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Formal models of language learning®
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Harvard University

Abstract

Research is reviewed that addresses itself to human language learning by de-
veloping precise, mechanistic models that are capable in principle of acquir-
ing languages on the basis of exposure to linguistic data. Such research in-
cludes theorems on language learnability from mathematical linguistics, com-
puter models of language acquisition from cognitive simulation and artificial
intelligence, and models of transformational grammar acquisition from theor-
etical linguistics. It is argued that such research bears strongly on major issues
in developmental psycholinguistics, in particular, nativism and empiricism,
the role of semantics and pragmatics in language learning, cognitive devel-
opment, and the importance of the simplified speech addressed to children.

I. Introduction

How children learn to speak is one of the most important problems in the
cognitive sciences, a problem both inherently interesting and scientifically
- promising. It is interesting because it is a species of the puzzle of induction:
how humans are capable of forming valid generalizations on the basis of a
finite number of observations. In this case, the generalizations are those that
allow one to speak and understand the language of one’s community, and are
based on a finite amount of speech heard in the first few years of life. And
language acquisition can claim to be a particularly promising example of this
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puzzle, promising to the extent that empirical constraints on theory con-
struction promote scientific progress in a given domain. This is because any
plausible theory of language learning will have to meet an unusually rich set
of empirical conditions. The theory will have to account for the fact that all
normal children succeed at learning language, and will have to be consistent
with our knowledge of what language is and of which stages the child passes
through in learning it.

It is instructive to spell out these conditions one by one and examine the
progress that has been made in meeting them. First, since all normal children
learn the language of their community, a viable theory will have to posit
mechanisms powerful enough to acquire a natural language. This criterion
is doubly stringent: though the rules of language are beyond doubt highly
intricate and abstract, children uniformly succeed at learning them nonethe-
less, unlike chess, calculus, and other complex cognitive skills. Let us say that
a theory that can account for the fact that languages can be learned in the first
place has met the Learnability Condition. Second, the theory should not ac-
count for the child’s success by positing mechanisms narrowly adapted to
the acquisition of a particular language. For example, a theory positing an
innate grammar for English would fail to meet this criterion, which can be
called the Equipotentiality Condition. Third, the mechanisms of a viable
theory must allow the child to learn his language within the time span nor-
mally taken by children, which is in the order of three years for the basic
components of language skill. Fourth, the mechanisms must not require as
input types of information or amounts of information that are unavailable
to the child. Let us call these the Time and Input Conditions, respectively.
Fifth, the theory should make predictions about the intermediate stages of
acquisition that agree with empirical findings in the study of child language.
Sixth, the mechanisms described by the theory should not be wildly incon-
sistent with what is known about the cognitive faculties of the child, such as
the perceptual discriminations he can make, his conceptual abilities, his mem-
ory, attention, and so forth. These can be called the Developmental and
Cognitive Conditions, respectively.

It should come as no surprise that no current theory of language learning
satisfies, or even addresses itself to, all six conditions. Research in psychology
has by and large focused on the last three, the Input, Developmental, and
Cognitive Conditions, with much of the research directed toward further
specifying or articulating the conditions themselves. For example, there has
been research on the nature of the speech available to children learning lan-
guage (see Snow and Ferguson, 1977), on the nature of children’s early word
combinations (e.g., Braine, 1963), and on similarities between linguistic and
cognitive abilities at various ages (e.g., Sinclair-de Zwart, 1969). Less often,
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there have been attempts to construct theoretical accounts for one or more
of such findings, such as the usefulness of parental speech to children (e.g.,
Newport, Gleitman, and Gleitman, 1977), the reasons that words are put
together the way they are in the first sentences (e.g., Brown, 1973, Schle-
guistic development (e.g., Slobin, 1973). Research in linguistics that has
addressed itself to language learning at all has articulated the Equipotentiality
Condition, trying to distinguish the kinds of properties that are universal
from those that are found only in particular languages (e.g., Chomsky, 1965,
1973).

In contrast, the attempts to account for the acquisition of language itself
(the Learnability Condition) have been disappointingly vague. Language
Acquisition has been attributed to everything from “‘innate schematisms’ to
“general multipurpose learning strategies”; it has been described as a mere
by-product of cognitive development, of perceptual development, of motor
development, or of social development; it has been said to draw on “input
regularities”, ‘“semantic relations™, “‘perceived intentions”, ‘“formal causal-
ity”’, “pragmatic knowledge”, “action schemas”, and so on. Whether the
mechanisms implicated by a particular theory are adequate to the task of
learning human languages is usually left unanswered.

There are, however, several bodies of research that address themselves to
the Learnability criterion. These theories try to specify which learning mech-
anisms will succeed in which ways, for which types of languages, and with
which types of input. A body of research called Grammatical Induction,
which has grown out of mathematical linguistics and the theory of compu-
tation, treats languages as formal objects and tries to prove theorems about
when it is possible, in principle, to learn a language on the basis of a set of
sentences of the language. A second body of research, which has grown out
of artificial intelligence and cognitive simulation, consists of attempts to
program computers to acquire languages and/or to simulate human language
acquisition. In a third research effort, which has grown out of transforma-
tional linguistics, a learning model capable of acquiring a certain class of
transformational grammars has been described. However, these bodies of
research are seldom cited in the psychological literature, and researchers in
developmental psycholinguistics for the most part do not seem to be familiar
with them. The present paper is an attempt to remedy this situation. I will
try to give a critical review of these formal models of language acquisition,
focusing on their relevance to human language learning.

There are two reasons why formal models of language learning are likely
to contribute to our understanding of how children learn to speak, even if
none of the models I will discuss satisfies all of our six criteria. First of all,
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a theory that is powerful enough to account for the fact of language acquisition
may be a more promising first approximation of an ultimately viable theory
than one that is able to describe the course of language acquisition, which
has been the traditional focus of developmental psycholinguistics. As the
reader shall see, the Learnability criterion is extraordinarily stringent, and it
becomes quite obvious when a theory cannot pass it. On the other hand,
theories concerning the mechanisms responsible for child language per se
are notoriously underdetermined by the child’s observable linguistic behavior.
This is because the child’s knowledge, motivation, memory, and perceptual,
motor, and social skills are developing at the same time that he is learning
the language of his community.

The second potential benefit of formal models is the explicitness that they
force on the theorist, which in turn can clarify many conceptual and sub-
stantive issues that have preoccupied the field. Despite over a decade and a
half of vigorous debates, we still do not know that sort of a priori knowledge,
if any, is necessary to learn a natural language; nor whether different sorts of
input to a language learner can make his task easy or difficult, possible or
impossible; nor how semantic information affects the learning of the syntax
of a language. In part this is because we know so little about the mechanisms
of language learning, and so do not know how to translate vague terms such
as ‘“‘semantic information” into the information structures that play a causal
role in the acquisition process. Developing explicit, mechanistic theories of
language learning may be the only way that these issues can be stated clearly
enough to evaluate. It seems to be the consensus in other areas of cognitive
psychology that mechanistic theories have engendered enormous conceptual
advances in the understanding of mental faculties, such as long-term memory
(Anderson and Bower, 1973), visual imagery (Kosslyn and Schwartz, 1977),
and problem solving (Newell and Simon, 1973).

The rest of the paper is organized into eight sections. In Section 11, I will
introduce the vocabulary and concepts of mathematical linguistics, which
serve as the foundation for research on language learnability. Sections I1I and
IV present E. Gold’s seminal theorems on language learnability, and the sub-
sequent research they inspired. Section V describes the so-called “heuristic™
language learning models, several of which have been implemented as com-
puter simulations of human language acquisition. Sections VI and VII discuss
the rationale forthe ‘“‘semantic’ or “cognitive” approach to language learning,
focusing on John R: Anderson’s computer simulation of a semantics-based
learner. Section VIII describes a model developed by Henry Hamburger,
Kenneth Wexler, and Peter Culicover that is capable of learning transforma-
tional grammars for languages. Finally, in Section IX, I discuss the implica-
tions of this research for developmental psycholinguistics.
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I1. Formal Models of Language

In this section I define the elementary concepts of mathematical linguistics
found in discussions of language learnability. More thorough accounts can be
found in Gross (1972) and in Hopcroft and Ullman (1969).

Languages and Grammars

To describe a language in mathematical terms, one begins with a finite set
of symbols, or a vocabulary. In the case of English, the symbols would be
English words or morphemes. Any finite sequence of these symbols is called
a string, and any finite or infinite collection of strings is called a language.
Those strings in the language are called sentences, the strings not in the lan-
guage are called non-sentences.

Languages with a finite number of sentences can be exhaustively described
simply by listing the sentences. However, it is a celebrated observation that
natural and computer languages are infinite, even though they are used by
beings with finite memory. Therefore the languages must have some finite
characterization, such as a recipe or program for specifying which sentences
are in a given language. A grammar, a set of rules that generates all the sen-
tences in a language, but no non-sentences, is one such characterization. Any
language that can be generated by a set of rules (that is, any language that is
not completely arbitrary) is called a recursively enumerable language.

A grammar has four parts. First of all, there is the vocabulary, which will
now be called the terminal vocabulary to distinguish it from the second com-
ponent of the grammar, called the auxiliary vocabulary. The auxiliary vocab-
ulary consists of another finite set of symbols, which may not appear in
sentences themselves, but which may act as stand-ins for groups of symbols,
such as the English“noun”, “verb”, and ‘“‘prepositional phrase”. The third
component of the grammar is the finite set of rewrite rules, each of which
replaces one sequence of symbols, whenever it occurs, by another sequence.
For example, one rewrite rule in the grammar for English replaces the symbol
“noun phrase” by the symbols “article noun’’; another replaces the symbol
“verb” by the symbol “‘grow”. Finally, there is a special symbol, called the
start symbol, usually denoted S, which initiates the sequence of rule opera-
tions that generate a sentence. If one of the rewrite rules can rewrite the ““S”
as another string of symbols it does so; then if any rule can replace part or
all of that new string by yet another string, it follows suit. This procedure
continues, one rule taking over from where another left off, until no auxiliary
symbols remain, at which point a sentence has been generated. The language
is simply the set of all strings that can be generated in this way.



222 Steven Pinker

Classes of Languages

There is a natural way to subdivide grammars and the languages they gener-
ate into classes. First, the grammars of different sorts of languages make use
of different types of rewrite rules. Second, these different types of languages
require different sorts of computational machinery to produce or recognize
their sentences, using various amounts of working memory and various ways
of accessing it. Finally, the theorems one can prove about language and gram-
mars tend to apply to entire classes of languages, delineated in these ways.
In particular, theorems on language learnability refer to such classes, so I will
discuss them briefly.

These classes fall into a hierarchy (sometimes called the Chomsky hierar-
chy), each class properly containing the languages in the classes below it. I
have already mentioned the largest class, the recursively enumerable languages,
those that have grammars that generate all their member sentences. However,
not all of these languages have a decision procedure, that is, a means of deter-
mining whether or not a given string of symbols is a sentence in the language.
Those that have decision procedures are called decidable or recursive lan-
guages. Unfortunately, there is no general way of knowing whether a recur-
sively enumerable language will turn out to be decidable or not. However,
there is a very large subset of the decidable languages, called the primitive
recursive languages, whose decidability is known. It is possible to enumerate
this class of languages, that is, there exists a finite procedure called a gram-
mar-grammar capable of listing each grammar in the class, one at a time,
without including any grammar not in the class. (It is not hard to see why
this is impossible for the class of decidable languages: one can never be sure
whether a given language is decidable or not.)

The primitive recursive languages can be further broken down by restrict-
ing the form of the rewrite rules that the grammars are permitted to use.
Context-sensitive grammars contain rules that replace a single auxiliary sym-
bol by a string of symbols whenever that symbol is flanked by certain neigh-
boring symbols. Context-free grammars have rules that replace a single auxil-
iary symbol by a string of symbols regardless of where that symbol occurs.
The rules of finite state grammars may replace a single auxiliary symbol only
by another auxiliary symbol plus a terminal symbol; these auxiliary symbols
are often called states in discussions of the corresponding sentence-producing
machines. Finally, there are grammars that have no auxiliary symbols, and
hence these grammars can generate only a finite number of strings altogether.
Thus they are called finite cardinality grammars. This hierarchy is summarized
in Table 1, which lists the classes of languages from most to least inclusive.
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Table 1.  Classes of Languages

Class Learnable from Learnable from Contains natural
an informant ? a text? languages?

Recursively Enumerable no no yes*

Decidable (Recursive) no no ?

Primitive Recursive yes no ?

Context-Sensitive yes no ?

Context-Free yes no no

Finite State yes no no

Finite Cardinality yes yes no

*by assumption.

Natural Languages

Almost all theorems on language learnability, and much of the research on
computer simulations of language learning, make reference to classes in the
Chomsky hierarchy. However, unless we know where natural languages fall in
the classification, it is obviously of little psychological interest. Clearly,
natural languages are not of finite cardinality; one can always produce a new
sentence by adding, say, “he insists that” to the beginning of an old sentence.
It is also not very difficult to show that natural languages are not finite state:
as Chomsky (1957) has demonstrated, finite state grammars cannot generate
sentences with an arbitrary number of embeddings, which natural languages

kRl 13 66

permit (e.g., “he works™, “either he works or he plays™, “if either he works
or he plays, then he tires”, *“since if either he...”, etc.). It is more difficult,
though not impossible, to show that natural languages are not context-free
(Gross, 1972; Postal, 1964). Unfortunately, it is not clear how much higher
in the hierarchy one must go to accomodate natural languages. Chomsky and
most other linguists (including his opponents of the ‘“‘generative semantics”
school) use transformational grammars of various sorts to describe natural
languages. These grammars generate bracketed strings called deep structures,
usually by means of a context-free grammar, and then, by means of rewrite
rules called transformations, permute, delete, or copy elements of the deep
structures to produce sentences. Since transformational grammars are con-
structed and evaluated by a variety of criteria, and not just by the ability to
generate the sentences of a language, their place in the hierarchy is uncertain.
Although the matter is by no means settled, Peters and Ritchie (1973) have
persuasively argued that the species of transformational grammar necessary
for generating natural languages can be placed in the context-sensitive class, as
Chomsky conjectured earlier (1965, p. 61). Accordingly, in the sections fol-
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lowing, I will treat the set of all existing and possible human languages as a
subset of the context-sensitive class.

11I. Grammatical Induction: Gold’s Theorems

Language Learning as Grammatical Induction

Since people presumably do not consult an internal list of the sentences of
their language when they speak, knowing a particular language corresponds
to knowing a particular set of rules of some sort capable of producing and
recognizing the sentences of that language. Therefore learning a language
consists of inducing that set of rules, using the language behavior of the com-
munity as evidence of what the rules must be. In the paragraphs following I
will treat such a set of rules as a grammar. This should not imply the belief
that humans mentally execute rewrite rules one by one before uttering a sen-
tence. Since every grammar can be translated into a left-to-right sentence
producer or recognizer, “inducing a grammar” can be taken as shorthand for
acquiring the ability to produce and recognize just those sentences that the
grammar generates. The advantage of talking about the grammar is that it
allows us to focus on the process by which a particular language is learned
(i.e., as opposed to some other language), requiring no commitment as to
the detailed nature of the production or comprehension process in general
(i.e., the features common to producers or recognizers for all languages).

The most straightforward solution to this induction problem would be to
find some algorithm that produces a grammar for a language given a sample
of its sentences, and then to attribute some version of this algorithm to the
child. This would also be the most general conceivable solution. It would not
be necessary to attribute to the child any a priori knowledge about the par-
ticular type of language that he is to learn (except perhaps that it falls into
one of the classes in the Chomsky hierarchy, which could correspond to some
putative memory or processing limitation). We would not even have to attri-
bute to the child a special language acquisition faculty. Since a grammar is
simply one way of talking about a computational procedure or set of rules,
an algorithm that could produce a grammar for a language from a sample of
sentences could also presumably produce a set of rules for a different sort of
data (appropriately encoded), such as rules that correctly classify the exem-
plars and non-exemplars in a laboratory concept attainment task. In that
case it could be argued that the child learned language via a general induction
procedure, one that simply “captured regularity” in the form of computa-
tional rules from the environment.
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Unfortunately, the algorithm that we need does not exist. An elementary
theorem of mathematical linguistics states that there are an infinite number
of different grammars that can generate any finite set of strings. Each gram-
mar will make different predictions about the strings not in the set. Consider
the sample consisting of the single sentence “the dog barks”. It could have
been taken from the language consisting of: 1) all three-word strings; 2) all
article-noun-verb sequences; 3) all sentences with a noun phrase; 4) that sen-
tence alone; 5) that sentence plus all those in the July 4, 1976 edition of the
New York Times; as well as 6) all English sentences. When the sample consists
of more than one sentence, the class of possible languages is reduced but is
still infinitely large, as long as the number of sentences in the sample is finite.
Therefore it is impossible for any learner to observe a finite sample of sen-
tences of a language and always produce a correct grammar for the language.

Language [dentification in the Limit

Gold (1967) solved this problem with a paradigm he called language identifi-
cation in the limit. The paradigm works as follows: time is divided into
discrete trials with a definite starting point. The teacher or environment
“chooses” a language (called the rarget language) from a predetermined class
in the hierarchy. At each trial, the learner has access to a single string. In one
version of the paradigm, the learner has access sooner or later to all the sen-
tences in the language. This sample can be called a text, or positive informa-
tion presentation. Alternately, the learner can have access to both grammat-
ical sentences and ungrammatical strings, each appropriately labelled. Because
this is equivalent to allowing the learner to receive feedback from a native
informant as to whether or not a given string is an acceptable sentence, it
can be called informant or complete information presentation. Each time the
learner views a string, he must guess what the target grammar is. This process
continues forever, with the learner allowed to change his mind at any time.
If, after a finite amount of time, the learner always guesses the same gram-
mar, and if that grammar correctly generates the target language, he is said to
have identified the language in the limit. Is is noteworthy that by this defini-
tion the learner can never know when or even whether he has succeeded.
This is because he can never be sure that future strings will not force him to
change his mind.

Gold, in effect, asked: How well can a completely general learner do in
this situation? That is, are there any classes of languages in the hierarchy
whose members can all be identified in the limit? He was able to prove that
language learnability depends on the information available: if both sentences
and non-sentences are available to a learner (informant presentation), the
class of primitive recursive languages, and all its subclasses (which include the
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natural languages) are learnable. But if only sentences are available (text pre-
sentation), no class of languages other than the finite cardinality languages is
learnable.

The proofs of these theorems are straightforward. The learner can use a
maximally general strategy: he enumerates every grammar of the class, one
at a time, rejecting one grammar and moving on to the next whenever the
grammar is inconsistent with any of the sample strings (see Figure 1). With
informant presentation, any incorrect grammar will eventualiy be rejected
when it is unable to generate a sentence in the language, or when it generates
a string that the informant indicates is not in the language. Since the correct
grammar, whatever it is, has a definite position in the enumeration of gram-
mars, it will be hypothesized after a finite amount of time and there will
never again be any reason to change the hypothesis. The class of primitive
recursive languages is the highest learnable class because it is the highest class
whose languages are decidable, and whose grammars and decision procedures
can be enumerated, both necessary properties for the procedure to work.

The situation is different under text presentation. Here, finite cardinality
languages are trivially learnable — the learner can simply guess that the lan-
guage is the set of sentences that have appeared in the sample so far, and
when every sentence in the language has appeared at least once, the learner
will be correct. But say the class contains all finite languages and at least one
infinite language (as do classes higher than finite cardinality). If the learner
guesses that the language is just the set of sentences in the sample, then when
the target language is infinite the learner will have to change his mind an infi-
nite number of times. But if the learner guesses only infinite languages, then
when the target language is finite he will guess an incorrect language and will
never be forced to change his mind. If non-sentences were also available, any
overgeneral grammar would have been rejected when a sentence that it was
capable of generating appeared, marked as a non-sentence. As Gold put it,
“the problem with text is that if you guess too large a language, the sample
will never tell you you're wrong”.

Implication of Gold’s theorems

Do children learn from a text or an informant? What evidence we have
strongly suggests that children are not usually corrected when they speak
ungrammatically, and when they are corrected they take little notice (Braine,
1971; Brown and Hanlon, 1970; McNeill, 1966). Nor does the child seem to
have access to more indirect evidence about what is not a sentence. Brown
and Hanlon (1970) were unable to discern any differences in how parents
responded to the grammatical versus the ungrammatical sentences of their
children. Thus the child seems to be in a text situation, in which Gold’s
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The Freezing Principle

The Binary Principle is not sufficient, however, to guarantee that an incor-
rect transformational component will make a telltale error on a meaning-
sentence pair less complex than a certain bound. The base rules of a grammar
can generate only a finite number of structures within a single level, by defi-
nition. Together with the Binary Principle, this would seem to ensure that
input data of bounded complexity would suffice to exhaust all the structural
descriptions that could trigger transformations. Unfortunately, whenever a
transformation is applied at one level, it can alter the configuration of sym-
bols within another level, creating new potential structural descriptions for
transformations. Thus a series of transformations starting arbitrarily far down
in a deep structure can alter the configuration of symbols within another
level (as, in fact, the example in Figure 6 showed), creating new potential
structural descriptions for transformations. A learner whose transformational
component was in error only when applied to this altered configuration
would never discover the error until coming across this arbitrarily complex
structure. To remedy this situation, Culicover, Wexler, and Hamburger (1975)
proposed a new constraint, the Freezing Principle, which forbids a transfor-
mation to apply to a configuration of symbols that could only have
been created by the previous application of another transformation. The arti-
ficial example in Figure 7 shows how the constraint works. Say the learner
must transform the deep structure 7(a) into the string 7(c), and already has a
transformation that reverses the two morphemes C and B, as shown in 7(b).
Now he must coin a transformation that reverses the morphemes A and B.
The following transformation, for example, would accomplish this reversal:

ABDC - BADC.

However, the Freezing Principle forbids this hypothesis, since it refers to the
symbol sequence DC, which was not generated by a base rule but was created
by another transformation. Instead, the learner can hypothesize the following
transformation:?

AB — BA.

With the Binary and Freezing Principles, Hamburger, Wexler, and Culicover
not only prove that the learner will converge on a correct grammar, but that

3As the example suggest, the Binary and Freezing Principles tend to reduce the context-sensitivity
of rules in grammars by preventing large parts of tree structures from entering into the structural des-
criptions of transformations. This is not a coincidence, since in general context-free rules are more
casily lcarnable than context-sensitive rules. Sce also Kaplan (1978) who argues that the reduction of
context-sensitivity afforded by the Subjacency (i.c., Binary) Principle contributes to c¢fficient sentence
parsing.
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Figure 7.  Deep structure (A) and string (C) illustrating the Freezing Principle.
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he can do so without even having to consider any structure with more than
two levels of embedded sentences (i.e., three S-nodes).

Of course, Hamburger, Wexler, and Culicover must show that their con-
straint does not prevent their learner from acquiring any natural language. In
Wexler, Culicover, and Hamburger (1975) and Culicover and Wexler (1977),
examples of many sorts of English constructions are adduced to support the
contention that natural languages obey the Freezing Principle. Moreover,
Wexler et al. argue that in some cases the Freezing Principle does a better job
than other constraints proposed in the linguistics literature at explaining why
certain types of sentences are judged ungrammatical, and that in other cases,
it mandates a choice between competing, hitherto equally plausible theories.

An evaluation

In evaluating the Hamburger et al., model, it is important to note that I have
changed the emphasis somewhat from their presentation. Their chief goal
was to develop an “explanatorily adequate’ linguistic theory (see Chomsky,
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1965), which not only accounts for various linguistic phenomena, but explains
why they must be one way and not another. Thus Hamburger, Wexler, and
Culicover claim that the reason why natural languages conform to the Invari-
ance, Binary, and Freezing Principles is that if they did not, they would not
be learnable. Their model of a language learner was their means of justifying
the claim.

Secondarily, they present their learning model as a first step toward an
adequate theory of language learning (which is what I have been emphasizing).
As such, they can claim no more than that their model is (at least) “minimally
plausible™. It requires no information about non-sentences, does not have to
remember the entire sample, requires sentences no more complex than those
with two levels of subsentences, employs semantic information in learning,
processes sentences one at a time, and changes its gramma rule by rule. In
other words, it does not flagrantly contradict some of the obvious facts of
human language development. However, since the model is only a specifica-
tion of the boundary conditions of a theory of language learning (i.e., they
are claiming that the child’s hypotheses must be no less constrained than
those of the model), many features would have to be fleshed out before it
could be considered any more than “minimally plausible”. First, there is no
indication at present that the learner would converge in a time-span compar-
able to a human childhood. It seems inefficient and implausible to have the
child enumerating sets of transformations and mentally rolling dice to decide
which to keep or discard. What is needed is a theory showing how the child’s
hypotheses are guided in a more direct way by the meaning-sentence pair
under consideration, and how these hypotheses are computed during the left-
to-right processing of a sentence. Third, unordered deep structures are ques-
tionable candidates for a theory of the child’s representational system (al-
though this will be discussed further in Section [X). Finally, we are left with
few suggestions as to how the transformational component, once acquired,
is used in producing and comprehending sentences.

In any case the Hamburger, Wexler, and Culicover model is a unique and
extremely impressive achievement. Theirs is the only model that is capable
of learning natural languages in all their complexity and that at the same
time is not blatantly counter to what we know about the child and his learn-
ing environment. They also have clarified and justified, more clearly than
anyone else has, two central tenets of transformational linguistics: that con-
siderations of language learnability can dictate a choice between rival linguis-
tic theories, and that learnability considerations imply strong innate con-
straints of a certain type on the child’s language learning faculties. As they
put it, “The bridge that Chomsky has re-erected between psychology and
linguistics bears two-way traffic”” (Hamburger and Wexler, 1975).
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IX. Implications for Developmental Psycholinguistics

Toward a Theory of Language Learning

Among the models of language learning that I have considered, two seem
worthy upon examination to serve as prototypes for a theory of human lan-
guage acquisition. Anderson’s LAS program roughly meets the Cognitive,
Input, and Time Conditions, while faring less well with the Learnability and
Equipotentiality Conditions. Hamburger, Wexler, and Culicover’s transfor-
mational model meets the Learnability and- Equipotentiality Conditions
(clearly), and the Input Condition (perhaps), while faring less well with the
Cognitive and Time Conditions. I hope it is not too banal to suggest that we
need a theory that combines the best features of both models. It must incor-
porate a psychologically realistic comprehension process, like Anderson’s
system, since language acquisition is most plausibly thought of as being driven
by the comprehension process. But at the same time, the model’s semantic
structures must be rich enough, and the hypothesization procedure con-
strained enough, that any natural language can be shown to be learnable
(like the Hamburger ef al., model), so that the model does not become buried
under a pile of ad hoc, semi-successful heuristics when it is extended to more
and more linguistic domains. Of course, developing such a theory has been
hampered by the lack of a suitable theory of language itself, one that both
gives a principled explanation for linguistic phenomena in various domains
and languages, and that can be incorporated in a reasonable way into a com-
prehension model (see Bresnan, 1978, for a step in this direction). Of course,
here is not the place to attempt to present a new theory synthesizing the best
features of previous efforts. Instead, I will attempt to point out the implica-
tions that the formal study of language learning has for current issues in
developmental psycholinguistics.

Developmental Psycholinguistics and Language Acquisition Devices

Current attitudes toward language acquisition models among developmental
psycholinguists have been strongly influenced by the fate of a research frame-
work adopted during the 1960’s that went under the name of the Language
Acquisition Device, or LAD. There were in fact two different meanings to the
expression Language Acquisition Device, and I think it is important to dis-
tinguish them. In one formulation (Chomsky, 1962), the child was idealized
as an abstract device that constructed rules for an unknown language on the
basis of a sample of sentences from that language; characterizing the workings
of that *“device” was proposed as a goal for linguistics and psychology. As an
analogy, we could think of a physiologist interested in electrolyte regulation
who idealized the brain as “a bag of salt water”, proceeding then to study
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the structure of the membrane, concentration of ions, and so on. Of course,
in this sense, I have been talking about language acquisition devices through-
out the present paper. However there is a second, stronger sense in which
LAD is taken to describe a specific theory of language acquisition (e.g., Clark,
1973; Levelt, 1973). In this sense (Fodor, 1966; McNeill, 1966), the child is
said to possess an innate mental faculty containing highly specific knowledge
about transformational grammars, which extracts deep structures from the
speech around him and adopts transformational rules, one at a time, culmi-
nating in a transformational grammar for the language. Pursuing the analogy
with physiology, LAD would correspond in this sense to our physiologist
proposing that the brain accomplished electrolyte regulation by means of a
special purpose structure, ‘‘a bag of salt water”, with various properties. In
support of this theory, it was claimed that the child based his learning on a
sample of speech composed largely of fragments and complex, semi-gramma-
tical expressions (Chomsky, 1965), that the early utterances of the child dis-
played mastery of highly abstract syntactic relations (McNeill, 1966), and
that the linguistic progress of the child seemed to reflect the accretion of
transformations (e.g., Brown and Hanlon, 1970). However the entire approach
quickly fell into disfavor when it was found that the speech directed to chil-
dren was well-formed and structurally simple (Snow, 1972), that the child
might exploit semantic information in addition to sentences themselves (e.g.,
Macnamara, 1972), that the early speech of children might be better broken
down into “‘cognitive” or semantic relations than into abstract syntactic ones
(e.g., Bowerman, 1973; Brown, 1973), and that in many cases children
learned transformationally complex constructions before they learned their
simpler counterparts (e.g., Maratsos, 1978). As a result, LAD has been aban-
doned by developmental psycholinguists as a theory, and in its place I think
there has developed a rough consensus that semantic and pragmatic informa-
tion, together with the simplified speech of parents, allows children to learn
language by using general cognitive skills rather than a special language-
specific faculty. However, LAD has also been rejected in its more general
sense as a problem to be addressed, and it also seems to me that most debates
in developmental psycholinguistics are, unfortunately, no longer carried out
with an eye toward ultimately specifying the mechanisms of syntax acquisi-
tion. When specific proposals concerning such mechanisms are considered, |
shall argue, the substance of many of these debates can change significantly.

Nativism versus Empiricism: Two Extreme Proposals
Formal results from the study of language learnability give us grounds for
dismissing quite decisively two general proposals concerning what sort of



Formal models of language learning 271

mechanisms are necessary and sufficient for language learning, one empiricist,
one nativist.

The extreme empiricist proposal is that there are no language-specific a
priori constraints on the types of rules that humans can acquire. In this vein,
it is argued that once a sufficient number of sentences has been observed,
languages can be learned by “general multipurpose learning strategies”
(Putnam, 1971), by ““discovery procedures” (Braine, 1971), or by “learning
algorithms™ like a ‘‘discretizer-plus-generalizer’ that ‘“‘extracts regularity
from the environment” (Derwing, 1973). As I have mentioned, Gold’s enu-
meration procedure is the most powerful imaginable realization of a general
learning algorithm. Nevertheless, even this procedure is inadequate in prin-
ciple to acquire rules on the basis of a sample of sentences. And if the cri-
terion for ‘“‘acquisition” is weakened (by requiring only approachability,
approximations to the target language, etc.), then learning is possible, but
not within a human lifespan.

At the other extreme is the proposal that innate knowledge of the proper-
ties of natural languages, especially those of deep structures, allows the child
to learn a language from a sample of sentences (e.g., Fodor, 1966; McNeill,
1966). In one of Hamburger and Wexler’s early models (Wexler and Ham-
burger, 1973), they imposed constraints on the learner’s hypotheses that
were known to be unrealistically stringent (e.g., that all languages share iden-
tical deep structure rules). Nevertheless they proved that this class of lan-
guages is unlearnable on the basis of a sample of sentences, and therefore,
that the same must be true of classes that are specified more weakly (and
hence more realistically). Of course, it is still possible that a different sort of
innate constraint might guarantee learnability, but this will remain a matter
of speculation until someone puts forth such a proposal.

Problems for the Cognitive Theory of Language Acquisition

The inability of these procedures to induce grammars from samples of sen-
tences suggests strongly that semantic and pragmatic information is used in
language learning. The moderate success of the models of Anderson and of
Hamburger et al., also lends credence to this conclusion. However, despite the
great popularity of the Cognitive Theory among developmental psycholin-
guists, there has been little discussion of what I believe to be the foundation
of the theory: the precise nature of the child’s internal representations. The
Cognitive Theory requires that children have available to them a system of
representational structures similar enough in format to syntactic structures
to promote language learning, and at the same time, flexible and general
enough to be computable by children’s cognitive and perceptual faculties on
the basis of nonlinguistic information. Until we have a theory of the child’s
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mental representations that meets these conditions, the Cognitive Theory
will remain an unsupported hypothesis. Unfortunately, designing a represen-
tational system with the desired properties will be far from a simple task.
The two main problems, which I call the “encoding problem” and the “for-
mat problem”, pit the Cognitive Condition against the Learnability and Equi-
potentiality Conditions.

The encoding problem

This problem is a consequence of the fact that languages can describe a
situation in a number of ways, and that humans can perceive a situation in
a number of ways. One might plausibly attribute many different representa-
tional structures to a child perceiving a given situation, but only one of these
structures will be the appropriate one to try to convert into the sentence
being heard simultaneously. Barring telepathy, how does the child manage
to encode a situation into just the structure that underlies the sentence that
the adult is uttering?

Consider an earlier example. Anderson assumes that when a child sees, say,
a white cat eating a mouse, his mind constructs a structure something like
the one in Figure 3(a). This is fortunate for the child (and for the model-
builder), since in the example the sentence arriving concurrently happens to
be “The white cat eats a mouse”’, whose meaning corresponds to that struc-
ture. But what if the sentence were ‘““The mouse is being eaten by the cat”,
“That’s the second mouse that the cat has eaten’, “Some cats don’t eat mice”’,
“What’s that white cat doing with the mouse?”’, and so on? To put it differ-
ently, assuming that the original sentence was the one uttered, what if the
child were to have constructed a cognitive structure containing propositions
asserting that the mouse was ‘all gone’, or that the cat and mouse were play-
ing, or that the mouse looked easy for the cat to eat, and so on? In any of
these cases, the child would face the task of trying to map a meaning struc-
ture onto a string with which it has only a tenuous connection. Thus the
semantic representation would offer few clues, or misleading ones, about
how to hypothesize new rules.?

“Dan Slobin (1978; personal communication) has pointed out that the child faces a similar prob-
lem in learning the morphology of his language. Natural languages dictate that certain semantic fea-
tures of the sentence referent (e.g. number, person, gender, definiteness, animacy, nearness to the
speaker, completedness, and so on) must be signalled in prefixes, suffices, alternate vowel forms, and
other means. However, these features are by no means all that a child could encode about an event: the
color, absolute position, and texture of an object, the time of day, the temperature, and so on, though
certainly perceptible to the child, are ignored by the morphology of languages, and hence should not be
encoded as part of the semantic structure that the child must learn to map onto the string. To make
matters worse, the morphological rules of different languages select different subsets of these features
(continued opposite)
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I have already mentioned that Anderson would face this problem if he
were to multiply the number of available mental predicates that correspond
to a given verb, in order to foster certain generalizations. Hamburger et al.
face a similar problem. In their model, the structures underlying synonymous
sentences, such as actives and passives, are presumably identical except for a
marker triggering a transformation in cases like the passive (since each trans-
formation is obligatorily triggered by some deep structure configuration).
Again, it is not clear how the child knows when to insert into his semantic
structure the markers that signal the transformations that the adult happens
to have applied.

Possible solutions to the encoding problem

I see three partial solutions to the encoding problem that together would
serve to reduce the uncertainty associated with typical language learning situ-
ations, ensuring that the child will encode situations into unique representa-
tions appropriate to the sentences the adult is uttering. The first relies on the
hypothesis that the representational system of the child is less powerful and
flexible than that of the adult, and is capable of representing a given situation
in only a small number of ways. Thus in the preceding example, the child is
unlikely to encode the scene as propositions asserting that the mouse was
not eating the cat, that all cats eat mice, etc. As the child develops, presum-
ably his representational powers increase gradually, and so does the range of
syntactic constructions addressed to him by his parents. If, as is often sug-
gested (e.g., Cross, 1977), parents “fine-tune’” their speech to the cognitive
abilities of their children, that is, they use syntactic constructions whose
semantics correspond to the representations most likely to be used by the
child at a given moment, then the correspondence between the adult’s sen-
tence meaning and the child’s encoding of the situation would be closer than
we have supposed.

The second solution would posit that the child’s social perception is acute
enough to detect all the pragmatic or communicative differences that are
concurrently signaled by syntactic means in different sentences (see Bruner,
1975). That is, the child knows from the conversational context what the
adult is presupposing, what he or she is calling attention to, what is being
asserted of what, and so on. For example, the child must not only see that

to signal obligatorily, and disagree further over which features should be mapped one-to-one onto
morphological markers, and which sets of features should be conflated in a many-to-one fashion in
particular markers. Thus there has to be some mechanism in the child’s rule-hypothesization faculty
whereby his possible conceptualizations of an event are narrowed down to only those semantic fea-
tures that languages signal, and ultimately, down to only those semantic features that his target lan-
guage signals.
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the cat is eating the mouse, but must know that the adult is asserting of the
cat that it is eating a mouse, instead of asserting of the mouse that it is disap-
pearing into the cat, or many other possibilities. (As mentioned earlier, An-
derson used this rationale in developing LAS, when he marked one of the
propositions in each semantic structure as the intended “main proposition”
of the sentence.) If this line of reasoning is correct, strong conditions are im-
posed both on the language and on the learner. The syntax of languages must
not allow synonymy, in a strict sense: any two ‘“‘base’ structures (i.e., Ander-
son’s Prototype structure or Hamburger ¢t al.’s deep structure) that do not
differ semantically (i.e., instantiate the same propositions) must differ prag-
matically in some way. Conversely, the pragmatic and perceptual faculties of
the child must be capable of discriminating the types of situations that occa-
sion the use of different syntactic devices.

The third solution would equip the child with a strategy that exploited
some simple property of the sentence to narrow down the possible interpre-
tations of what the adult is asserting. Anderson implicated a strategy of this
sort when LAS examined the set of words in a sentence and retained only
the propositions in its meaning structure whose concepts corresponded to
those words. In the present example, the child might always construct a pro-
position whose subject corresponds to the first noun in the sentence, and
then choose (or, if necessary, create) some mental predicate that both corres-
ponds to the verb and is consistent with his perception of the scene. Thus,
when hearing an active sentence, the child would construct a proposition
with the cat as the subject and “EATS” as part of the predicate; when hearing
the passive version, the proposition would have the mouse as the subject and
“IS-EATEN-BY” as part of the predicate.® One can even speculate that such
a strategy is responsible for Bever’s (1970) classic finding that children of a
certain age interpret the referent of the first noun of both active and passive
sentences as the agent of the action designated by the verb. The children may
have set up the concept corresponding to the first noun as the subject of a
proposition, but, lacking mental predicates like “IS-EATEN-BY” at that
stage in their development, they may have mistakenly chosen predicates like
“EATS” by default.

I hope to have shown how consideration of the requirements and implica-
tions of formal theories of language learning (in this case, those of Anderson
and of Hamburger et al) lead one to assign more precise roles to several
phenomena studied intensively by developmental psycholinguists. Specific-

5This example follows the Anderson model with the “multiple predicate’ modification I suggested.
In the Hamburger et al. model, the child could insert a “transformation marker’ into his deep struc-
ture whenever the subject of the deep structure proposition was not the first noun in the sentence.
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ally, T suggest that the primary role in syntax learning of cognitive develop-
ment, “fine-tuning’” of adult speech to children learning language, knowledge
of the pragmatics of a situation, and perceptual strategies is to ensure that
the child encodes a situation into the same representational structure that
underlies the sentence that the adult is uttering concurrently (cf. Bruner,
1975; Bever, 1970; Sinclair de-Zwart, 1969; and Snow, 1972; for different
interpretations of the respective phenomena).

The Format Problem

Once we are satisfied that the child has encoded the situation into a unique
representation, corresponding to the meaning of the adult’s sentence, we
must ensure that that representation is of the appropriate format to support
the structural analyses and generalizations required by the learning process.

To take an extreme example of the problem, imagine that the study of
perceptual and cognitive development forced us to conclude that the internal
representations of the child were simply lists of perceptual features. Using a
semantics-based generalization heuristic, the learner would have no trouble
merging words like “cat”™ and “mouse’’, since both are objects, furry, animate,
four-legged, etc. But the learner would be unable to admit into this class
nouns like ““flutter” or “clang”, which have no perceptual features in com-
mon with “cat”, nor “fallacy’ or “‘realization”, which have no perceptual
features at all. The difficulties would intensify with more abstract syntactic
structures, since there are no conjunctions of perceptual features that corres-
pond to noun phrases, relative clauses, and so on. The problem with this
representational format is that even if it were adequate for perception, it is
not adaptable to syntax learning. It does not provide the units that indicate
how to break a sentence into its correct units, and to generalize to similar
units across different sentences.

In other words, what is needed is a theory of representations whose ele-
ments correspond more closely to the elements of a grammar. In Anderson’s
theory, for example, a representation is composed of a ““subject’ and a ‘“‘pre-
dicate”, which in turn is composed of a “‘relation” and an ‘‘object’’. These
correspond nicely to the syntactic rules that break down a sentence into a
noun phrase and a verb phrase, then the verb phrase into a verb and another
noun phrase. Furthermore, propositions encoded for different situations in
which syntactically similar sentences would be uttered would all have the
same format, regardless of whether they represent furry things, square things,
events, actions, abstract mathematical concepts, or other propositions. Ham-
burger et al., posit a cognitive representation with a format even more suit-
able to language learning: unordered deep structures. This is one of the rea-
sons why their model is more successful at acquiring syntactic rules than
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LAS is. In sum, these theorists posit that the syntax of the language of thought
is similar to the syntax of natural languages.

However, this solution might create problems of its own. It is possible for
theorists to use “cognitive’ representations with a format so suitable to syn-
tactic rule learning that the representations may no longer be plausible in a
theory of perception or cognition. To take a hypothetical example, in stan-
dard transformational grammars a coordinated sentence such as “Jim put
mustard and relish on his hot dog”’ is derived from a two-part deep structure,
with trees corresponding to the propositions “Jim put mustard on his hot
dog” and “Jim put relish on his hot dog”’. However a theory of cognitive or
perceptual representations based on independent evidence (e.g., reaction
times, recall probabilities, etc.), when applied to this situation, might not call
for two separate propositions, but for a single proposition in which one of
the arguments was divided into two parts, corresponding to the two con-
Joined nouns (which is the way it is done in Anderson and Bower, 1973, for
example). Cases like this, if widespread and convincing, would undermine
Hamburger et al.’s premise that unordered deep structures are plausible as
cognitive representations.

In this vein, it is noteworthy that even though Anderson’s semantic struc-
tures were lifted from his theory of long term memory, they too are more
similar to linguistic deep structures than those of any other theory of memory
representation, incorporating features like a binary subject-predicate division,
distinct labels for each proposition, and a hierarchical arrangement of nodes
(cf., Norman and Rumelhart, 1975; Winston, 1975). In fact, many of these
features are not particularly well-supported by empirical evidence (see Ander-
son, 1976), and others may be deficient on other grounds (see Woods, 1975).
Concerning other computer models in which ‘‘the designer feeds in what he
thinks are the semantic representations of utterances”, McMaster efal. (1976,
p. 377) remark that “the risk is that [the designer] will define semantics in
such a way that it is hardly different from syntax. He is actually providing
high-level syntactic information. This gives the grammar-inferrer an easy
task, but makes the process less realistic...””.%

Implications of the format problem
Faced with possibly conflicting demands on a theory of the form of men-
tal representation from the study of language learning and the study of other

SThis discussion has assumed that the language-specific structures posited as cognitive representa-
tions are specific to languages in general, not to particular languages. If the representations are tailored
to one language (e.g., when predicates in LAS’s propositions take the same number of arguments as
the verb they correspond to, even though the same verbs in different languages take different numbers
of arguments), a second and equally serious problem results.
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cognitive processes, we have two options. One is to assert that, all other con-
siderations notwithstanding, the format of mental representations mus¢ be
similar to syntactic structures, in order to make language learning possible.
Fodor (1976), for example, has put forth this argument.” The second is to
posit at least two representational formats, one that is optimally suited for
perception and cognition, and one that is optimally suited for language learn-
ing, together with a conversion procedure that transforms a representation
from the former to the latter format during language learning. Anderson and
Hamburger et al., already incorporate a version of this hypothesis. In LAS,
the semantic structures are not entirely suitable for rule learning, so there is
a procedure that converts them into the ‘“‘prototype structures”’. And in the
Hamburger et al., model, the deep structures are not entirely suitable as cog-
nitive representations (being too specific to particular languages), so there is
a procedure whereby they are derived from ‘“‘semantic structures”. Ultimately
the Cognitive Theory of language learning must posit one or more represen-
tational formats appropriate to cognition in general and to language learning
in particular, and, if necessary, the procedures that transform one sort of
representation into the other.

Nativism and empiricism revisited

It is often supposed that if children indeed base their rule learning on cog-
nitive representational structures, the traditional case for nativism has been
weakened (e.g., Schlesinger, 1971; Sinclair de-Zwart, 1969). According to
this reasoning, cognitive structures already exist for other purposes, such as
perception, reasoning, memory, and so forth, so there is no need to claim
that humans possess an innate set of mental structures specific to language.
However, this conclusion is at best premature. It is far from obvious that the
type of representational structures motivated by a theory of perception or
memory is suitably adaptable to the task of syntactic rule learning. For if
the foregoing discussion is correct, the requirements of language learning
dictate that cognitive structures are either language-like themselves, or an in-
nate procedure transforms them into structures that are language-like. When
one considers as well the proposed innate constraints on how these structures
enter into the rule hypothesization process (i.e., Anderson’s Graph Deforma-
tion and Semantics-Induced Equivalence Principles, and Hamburger ef al.’s
Binary and Freezing Principles), one must conclude that the Cognitive Theory

7Incidentally, it is ironic that Anderson, in a different context, fails to mention this argument when
he examines the case for propositional theories of mental representation in general (Anderson, 1978).
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of language learning, in its most successful implementations, vindicates
Chomsky’s innateness hypothesis if it bears on it at all.®

Language learning and other forms of learning

It might be conjectured that if one were to build models of other instances
of human induction (e.g., visual concept learning, observational learning of
behavior patterns, or scientific induction), one would be forced to propose
innate constraints identical to those proposed by the designers of language
learning models. If so, it could be argued that the constraints on language
learning are necessitated by the requirements of induction in general, and
not natural language induction in particular. While it is still too early to eva-
luate this claim, the computer models of other types of induction that have
appeared thus far do not seem to support it. In each case, the representa-
tional structures in which data and hypotheses are couched are innately tai-
lored to the requirements of the particular domain of rules being induced.
Consider Winston’s (1975) famous program, which was designed to induce
classes of block-structures, such as arches and tables, upon observing exem-
plars and non-exemplars of the classes. The units of the program’s proposi-
tional structures can designate either individual blocks, blocks of triangular
or rectangular shape, or any block whatsoever; the connecting terms can refer
to a few spatial relations (e.g., adjacgncy, support, contact) and a few logical
relations (e.g., part-whole, subset-superset). The program literally cannot
conceive of distance, angle, color, numbher, other shapes, disjunction, or im-
plication. This removes the danger of the program entertaining hypotheses
other than the ones the programmer is trying to teach it. Similarly. Soloway
and Riseman’s (1977) program for inducing the rules of baseball upon observ-
ing sample plays is fitted with innate knowledge of the kind of rules and
activities found in competitive sports in general. Langley’s (1977) program
for inducing physical laws upon observing the behavior of moving bodies is
confined to considering assertions about the values of parameters for the
positions, velocities, and accelerations of bodies, and is deliberately fed only
those attributes of bodies that are significant in the particular mock universe
in which it is “placed” for a given run. These restrictions are not just adven-
titious shortcuts, of course. Induction has been called “‘scandalous’ because
any finite set of observations supports an intractably large number of gener-

80ne could contest this conclusion by pointing out that it has only been shown that the various
nativist assumptions are sufficient for learnability, not that they arc necessary. But as Hamburger and
Wexler put it (1975), “anyone who thinks the assumption[s are] not necessary is welcome to try to
devise proofs corresponding to ours without depending on [those] assumptions”.
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alizations. Constraining the type of generalizations that the inducer is allow-
ed to consider in a particular task is one way to defuse the scandal.

Parental Speech to Children

Frequently it is argued that the special properties of parents’ speech to chil-
dren learning language reduces the need for innate constraints on the learning
process (e.g., Snow, 1972). Since these claims have not been accompanied by
discussions of specific learning mechanisms that benefit from the special
speech, they seem to be based on the assumption that something in the
formal properties of the language learning task makes short, simple, gramma-
tical, redundant sentences optimal for rule learning. However a glance at the
models considered in the present paper belies this assumption: the different
models in fact impose very different requirements on their input.

Consider the effects of interspersing a few ungrammatical strings among
the sample sentences. Gold’s enumeration learner would fail miserably if a
malformed string appeared in the sample — it would jettison its correct hypo-
thesis, never to recover it, and would proceed to change its mind an infinite
number of times. On the other hand, Horning’s Bayesian learner can easily
tolerate a noisy sample, because here the sample does not mandate the whole-
sale acceptance or rejection of grammars, but a selection from among them
of the one with the highest posterior probability. The Hamburger et al,
model would also converge despite the occasional incorrect input datum,
since at any point in the learning process at which it has an incorrect gram-
mar (e.g., if it were led astray by a bad string), there is a nonzero probability
that it will hypothesize a correct grammar within a certain number of trials
(assuming, of course, that it does not encounter another bad string before
converging).

Similarly, it is doubtful that the length or complexity of sentences has a
uniform effect on different models. Feldman described a procedure requir-
ing that the sample sentences be ordered approximately by increasing length,
whereas Gold’s procedure is completely indifferent to length. In the Ham-
burger et al, model, contrary to the intuition of some, learning is facilitated
by complex sentences — not only will the learner fail to converge if he does
not receive sentences with at least two levels of embedded sentences, but
he will converge faster with increasingly complex sentences, since in a com-
plex sentence there are more opportunities for incorrect transformations or
the absence of correct transformations to manifest themselves by generating
the wrong string. Nevertheless, short and simple sentences may indeed faci-
litate learning in humans, but for a different reason. Since children have
limited attention and memory spans, they are more likely to retain a short
string of words for sufficient time to process it than they would a long string
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of words. Similarly, they are more likely to encode successfully a simple
conceptualization of an event than a complex one. Thus short, simple sen-
tences may set the stage for rule hypothesization while playing no role (or a
detrimental role) in the hypothesization process itself.

Other models are sensitive to other features of the input. Since Klein and
Kuppin’s Autoling relies on distributional analysis, it thrives on sets of mini-
mally-contrasting sentences. Since Anderson’s LAS merges constituents with
the same semantic counterparts, it progresses with sets of sentences with
similar or overlapping propositional structures.

In sum, the utility of various aspects of the input available to a language
learner depends entirely on the learning procedure he uses. A claim that some
feature of parental speech facilitates rule learning is completely groundless
unless its proponent specifies some learning mechanism.

Conclusions

In an address called “Word from the Language Acquisition Front”, Roger
Brown (1977) has cautioned:

“Developmental psycholinguistics has enjoyed an enormous growth in
research popularity... which, strange to say, may come to nothing. There
have been greater research enthusiasms than this in psychology: Clark Hull’s
principles of behavior, the study of the Authoritarian personality, and, of
course, Dissonance Theory. And- in all these cases, very little advance in
knowledge took place. ...A danger in great research activity which we have
not yet surmounted, but which we may surmount, is that a large quantity of
frequently conflicting theory and data can become cognitively ugly and so
repellent as to be swiftly deserted, its issues unresolved.”

[t is my belief that one way to surmount this danger is to frame issues in
the context of precise models of the language learning process, following the
lead of other branches of the cognitive sciences. I hope to have shown in this
section why it may be necessary to find out how language learning could
work in order for the developmental data to tell us how it does work.
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Résumé

Analyse d’une recherche centrée sur I'apprentissage du langage humain, développant des modéles mé-
canistes précis susceptibles, en principe, d’acquérir le langage a partir d’une exposition aux données
linguistiques. Une telle recherche comporte des théorémes (empruntés a la linguistique mathématique)
des modéles informatiques pour 1'acquisition du langage (empruntés a la simulation cognitive et a
I'intelligence artificielle) des modéles d’acquisition de la grammaire transformationnelle (empruntés
a la linguistique théorique). On soutient que cette recherche repose étroitement sur les thémes princi-
paux de la psycholinguistique de développement et en particulier sur I'opposition nativisme-empirisme,
sur le réle des facteurs sémantiques et pragmatiques dans I'apprentissage du langage, sur le développe-
ment cognitif et Pimportance du discours simplifié que les parents adressent aux enfants.



