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Within cognitive science, language is often set apart (as it is in the present volume) from perception, action, learning, memory, concepts, and reasoning.  Yet language is intertwined with all of them.  Language perception is a kind of perception; language production is a kind of action.  Vocabulary and grammar are learned and stored in long-term memory.  As novel utterances are perceived or produced, they are built up in working memory.  Concepts are most often studied in the context of word meanings; reasoning is most often studied in the context of inferring one sentence from another.    


What makes the study of language different from these other areas of cognitive science is its emphasis on the details of the mental structures deployed in the course of language processing.  An entire discipline and methodology, linguistics, is devoted to these structures.  The present essay attempts to integrate linguistic theory with more general concerns of cognitive science.

1.  Language systems:  Uses and acquisition

Unlike other communications system in the natural world, language is a combinatorial system that can express an unlimited number of different messages on the basis of a finite vocabulary.  Combinatorially constructed signals do appear in communication systems certain primates, birds and cetaceans, but, so far as is known, the messages conveyed are quite limited in character (Hauser 1996).  By contrast, the rich combinatoriality of linguistic utterances reflects rich combinatoriality in the messages the utterances convey.  Human languages can be used to talk about the weather, the war, philosophy, physics, myth, gossip, and fixing the sink; they can be used to inform, inquire, instruct, command, promise, amuse, seduce, or terrorize.  Languages are also used as a medium of conscious thought:  most humans (at least among the literate) are aware of their thinking primarily through the “stream of consciousness”, which is experienced as verbal imagery.  


In the context of cognitive science, language is best thought of as a cognitive system within an individual’s brain that relates certain aspects of thought to acoustic signals (or, in signed languages, motions of hands and face; in the interests of space we ignore written languages here).  In order for a group of individuals to communicate intelligibly, they must have sufficiently similar language systems in their brains.  From this point of view, the “English language” is an idealization over the systems in the brains of a community of mutually intelligible speakers.  For many purposes, it is convenient to assume that speakers’ systems are homogenous.  For other purposes, it is important to recognize differences among speakers, dividing them by dialect (another convenience) or individual idiolect, each corresponding to a slightly different system in speakers’ brains.  In particular, in studying language acquisition, it is commonplace to treat children as having partially developed systems that deviate in some respects from that of the surrounding community.  


Children’s acquisition of language has been a central issue in linguistics and psycholinguistics for nearly 50 years.  All normal children become fluent speakers of the language(s) spoken in their environment.  Given the complexity of linguistic structure, and given the inability of the entire community of trained linguists to describe this structure over a period of decades, it is a major puzzle how children manage to master one or more languages within a few years.  The literature calls this puzzle the Poverty of the Stimulus.  It has led to the hypothesis that children have an innate predisposition to structure linguistic input, in a fashion conducive to discovering the principles of the language(s) they are hearing.  The theoretical term for this predisposition is Universal Grammar (UG).  


The character of UG has been among the most contentious issues in linguistics for over four decades.  There have been many different theories of UG, even by its most outstanding proponent, Noam Chomsky (compare Chomsky 1965, 1981, 1995).  In contrast, many researchers claim that there is no Poverty of the Stimulus – that language is entirely learnable from the input – and that little if anything is special about language acquisition (e.g. Elman et al. 1996, Tomasello 2003, Bybee and McClelland 2005).


An important demonstration that language is not entirely learned from the input comes from two cases in which children have created languages de novo.  (1)  Deaf children whose parents do not use sign language often create a system called Home Sign (Goldin-Meadow 2003).  Although Home Signs (every child’s is different, of course) are rudimentary by the standards of normal languages, they still display many of the lexical, grammatical, and semantic properties of human languages, and they go well beyond any animal communication system in their expressive range.  Notably, the parents are invariably less fluent than their children, showing that the system is genuinely the child’s creation.  (2) The founding of schools for the deaf in Nicaragua in the middle 1980s created a community of deaf children, none of whom had previously been exposed to a signed language.  An indigenous sign language quickly emerged, created by the children.  Since then, younger generations of speakers have increased its complexity, sophistication, and fluency, to the extent that Nicaraguan Sign Language is now regarded as a fairly standard sign language (Kegl, Senghas, and Coppola 1999).    

These cases vividly demonstrate that there is something to language acquisition beyond statistical correlation of inputs.  The question is not whether there is a predisposition to acquire language, but what this predisposition consists of.  To the extent that it can be subsumed under other cognitive capacities, that is all to the better; but we should not expect that every aspect of language is susceptible to such analysis.  This is an empirical issue, not an ideological one (as it has unfortunately often been treated).    

2.  Linguistic structure

In order to appreciate the sophistication of the child’s achievement in acquiring language, it is useful to examine all the structure associated with a very simple fragment of English such as the phrase those purple cows.  

(1)  Working memory encoding of those purple cows
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(1) differs somewhat from the way linguistic structure is often presented.  It explicitly divides the structure of the phrase into three major domains:  phonological (sound) structure, syntactic (grammatical) structure, and semantic (meaning) structure.  Phonological structure represents the phrase as a sequence of speech segments or phonemes, here notated in terms of a phonetic alphabet.  More explicitly, each segment is encoded in terms of vocal tract configurations:  free vs. restricted air flow through the vocal tract (roughly vowel vs. consonant), tongue position, whether the vocal cords are vibrating, the lips are rounded, or the nasal passage is open.  The speech segments are collected into syllables (notated by σ).  The relative stress on syllables is encoded in terms of a metrical grid of x’s above the syllables:  more x’s above a syllable indicates higher stress.  Not notated in (1) is the intonation contour, which will partly depend on the phrase’s context.  


Segments are also grouped in terms of morphophonology, notated below the sequence of segments.  This divides the sequence into phonological words and affixes, which in turn correlate with syntactic and semantic structure.  The correlations are notated in (1) by means of subscripts; for example, the phonological sequence /prpl/ is coindexed with the Adjective in syntactic structure and with PURPLE in semantic structure.  Morphophonological grouping is distinct from syllabic grouping because they do not always match.  For example, the final z in (1) is part of the syllable /kawz/, but morphologically it is an independent affix, coindexed with plurality in syntax and semantics.  


The syntactic structure is a tree structure of the familiar sort, with one exception.  It has always been customary to notate syntactic structures with words at the bottom, as in (2).
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The notation in (1) clarifies which aspects of the structure belong to which component.  It is a phonological fact, not a syntactic fact, that a certain word is pronounced /prpl/, and a semantic fact that this word denotes a certain color.  The only syntactic aspect of the word is its being an adjective.  These properties of the word are therefore encoded in the appropriate structures and linked together with a subscript. 


One other aspect of the syntactic structure bears mention:  the plural suffix is attached to the noun under a noun node.  Such syntactic structure within a word is its morphosyntax, by contrast with phrasal syntax, the organization above the word level.  


Syntactic tree structures and their associated phonology are often abbreviated as a labeled bracketing, e.g. (3).

(3)
[NP [Det those]  [AP [A purple]] [N [N cow] [plur s]]]


The semantic structure calls for somewhat more commentary.  The notations COW and PURPLE are stand-ins for the concepts ‘cow’ and ‘purple’, however these are mentally encoded.  The property PURPLE is embedded as a modifier of the object COW.  The resulting constituent is the meaning of the phrase purple cow.  Plurality is encoded as a function whose argument is the type of object being pluralized; the output of the function denotes an aggregate made up of such objects.  Finally, the determiner those designates this aggregate as being pointed out or having been previously referred to; this is notated in semantic structure by DEM (‘demonstrative’).  


This version of semantic structure is based on the approach of Conceptual Semantics (Jackendoff 1983, 1990, 2002); there are many other proposals in the literature for every aspect of this structure (e.g. Heim and Kratzer 1998 for formal semantics, Langacker 1987 for cognitive grammar).  For instance, standard logic would represent COW and PURPLE as conjoined predicates, and plurality as some sort of quantifier.  In many of the approaches, plurality is a deeply embedded affix in the syntactic structure but the outermost operator in semantic/ conceptual structure.  Such mismatches in hierarchical organization between syntax and semantics are not atypical.  We will return to this issue in section 3.  


The semantic structure in (1) should be the same for translations of those purple cows into any other language, whatever syntactic and phonological structures happen to be correlated with it.  Minor nuances of difference may arise:  another language’s color system may not partition the primary colors the same as English does, or the concept ‘cow’ may carry different cultural connotations.  Nevertheless, the basic structural organization of the semantics remains intact from language to language, and to the extent that translation is accurate, semantic structure is preserved.  


(1) implicitly represents a claim that speaking, perceiving, or thinking the phrase those purple cows  involves constructing this structure in working memory.  The exact notation in (1) is not crucial.  What is crucial is that the brain must make distinctions corresponding to those in (1).  In phonological structure, for instance, each segment must be distinguished from every other possible segment in the language; the segments must be arranged linearly; they must be grouped into syllables which are associated with relative stress; the segments must also be grouped into morphological units, in turn grouped into morphological words such as cows.  Each of the morphophonological units must also be correlated with units of syntactic and semantic structure; this relation parallels the notion of binding in neuroscience.  Similar distinctions must be made in syntactic and semantic structure.  All these distinctions may be made in the same part of the brain, or they may be distributed throughout the brain (or, say, in different parts of Broca’s and Wernicke’s areas (Hagoort 2005)) – an issue for which there is no space in the present article.


If the phrase those purple cows is used to draw a hearer’s attention to cows in the visual environment, the semantic structure undergoes further linking to mental representations that instantiate the viewer’s understanding of the scene.  Such linkings allow us to talk about what we see (hence, in the philosophical sense, language comes to be about something).  More generally, semantic structure is language’s gateway to perception, reasoning, inference, and the formulation of action. 


The division of linguistic structure into phonological, syntactic, and semantic domains leads to a paradoxical observation about so-called conscious thought.  As mentioned earlier, we often experience our thought in terms of verbal imagery, the Joycean stream of consciousness.  Thought itself – computation in terms of semantic structure – is supposed to be independent of language:  it is preserved by translation.  Yet the phenomenology is of thinking in English (or whatever language).  The stream of consciousness has all the characteristics of phonological structure:  it has sequenced phonemes grouped into syllables and words, with stress and intonation.  By contrast, syntactic structure is not directly present to awareness:  experience does not come labeled with categories such as noun and verb.  Still less does experience display the organization that any of the various theories of meaning attribute to semantic structure; for example, one does not experience plurality as an outermost logical operator.  Moreover, unlike meaning, verbal imagery is not invariant regardless of what language one “is thinking in.”  These observations lead to the surprising hypothesis that the “qualia” associated with conscious thought are primarily phonological rather than semantic – contrary to practically all extant theories of consciousness, which tend to focus on visual awareness.  (See Jackendoff 1987, 2007a.)


The deep concern with the interlocking details of linguistic structure is what distinguishes the investigation of language from other subdisciplines of cognitive science.  Complex structure certainly exists in other cognitive domains.  In vision, viewers structure the visual field into grouped configurations of objects, each of which is built of hierarchically configured parts.  Each part has its own color and texture, and the parts of animate objects may also have their own independent motion.  Similarly, episodic memory is supposed to encode particular events in one’s experience; such events must be structured in terms of the spatial, temporal, and social status of their various characters and the interactions among them.  However, there is no robust tradition of studying the mental structures involved in vision and episodic memory, as there is in language.  This is one reason why the concerns of linguistics often seem distant from the rest of cognitive science.  

3.  Theories of linguistic combinatoriality in syntax and semantics

If the phrase those purple cows is novel, i.e. it has not been stored in memory as a unit, how is it constructed from parts that are stored in memory?  


Clearly the word cow is stored in memory.  It involves a pronunciation linked with a meaning and the syntactic feature Noun (plus grammatical gender in a language like Spanish).  This could be notated as (4):  a coindexed triple of phonological, syntactic, and semantic structure (binding indices are random numbers).

(4)
Long-term memory encoding of cow

Phonological structure       Syntactic structure         Semantic structure


        kaw3                                      N3                               COW3
Some words will also contain sociolinguistic annotations, for example formal vs. informal register (e.g. colleague and isn’t vs. buddy and ain’t).  A bilingual speaker must also have annotations that indicate which language the word belongs to.  Some words lack one of these components.  Ouch and phooey have phonology and meaning but do not participate in syntactic combination, hence lack syntactic features.  The it in it’s snowing and the of in a picture of Bill have no semantic content and just serve as grammatical glue; thus they have phonology and syntax but no semantic structure.


However, a store of words is not enough:  a mechanism is necessary for combining stored pieces into phrases.  There have been two major lines of approach.  The first, inspired in part by neural modeling and the behavior of semantic memory, tends to judge success of analyses by their ability to identify statistical regularities in texts (e.g. Landauer et al.’s (2007) Latent Semantic Analysis) or to predict the next word of a sentence, given some finite preceding context (e.g. connectionist models such as Elman 1990, MacDonald and Christiansen 2002, Tabor and Tanenhaus 1999).  


The implicit theory of language behind such models is that well-formed language is characterized by the statistical distribution of word sequencing.  Indeed, statistics of word sequencing are symptoms of grammatical structure and meaning relations, and much language processing and language learning is mediated by priming relations among semantic associates.  But these associations do not constitute grammatical structure or meaning.  Theories of language understanding based on statistical relations among words shed no light on these interpretations.  How could a language processor predict, say, the sixth word in the next clause, and what good would such predictions do in understanding the sentence?  We have known since Chomsky 1957 that sequential dependencies among words in a sentence are not sufficient to determine understanding or even grammaticality.  For instance, in (5), the italicized verb is like rather than likes because of the presence of does, fourteen words away; and we would have no difficulty making the distance longer.  

(5)  Does the little boy in the yellow hat who Mary described as a genius like ice cream?

What is significant is not the distance in words; it is the distance in noun phrases – the fact that does is one noun phrase away from like.  This relation is not captured in any theory of combinatoriality that does not explicitly recognize hierarchical constituent structure of the sort in (1).  


The second major line of approach to linguistic combinatoriality, embracing a wide range of theories, is specifically built around the combinatorial properties of linguistic structure.  The most influential such theory is Generative Grammar (Chomsky 1965, 1981, 1995).  It treats combinatoriality in terms of a set of freely generative rules that build syntactic structures algorithmically; the terminal nodes of these structures are morphemes, complete with their phonological and semantic structures.  These structures are then distorted by a sequence of operations, originally called transformations (Chomsky 1957, 1965) and later (1981 and on) called Move. The output of a sequence of these restructurings is “spelled out” in terms of phonological structure.  Further restructurings result in a syntactic structure, Logical Form, from which semantic structure can be read off directly.  Because semantic structure does not correspond one-to-one with surface syntactic form, Logical Form differs considerably from surface syntax.  The operations deriving it are termed “covert” – inaccessible to awareness.  


The particulars of this theory have mutated considerably over forty years.  However, three important features have remained intact throughout, in large part inherited from traditional grammar and from generative grammar’s roots in mathematical logic (e.g. Carnap 1939).  First, the combinatorial properties of language arise from syntactic structure; phonology and semantics are “interpretive.”  Second, the formalization is in terms of derivations:  algorithmic sequences of operations.  Third, there is a strict distinction between rules of grammar, responsible for combinatoriality, and lexical items, which are passive “riders” in the derivation of syntactic structures.  


Generative grammar’s detailed formalization and explicitly mentalistic outlook on language (section 1), has led to an explosion in research on linguistic structure, language processing, and language acquisition.  Yet the theory is difficult to integrate cleanly into the rest of cognitive science.  Language perception proceeds from sound to meaning; language production proceeds from meaning to sound.  Generative grammar, however, proceeds algorithmically outward from syntax to both meaning and sound.  (6) illustrates the contrast.  

(6)
a.   Directionality of language perception          



Phonological structure
Syntactic structure
        Semantic structure

b.
Directionality of language production
  

Phonological structure          Syntactic structure              Semantic structure


c.
Directionality in generative grammar derivations


Phonological structure          Syntactic Structure             Semantic structure

This difference is often rationalized by saying that the formal ordering of derivations is meant as a “metaphorical” description of linguistic “competence” and has little if anything to do with the temporal course of processing in “performance” (Chomsky 1965); the role of formal grammatical derivations in actual language processing is deliberately left inexplicit.  For this reason, many researchers in psycholinguistics have abandoned generative grammar as a theoretical grounding for experimental investigation.


Another intuitive difficulty with Generative Grammar comes from deriving semantic combinatoriality from syntax.  It does offer an attractive account of the active-passive relation, where a passive sentence such as The bear was chased by the wolf is derived from a syntactic underlying form (or “Deep Structure”) with word order more like the active, the wolf chased the bear.  Similarly, it accounts nicely for the “understood” position of what as direct object of see in What did you see?, in that what is moved to the front from an underlying object position.   Many other well-known constructions submit insightfully to such treatment.  


However, to be consistent, this approach requires every aspect of meaning that is not overt in the words of the sentence to nevertheless be present in syntax, covertly.  A traditional example concerns scope of quantification, where the quantifiers in (7a) “raise” to the positions where they would be represented in quantificational logic, yielding (7b) and (7c) as alternative covert Logical Forms.

(7)
a.
Every professor speaks an obscure language.

b. every professori [an obscure languagej [ti speaks tj]]  



[cf. xy(x speaks y)]


c.
an obscure languagej [every professori [ti speaks tj]]  



[cf. yx(x speaks y)]

However, some constructions have quantificational interpretations but no overt quantifier that can “raise.”  For instance, (8) has the same interpretations as (7a), yet a syntactic derivation along the lines of (7b,c) is inevitably artificial.

(8)
Professor after professor spoke an obscure language.


A different problem arises with the Rodgers and Hart lyric in (9a,b).

(9)
a.
It seems we stood and talked like this before.  We looked at each other in the same way then.  

b. But I can’t remember where or when.

(9b) is understood along the lines of “... where or when we stood and talked like this and looked at each other in the same way as now.”  The generative approach requires this structure covertly in syntax (cf. Merchant 2001).  However, it proves tricky to find a notion of syntactic identity in terms of which ellipted material can be deleted:  no single clause following where or when in (9b) can be identical with the two full sentences (9a) that precede it.  Moreover, it is unlikely that a speaker processing (9b) actually understands the sentence by reconstructing a full syntactic structure for the ellipsis.  


A wide variety of such cases (e.g. Culicover and Jackendoff 2005) suggest that not all semantic combinatoriality is a product of syntactic combinatoriality.  Rather, semantic structure has its own combinatorial principles, correlated only in part with syntactic structure.   In this light, much of the complexity and abstractness of mainstream generative syntax can be seen as a result of forcing covert syntax into isomorphism with the structure of meaning.  Once we acknowledge that the correlation is not exact, the syntax can be far closer to the simpler structures standardly assumed in psycholinguistic research – as well as in many non-mainstream combinatorial theories of syntax, e.g. Head-Driven Phrase Structure Grammar (Pollard and Sag 1994).  


Another strain of linguistic theory, Cognitive Grammar (Langacker 1987, Lakoff 1987; also Functional Grammar, Givón 1995) makes the converse claim:  all linguistic form is driven by semantic structure.  This claim has considerable justice, since syntactic structure functions to express the semantic relations among the words in a sentence, and since differences in word order often (but not always) convey differences in meaning.  Yet the claim is overdrawn.  No semantic difference is conveyed by the fact that English verbs go after the subject while Japanese verbs go at the end of the clause, nor by the fact that in French, Spanish, and Italian, direct object pronouns go before the verb instead of after it like other direct objects.  These are purely syntactic facts.  The proper conclusion is that there is a correlation but not an isomorphism between syntactic and semantic structure.


Viewing phonological, syntactic, and semantic structure as independent correlated systems – rather than all derived from syntax – is consonant with the organization of nonlinguistic parts of the brain.  The visual system utilizes many brain areas, each devoted to particular aspects of visual perception, yet all correlated in producing understanding of the visual field.  Moreover, the connection between vision and language can also be understood in terms of a partial correlation of semantic structure and high-level visual representations.  

4.  The words/rules continuum

Return to the traditional assumption that the “atoms” of linguistic structure – and therefore the pieces stored in long-term memory – are words or morphemes.  Several independent lines of investigation (e.g. Cognitive Grammar, Langacker 1987; Emergent Grammar, Hopper 1987; Construction Grammar, Goldberg 1995; Parallel Architecture, Jackendoff 2002) have questioned this assumption.  For instance, English speakers know, alongside their knowledge of words, an enormous number of idioms:  pieces of linguistic structure larger than words that are entrenched in memory and in many cases carry their own meaning.  Many idioms have normal syntax conforming to general rules:  kick the bucket is a verb phrase, son of a gun is a noun phrase, down in the dumps is a prepositional phrase, the jig is up is a sentence, and so on.  A few have anomalous syntax, e.g. by and large, for the most part, day in day out.  Many idioms have open positions (or variables) that must be filled by other material:  e.g. take X for granted requires a noun phrase between its two parts.  Some idioms have both anomalous syntax and open positions, such as Far be it from X to Y, where X is a noun phrase (usually a pronoun), and Y is a verb phrase.  

We also find oddball forms such as (10).

(10)
a.
PP with NP!


Off with his head!  Into the closet with you!

b. How about X?

How about a cup of coffee?  How about we have a talk?

c. NP and S


One more beer and I’m leaving.  One more step and I shoot!

d. the more S, the more S
The more I eat, the fatter I get.

Each of these carries its own idiosyncratic meaning, not attributable to any of the individual words.  Still other cases look syntactically like normal verb phrases, but have idiomatic meanings:

(11)
a.
He sang/drank/laughed his head off.



([VP V his head off] = ‘V excessively’)

b. Bill belched/lurched/laughed his way out of the meeting.



([VP V his way PP] = ‘go PP while/by V-ing’)

c. Sara drank/sang/laughed the whole afternoon away.



([VP V NP away] = ‘spend amount of time V-ing’)

d. The trolley squealed/rumbled around the corner.



([VP V PP] = ‘go PP, inducing V-ing sound’)

Constructions like (10)-(11) are the motivation behind Construction Grammar (Fillmore, Kay, and O’Connor 1988, Goldberg 1995), which claims that much (or even all) of syntactic structure is built out of such meaningful constructions.  Aspects of Construction Grammar have been adopted within other frameworks as well.


This range of phenomena leads to the conclusion that human memory must store linguistic expressions of all sizes, from individual words to full idiomatic sentences such as The jig is up.  These expressions fall along a continuum of generality:  words and idioms are fully specified, while the meaningful constructions have variables that can be filled out productively.  


At the extreme of productivity are principles such as the structure of the English verb phrase, which can be stored in memory as a “treelet” along the lines of (12a).  It consists entirely of variables and lacks any special meaning.
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  b.
      VP  V (NP) (PP)

(12a) does the same formal work as the traditional phrase structure rule (12b), but it is not meant as an algorithmic step in a derivation.  Rather, it is a piece of stored structure that can form part of larger structures constructed in working memory.  There is then no strict distinction between words and grammatical rules:  they lie along a continuum of stored structures, with idioms and meaningful constructions in between.  


This notation for rules of grammar can be used to state a word’s contextual restrictions.  For example, the fact that the verb devour is transitive can be encoded as shown in (13).

(13)
Long-term memory encoding of devour

Phonological structure       Syntactic structure         Semantic structure


    dvawr4                               [VP V4  NP5]               X DEVOUR4 Y5
(13) stipulates that the verb pronounced devour occurs within a transitive VP.  The verb’s direct object is a variable, to be filled in by a noun phrase; it is linked to a position in the semantics of the thing that gets devoured.  Thus (13) is a very restricted rule that applies to the behavior of this single verb, further illustrating the word-rule continuum.


In this approach, the combinatorial character of sentences arises by “clipping together” pieces of stored structure at shared nodes.  There is no particular algorithmic order for constructing sentences:  they may be built from the top down, the bottom up, or any combination.  Alternatively, one can check the well-formedness of a tree by making sure that every part of it conforms to one of the treelets in the lexicon.  The formal operation of “clipping” pieces of structure, unification (Shieber 1986), is the fundamental combinatorial operation in Head-Driven Phrase Structure Grammar, Construction Grammar, Lexical-Functional Grammar (Bresnan 2001), and Parallel Architecture (Jackendoff 2002).  It is compatible with serial, parallel, top-down, or bottom-up computation.


Unification-based grammars lend themselves directly to theories of sentence processing.  Suppose an utterance begins with the word the, which is listed in the lexicon as a determiner (14).
(14)
 Det


   |


 the

Det is the initial node in the stored treelet for the structure of a noun phrase, (15a), which can therefore be clipped onto (14) to form (15b) in working memory.
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Since this NP is at the beginning of the utterance, it can be clipped into treelet (16a), which provides a position for an initial NP, yielding tree (16b) in working memory.
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In other words, just the single word the can lead to the setting up of grammatical expectations by constructing a tree from the bottom left, going upward and to the right.  Further words in the sentence, say ... green monkey will eat..., may be attached on the basis of the top-down structure anticipated in (16).  Alternatively, they may disconfirm this structure, as in The more I read, the less I understand – in which case the treelet for the meaningful construction in (10d) may jump in. 

Summing up, the regular rules of grammar, like words, idioms, and meaningful constructions, are pieces of structure stored in long-term memory.  They are retrieved into working memory and used in the construction of structure in exactly the same way as words are. 

5.  Regular and irregular morphology

A debate of over twenty years’ standing concerns the distinction between regular and irregular morphological forms in language.  For example, the English regular past tense is formed by adding (phonological) -d, -t, or -d to a verb stem, depending on the final sound of the verb:  judged (-d), talked (-t), or guarded (-d).  However, about 180 verbs have past tenses not formed this way.  Some leave the stem alone (put, not putted), some change the vowel (fell, not falled), some change the vowel and add an ending (kept, not keeped), and some are quite irregular altogether (caught not catched, went not goed).  


Classical generative phonology (e.g. Chomsky and Halle 1968) treated all these forms as generated productively from the verb stem plus a past tense morpheme; the irregular forms were seen as special principles of “spell-out” and morphophonology.  A competing connectionist paradigm (Rumelhart and McClelland 1986) claims that there is no regular rule, and that both regular and irregular forms are to be treated in terms of statistical association with similar forms.  Pinker and associates (Pinker 1999) compromise:  the regular forms are produced by a productive rule and the irregular forms arise through statistical association.  Much experimentation has been devoted to determining whether different processes are needed for regulars and irregulars, or whether a single associationist process is sufficient.  At issue is how speakers form the past tense of unfamiliar words.  Everyone agrees that if a word sounds like other irregular verbs, speakers tend to form its past tense by analogy:  the past tense of a putative verb tring might be trang, parallel to sing/sang and ring/rang.  The question is how speakers deal with new verbs that don’t sound like any other verb, say the putative verb flarb, and come up with the form flarbed.  


The problem takes on a different perspective under the view that productive rules of grammar are stored structures.  The “rule” for the regular past tense can be notated as (17), a lexical entry that, like other lexical entries, has phonological, syntactic, and semantic parts.  However, its phonological and syntactic parts are subword structures, i.e. morphological.  

(17)
Long-term memory encoding of the English regular past tense


Phonological structure       Syntactic structure         Semantic structure


        X8-[Aff d/t/d]7               [V V8 - Tense7]                [PAST7 (Y8)]

The phonological part says this is a suffix pronounced d/t/d.  The syntactic part says it is a tense, attached to a verb.  The semantic part says this affix means the past tense of the verb.  The contextual restrictions (indexed 8) are entirely parallel to those for a transitive verb like devour (13).  The difference lies only in the item’s category (affix rather than verb) and the required context (a verb rather than a noun phrase).  Thus, just as a transitive verb can be combined with any direct object, (17) can be combined with any verb; this is what makes it a regular affix.  


By contrast, an irregular past tense such as caught is encoded as (18).

(18)
Long-term memory encoding of caught

Phonological structure       Syntactic structure         Semantic structure


        kt9                              [V V - Tense] 9             [PAST (CATCH)] 9 

This is a stipulated combination of verb and past tense, corresponding to a unitary piece of phonology.  Thus, just as the meaning of the idiom kick the bucket cannot be predicted from its syntactic parts, the phonological form of caught cannot be predicted from its syntactic parts, and so it has to be stored in memory.  


The upshot is that the distinction between regular and irregular inflections parallels the distinction between transitive verbs and transitive idioms.  All are encoded in the same format; they differ only in whether they deal with phrasal or morphological combination, and in whether they have open variables (transitive verbs and regular past do, transitive idioms and irregular past tenses do not).  This is a sort of “dual-process” model, but the two processes are fundamentally of the same sort.  Moreover, since free combinatoriality is necessary for combining verbs with their direct objects, there can be no objection for using the same combinatorial machinery for combining regular past tense with verb stems.  

6.  Sentence processing

Most experimental work on sentence processing concerns speech perception; there is a robust tradition in production as well.  A major issue has been the respective roles of syntax, semantics, and external context in establishing the structure of an understood sentence.  Here is where matters now stand.

To understand a sentence, one must identify the words being spoken.  Although a hearer may anticipate the speaker’s next words, the primary cues are phonological:  matching the heard input with the phonological structure of known words.  One’s knowledge of words may be used to “fill in” a noisy input:  in the phoneme restoration effect (Warren 1970), one hears, say, design instead of a presented de*ign, where the * is a burst of extraneous noise.  (This parallels seeing unified visual objects despite partial occlusion.)  Hearers can use visual cues from the speaker’s lip and tongue conformation to help establish phonological input; this McGurk effect (Massaro 1997) is completely unconscious and results, paradoxically, in perceived sound.  


The time it takes to identify a word is inversely proportional to the word’s frequency in speech (Oldfield and Wingfield 1965), as might be expected from theories of Hebbian learning.  When a word is morphophonologically composite, say cows or attributed, retrieval speed often depends on the frequency of the stem (with some caveats; see Pinker 1999, 303, note 11).  Furthermore, a word accessed in the mental lexicon primes semantically related items, so that they are more quickly retrieved for a brief period thereafter:  hearing doctor speeds up subsequent identification of nurse.  


When a phonological word is accessed, all of its possible meanings are active and they prime related items, regardless of which meaning is contextually appropriate.  For instance, in the sentence The spies will bug your room, the word bug speeds up identification of the word insect on the basis of its other meaning (Tanenhaus, Leiman, and Seidenberg 1979, Swinney 1979).  This stands to reason:  the processor has no way to verify which meaning is appropriate before identifying both.  This shows that sentence processing must from the outset involve some parallel processing.  


A further question is whether syntactic structure is constructed one possible structure at a time, or whether parallel possibilities are constructed in competition until all but one is extinguished.  The former hypothesis gains plausibility from so-called garden-path sentences such as the infamous (19).

(19)
The horse raced past the barn fell.   (= ‘The horse that was raced past the barn fell’)

Many speakers cannot interpret (19) as indicated in the paraphrase.  Evidently, interpreting raced as a simple past tense verb is irresistible, so one doesn’t consider the correct alternative that it is a passive participle.  Similarly, consider (20).

(20)
a.
John knew the answer to the physics problem by heart.


b.
John knew the answer to the physics problem was easy.

In (20b), the answer is the subject of a subordinate clause; it is more difficult to parse than (20a), where the answer is the direct object of knew.  Examples like this suggest (e.g. Frazier 1987) that the syntactic processor considers one possible structure first – on syntactic grounds alone – then, if it is unacceptable, tries another.  In (19), the disconfirming information comes too late for a reanalysis, so the correct reading cannot be accessed.  


Two lines of evidence militate against this approach.  First, the choices of syntactic analysis are highly dependent on the relative frequency of particular words in different constructions.  Thus a great deal of processing is word-driven (MacDonald et al.1994).  Second, interpretation can be biased in the course of processing by visual input.  For instance, (21a) has two possible continuations (21b,c), corresponding to different syntactic structures.

(21)
a.
Put the apple on the ...


b.
Put the apple on the towel. 

  
[towel is where the apple should end]


c.
Put the apple on the towel in the cup.
[towel is where the apple is]

Tanenhaus et al. 1995 show through use of eye-tracking that subjects hearing (21a) immediately start scanning the visual environment to determine whether there is one apple or there are multiple apples, one of which is on the towel.  Thus both parses are under consideration, and the choice is being guided by visual information.  


The conclusion from such studies (and many others) is that sentence perception is incremental and opportunistic (Marslen-Wilson and Tyler 1987; Cutler and Clifton 1999).  Information relevant to understanding is drawn from any available source – phonological, syntactic, or semantic – whenever it is available.  As in lexical access, multiple candidate structures are constructed in competition, and all but one is eventually extinguished.  Furthermore, processing involves not only feedforward from phonology to syntax to semantics (and eventually to vision), but also feedback from semantics (and even vision) to syntax and phonology, so the outcome of processing is a complete set of structures along the lines of (1) in working memory.  

The view of grammar as stored knowledge of structures makes such a treatment of processing quite natural.  Just as words are retrieved promiscuously from long-term memory, so are the “treelets” that are used to compose syntactic structure and the pieces of meaning that compose sentence meanings.  This leads to a tight relation between “competence” grammar and processing:  the “competence” grammar characterizes the pieces of structure and the relations among them that are deployed in the course of perception and production (Jackendoff 2002, 2007b).  
7.  What is special about language?

Perhaps the most enduringly fascinating issue in the study of language is why humans have language and other animals do not.  What is special about the human brain (and body) that supports the learning and even the creation of language?  To what extent do these differences arise from developments in the hominid line that have nothing per se to do with language?  In approaching these questions, it is useful to distinguish four kinds of properties.  


Class 1 consists of characteristics of language that have required no changes from the ancestral genome.  Examples would be the lungs and the basic auditory system, which appear essentially unchanged from primate prototypes.  Following the discussion of the previous section, many aspects of language processing, such as its incremental and opportunistic character, seem common to many cognitive faculties, for instance the visual system. 


Class 2 characteristics are innovations in the human lineage that are essential to language or language acquisition but that serve purposes more general than language.  Examples might be voluntary breath control, pointing for drawing attention, the capacity for detailed imitation of others’ actions, and fully developed Theory of Mind (the ability to conceptualize the beliefs and intentions of others, including their beliefs about one’s own beliefs and intentions) (Povinelli 2000, Tomasello et al. 2005).


Class 3 characteristics are unique to humans, are used exclusively for language or language acquisition, and result from some alterations or specialization of pre-existing primate structures or capacities.  A clear example would be the shape of the human vocal tract and the neural structures for controlling it in speech.  


Class 4 consists of aspects of language that require something altogether new and unprecedented in the primate lineage. 


Classes 1 and 2 are what Hauser, Chomsky, and Fitch 2002 call the Broad Faculty of Language; Class 4 is their Narrow Faculty of Language.  It is not clear where Class 3 falls according to their criteria (see Jackendoff and Pinker 2005).  On evolutionary grounds, one would prefer a theory of language that puts as little as possible in Classes 3 and 4, so that it takes less work for evolution to arrive at the human language capacity.  Those who think language is purely a cultural phenomenon (e.g. Tomasello 2003, Bybee and McClelland 2005) are in effect claiming that Classes 3 and 4 are empty.  Deacon 1997 and Arbib 2005 think the only thing specific to language is the capacity for symbolic use of sound and/or gesture; Classes 3 and 4 are otherwise empty.  Hauser, Chomsky, and Fitch 2002 hypothesize that the capacity for recursion is the only inhabitant of Class 4, and they speculate that even this may be adapted from other recursive capacities in the brain, that is, it belongs in Class 3.  


Pinker and Jackendoff 2005 examine the components of the language capacity in some detail and come to a different assessment.  In particular, the recursion-only hypothesis does not address the cognitive roots of the lexicon, where all the features specific to particular languages are coded.  These features include the phonological structure of words, which is digitized as a sequence of discrete segments, each of which codes a vocal tract configuration.  This differs from the structure of vocal signals in other species, particularly those of our closest relatives.  Hence these features seem to belong to Class 3 or 4, requiring some special innovation in our species.

Lexical entries also include syntactic features such as transitive verb, illustrated in (13) above, which determine possibilities for syntactic combinatoriality.  There are no nouns, verbs, prepositions, agreement markers, or case markers in any other cognitive capacity.   These syntactic aspects of the lexicon are cognitively useful only if there are syntactic trees to insert them into.  Hence these are specifically syntactic features, and by definition belong to Class 4.   

In the parallel architecture suggested above, semantic structure is the product of a combinatorial capacity that is independent of syntax.  This allows the possibility that thought was highly structured in our prelinguistic ancestors – they just couldn’t express it.  Combinatorial thought could serve as a crucial preadaptation for evolution of combinatorial expression.  Evidence from apes (Köhler 1927, Hauser 2000, Povinelli 2000) suggests that they indeed have combinatorial thought in domains such as spatial and social cognition, doubtless not as rich as humans’, but able to serve as a substrate from which linguistic expression could have evolved.  


Thus what appears special about human language is the existence of phonological and syntactic representations, plus the ability to use these to voluntarily code and express thought.  The jury is still out on whether, given these ways of structuring inputs, any further special learning mechanisms are necessary (Culicover and Nowak 2003).  


Another question to ask is whether analogues exist elsewhere in human or animal cognition for the lexicon, which is a huge store of associations of phonological, syntactic, and semantic structure.  One possibility is our vast knowledge of artifacts and how to use them, which correlates visual and motor representations; another is the vast number of associations between the appearance of foods and their tastes.  That is, the ability to learn extensive cross-modal associations is not specific to language.  What is special is again the formats linked by these associations, specifically phonological and syntactic structures.    


The overarching issue, of course, is how these differences are instantiated in the detailed architecture of the brain, how they come to be established in the brain by the human genome, and the evolutionary steps that led to their presence.  The current debate is lively but as yet inconclusive.  

Further reading
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