Modelling the steps of early syntax acquisition

1.
Introduction

This paper reports on empirical research concerning the early stages of syntax development in first language acquisition. We present a detailed analysis of the early stages of the acquisition of Dutch, which shows that the child invents a sequence of grammars. She starts with rigorous, but systematic simplifications. Subsequently, and in a stepwise fashion, the child approaches the grammar of the adult environment. 

We propose that each acquisition step can be characterized by (a) a new intermediate grammar and (b) a corresponding input reduction strategy that selects the new data for the next acquisition step. We demonstrate the viability of this perspective by sketching a computational model that may simulate our observations.

2.
A usage-based account of abstract principles

A human child that is exposed to a sufficiently large and consistent set of utterances from a human language tends to develop the capability to understand and generate most other sentences of that language. We say that the child acquires the "grammar" of the language.

Present-day research offers two fundamentally different perspectives on language and its acquisition. The principle-based approach of generative syntax maintains that grammars are too abstract and complex to be induced by toddlers from a few simple sentences. The acquisition of grammar is then explained by assuming a genetically given innate matrix ("Universal Grammar") which severely constrains the space of possible grammars that the learner needs to consider (cf. Chomsky, 1981).

In opposition to the generative tradition, there is the “usage-based” view of language, which downplays the role of abstract rules and emphasizes the role of specific "constructions" in language processing. From this perspective, the acquisition problem looks less daunting: language is a collection of constructions which may be picked up one by one and then sometimes be merged with each other or generalized a little; innate ideas about syntax are not needed anymore. (Cf. Tomasello, 2003.)

Our research builds a bridge between these two traditions. From the Chomskyan tradition, we inherit an awareness of the syntactic complexities of adult language – but we wish to describe its development without invoking an innate meta-grammar.  Concrete constructions play an important part in child language as well as in adult language. Yet, the abstract combinatorics displayed in adult linguistic competence emerge gradually from a child's increasing store of increasingly complex utterances. The challenge is, to describe this process in the formal detail of a computational model. There are two basic devices of “carping” new structure, a) merging pre-existing syntactic objects, and b) moving/rearranging parts of a syntactic object. We will give an example of each device.

3.
Stepwise language development: Merge and Move

In Chomsky's discussions as well as in most computational work on "grammar induction", the process of language-acquisition is described at an abstract, mathematical level: as a function which maps a child's linguistic input onto its eventual adult grammar. We embrace a more strictly empirical view, in tracing the sequence of intermediate steps which lead from the one-word stage to the adult language.

Van Kampen (1996, 1997) has shown convincingly that in the process of acquiring any particular language, a specific sequence of intermediate stages can be identified, each of which can be treated as a language in its own right, with its own specific grammar. Abstract categories and principles grow within the succession of grammars. An acquisition theory should thus not try to explain directly how the input data could motivate all the abstract ins and outs of the final outcome Gn; instead, it should explain how the input data give rise to each of the intermediate steps in an incremental development sequence. We now summarize some of our findings concerning the typical early stages in the acquisition of Dutch. 

Merge 
The series of languages Go….Gi….Gn starts with a syntax-less language: the “one-word stage”. The transition to the “two-word stage” can be best explained if we see how the child’s early production ignores almost everything in its input sentences except the words it already knows, and new words that are explicitly stressed. More specifically, it ignores functional categories. These functional categories are successively picked up from the input in a stepwise reconstruction of the adult input. This leads to the first “syntax”, which combines two content words in a topic+comment structure (beer slapen ‘bear sleep’, beer lief ‘bear nice’) or a [illocution-operator+ comment] structure (moet slapen ‘must sleep’, is lief ‘is nice’). In the next stage, these two-word structures get nested, see (1).

(1)

beer slapen + moet slapen ( 

a.
beer [moet slapen] 


(bear [must sleep])

b.
moet [beer slapen] 


(must [bear sleep])

These nestings are triggered when the child reconstructs similar sequences from adult sentences by ignoring all words and suffixes she doesn't understand. The structures in this early multi-word stage have a property in common. They are topic-comment structures where the comment is marked by an element that in the adult language is a copula, modal or finite auxiliary (for short <+fin>-marking). Note that at this stage two (semantically equivalent) syntactic structures occur side by side in the child's language: marking the predicate ("bear [must sleep]"), and marking the predication as a whole ("must [bear sleep]"). 

Move

The co-existence of these two structures is typical for an early, temporary stage of syntactic development. In a later stage, the VP will be discovered, and it is found  to be marked by a finite verbal element in first position. 

VP's may then have the structure:

[Auxfinite
---------
 Vnon-finite ],

while VP's with the the structure

[(


---------
 Vnon-finite ]


will be transformed into:




 [Vfinite

---------
 (
]



For instance: 

"beer [poes bijten]" ( "beer [bijt poes]"   ("bear [cat bite]" ( "bear [bites cat]" )

4.
Computational Modelling

The computational model we envisage for this kind of stepwise language development process involves the following components:

(1) An input reduction strategy. It is an important property of early language processing, that large parts of the child-directed utterances are simply ignored by the child. Which parts are picked out is to some extent determined by eye-gaze, pointing, prosodic stress, and position within the utterance. But at any stage, the set of words and constructions which the child already knows also may direct the child's attention to certain parts of the utterance (for instance, adjacent positions). A pilot study (Obdeijn 2004) has shown the feasibility of this approach.

(2) Perception of the utterance situation. Language acquisition is not an exercise in mere distributional pattern recognition. Without interpretation, there is no learning of syntax: what is learned is a transduction system that maps minimal syntactic structures onto semantic/pragmatic distinctions. The child is exposed to contextually meaningful utterances in their contexts, and it uses these contexts to project structure onto the word sequences that it picks up.  To train and test a cognitively realistic language-acquisition model, corpora containing child-directed speech (such as CHILDES) must be extended with semantic/pragmatic annotations. We intend to use fairly simple frame-structures for this purpose. (For some explorations of this issue, see Chang & Maia, 2001; De Kreek, 2003; Van Santen, 2005.)

(3) A store of syntactic objects, constructions and rules. We apply a version of the Data-Oriented Processing (DOP) approach (Scha, 1990; Bod, 1995) as a framework to represent all syntactic objects in a uniform way: as tree-fragments with semantic annotations. Re-combining tree-fragments in a probabilistically controlled way will allow us to model the emergence of rule-like behavior out of the gradual accumulation of specific exemplars. 

(4) A parser/interpreter which analyzes new input (utterance/context pairs) on the basis the current fragment-set and spots a potentially new functional category <F?>. It is an essential property of this parser that it may use the context to conjecture new interpretations for an unknown functional category.

(5) A generator which produces appropriate child-language utterances in a given semantic/pragmatic context. This module recombines the system's store of syntactic objects in a generative way.

5.
Conclusion

In his recent work, Chomsky (2005) has suggested a very basic and formal construal of Universal Grammar: it may simply the human capacity to deal with recursive structures. This reopens the question of language acquisition. If UG provides no more than our capacity for recursion, all syntactic complexities must be due to brain-external resources. They are discovered when our learning procedure succeeds to reconstruct the actual input in a series of approximating steps. Adequate models of this process of inventing are dearly lacking.

The approach we present differs from earlier attempts (Berwick 1985, Sakas & Fodor 2001, Culicover & Nowak 2003, Daelemans & Van den Bosch 2005) in several ways. Our model

• emphasizes the role of the child's input reductions by modeling them explicitly.

• models the necessarily step-wise nature of the child’s acquisition procedure.

• does not induce grammar from “flat text”, but from highly repetitive and reduced structures that turn pragmatic oppositions and parallels into semantic-syntactic properties (theta roles, VP case frames, illocution oppositions/CP structures).

• exploits the extended Data-Oriented Parsing approach to account for an ascending continuity between an initially usage-based and finally a category and rule-based knowledge of language.

Note that all these innovative properties of our model are strongly motivated by empirical observations concerning the actual course of child language development.
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