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ABSTRACT 

D u r i n g most o f t he l a s t two decades , c o m p u t a t i o n a l 
l i n g u i s t s and A I r e s e a r c h e r s w o r k i n g o n n a t u r a l 
language have assumed t h a t phrase s t r u c t u r e 
grammars, d e s p i t e t h e i r c o m p u t a t i o n a l 
t r a c t a b i l i t y , were u n s a t i s f a c t o r y d e v i c e s f o r 
e x p r e s s i n g the s y n t a x o f n a t u r a l l a n g u a g e s , 
however , d u r i n g t he same p e r i o d , t h e y have come to 
r e a l i z e t h a t t r a n s f o r m a t i o n a l grammars, wha teve r 
t h e i r l i n g u i s t i c m e r i t s , a r e c o m p u t a t i o n a l l y 
i n t r a c t a b l e as t hey s t a n d . The a s s u m p t i o n , 
u n c h a l l e n g e d f o r many y e a r s , t h a t PSG's were 
i n a d e q u a t e f o r n a t u r a l l anguages i s based o n 
arguments o r i g i n a l l y advanced b y t r a n s f o r m a t i o n a l 
l i n g u i s t s i n t he l a t e 1950»s and e a r l y 1 9 6 0 ' s . 
b u t r e c e n t work has shown t h a t none o f t hose 
arguments were v a l i d . The p r e s e n t paper draws on 
t h a t work t o argue t h a t ( i ) t h e r e i s n o r e a s o n , a t 
t h e p r e s e n t t i m e , t o t h i n k t h a t n a t u r a l l anguages 
a r e no t c o n t e x t - f r e e l a n g u a g e s , ( i i ) t h e r e a re 
good reasons t o t h i n k t h a t t he n o t a t i o n s needed t o 
c a p t u r e s i g n i f i c a n t s y n t a c t i c g e n e r a l i z a t i o n s w i l l 
c h a r a c t e r i z e phrase s t r u c t u r e grammars o r some 
m ino r g e n e r a l i z a t i o n o f them, and ( i i i ) t h e r e a re 
good reasons f o r b e l i e v i n g t h a t such grammars, and 
t h e m o n o s t r a t a l r e p r e s e n t a t i o n s t h e y i n d u c e , 
p r o v i d e t h e necessa ry b a s i s f o r the seman t i c 
i n t e r p r e t a t i o n o f n a t u r a l l a n g u a g e s . I f t hese 
arguments a re v a l i d , t hen t h e p r o s p e c t s f o r a 
f r u i t f u l i n t e r a c t i o n between t h e o r e t i c a l 
l i n g u i s t i c s and A I a r e much b r i g h t e r t han t h e y 
would o t h e r w i s e be . 

I INTRODUCTION 

Cons ide r the f o l l o w i n g q u o t a t i o n s : 

As a l r e a d y m e n t i o n e d , a c o n t e x t - f r e e phrase 
s t r u c t u r e grammar i s n o t s u f f i c i e n t t o 
d e s c r i b e o r a n a l y z e the who le range o f 
s y n t a c t i c c o n s t r u c t i o n s wh ich occu r i n n a t u r a l 
l anguage t e x t s ( c f . Chomsky 1957 ) . Even i f 
one d i s r e g a r d s t h e t h e o r e t i c a l l i n g u i s t ' s 
demand f o r s a t i s f a c t o r y d e s c r i p t i o n s o f t h e 
s y n t a c t i c s t r u c t u r e o f s e n t e n c e s , t h e r e a r e 
s t r o n g reasons to d e s i g n a more p o w e r f u l 
p a r s e r t h a n the one d e s c r i b e d above . 
Cases i n p o i n t a r e the phenomenon o f agreement 
w i t h i n noun p h r a s e s , t he co r respondence i n t h e 
v e r b phrase between the fo rm o f t h e main v e r b 
and t h e t y p e o f t he a u x i l i a r y , and s u b j e c t 
v e r b ag reemen t . The argument s t r u c t u r e o f 
p r e d i c a t e s , t h a t i s , t h e i r v a r i o u s t y p e s o f 
o b j e c t s and complements , r e p r e s e n t s a n o t h e r 

k i n d o f c o n t e x t - s e n s i t i v i t y i n n a t u r a l 
l a n g u a g e . . . . The bes t s t r a t e g y seems to be 
t o t a k e ca re o f the p a r t i c u l a r t ypes o f 
c o n t e x t - s e n s i t i v i t y r e c o g n i z e d b y l i n g u i s t i c 
t h e o r y by means o f s p e c i a l p rocedu res wh ich 
a c t a s a s u p e r s t r u c t u r e o f t h e a l g o r i t h m f o r 
c o n t e x t - f r e e a n a l y s i s . . . . I n a d d i t i o n t o t h e 
above -men t i oned drawbacks a c o n t e x t - f r e e 
phrase s t r u c t u r e grammar has d i f f i c u l t y 
h a n d l i n g word o r d e r v a r i a t i o n i n a n a t u r a l 
way. 
( w e l i n 1979: 62 -63 ) 

One s i g n i f i c a n t -use o f t he g e n e r a l c o n t e x t -
f r e e methods i s as p a r t o f a sys tem o f 
p r o c e s s i n g n a t u r a l languages such a s E n g l i s h . 
We a re no t s u g g e s t i n g t h a t t h e r e is a 
c o n t e x t - f r e e grammar f o r E n g l i s h . I t i s 
p r o b a b l y more a p p r o p r i a t e t o v iew the 
g rammar /pa rse r as a c o n v e n i e n t c o n t r o l 
s t r u c t u r e f o r d i r e c t i n g t he a n a l y s i s o f t h e 
i n p u t s t r i n g . The o v e r a l l a n a l y s i s i s 
m o t i v a t e d by a l i n g u i s t i c model wh ich i s n o t 
c o n t e x t f r e e , bu t wh ich can f r e q u e n t l y make 
use o f s t r u c t u r e s d e t e r m i n e d by t he c o n t e x t -
f r e e grammar. 
(Graham, H a r r i s o n & Ruzzo 1980: 415-116) 

These two passages have a number of t h i n g s in 
common, o f wh ich t h r e e a re r e l e v a n t h e r e . 
F i r s t l y , t he i s s u e o f whether n a t u r a l languages 
( N L ' s ) a re c o n t e x t - f r e e languages ( C F L ' s ) and a re 
s u s c e p t i b l e t o a n a l y s i s b y c o n t e x t - f r e e phrase 
s t r u c t u r e grammars (CF-PSG's) i s one t h e a u t h o r s 
t a k e t o b e r e l e v a n t t o p a r s i n g . S e c o n d l y , b o t h 
passages assume t h a t t h i s i s s u e has a l r e a d y been 
r e s o l v e d , and r e s o l v e d i n t he n e g a t i v e . T h i r d l y , 
I d i d no t have to l o o k f o r them, I m e r e l y bumped 
i n t o them, a s i t w e r e , i n t h e cou rse o f r e c e n t 
r e a d i n g . However, I am su re t h a t i f I had been in 
t h e b u s i n e s s o f f i n d i n g passages w i t h t h i s k i n d o f 
f l a v o u r i n t h e p a r s i n g l i t e r a t u r e o f t h e pas t 2 0 
y e a r s , t h e n I c o u l d have found dozens , p r o b a b l y 
h u n d r e d s . 

The purpose o f t he p r e s e n t paper i s s i m p l y t o draw 
t h e a t t e n t i o n o f c o m p u t a t i o n a l l i n g u i s t s t o t h e 
f a c t t h a t t h e i s s u e o f t h e s t a t u s o f NL ' s w i t h 
r e s p e c t s t o t h e CFL's and CF-PSG's i s n o t 
r e s o l v e d , and t o t h e f a c t t h a t a l l t h e p u b l i s h e d 
arguments s e e k i n g t o e s t a b l i s h t h a t NL ' s a r e n o t 
C F L ' s , o r t h a t CF-PSG's a r e n o t adequate f o r t h e 
a n a l y s i s o f N L ' s , a r e c o m p l e t e l y w i t h o u t f o r c e . 
O f c o u r s e , t h i s does n o t e n t a i l t h a t NL ' s a r e 
CFL 's o r t h a t CF-PSG's c o n s t i t u t e t h e a p p r o p r i a t e 
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formal theory of NL grammars. But it does have as 
a consequence that computational l i n g u i s t s should 
not jus t give up on CF-PSG's on the grounds that 
t heo re t i ca l l i n g u i s t i c s has demonstrated t h e i r 
inadequacy. No such demonstration e x i s t s . 

In assessing whether some formal theory of grammar 
is an adequate theory for NL's, at least the 
fo l low ing three c r i t e r i a are re levant , and have 
been h i s t o r i c a l l y . ( i ) Does it permit NL's qua 
sets of s t r i ngs to be generated? ( i i ) Does it 
permit s i g n i f i c a n t genera l izat ions to be 
expressed? ( i i i ) Does it support a semantics, 
that i s , does it provide a basis on which meanings 
can be assigned to NL expressions in a 
sa t i s f ac to r y manner? 

In the remainder of t h i s paper, I sha l l consider 
these three c r i t e r i a in turn with reference to the 
adequacy of CF-PSG's as grammars for NL's. The 
issues are la rge , and space is l i m i t e d , so my 
discussion w i l l take the form, for the most pa r t , 
of annotated references to the l i t e r a t u r e where 
the various issues are properly deal t w i t h . 

II GENERATING NATURAL LANGUAGE STRING SETS 

The be l i e f that CF-PSG's cannot cope wi th 
syntac t ic concord and long-distance dependencies, 
and hence that NL's are not CFL's, but , say, 
proper ly con tex t -sens i t i ve languages, is wel l 
entrenched. One textbook goes so far as to assert 
that ' the grammatical phenomenon of Subject 
Predicate Agreement is s u f f i c i e n t to guarantee the 
accuracy of [ the statement t h a t ] English is not a 
CF-PSG language' (Grinder & Elgin 1973: 59). The 
phenomenon guarantees no such t h i ng , of course. 
Nor is the character of the problem changed when 
agreement is manifested across unbounded distances 
in s t r i ngs (pace Bach 1974: 77, Bresnan 1978: 38). 
Indeed, f i n i t e s tate languages can exh ib i t such 
dependencies (see Pullum & Gazdar, 1982). 

The in t roduc to ry tex ts and s im i la r exposi tory 
works in the f i e l d of generative grammar o f fe r 
nothing that could be taken ser ious ly as an 
argument that NL's are not CFL's. However, f i v e 
pu ta t i ve l y non-specious arguments to t h i s e f fec t 
are to be found in the more technical l i t e r a t u r e . 
These are based on the fo l low ing phenomena: 

(a) Engl ish comparative clauses 
(Chomsky 1963: 378-9), 

(b) the decimal expansion of pi 
(E ls te r 1978: 43-44), 

(c) ' r espec t i ve l y ' 
( B a r - H i l l e l & Shamir 1960: 96, 
Langendoen 1977: 4 -5 ) , 

(d) Dutch subordinate clauses 
(Huybregts 1976), 

(e) Mohawk noun incorporat ion 
(Postal 1964). 

Pullum & Gazdar (1982) show that (a) is based on a 
fa lse empi r ica l c laim and a fa lse claim about 
formal languages, (b) has no bearing on English or 
any other na tu ra l language since it depends on a 
confusion between grammar and a r i t hme t i c , (c) is 
based on a fa l se empir ica l c la im, and the f a c t s , 

such as they are , are re levant to semantics rather 
than syntax in any case, (d) provides no basis for 
any s t r i n g set argument [ 1 ] , and (e) Postal 
c r u c i a l l y f a i l e d to take account of one class of 
permissible incorporat ions - once these are 
recognized, the formal basis of h is argument 
co l lapses. 

Thus, Pullum & Gazdar (1982) demonstrate that 
every published argument purport ing to show that 
one or another NL is not a CFL is i n v a l i d , e i the r 
fo rma l l y , or emp i r i ca l l y , or both. Whether any 
NL, construed as a s t r i n g se t , f a l l s outside the 
class of CFLs remains an open quest ion, j u s t as it 
was twenty f i ve years ago. 

I l l CAPTURING SIGNIFICANT GENERALIZATIONS 

Argumentation purport ing to show that CF-PSG's 
w i l l miss s i g n i f i c a n t genera l izat ions about some 
NL phenomenon has been woeful ly inadequate. 
Typ ica l ly i t consists simply of provid ing or 
a l l ud ing to some CF-PSG which obviously misses the 
genera l i za t ion in quest ion. But, c l e a r l y , nothing 
whatever fo l lows from such an e x h i b i t i o n . Any 
framework capable of handling some phenomenon at 
a l l w i l l t y p i c a l l y make ava i lab le i n d e f i n i t e l y 
many ugly analyses of the phenomenon. But t h i s 
fac t is ne i ther su rp r i s ing nor i n t e r e s t i n g . What 
is su rp r i s i ng , and rather d i s t u r b i n g , is that 
arguments of t h i s kind (beginning, c l a s s i c a l l y , in 
chapter 5 of Chomsky 1957) have been taken so 
ser ious ly fo r so long. 

Capturing s i g n i f i c a n t genera l izat ions is l a rge ly a 
matter of no ta t i on . But CF-PSG's, taken as a 
class of mathematical ob jec ts , have propert ies 
which are t he i r s independently of the notat ions 
that might be used to def ine them. Thus they 
determine a ce r ta in set of s t r i n g se ts , they 
determine a ce r ta in set of t ree se ts , they stand 
in pa r t i cu l a r equivalence r e l a t i o n s , and so on. 
An analogy from log ic is per t inent here: the t r u t h 
funct ion mater ia l imp l i ca t ion Just is mater ia l 
imp l i ca t i on whether you notate it w i th an arrow, 
or a hook, or the t h i r d l e t t e r of the alphabet, 
and whether you use p r e f i x , i n f i x , or pos t f i x 
pos i t ion ing of the symbol. 

Over i t s 25 year h i s t o r y , t ransformat iona l grammar 
developed a whole armoury of l i n g u i s t i c a l l y usefu l 
no ta t ions , and many of these can Just as wel l be 
used in charac ter iz ing CF-PSG's. Three such 
no ta t iona l devices meri t i nd i v i dua l mention: (a) 
complex symbols, (b) ru le schemata, and (c) 
mappings from one set of ru les i n t o another 
(metarules) . 

Harman (1963) deserves the c red i t for f i r s t seeing 
the p o t e n t i a l of PSG's incorporat ing complex 
symbols. The use of a f i n i t e set of complex 
symbols, in place of the t r a d i t i o n a l f i n i t e set of 
monadic symbols, leaves the mathematical 
proper t ies of CF-PSG's unchanged. Every CF-PSG 
employing complex symbols generates a tree set 
tha t is isomorphic to the tree set generated by 
some CF-PSG not employing complex symbols. 
However, complex symbol systems inc lud ing 
fea tu res , "X-bar conventions", and "s lash 



558 G. Gazdar 

ca tegor ies" , e t c . , a l low many s i g n i f i c a n t 
syn tac t ic genera l iza t ions to be captured rather 
s t r a i gh t f o rwa rd l y . 

For example, Gazdar & Pullum (1981) show how the 
use of complex symbols fo r subcategor izat ion in a 
CF-PSG can capture genera l iza t ions that had had to 
be s t i pu la ted in the standard t ransformat ional 
account employing con tex t -sens i t i ve l e x i c a l 
i n s e r t i o n . And in Gazdar (1981a, 1981b) and Sag 
(1982a, 1982b) complex symbols ca l led "slash 
categor ies" are shown to be able to capture the 
genera l iza t ions under ly ing the class of unbounded 
dependency const ruct ions in English ( e . g . r e l a t i v e 
clauses, wh-questions, t o p i c a l i z a t i o n , e t c . ) . 
Figure 1 i l l u s t r a t e s wi th a t o p i c a l i z a t i o n 
example: 

t rans fer (the Head Feature Convention, see Gazdar 
1982) su f f i ces to capture a l l the s t ra igh t fo rward 
fac ts about subject verb agreement in Engl ish. 
Figure 2 i l l u s t r a t e s : 

Indeed, as Borsley (1983) and Stucky (1983, 
appendix) demonstrate, fa r more subt le and complex 
agreement phenomena succumb to analysis by phrase 
s t ruc tu re grammars equipped wi th features and ru le 
schemata. 

Like a ru le schema, a metarule is a grammar 
charac te r i za t ion device ( i . e . a clause in the 
d e f i n i t i o n of the grammar). But un l ike a ru le 
schema, it is one which enables one to def ine one 
set of ru les in terms of another se t , antecedently 
g iven. General izat ions which would be l os t if the 
two sets of ru les were merely l i s t e d are captured 
by the metarule [ 2 ] . 

For example, suppose that our grammar conta ins, 
i n t e r a l i a , the fo l l ow ing set of ru les expanding 
VP: 

I n t e r e s t i n g l y , such an analysis of unbounded 
dependencies is able to capture a genera l i za t ion 
about t h e i r i n t e r a c t i o n wi th coord inat ion that was 
never s a t i s f a c t o r i l y captured in t ransformat iona l 
grammar (see Gazdar, Pullum, Sag & Wasow 1982). 

Rule schemata al low genera l iza t ions to be captured 
by co l laps ing sets of ru les wi th some common 
property i n t o a s ing le statement. In a CF-PSG, 
one can capture the f a m i l i a r genera l i za t ion that 
only l i ke - cons t i t uen t s conjo in wi th a schema along 
the fo l l ow ing l i n e s : 

The genera l i za t ion that t h i s captures was not 
captured in c l ass i ca l TG: part of i t was expressed 
in the base r u l e s , and the res t was intendedly 
expressed in the formulat ion of a t ransformat ion 
ca l led "Coordinat ion Reduction". 

Another example of the power of r u l e schemata 
(appl ied to complex symbols) invo lves agreement 
phenomena: 

where $ ranges over permissible 
combinations of agreement fea tures . 

This schema, taken together wi th a widely assumed, 
and p u t a t i v e l y u n i v e r a l , convention of feature 
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Note t h a t t r a n s f o r m a t i o n s were mappings f rom s e t s 
o f s t r u c t u r e s t o s e t s o f s t r u c t u r e s , whereas 
m e t a r u l e s a re mappings f rom s e t s o f r u l e s t o s e t s 
of r u l e s . Gazdar & Sag (1981) and G u n j i (1983) 
show how m e t a r u l e s can c a p t u r e r e f l e x i v e pronoun 
g e n e r a l i z a t i o n s i n the d e f i n i t i o n s o f PSG's f o r 
E n g l i s h and Japanese, r e s p e c t i v e l y , and Gazdar , 
Pu l lum & Sag (1982) use m e t a r u l e s to p r o v i d e 
a c c u r a t e and nonredundant ana l yses f o r " S u b j e c t -
a u x i l i a r y i n v e r s i o n " , adverb p lacemen t , and VP 
e l l i p s i s i n a grammar o f the E n g l i s h a u x i l i a r y 
sys tem. 

S o - c a l l e d " f r e e word o r d e r " languages have 
sometimes been a l l e g e d to pose a prob lem in 
p r i n c i p l e f o r the g e n e r a l i z a t i o n - c a p t u r i n g powers 
o f CF-PSG's. That they do no t is amply 
demons t ra ted i n h o r r o c k s ( 1 9 6 3 ) , Pu l lum (1982) and 
Stucky (1983) [ 3 ] . 

There i s , t h u s , a t the p r e s e n t t i m e , n o reason 
whatsoever t o t h i n k t h a t the g o a l o f c a p t u r i n g 
l i n g u i s t i c a l l y s i g n i f i c a n t g e n e r a l i z a t i o n s i s i n 
any way i n c o n s i s t e n t w i t h the use of CF-PSG's. 

IV_ SUPPORT OF A_ SEMANTICS 

In a s k i n g whether some t h e o r y o f s yn tax " s u p p o r t s 
a s e m a n t i c s " , we a re a s k i n g whether t h e r e e x i s t s 
some semant i c t h e o r y wh ich w i l l i n t e r p r e t t he 
s t r u c t u r e s p r o v i d e d by the syn tax in a manner 
c o n s i s t e n t w i t h our judgments c o n c e r n i n g 
a m b i g u i t y , synonymy, e n t a i l m e n t , e t c . W i t h i n 
l i n g u i s t i c s , t h e key semant ic development o f the 
1970 's was the appearance of a model t h e o r y f o r 
n a t u r a l languages o r i g i n a t i n g i n the work o f 
Montague (see Montague 1974; Dowty e t a l . 1981) . 
Be fo re Montague, l i n g u i s t s had been d i sposed 
e i t h e r t o do t h e i r semant i cs i n the s y n t a x , a 
p r a c t i c e t h a t reached i t s apogee i n the work o f 
t he G e n e r a t i v e S e m a n t i c i s t s , o r no t a t a l l , a s i n 
Chomsky's o e u v r e s . But t he s o p h i s t i c a t e d 
mach ine ry ( i n c l u d i n g lambda a b s t r a c t i o n , meaning 
p o s t u l a t e s , h i g h e r o r d e r q u a n t i f i c a t i o n , i n t e n s i o n 
and e x t e n s i o n o p e r a t o r s , e t c . ) wh ich Montague had 
made a v a i l a b l e meant t h a t semant i cs c o u l d now be 
done a s s u c h . T h i s had a l l k i n d s o f i m p l i c a t i o n s 
f o r s y n t a x . 

Here a re some examp les , ( i ) Heny (1970) and Cooper 
(1975) showed t h a t q u a n t i f i e r scope a m b i g u i t i e s 
c o u l d b e hand led e n t i r e l y i n the s e m a n t i c s , 
w i t h o u t t h e need f o r q u a n t i f i e r movement i n the 
s y n t a x . More r e c e n t l y , Cooper (1983) has p r o v i d e d 
a g e n e r a l semant i c t r e a t m e n t of pronouns and 
q u a n t i f i e r b i n d i n g wh ich d i r e c t l y i n t e r p r e t s a 
phrase s t r u c t u r e s y n t a x , ( i i ) Dowty (1978) showed 
t h a t t h e seman t i c p r o p e r t i e s o f d a t i v e , p a s s i v e , 
u n a p e o i f i e d o b j e c t , " R a i s i n g " , and " E q u i " 
c o n s t r u c t i o n s c o u l d a l l b e p r o v i d e d f o r d i r e c t l y , 
w i t h o u t c o r r e s p o n d i n g s y n t a c t i c o p e r a t i o n s t h a t 
moved o r d e l e t e d N P ' s . ( i i i ) A l so i n 1978, t h r e e 
s e t s o f a u t h o r s i n d e p e n d e n t l y proposed c l o s e l y 
r e l a t e d c r o s s - c a t e g o r i a l semant ic t h e o r i e s f o r 
c o o r d i n a t i o n (Cooper 1979; Gazdar 1980a; Keenan & 
F a l t z 1978 ) . T h i s wo rk , wh i ch i s f u r t h e r advanced 
i n P a r t e e & Rooth ( 1 9 8 3 ) , c o m p l e t e l y u n d e r c u t s a l l 
seman t i c m o t i v a t i o n f o r " C o o r d i n a t i o n R e d u c t i o n " 
t r a n s f o r m a t i o n s o r e q u i v a l e n t o p e r a t i o n s i n t h e 

s y n t a x , ( i v ) McCloskey (1979) was a b l e to show 
t h a t the deep s t r u c t u r e / s u r f a c e s t r u c t u r e 
d i s t i n c t i o n was i r r e l e v a n t t o g i v i n g a semant i cs 
f o r r e l a t i v e c l a u s e s and w h - q u e s t i o n s : s t r u c t u r e s 
o f e i t h e r k i n d p r o v i d e a s u i t a b l e l o c u s f o r 
semant i c i n t e r p r e t a t i o n , ( v ) K l e i n (1980 , 1981a, 
1981b, 1982) has demons t ra ted t h a t the meaning o f 
a l l the v a r i o u s c o m p a r a t i v e c o n s t r u c t i o n s found i n 
E n g l i s h can b e d e r i v e d d i r e c t l y f rom t h e i r s u r f a c e 
s y n t a c t i c fo rms as g i v e n by a CF-PSG a l o n g the 
l i n e s of Gazdar ( 1 9 8 0 b ) . ( v i ) Wasow, Sag, & 
Nunberg (1982) argue t h a t the p rope r t r e a t m e n t o f 
i d i o m s i s one wh ich s e m a n t i c a l l y i n t e r p r e t s them 
c o m p o s i t i o n a l l y . T h e i r a n a l y s i s v i t i a t e s a l l t h e 
arguments f o r s y n t a c t i c movement r u l e s t h a t depend 
on the c l a i m t h a t sen tences l i k e t abs were kep t on 
eve ry suspec t cannot be c o m p o s i t i o n a l l y 
i n t e r p r e t e d . In a s i m i l a r v e i n , Sag (1982c) and 
Sag 4 K l e i n (1982) have shown t h a t the s y n t a c t i c 
d i s t r i b u t i o n o f the E n g l i s h "dummy s u b j e c t s " i t 
and t h e r e (as i n such sentences as i t appears to 
be obv ious t h a t we l o s t , and t h e r e seems to have 
been a l i o n i n the p a r k ) f o l l o w f rom a n 
a p p r o p r i a t e semant ic t h e o r y o f such e x p r e s s i o n s , 
w i t h o u t any need f o r r a i s i n g o p e r a t i o n s i n the 
s y n t a x . ( v i i ) And, i n r e l a t e d work , K l e i n & Sag 
(1962) deve lop a semant ic t h e o r y f o r phrase 
s t r u c t u r e grammars f o r n a t u r a l languages wh ich 
l a r g e l y e l i m i n a t e s the need t o s t i p u l a t e semant ic 
t r a n s l a t i o n r u l e s . I n s t e a d , these r u l e s f o l l o w 
f rom a f u n c t i o n wh ich takes as arguments (1 ) t he 
semant ic t ype o f a l e x i c a l i t e m , and (2 ) the 
phrase s t r u c t u r e r u l e r e s p o n s i b l e f o r i n t r o d u c i n g 
the l e x i c a l i t e m . 

Thus t h e r e i s eve ry reason t o b e l i e v e t h a t CF-
PSG's can s u p p o r t a p p r o p r i a t e semant i c t h e o r i e s 
f o r NL 's a t l e a s t a s w e l l a s m u l t i l e v e l s y n t a c t i c 
f rameworks [ 4 , 5 ] , I n d e e d , t h e r e i s a n a d hominem 
argument wh ich sugges ts t h a t t hey may be 
p r e f e r a b l e . I t i s n o t e w o r t h y t h a t a l m o s t a l l t h e 
l i n g u i s t s c u r r e n t l y w o r k i n g ou t t he i m p l i c a t i o n s 
o f Montague 's semant i c l egacy ( e . g . Bach, Cooper , 
D a h l , Dowty, K a r t t u n e n , Keenan, K l e i n , P a r t e e , 
P e t e r s , and Sag, to name but t e n ) have g r a v i t a t e d 
towards e s s e n t i a l l y m o n o s t r a t a l s y n t a c t i c t h e o r i e s 
a l t h o u g h t h i s c o n c r e t e n e s s i s n o t o b v i o u s l y 
presaged i n Montague 's own, r a t h e r a b s t r a c t , 
approach t o s y n t a x . 

1 CONCLUSIONS 

In b r i e f , I have t r i e d t o make p l a u s i b l e the 
f o l l o w i n g t h r e e c l a i m s , ( i ) There i s n o r e a s o n , 
a t the p r e s e n t t i m e , t o t h i n k t h a t NL ' s a re no t 
C F L ' s . ( i i ) There a re good reasons f o r t h i n k i n g 
t h a t t he n o t a t i o n s t h a t we need to c a p t u r e 
significant s y n t a c t i c g e n e r a l i z a t i o n s w i l l 
c h a r a c t e r i z e CF-PSG's, or some minor 
g e n e r a l i z a t i o n o f them, such as indexed grammars, 
( i i i ) There a r e v e r y good reasons f o r b e l i e v i n g 
t h a t such grammars, and the m o n o s t r a t a l 
r e p r e s e n t a t i o n s t h e y i n d u c e , p r o v i d e the necessary 
b a s i s f o r t h e seman t i c i n t e r p r e t a t i o n o f N L ' s . 
And t h a t , c o n c o m i t a n t l y , t h e r e i s no semant ic 
m o t i v a t i o n f o r s y n t a c t i c o p e r a t i o n s t h a t move, 
d e l e t e , p e r m u t e , copy o r s u b s t i t u t e c o n s t i t u e n t s . 

The r e l e v a n c e o f t hese c l a i m s , wh ich emerge f rom 
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c u r r e n t t h e o r e t i c a l l i n g u i s t i c s , t o t h e 
c o m p u t a t i o n a l m o d e l l i n g o f n a t u r a l language 
p r o c e s s i n g i s someth ing wh ich i s a rgued f o r o r 
assumed i n a n i n c r e a s i n g body o f r e c e n t work [ 6 ] . 
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FOOTNOTES 

1. Whether or no t a CF-PSG can g e n e r a t e t h e 
c o r r e c t s t r u c t u r a l d e s c r i p t i o n s f o r t he r e l e v a n t 
s e t o f Dutch sen tences i s a n i n t r i g u i n g open 
q u e s t i o n . _If t h e g r a m m a t i c a l s e t o f t r e e s i s 
e x a c t l y t h e s e t t h a t B resnan , K a p l a n , P e t e r s & 
Zaenen (1982) assume i t t o b e , t h e n , as t hey show, 
t h e answer i s n o . But s e e , now, Pu l lum (1983) and 
Thompson ( 1 9 8 3 ) . 

2 . The i d e a o f u s i n g one grammar to g e n e r a t e 
a n o t h e r o r i g i n a t e s i n computer s c i e n c e w i t h t he 
work of van W i j ngaa rden (1969) who used t h e 
t e c h n i q u e t o g i v e a p e r s p i c u o u s s y n t a x f o r 
ALGOL68. A good i n t r o d u c t i o n to h i s work can be 
found in C l e a v e l a n d & U z g a l i s ( 1 9 7 5 ) . Janssen 
(1980) employs a van W i j n g a a r d e n - s t y l e t w o - l e v e l 
grammar to d e f i n e a g e n e r a l i z a t i o n o f Mon tague 's 
PTQ s y n t a x . Recent work in c o m p u t a t i o n a l 
l i n g u i s t i c s t h a t employs m e t a r u l e s i n c l u d e s Gawron 
e t a l . ( 1 9 8 2 ) , Kay ( 1 9 8 3 ) , K o n o l i g e ( 1 9 8 0 ) , 
Robinson ( 1 9 8 0 ) , Schuber t and P e l l e t i e r ( 1 9 8 2 ) , 
S h i e b e r , S t u c k y , U s z k o r e i t and Robinson ( 1 9 8 3 ) , 
and Thompson ( 1 9 8 2 ) . 

3 . The i n t e r e s t i n g p a r s i n g i s s u e s t h a t " f r e e 
word o r d e r " languages g i v e r i s e t o a r e addressed 
i n Sh ieber (1983) and U s z k o r e i t ( 1 9 8 3 ) . 

4 . Th i s i s n o t t o s u g g e s t , o f c o u r s e , t h a t 
a l l s i g n i f i c a n t semant i c p rob lems a r e s o l v e d b y 
t h e s h i f t t o s u r f a c e s t r u c t u r e s y n t a x . One 
c u r r e n t l y i n t e r e s t i n g p u z z l e conce rns how one 
b i n d s pronouns t h a t appear i n " d i s l o c a t e d " 
c o n s t i t u e n t s (Cooper 1983; Dahl 1981 , 1982; 
Engdah l 1982a, 1982b) . Ano ther conce rns t h e 
p o s s i b i l i t y o f m u l t i p l e wh - t ype dependenc ies i n 
S c a n d i n a v i a n l anguages , and t h e v a r i a b l e - b i n d i n g 
i s s u e t h a t t h i s g i v e s r i s e t o (see Engdahl 1980; 
M a l i n g & Zaenen 1982) . One p r o m i s i n g s t r a t e g y f o r 
g e t t i n g a s o l u t i o n t o bo th t hese p rob lems e n t a i l s 
g r o u n d i n g t h e seman t i cs on an i ndexed grammar (Aho 
1968; H o p c r o f t & Ul lman 1979, p p . 389-390) r a t h e r 
t h a n on a CF-PSG. Indexed grammars a re s i m i l a r to 
CF-PSG's wh i ch employ complex s y m b o l s , e x c e p t t h a t 
t h e r e i s n o f i n i t e l i m i t o n t h e number o f d i s t i n c t 
complex symbols t h a t can be u s e d . T h i s 
g e n e r a l i z a t i o n o f CF-PSG i s p o t e n t i a l l y r e l e v a n t 
t o t he i s s u e men t i oned i n f o o t n o t e 1 , above , and 
t o t he n e s t i n g o f e q u a t i v e and c o m p a r a t i v e c l a u s e s 
(see K l e i n 1981b ) . C f . , a l s o , t h e t r e e a d j u n c t i o n 

d e f i n e d MCSL's o f J o s h i (1982) ( t h e MCSL's 
p r o p e r l y i n c l u d e the CFL's but a re p r o p e r l y 
i n c l u d e d by t h e i ndexed l a n g u a g e s ) . 

5 . I assume t h a t t h i s c o n c l u s i o n would c a r r y 
over t o non-Montague approaches t o s e m a n t i c s . 
However, I have r e s t r i c t e d m y s e l f here to the 
Montague parad igm s i n c e i t i s by f a r and away t h e 
most d e t a i l e d and e x t e n s i v e f ramework f o r NL 
seman t i cs a v a i l a b l e a t the p r e s e n t t i m e . That 
Mon tague 's i d e a s a re c o m p a t i b l e w i t h a 
c o m p u t a t i o n a l o r i e n t a t i o n t o language i s ev idenced 
o r argued i n a l a r g e body o f r e c e n t w o r k : e . g . , 
Bronnenberg e t a l . ( 1 9 6 0 ) , Fr iedman (1978 , 1981) , 
F r i edman , Moran & Warren ( 1 9 7 8 ) , Fr iedman & Warren 
( 1 9 7 8 ) , Fuch i ( 1 9 8 1 ) , G u n j i & Sondheimer ( 1 9 8 0 ) , 
Hobbs & Rosensche in ( 1 9 7 8 ) , I n d u r k h y a ( 1 9 8 1 ) , 
I s h i m o t o ( 1 9 6 2 ) , Janssen (1976 , 1977, 1983) , 
Landsbergen ( 1 9 8 1 , 1982) , Matsumoto ( 1 9 8 1 , 1982) , 
Moran ( 1 9 8 0 ) , N i s h i d a e t a l . ( 1 9 8 1 ) , N i s h i d a & 
D o s h i t a (1962 , 1983 ) , Root ( 1 9 8 1 ) , Sahek i ( 1 9 8 2 ) , 
Sawamura ( 1 9 6 1 ) , Sondheimer & G u n j i ( 1 9 7 8 ) , and 
Warren ( 1 9 7 9 ) . See a l s o G u n j i (1981) f o r a 
d e s c r i p t i o n o f the programming language EIL -
Extended I n t e n s i o n a l L i s p . 

6 . E . g . , Bear & K a r t t u n e n ( 1 9 7 9 ) , E je rhed 
( 1 9 8 0 ) , Fodor (1982a , 1982b) , Gawron e t a l . 
( 1 9 8 2 ) , J o s h i ( 1 9 8 3 ) , J o s h i & Levy ( 1 9 8 2 ) , Kay 
( 1 9 6 3 ) , K o n o l i g e ( 1 9 8 0 ) , Pu l lum ( 1 9 8 3 ) , Pulman 
( 1 9 8 3 ) , Robinson (1980 , 1982) , Rosenschein & 
Sh iebe r ( 1 9 8 2 ) , Ross ( 1 9 8 1 , 1982) , Schuber t 
( 1 9 8 2 ) , Schube r t & P e l l e t i e r ( 1 9 8 2 ) , Sh iebe r 
(1983a , 1963b) , Thompson ( 1 9 8 1 , 1982, 1983) , and 
U s z k o r e i t ( 1 9 8 3 ) . And see Berw ick & Weinberg 
(1982) f o r a r a t h e r ex tended m e t a t h e o r e t i c a l 
d i s q u i s i t i o n . 
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ABSTRACT 

Learning Theory is the study of systems 
that implement funct ions from ev iden t ia l 
states to theor ies . The theore t i ca l 
framework developed in the theory makes 
possible the comparison of classes of 
algori thms which embody d i s t i n c t 
learning s t ra teg ies along a va r ie t y of 
dimensions. Such comparisons y i e l d 
valuable information to those concerned 
wi th inference problems in Cognit ive 
Science and A r t i f i c i a l I n t e l l i g e n c e . 
The present paper employs the framework 
of Learning Theory to study the design 
spec i f i ca t ions of induct ive systems 
which are of i n te res t in the domain of 
language acqu i s i t i on . 

Section 0: In t roduc t ion 

Learning Theory is tho 
inves t iga t ion of systems that implement 
funct ions from ev iden t ia l states to 
theor ies . Of cent ra l concern is the 
character iza t ion of condit ions under 
which such funct ions s t a b i l i z e to 
accurate theories of a given 
environment. With in the theory, the 
informal notions of "evidence," 
" theory , " " s t a b i l i z a t i o n , " "accuracy," 
and "environment" are replaced by 
precise d e f i n i t i o n s . A l te rna t i ve 
formulat ions of these concepts y i e l d 
a l t e rna t i ve models w i t h in the theory. 
The vigorous development of Learning 
Theory began wi th a celebrated paper by 
Gold (1967). Angluin & Smith (1982) 
provide a valuable review of formal 
r esu l t s . 

Learning Theory is motivated by 
both s c i e n t i f i c and technological 
concerns. S c i e n t i f i c a l l y , the theory 
has proved useful in the analysis of 
human learn ing, p a r t i c u l a r l y , language 
acqu is i t i on (see Osherson, Stob & 
Weinstein, forthcoming, f o r a review of 
issues) . Technological ly , the theory 
helps speci fy what is learnable 1n 
p r i n c i p l e , and may thus guide the 
const ruct ion of p rac t i ca l systems of 
induct ive inference. 

Learning Theory y ie lds p o t e n t i a l l y 
valuable ins ights about problems of 
induct ive inference in the context of 
Cognit ive Science and A r t i f i c i a l 
I n t e l l i gence . The theory provides the 
framework fo r systematic comparison of 
various learning a lgor i thms. Such 
comparisons are p a r t i c u l a r l y useful in 
determining the r e l a t i v e strength of 
classes of algorithms which embody 
d i s t i n c t abstract learn ing s t ra teg ies , 
in assessing t h e i r resource 
requirements, and in p red ic t ing t h e i r 
behavior in various environments. When 
combined with empir ical studies of 
language acqu i s i t i on , Learning Theory 
may provide const ra in ts on the character 
of the learning s t ra teg ies implemented 
by ch i l d ren , and r e f l e c t in turn on the 
character of the class of languages 
which may be acquired. Such studies in 
Cognit ive Science may be of importance 
to system bui lders in A r t i f i c i a l 
I n t e l l i gence . They suggest that the 
search for ideal learning s t ra teg ies ' is 
not wel l mot ivated. Rather, by 
focussing on learners who embody 
d i f f e r e n t " s t y les " of learn ing , and by 
inves t iga t ing t h e i r p roper t ies , the 
theory allows a comparison of the 
op t ima l i t y of d i s t i n c t approaches to 
learning along a mul t i tude of 
dimensions. In add i t i on , through the 
analysis of classes of algori thms that 
embody d i s t i n c t learning s t ra teg ies , 
t h i s theore t i ca l framework may provide a 
useful complement to studies of ad hoc 
systems b u i l t to perform induct ive 
inference in problem domains of l i m i t e d 
scope. 

The present paper reviews some of 
our recent work on p rac t i ca l inference 
and re la tes it to problems in language 
a c q u i s i t i o n . We consider design 
spec i f i ca t ions fo r Induct ive systems 
relevant to (a) the speed of Inference, 
(b) the s i m p l i c i t y of in fe r red theor ies , 
(c) the l i ke l i hood of i n f e r e n t i a l 
success, and (d) the res i l i ence of such 
systems in environments subject to 
informat ional imper fect ion. A t ten t ion 



D. Osherson et al. 567 

i s r e s t r i c t e d t o l e a r n i n g parad igms i n 
wh ich o n l y " p o s i t i v e i n f o r m a t i o n " i s 
a v a i l a b l e about the language o r d a t a - s e t 
t o b e i n f e r r e d ; d i r e c t i n f o r m a t i o n about 
nonmembership i s not o f f o r e d t o t h e 
l e a r n e r ; A n g l u i n & Smi th (1982) su rvey 
r e s u l t s r e l e v a n t t o l e a r n i n g parad igms 
i n wh ich bo th p o s i t i v e and n e g a t i v e 
i n f o r m a t i o n i s assumed a v a i l a b l e . 

Our e x p o s i t i o n is o r g a n i z e d as 
f o l l o w s . The nex t s e c t i o n p r o v i d e s 
d e f i n i t i o n s and c o n s t r u a l s a t t he h e a r t 
o f con temporary l e a r n i n g t h e o r y . 
S e c t i o n 2 e x h i b i t s theorems p r o p e r to 
t he t o p i c s ( a ) - ( d ) l i s t e d above. 
P roo f s of these theorems can be found in 
Osherson , Stob & W e i n s t e i n ( 1 9 8 2 , 
1983d) . In S e c t i o n 3 we c o n s i d e r the 
r e l a t i o n between r e s u l t s rev iewed here 
and language a c q u i s i t i o n by c h i l d r e n . 

1.2 Learning func t ions 

Let G be a f i x e d , compu tab le 
i somorph ism between SEQ and N. A 
learning function is any f u n c t i o n f r om N 
i n t o M; such a f u n c t i o n w i l l be t h o u g h t 
of as o p e r a t i n g on members of SEQ ( v i a 
G) , y i e l d i n g i n d i c e s f o r r e c u r s i v e l y 
enumerable s e t s . L e a r n i n g f u n c t i o n s may 
b e t o t a l o r p a r t i a l , r e c u r s i v e o r 
n o n r e c u r s i v e . The ( p a r t i a l ) r e c u r s i v e 
l e a r n i n g f u n c t i o n s a re j u s t Φ , Φ 1 , . . . , 
Φ The c l a s s o f a l l l e a r n i n g 
f u n c t i o n s is d e n o t e d : F . The c l a s s o f 
a l l r e c u r s i v e l e a r n i n g f u n c t i o n s 
( p a r t i a l o r t o t a l ) i s d e n o t e d : F r e c . 

S e c t i o n 2 : P r a c t i c a l l e a r n i n g 

2 . 1 E f f i c i e n t i n f e r e n c e 

U s e f u l l e a r n i n g must no t t ake too 
much t i m e . T h i s vague a d m o n i t i o n can be 
r e s o l v e d i n t o two demands: ( i ) t he 
l e a r n e r must not examine t o o many i n p u t s 
b e f o r e s e t t l i n g f o r good on a c o r r e c t 
h y p o t h e s i s , and ( 11 ) the l e a r n e r must 
no t spend t o o long exam in ing each i n p u t . 
L e a r n e r s s a t i s f y i n g ( i ) w i l l b e c a l l e d 
" t e x t - e f f i c i e n t ; " l e a r n e r s s a t i s f y i n g 
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2.1.3 Ef f i c iency 

Let I C RE>6, and l e t h be a t o t a l 
recursive func t ion . Φ i is said to 
i d e n t i f y L h-efficientlyy j u s t in case 
( i ) Φ i i d e n t i f i e s L tex t e f f i c i e n t l y 
wi th respect to F r e c ( i n p a r t i c u l a r , Φ i 
i d e n t i f i e s L), and ( i i ) Φj is h-time 
e f f i c i e n t f o r L . h -e f f i c i ency , that i s . 
combines the v i r tues of tex t e f f i c i e n c y 
(wi th respect to F r e c ) and h-time 
e f f i c i e n c y . The next propos i t ion shows 
tha t , for any h, h -e f f i c iency is more 
r e s t r i c t i v e than tex t e f f i c i ency as a 
design feature of recursive learning 
func t ions . 

Proposition 4: For every t o t a l 
recursive func t i on , h, there is a 
c o l l e c t i o n , L, of languages such that 
( i ) some f € F r e c i d e n t i f i e s L tex t 
e f f i c i e n t l y , but ( i i ) no Φ € Frec 
i d e n t i f i e s L h - e f f i c i e n t l y . 

Proposition 5: For some t o t a l 
recursive func t ion , h, there is L C RE 
such that ( i ) some f € F r e c i d e n t i f i e s L 
tex t e f f i c i e n t l y , ( i i ) some Φ i 

i d e n t i f i e s L h-time e f f i c i e n t l y , but 
( i i i ) no Φ j i d e n t i f i e s L h - e f f i c i e n t l y . 

2.2 Simple conjectures 

To be use fu l , a learner should not 
only converge rap id ly to a cor rect 
theory of i t s environment, i t should 
also converge to a r e l a t i v e l y simple 
theory: excessively complex theor ies , 
even i f t r u e , are o f l i t t l e p rac t i ca l 
use. To study the impact of such 
s i m p l i c i t y const ra in ts on l e a r n a b i l i t y , 
a t o t a l recursive size measure, S:N -♦ 
N, is now imposed on our acceptable 
order ing of pa r t i a l recursive func t ions . 
I n t u i t i v e l y , S may be conceived as 
mapping indices to s izes , S ( i ) being the 
length of the program fo r Φ1 
corresponding to index i. The measure 
is governed by the fo l l ow ing two axioms, 
due to Blum (1967b). 

Axiom 1: For a l l i € N, there are 
only f i n i t e l y many j € N such that S ( j ) 
■ i . 

Axiom 2: The predicate "j € 
S _ l ( 1 ) , " fo r i f j € N, is decidable. 

Define the func t ion MS:°RE -> N as 
fo l lows . For L € RE, RE(L) 
uJ[(3k)(Wk = L & S(k) = j ] . Thus, MS(L) 
is the size of the smal lest program tha t 
accepts L. Concern about simple 
conjectures may take the fo l low ing form. 
Let g be a t o t a l recurs ive f u n c t i o n , l e t 
f € F, and l e t L C RE. f is said to 
i d e n t i f y L g-s1mply j u s t in case f 
i d e n t i f i e s L, and f o r a l l t € TL, f 
converges on t to an index, j , such that 
S ( j ) < g(MS(rng( t ) ) . To exempl i fy, l e t 
g be \x.2x. Then f i d e n t i f i e s L 
g-simply j u s t in case f i d e n t i f i e s L, 
and for a l l L € L and t € TL , f 
converges on t to an index of size no 
greater than twice MS(L) ( the size of 
the smallest program that accepts L * 
r n g ( t ) ) . 

Text e f f i c i ency and g - s i m p l i c i t y 
are more r e s t r i c t i v e design features of 
recursive learning funct ions than e i the r 
is alone. This is the content of the 
next p ropos i t i on . 

Proposition 6: There is L C RE 
such that ( i ) some f € F r e c i d e n t i f i e s L 
tex t e f f i c i e n t l y , ( i i ) for any t o t a l 
recursive func t i on , g, such that g(x) > 
x f o r a l l x € N, some f € F r e c 

i d e n t i f i e s L g-simply, but ( i i i ) fo r 
every f € F r e c , and every t o t a l 
recursive f unc t i on , h, i f f i d e n t i f i e s L 
tex t e f f i c i e n t l y wi th respect to F r e c , 
then f does not i d e n t i f y L h-s imply. 

2.3 Learning in l i k e l y environments'1 

In some environments each p o t e n t i a l 
element of a language is associated w i th 
a f i xed p r o b a b i l i t y of occurrence, 
invar ian t through t ime. Such 
environments may be thought of as 
i n f i n i t e sequences of s t o c h a s t i c a l l y 
independent events, the p r o b a b i l i t y of a 
given element, e, appearing in the n+ ls t 
pos i t i on being independent of the 
contents of pos i t ions 0 through n. 

To study such environments, each L 
€ RE is associated wi th a p r o b a b i l i t y 
measure* m, on N such tha t f o r a l l x € 
N, x € L if and only 1f m L ( {x } ) > 0. 
(Recall tha t every L € RE 1s nonempty; 
see Section 1.1.) Next, we impose on 
TRE i ts Baire topology, RE; that 1s, 
fo r each a € SEQ, we take Bg ■ {t € 
T6bSla is in T to basic open set 
of F RE. For each L € R£, we def ine the 
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sentences have been removed. Texts fo r 
L count as incomplete tex ts fo r L. We 
say tha t a learning f u n c t i o n , f. 
identifies a language, L, on incomplete 
tex t j u s t in case f converges to an 
index f o r L on every incomplete tex t fo r 
L. I d e n t i f i a b i l i t y of c o l l e c t i o n s of 
languages on incomplete tex t is def ined 
s t r a i g h t f o r w a r d l y . 

Proposition 10: There is a 
c o l l e c t i o n , L, of languages such tha t 
(a) every language in L is i n f i n i t e and 
d i s j o i n t from every other language in L, 
(b) some recursive learn ing func t ion 
i d e n t i f i e s 1, and (c) no recurs ive 
learning func t ion i d e n t i f i e s L on 
incomplete t e x t . 

Given the margin of e r ro r t o l e ra ted 
in f i n i t e - d i f f e r e n c e i d e n t i f i c a t i o n , one 
might doubt that imper fect ion r e s t r i c t s 
t h i s kind of l ea rn ing . I t is thus 
natura l to con jec ture : 

L is f i n i t e - d i f f e r e n c e i d e n t i f i a b l e [by 
recurs ive learning f u n c t i o n ] i f and only 
i f 1 i s f i n i t e - d i f f e r e n c e i d e n t i f i a b l e 
on noisy tex t [by recurs ive learn ing 
f u n c t i o n ] ; and 

L is f i n i t e - d i f f e r e n c e i d e n t i f i a b l e [by 
recurs ive learning f u n c t i o n ] i f and only 
i f L i s f i n i t e - d i f f e r e n c e i d e n t i f i a b l e 
on incomplete tex t [by recurs ive 
learn ing f u n c t i o n ] . 

The next two propos i t ions show that both 
versions of both conjectures are f a l s e . 

Proposition 12: There is a 
c o l l e c t i o n , L, of languages such tha t 
some recurs ive learn ing func t ion 
i d e n t i f i e s L, but no learn ing func t ion 
( recurs ive or not) f i n i t e - d i f f e r e n c e 
i d e n t i f i e s L on noisy t e x t . 

Proposition 13: There 1s a 
c o l l e c t i o n , JL, of languages such t ha t 
some recursive learning func t ion 
i d e n t i f i e s L, but no learning func t ion 
( recurs ive or not) f i n i t e - d i f f e r e n c e 
i d e n t i f i e s L on incomplete t e x t . 

Sect ion 3: Language a c q u i s i t i o n and 
formal models of Inference 

The circumstances of normal 
language acqu i s i t i on by ch i l d ren appear 
to share a fundamental feature w i th the 
inference paradigms discussed above. 
In fan ts apparently have no d i r e c t access 
to the nonsentences (so labeled) of the 
ta rge t language. This asser t ion rests 
on evidence that ch i ld ren are seldom 
corrected fo r ungrammatical ut terances 
per se, nor do they communicate more 
success fu l l y wi th grammatical than w i th 
ungrammatical sentences (Brown & Hanlon, 
1970). In shor t , ch i l d ren learn t h e i r 
language on t e x t s . 

As a consequence of t h i s shared 
environmental f ea tu re , the p ropos i t ions 
adduced above are re levant to the study 
of language a c q u i s i t i o n . Thus: (a) 
Proposi t ions 1 - 4 reveal some o f the 
consequences of e f f i c i e n t learn ing by 
c h i l d r e n ; i f language a c q u i s i t i o n 
proceeds e f f i c i e n t l y in the senses 
e a r l i e r de f ined , the class of learnable 
languages is narrower on t h i s account, 
(b) I f the class of natura l languages Is 
i n f i n i t e , then a c o r o l l a r y of r esu l t s in 
Section 2.2 shows tha t i n f i n i t e l y many 
grammars conjectured by ch i l d ren are 
w i l d l y oversized (by any reasonable 
measure of s i z e ) , (c ) If each sentence 
in the ta rge t language can be associated 
w i th a lower bound on the p r o b a b i l i t y of 
I t s occurrence in the c h i l d ' s l i n g u i s t i c 
environment, then Propos i t ion 7 shows 



572 D. Osherson et al. 

tha t the set of languages that can be 
learned wi th c e r t a i n t y is very l a rge . 
And (d) Proposi t ions 9 and 10 reveal the 
surpr is ing consequences fo r language 
acqu i s i t i on of even mi ld imperfect ions 
in ch i l d ren ' s l i n g u i s t i c environments. 
These kinds of connections between 
Formal Learning Theory and language 
acqu i s i t i on by ch i l d ren have become 
increas ing ly cent ra l to l i n g u i s t i c 
theory and developmental 
psycho l ingu is t i cs (see Wexler & 
Cul icover , 1980; Osherson, Stob & 
Weinstein 1983a). 

The resu l t s reviewed in t h i s paper 
represent only one of several 
perspect ives on language a c q u i s i t i o n 
o f fered by Formal Learning Theory. 
Thus, in add i t ion to e f f i c i e n c y , soveral 
other learn ing s t ra teg ies p laus ib l y 
a t t r i b u t e d to ch i ld ren have been 
inves t iga ted from the learn ing t heo re t i c 
point of view (Osherson, Stob & 
Weinstein 1983b). These include such 
response tendencies as (a) r e s t r i c t i o n 
to hypotheses compatible w i th ava i l ab le 
data, (b) gradual s h i f t s in hypotheses 
rather than large leaps, (c ) 
perseverat ion on conjectures that 
p red ic t the ava i l ab le l i n g u i s t i c data, 
(d) r e s t r i c t i o n to grammars w i th 
n o n t r i v i a l " recu rs i ve " ru les , and (e) 
exclusion of long-past data in 
hypothesis s e l e c t i o n . A d d i t i o n a l l y , 
c r i t e r i a o f successful acqu i s i t i on less 
s t r i ngen t than i d e n t i f i c a t i o n have been 
formulated and studied in the context of 
contemporary l i n g u i s t i c theory and 
language a c q u i s i t i o n . These issues are 
discussed in Osherson & Weinstein 
(1983c). 
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