number of other p ropos i t i ons . Among 
these support ing p ropos i t ions are some suppl ied by 
the schema DECIDE (which we assume the system 
already possesses). These in ferences from DECIDE 
are : 1) the decider must be at l eas t a higher a n i 
mate, 2) the decider must be oapable of a number 
of a l t e r n a t i v e possib le ac t i ons , 3) the decider 
must know what the a l t e r n a t i v e s a re , and 4) the 
chosen a l t e r n a t i v e w i l l be among the most 
b e n e f i c i a l / l e a s t de t r imen ta l to the decider . 

Thus, these (and o ther ) j u s t i f i c a t i o n s are 
t i e d to the represen ta t ion o f Fred 's dec is ion 
through data dependenoy l i n k s . Fred 's deois ion is 
be l ievab le to the system beoause Fred, in f a c t , is 
a higher animate, he knows at l eas t two a l t e r n a 
t i v e s - paying John or l os i ng the $100,000 and 
being a r res ted , and 3) he probably sees los ing 
$15,000 as less de t r imen ta l than l os i ng $100,000 
and going to J a i l . These j u s t i f i c a t i o n s are sup-
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p l i e d in the form of po in te rs to the above i n f e r -
enoe r u l e s dur ing the understanding procedure. 

The gene ra l i za t i on prooess subs t i t u t es gen
e r a l e n t i t i e s f o r the s p e c i f i c ob jec ts and events 
t ha t occurred in the s t o r y . The e n t i t i e s are the 
most general poss ib le t ha t s t i l l preserve the 
v a l i d i t y of the data dependency in fe rence . 

Through these and other genera l i za t ions the 
system can construct a f i r s t vers ion of a BLACK-
NAIL schema. The schema might not be pe r f ec t . 
There may be l a t e r s t o r i e s tha t do not qu i t e f i t 
and requ i re f u r t h e r m o d i f i c a t i o n of the schema. 
However, i t is a reasonably general schema tha t is 
l i k e l y to help a good deal in processing f u t u r e 
s i m i l a r s t o r i e s . 

I I I . C O N C L U S I O N 
There are several concluding po in ts 

1) Unl ike many lea rn ing systems ( e . g . , [ 6 ] , [ 1 1 ] , 
[ 1 8 ] ) explanatory schema a c q u i s i t i o n does not 
depend on c o r r e l a t i o n a l evidence. I t is capable o f 
one t r i a l l e a r n i n g , but the lea rn ing is not based 
on ana log ica l reasoning l i k e [17 ] and [ 1 9 ] . I t i s 
somewhat s i m i l a r to Soloway's view of l ea rn ing 
[ 1 6 ] . There is a lso some resemblance to the 
MACROPS no t ion in the STRIPS system [ 4 ] . 

2) The approach is heav i l y knowledge-based. A 
great deal of background knowledge must be present 
f o r l ea rn ing to take p lace. In t h i s respect 
explanatory schema a c q u i s i t i o n fo l l ows the cur rent 
t rend in AI l ea rn ing and discovery systems perhaps 
t raoeable to Lenat [ 1 0 ] . 

3) The l ea rn ing mechanism is not " f a i l u r e - d r i v e n " 
as is the MOPs approaoh ( [ 1 4 ] , [ 7 ] , [ 9 ] ) . In t ha t 
view lea rn ing takes place in response to i nco r rec t 
p red ic t i ons by the system. In explanatory 
a c q u i s i t i o n l ea rn ing is usua l l y s t imu la ted by 
pos i t i ve inpu ts which encounter no p a r t i c u l a r 
problems or p r e d i c t i o n f a i l u r e s . 

4) The absolute represen ta t ion power of the system 
is not enhanced by l ea rn ing new schemata. This 
statement i s only s u p e r f i c i a l l y s u r p r i s i n g . 
Indeed, Fodor [ 6 ] shows t ha t t h i s must be t rue of 
a l l se l f - cons i s t en t l ea rn ing systems. Explanatory 
schema a c q u i s i t i o n does, however, increase pro-
cessing e f f i c i e n c y . Since a l l r ea l -wo r l d systems 
are resource l i m i t e d , t h i s l ea rn ing technique 
does, in f a c t , increase the system's processing 
power. 
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