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Ever since the publication of Noam Chomsky's "Syntactic Structures" in 1957, the field of child language has embraced Chomskian linguistics as its almost exclusive theoretical orientation.  With the exception of a few studies adopting a functionalist stance such as Halliday (1975), Bates and MacWhinney (e.g., 1979) and van Valin (e.g., 1991), and, lately, some initial work based on Cognitive Linguistics (Tomasello, 1992), the overwhelming majority of research on the acquisition of grammatical knowledge has been carried out in the framework of one particular linguistic theory, namely, phrase-structure syntax.  Developmental research cannot be carried out in a theoretical vacuum; researchers need a definition of the competencies whose acquisition is to be investigated.  In the case of developmental psycholinguistics, it has been assumed that some version of a phrase-structure grammar proposed by linguists provides an adequate description of implicit grammatical knowledge in humans.  Thus, the earlier efforts to account for the acquisition of syntax adopted Chomsky's Standard Theory (Chomsky, 1965) as the correct description of human grammatical competence; with changes in the Chomskian theory, developmental psycholinguists have used various newer versions, such as Chomsky's "Government and Binding" (Chomsky, 1981), or else slightly different phrase-structure grammars such as Bresnan and Kaplan's Lexical-Functional Grammar (Bresnan, 1978).  The common denominator of these different grammars is their characterization of syntactic structure in terms of hierarchically embedded constituents or phrases; namely, they are all derived from the same abstract linguistic approach, phrase-structure theory.


According to this theory, syntactic structure is built of containment relations between the various sized units to which a sentence may be decomposed.  Words of a sentence are seen as grouped together to form intermediate constituents or phrases; phrases in turn group together to form higher-level phrases, and, ultimately, sentences.  In formal terms, the basic ordering relation acknowledged by such grammars is one of containment; the mathematical object representing the syntactic structure of a sentence is a tree in which the lowest nodes are terminal symbols (standing for words), whereas all the rest of the nodes are nonterminal symbols standing for phrases of increasing breadth.  Syntactic rules specify the legitimate configuration of lower-order elements to which a node may be decomposed, specifying simultaneously the composition as well as the linear order of the elements.  Thus, the ordering of the terminal nodes (the "leaves") of a phrase-structure tree provides the linear order of the phonetic or orthographic string which is the sentence actually produced.


The adoption of phrase-structure theory as a framework has had two rather curious consequences for the study of language acquisition.  First, it has led to the conclusion that it is impossible to learn the grammar of a language (i.e., on the basis of the linguistic input); rather, it must be assumed that most of syntactic knowledge is innate.  Second, phrase-structure oriented acquisition theories find it extremely difficult to account for children's earliest word combinations; whatever rule system underlies their production, it is obvious that it cannot be a phrase-structure grammar, as the only constituents appearing in these sentences are words.  The solution widely adopted is to label such early word combinations as "pregrammatical" and to ignore them in the rest of the acquisition theory.  Thus, these theories posit a sharp discontinuity in children's grammatical systems, between the implicit rules generating the early word combinations and the rules generating later sentences.  Apart from the question whether such a discontinuity is supported by actual child speech data, the result of this move is that children's earliest word combinations, the very data set that because of its simplicity, reflects its structure in the most transparent way, are not to be accounted for by developmental theory (cf., Atkinson, 1985; Chomsky, 1975; Pinker, 1984).  


I shall elaborate on each of these issues in turn.

Learnability and Innate Syntactic Knowledge 
What makes a constituent-structure type grammar unlearnable from the linguistic input is that it is a system of highly abstract rules which are not exhibited directly in the surface structure of the sentences children hear.  Neither the abstract symbols in terms of which most syntactic rules are defined (namely, types of phrases and clauses) nor the grammatical relations between these units (i.e., government relations between several levels of higher- and lower-order constituents) are observable in the linguistic input, which consists of a linear string of words.  In addition, in standard transformational grammar, meaningful grammatical relations are defined on an unobservable level (namely, in the "deep" phrase structure tree), projected by equally unobservable transformations to the "surface structure" of the utterance.  In summary, children learning their first language cannot make much use of utterances they hear in order to figure out their structure; it needs to be assumed that they come to language acquisition already equipped with syntactic knowledge that only needs to be "triggered" in order to be operative.  As Chomskian linguistics incorporates the notion of language universals, namely, of common abstract features of all languages, it is an obvious step for developmental psycholinguists to identify innate syntactic knowledge with these universals.  A child, it is claimed, need only learn the specifics of his or her particular language; the abstract skeleton of grammatical knowledge is given by genetic means.


Obviously, many psychologists are deeply uneasy with the concept of innate abstract knowledge, and the reception of this idea by geneticists has been less than welcoming (e.g., Gould & Lewontin, 1979; Lieberman, 1989, 1990).  Among other objections, it has been pointed out that the claim of there being universal features to all human languages is actually counterevidence rather than support for inherited syntactic knowledge:  in any inherited system, there is a great deal of variability due to the instability of the genetic code.  If an aspect of language is truly universal, its universality cannot be due to its having a genetic basis, but rather, due to some functionally obligatory feature of the linguistic system.  Namely, in the absence of evidence about systematic differences in syntactic features among different populations or individuals, it is inconceivable that this system is indeed inherited.  The only genetically determined features of living organisms that do not manifest themselves in phenotypic variability are fatal ones: if all humans whose concept of Noun Phrase was different from the universal one -- because of some mutation in the relevant genes carrying information about Noun Phrases --  were to perish as a consequence, it would explain why we do not ever observe such persons or group of persons.  As the lethality of mutant syntactic concepts is a difficult notion to entertain, it follows that in all probability the syntactic innateness hypothesis is built on incorrect genetic reasoning.

Discontinuity in Children's Production of Multiword Utterances

As mentioned above, the second consequence of adopting a constituent-structure framework in the study of language acquisition has been the labeling of the earliest word combinations as pregrammatical.  The necessity for this move arose because there is absolutely no evidence that at the start of producing multiword combinations children operate with the tools of a constituent-structure grammar, even though they do, of course, produce multiword constructions.  With the exception of some very early work in this tradition (e.g., McNeill, 1966), there is now a wide consensus that children's earliest, mostly two-word, combinations should not be described as the product of phrase-structure rules.  Rather, such early word combinations are thought to be generated on the basis of pregrammatical principles that are variously said to be communicative, ad hoc, semantic, or purely conceptual, rather than properly speaking syntactic (e.g., Atkinson, 1985; Chomsky, 1975; Peters, 1986; Pinker, 1984).  True grammar is thought to emerge only at a slightly later stage, when children's constructions -- typically of three words or more -- start to include what in constituent-structure analysis are noun or verb phrases.  At this stage in development, it is claimed, children start for the first time to employ their innate syntactic knowledge which is "triggered" and becomes operative at this point as a consequence either of maturation or of the child's having been exposed to linguistic input in his or her specific language (cf. Pinker, 1984).  In other words, the "triggering" of innate syntax is thought to occur some time after children have already started to produce multiword combinations.


Thus, phrase-structure oriented theories of acquisition distinguish between two discontinuous stages in children's production of multiword utterances.  The first, pregrammatical stage is thought to precede the triggering of innate syntax, and the second, grammatical stage, to follow it.  The implicit grammatical rules underlying the generation of word combinations after the onset of true grammar are not seen as developing from, or constituting elaborations of, the rule system employed prior to this stage.  The latter are seen as a kind of temporary "crutch" to make communication possible; or else, as a developmental "blind alley" that children abandon as soon as innate knowledge becomes available to them.


A phrase-structure-oriented acquisition theory thus posits a sharp discontinuity between the grammatical rule system children initially possess and on the basis of which they generate their two-word utterances, and the later, "true" grammatical system that underlies the production of utterances of three or more words.  There is, however, no empirical evidence for the existence of this discontinuity.  On the contrary, investigators of the emergence of three-word speech (e.g., Brown, 1973; Elbers, 1990; Ewing, 1982; Hill, 1984; Ninio, 1988; Schlesinger, 1982; Tomasello, 1992) have demonstrated that the longer, supposedly "grammatical" constructions emerge in smooth continuity and in small incremental changes from the supposedly "pregrammatical" shorter constructions.  Namely, rather than exhibiting a sharp discontinuity, children's grammatical development shows all the signs of a continuous process. 

A Proposal for Changing the Theoretical Framework Underlying Acquisition Research and Theory
Phrase-structure oriented theories of acquisition thus face two serious problems.  First, the terms in which syntactic structure is represented in phrase-structure grammars force the conclusion that children cannot learn grammatical rules from the linguistic input and that much of syntax is innate.  As we have seen, there are very good reasons to think that there is no innate universal grammar; in that case, the theories are positing, paradoxically, that humans use a system of rules that are neither innate nor learnable.


Second, the nature of children's early word combinations have forced phrase-structure oriented theories of acquisition to conclude that these are not generated on the basis of a phrase-structure grammar; on the assumption that later word combinations are generated by such an internal grammar, the acquisition theories have to posit a sharp discontinuity in children's internal rule systems.  However, developmental evidence suggests that there is no such discontinuity in children's mastery of multiword constructions; if so, what these theories are suggesting is another paradox: a discontinuous rule system generating a continuous observable phenomenon.


I want to propose that the source of these difficulties is nothing other than the choice of the linguistic framework within which the acquisition theories operate.  In the rest of this paper I want to advance a change in the linguistic theory adopted as the best approximation to human implicit grammatical knowledge, and to demonstrate that given this change, both of the paradoxes riddling acquisition theory disappear.  The linguistic theory I would like to suggest as the novel theoretical framework is Dependency Theory.

Dependency Grammars
Phrase-structure theory and dependency theory are two different methods of conceptualizing the linguistic structure of sentences.  In grammars constructed within dependency theory (e.g., Hudson, 1990; Mel'cuk, 1988), syntax is handled in terms of grammatical relations between pairs of individual words, such as the relation of the subject to the predicate or of a modifier to a common noun.  Grammatical relations are seen as subtypes of a general, asymmetrical dependency relation: one of the words (the head) determines the syntactic and semantic features of the combination, as well as controls the characteristics and placement of the other word (the dependent).  The syntactic structure of a sentence as a whole is built up from such dependency relations between individual pairs of words.


Formally, the dependency relation is an antisymmetrical, antireflexive, and antitransitive ordering relation.  Two restrictions are placed on the dependency structure of a grammatical sentence:  First, every word (but one) must have a head, and second, every word has only a single head.  The exception is the root, namely, the highest word of the sentence, which does not have a head.  Although the number of heads per dependent is restricted to one, the converse is not true, so that a head may have a theoretically unlimited number of dependents.  



The overall syntactic structure of a sentence is obtained by the putting together of the different dependency relations existing between its elements.  In mathematical terms, the dependency relation imposes a hierarchical structure on the words of a sentence that has the characteristics of a directed tree.  A directed tree is a completely connected, two-dimensional, directed acyclic graph with a single root.  Each node of the tree represents a word, and directional arches between the nodes represent the dependency relation, leading from head to dependent.  The tree is headed by the highest word in the sentence, the root, which is the word that does not possess a head of its own.


Apart from the syntactic tree-structure, dependency theory also  acknowledges another structural representation of a sentence: that of the sentence as a phonetic or orthographic string.  The sentence-string consists of the words of the sentence ordered in sequence, when adjacent pairs of words stand in a relation of being neighbors.  The resultant structure is linear or one-dimensional.


According to dependency theory, the transferral from the two-dimensional tree-structure of a sentence to its one-dimensional phonetic chain-structure is regulated by a single rule of the grammar, that of adjacency or projectivity (Mel'cuk, 1988, Robinson, 1970): a dependent must appear in a sentence immediately adjacent to its head except that the two may be separated by dependent(s) of either words.  This rule is applied recursively, so that if the inserted dependent has a dependent of its own, the latter may in turn be inserted between its own head and the head's head.  The result is that the deeper the dependency relation between a pair of words on the tree (the further from the root), the closer are the words in the linear sentence.  In other words, the degree of proximity of two grammatically related words in the sentence-chain encodes the relative subordinateness of the relevant dependency relation, in comparison to other relations either word participates in.  The technique is similar to that employed in drawing in perspective: the further an object from the viewer in the three-dimensional space represented by the picture, the smaller it is drawn in the picture-plane. 


In summary, a dependency grammar characterizes syntactic structure in terms of dependency relations among the words of a sentence; it does so without resorting to units of analysis smaller or larger than the word.


The neglect of such grammars by developmental psycholinguists is rather surprising.  Rather than being a marginal phenomenon on the fringes of linguistic theory, dependency grammars have had a very long history in linguistics, and they occupy a central place in current German and Eastern European syntactic theorizing (e.g., Mel'cuk, 1988; Kunze, 1982).  How dominant dependency theory is in European linguistics may be concluded from the fact that it has been adopted as the basis for the International Machine Translation Project of IBM, as well as for the European machine-translation system EUROTRA.  In addition, dependency-type analyses are the dominant mode of grammatical analysis adopted by linguists studying the structure of Hebrew (e.g., Ben-Asher, 1972; Blau, 1966; Goldenberg, 1985; Ornan, 1979; Perez, 1951; Rosen, 1977; Yoeli, 1970) as well as the mode of analysis in elementary textbooks on Hebrew syntax (e.g., Avikazar, 1982).


The relation between dependency-type and phrase-structure type grammars is probably one of "weak" formal or mathematical equivalence (Gaifman, 1965; but see also Fraser, 1991).  In intuitive terms, grammatical relations, which are the primary structural relations of a dependency-type grammar, and which have no formal role in phrase-structure grammars, are nevertheless derivable from the part-whole or dominance relations between different-level constituents of the sentence.  Similarly, constituent structure, which has no role in a dependency grammar, is nevertheless derivable from the dependency structure of a sentence: each head together with its dependents (and their dependents) forms a constituent of the sentence.


However, when we focus not on the formal properties of the two types of grammars but on their putative "psychological reality," the difference between them becomes crucial.  Taken as psychological theories, the two types of grammars make very different claims regarding the terms in which grammatical knowledge is stored and manipulated by human beings.  As a consequence, they also generate very different theories of the acquisition of linguistic knowledge by children.

Learnability of Dependency Grammars
A priori, dependency grammars appear to be much more learnable from the linguistic input than constituent-structure grammars.  First, dependency grammars are usually monostratal, that is, each sentence possesses a single structure, and that is the observable surface structure.  Second, in dependency theory the units on which the basic grammatical relations are defined are words, rather than unobservable phrases or clauses.  Third, the grammar is mostly concrete rather than abstract; for the most part it does without formal categories altogether; thus the only set of abstractions to be acquired are word classes, rather than the set of abstract symbols standing for types of sentence constituents such as Noun Phrase or Prepositional Phrase.  Fourth, the basic grammatical relations are the dependency relations between words constituting the sentence; these are horizontal, and thus observable, relations between explicit components of the utterance, rather than the (unobservable) vertical dominance relations between higher- and lower-level constituents in constituent-structure theory.  Thus most of what makes a constituent-structure grammar unlearnable is dealt with in dependency grammars in a way that makes direct learning from the input possible.

Early Word Combinations in Dependency-Oriented Acquisition Theory
In contrast to phrase-structure oriented acquisition theories that posit a sharp discontinuity in children's use of language before and after the appearance of higher-order constituents in children's speech, a dependency-theory oriented acquisition theory views all of syntactic development as a continuous process, beginning with the earliest, two-word, combinations.  Whereas it is extremely difficult to apply phrase-structure analyses to children's two-word combinations, the converse appears to be true for a dependency-type analysis.  As has been pointed out repeatedly (Bloom, 1970; Bowerman, 1973, 1976; Braine, 1976; Brown, 1973; Ingram, 1989; Ninio, 1988; Tomasello, 1992), early multiword utterances are built around a random collection of "predicate words" which children combine with words representing their arguments in the relevant propositional function.  The structure of such early utterances is usually described in semantic terms, i.e., as the combination of function words or relational words and their arguments, but it is easy to see that these word combinations are really syntactic ones, in terms of a dependency grammar.  Namely, what children appear to acquire at the two-word stage are the dependency and linear ordering relations between pairs of words, one of which is a headword, the other, one of its semantic/syntactic dependents.  These combinations are word-based; they are the direct expressions of semantic relations; and the structure of the resultant sentences is "flat" rather than hierarchical.


Now it becomes clear why early word combinations cannot be integrated into a phrase-structure-based acquisition theory; the reason is that they possess all the characteristics of having been produced by a dependency grammar.  Obviously, an acquisition model committed to constituent-structure syntax cannot very well deal with early structure in terms of a different grammatical system.  Thus even though there is an obvious and smooth continuity between children's two-word sentences and longer multiword constructions, when the longer constructions are elaborations of previous shorter structures, a phrase-structure oriented acquisition theory must posit a discontinuity in children's rule systems.  


However, if we approach the findings unencumbered by an a priori commitment to any particular linguistic stance, a different conclusion is reached.  It becomes obvious that if children start the acquisition of syntax by learning the rudiments of a dependency grammar, and if there is no evidence of anything but a smooth continuity in their syntactic rule system, then they in all probability continue to learn more complex syntactic rules in terms of a dependency grammar.  Therefore, rather than claim that children's first multiword constructions represent a separate stage in acquisition and fall into the paradox of a discontinuous rule system generating a continuous observable phenomenon, it is better logic to conclude that in all probability all implicit grammatical rules underlying syntactic competence are of a type similar to the earliest ones employed by beginning speakers, namely, that they possess the characteristics of a dependency grammar.


The conclusion reached via learnability and developmental considerations is thus that very probably dependency syntax represents implicit human grammatical knowledge better than does phrase-structure theory.  Accordingly, it is proposed that dependency theory be adopted as the theoretical framework for the study of language acquisition.


On the basis of some initial studies, such a move holds considerable promise.  As an example, phrase-structure oriented acquisition models are not very successful in accounting for the order of acquisition of different type of three-word sentences by beginning speakers.  The theories predict that identical expansions of higher-order nodes will occur simultaneously whatever the grammatical role of the node in the sentence, for instance, that once a child masters, say, the context-free rule NP --> Det + N, this rule should be immediately utilizable in sentence construction for any NP.  
However, a review of the literature reveals that the prediction of simultaneous emergence for identical expansions of a nonterminal symbol in different grammatical roles in the sentence is very often contradicted by the empirical data.  For instance, in many children acquiring English, various expansions of the subject NP to Det + N, e.g., "This glass broke" or "My foot hurts", do not appear until later than the formally equivalent expansion of the object noun-phrase as in "Take this apple" or "Take my hand" (Bloom, 1970; Bloom, Lightbown & Hood, 1975; Brown, 1973; and see Pinker, 1984, pp.131-133, for a discussion of this finding).


In contrast, a dependency-oriented acquisition theory is very successful in predicting the sequence in which various different types of three-word constructions are learned by children.  In the following section, a study is presented about the acquisition of three-term constructions in a child learning English as her first language (Ninio, 1993).


Applying Dependency Grammar to Predicting Syntactic Development: the Order of Acquisition of Three-Word Sentences
According to a dependency-oriented analysis, the acquisition of syntactic competence begins at the two-word stage, with children first generating multiword utterances.  At this initial stage, involving as it does only a single dependency pair, learning is restricted to the mastery of the combinatorial properties of "predicate words" and of the ways in which a given predicate-argument relation is to be realized in a correctly ordered sequence.  Theoretical considerations as well as empirical findings suggest that this learning is most likely to be lexically specific and item-based, involving each predicate word separately (Bowerman, 1976; Braine, 1976; Ninio, 1988; Tomasello, 1992).  These individual dependency relations are the fundamental building blocks of a dependency structure.  At this stage, apparently nothing else is learned: children need neither to coordinate several different dependency relations nor to master the intricacies of the Adjacency Rule.  The acquisition of syntactic knowledge starts with mastering the single syntagmatic couple. 


If children's first word combinations represent the construction of syntagmatic pairs, later, longer word combinations represent the coordination of two or more syntagmatic couples in a connected hierarchical structure.  The specific hypothesis of the study reported here is that the developmental sequence in which such constructions appear in young children may be explained relatively straightforwardly in terms of a dependency analysis that is sensitive to the differential demands of coordination and ordering involved in each type of construction.  As the dependency analysis of three-term constructions ignores the hypothetical phrase structure of the constructions, and is completely independent of it, any success in predicting the order of mastery of different types of three-term constructions on the basis of their complexity in dependency grammar is at the same time a disproof of the validity of constituent-structural analysis of the same sentences.


The two types of theories make very different predictions about the relative difficulty of different constructions.  This will be illustrated by some examples from English child language.  
Table 1 presents all possible types of well-formed three-term combinations, according to their dependency and linear structure, with some illustrative examples for each pattern.  For expository purposes only, the words of each pattern are represented by the letters H (for head of a dependency pair) and D (for a dependent).  If a dependent has a dependent of its own, this couple is put in parenthesis, and its head is also marked H.  If a head has two dependents, these are marked D1 and D2.  The direction of dependency is marked by an arrow from the head (H) to the dependent (D), drawn below these symbols.
Table 1.  
Types of three-word constructions by their dependency structure
Dependency pattern
Number  Structure*
Example

---------------------------------------------------------------
#1
H  (H  D)
Take this ball 


---> --->

#2
D1  H  D2
John made this


<--- ---> 



#3
(D  H)  H
Little boys danced


<--- <---

#4
H  D1  D2
Put it there


--->


------->

#5
D1  D2  H
This I dropped


<--------


    <----

#6
H  (D  H)
Bring big apples


------->


   <----

#7
(H  D)  H
The boy disappeared


 --->


<--------

----------------------------------------
*H=Head; D, D1, D2, (H)=Dependent(s); H --> D=Direction of dependency

A note about the examples in Table 1: Each represents only one of a large number of different three-term combinations possessing the relevant dependency structure.  Thus the first pattern, -->-->, also characterizes such utterances as "in the house" or "want see picture".


The major measure of syntactic complexity for three-word constructions offered by a dependency analysis is whether all dependency couples in the sentence are adjacent to each other.  If they are, the overall syntactic structure of the sentence is linear; if a dependency couple is separated by another word, the resultant structure is not one- but two-directional.  It is immediately evident that the first three patterns of Table 1 are those in which the dependency relations coincide with the neighborhood relations between the words.  The other four patterns are those in which one of the dependency couples is not adjacent in the sentence and therefore a single linear graph cannot accommodate the dependency structure of the sentence.  It is predicted that three-word combinations whose dependency structure can be represented by a linear graph will be acquired earlier than those whose structure has to be represented by a two-dimensional graph.


In terms of the psychological processes by means of which sentence generation and interpretation are actually carried out, the adjacency in the vocal string of two words that are syntagmatically related means that these may be accessed in immediate succession.  In psycholinguistic terms, a dependency relation is a computational command to the effect that during sentence generation and comprehension, the information carried by the two separate words comprising the dependency couple is to be combined or synthesized; if these words are immediately consecutive, this procedure can be carried out without recourse to storage in, and retrieval from, short-term memory.  During sentence generation, if the two members of a dependency couple are to be separated by some intervening material in the sentence, the processing of one dependency relation is interrupted by the processing of another, thus creating an open dependency for the duration.  Until the second member of the couple is generated, the speaker has to keep in short-term memory the fact that such a closure is pending.  For example, the generation of "Give me apples" requires that the speaker store the demand for the second dependent of "give" until after the first dependent ("me") is produced. 


Open dependencies also demand extra processing during the interpretation of sentences by listeners.  They have to store in memory all words whose requirement of a head has not yet been satisfied until the head word is encountered (e.g., "this" in "This boy came").  In addition, they have to backtrack their way in the sentence when they encounter a word whose head is a word that has already been processed (e.g., "apples" in "Give me apples", or "quickly" in "Come here quickly").  There is evidence from adults that the storage and retrieval processes involved require more than ordinary short-term memory: there seems to be a very strict absolute limit on the number of open dependencies operative at the same time in a sentence, so that if their number surpasses three, the sentence is incomprehensible.  Sentences with three simultaneously open dependencies are already extremely difficult to process -- for example, "Who did the dog which the farmer who the cat licked owned chase?" (Hudson 1992, 1993).


The linguistic and psycholinguistic approaches to the role of adjacency lend themselves to mathematical formalization.  The sentence-chain is a one-dimensional object, a linear section or part of a line, in which the ordering relation is one of neighborhood.  In graph-theoretical terms (e.g., Tutte 1984), the question is whether a given section (or verbal string) can or cannot accommodate a set of different ordering relations -- i.e., dependency relations -- among its elements.  The answer is that the linear section can accommodate the set of dependency relations if and only if each dependency relation coincides with a neighborhood relation between the elements of the string, namely, if all dependency couples are also neighbors in the string.


Translated to processing terms, this means that a nonadjacent dependency requires a detour from linear processing into and out of memory storage, and that the combinatorial operation cannot be performed without recourse to such storage.  Translated to linguistic terms, the implication is that unless dependencies coincide with neighborhood, there is a need to evoke the priority principles of the Projection Rule in order to correctly place (or identify) dependency couples with conflicting rights to adjacency.  If however the linear structure can accommodate the dependency relations, there is no need to evoke the Projection Rule to interpret or generate the sentence.


It follows that there is a very clear mathematical criterion for distinguishing between more and less complex three-term combinations.  Those that accommodate the dependency structure of the sentence in the linear structure of the verbal string are less complex than those that do not; it can be predicted that the former will be acquired earlier than the latter.


It is noteworthy that the distinction that has been made between the one-dimensional and the two-dimensional structures is orthogonal to a classification made solely on the basis of the abstract syntactic structure of the same three-word combinations.  An abstract representation, in the form of a syntax tree, of the dependency structure of three-word combinations distinguished between two patterns only: one a branching tree in which there is one head with two dependents, the other a nonbranching structure in which the (single) dependent of the first relation has a (single) dependent of its own.  Patterns #2, 4 and 5 in Table 1 are of the branching kind, whereas patterns #1, 3, 6, and 7 are of the non-branching kind; namely, both abstract syntactic types are represented in the linear as well as the nonlinear categories.  In other words, in the present approach the syntactic structure and thus the complexity of sentences is not characterized only by their abstract organization but also by the interaction of dependency and adjacency considerations.


This difference in approach explains why a dependency-oriented acquisition theory makes such very different predictions about the relative order of mastery of different three-term constructions, relative to the predictions of a phrase-structure oriented theory like Pinker's (1984).  Patterns that under phrase-structural assumptions are expected to emerge at the same time as they make use of identical context-free rewrite rules, create, in dependency-structural terms, three-term combinations of differing structural complexity, and are therefore expected not to emerge simultaneously.  In particular, under dependency analysis, identical expansions of higher-order constituents do not add the same amount of structural difficulty to a sentence independent of their grammatical role in the sentence.  For instance, the expansion of an object NP to Det + N creates a simpler three-term dependency-structure (#1) than does the identical expansion of a subject one (#7).


To test the predictions of dependency grammar, the speech of an English-speaking child was examined.  
The data-base consisted of the first 102 sentence types of Tomasello's (1992) subject Travis that were of more than two words; they were produced when Travis was between 1;6.8 and 1;7.18.  The results showed that with the exception of just 10 sentences, the overwhelming majority (90.2%) of Travis' first three- and four-word sentence types were of the linear type, where all dependency couples are immediately adjacent.  Among these, about two-thirds were the heads-first chained type H(HD), and about a third, the head-in-the-middle, branching type D1HD2.  The other 5 possible three-term patterns occurred with very low frequency in the corpus.


Moreover, there is reason to believe that the actual percentage of zero-open constructions in Travis' language at this period was even higher than estimated on the basis of the reported corpora.  For various reasons, the reported corpus does not include the child's labeling utterances if these did not include a copula or at least a modifier.  An informed guess based on the copular forms reported in Tomasello (1992, p.155) makes it very probable that most of the copula-less naming expressions of three words were pivotal combinations with a sentence-initial "it", "this", or "that", i.e., expressions like "It/this/that a flower" which fall into Pattern #2 (i.e., D1HD2), or else combinations with "here" or "there" in a sentence-initial position, such as "Here/there the lion", falling into Pattern #1, namely, H(HD).  In either case, the missing naming utterances are zero-open combinations, and had they been included in the corpus, the proportion of zero-open sentence types at this initial period would probably been much closer to 100%.


A comparison of these results with Travis' next 272 multiword sentence types showed that in the latter, 202 (74.3%) were of the linear type without an open dependency, the remaining 70 (25.7%), were of the nonlinear type.  With the reservation that patterns #1 and #2 are still underrepresented at this period, the comparison with the first 102 sentence types produced by Travis reveals a considerable increase in the more complex constructions in this second period of the development of three-plus word combinations.  In other words, the almost exclusive production of linear sentence types is a feature of this child's initial period of combining three or more words into a sentence, and not a constant of her language use at all ages.



In order to test the generality of the findings of this study, a dependency analysis of other published corpora of early word combinations (e.g., Bloom, 1970, 1973; Bloom, Lightbown & Hood, 1975; Bowerman, 1973; Braine, 1963, 1976; Brown, 1973 and more) as well as of the speech of a sample of children acquiring Hebrew is currently under way.  Preliminary results suggest that Travis' pattern of initially producing linear three-word combinations may be a widely prevalent phenomenon in children acquiring English and Hebrew.



In summary, it is apparent that a dependency-syntax oriented acquisition model has considerable success in predicting what kind of constructions a child will first acquire on starting to combine more than two words into a single sentence.  This raises the hope that the adoption of dependency theory as a linguistic framework of child language research may bring about a better understanding of the child's task in acquiring syntactic knowledge than we currently possess.
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