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Never mind about the why:
figure out the how, and the why will take care of itself.

Lord Peter Wimsey

Introduction

This is a cautionary historical tale about the scientific study of what we know,
what we do, and how we acquire what we know and do. There are two opposed
paradigms in psychological science that deal with these interrelated topics: The
behaviorist prescribes possible adult structures in terms of a theory of what can
be learned; the rationalist explores adult structures in order to find out what a
developmental theory must explain. The essential moral of the recent history of
cognitive science is that it is more productive to explore mental life than pre
scribe it.

The classical period

Experimental cognitive psychology was born the first time at the end of the
nineteenth century. The pervasive bureaucratic work in psychology by Wundt
(1874) and the thoughtful organization by James (1890) demonstrated that ex
periments on mental life both can be done and are interesting. Language was an
obviously appropriate object of this kind of psychological study. Wundt (1911),
in particular, gave great attention to summarizing a century of research on the
natural units and structure oflanguage; (see especially, Humboldt, 1835; Chom
sky, 1966). He reported a striking conclusion: The natural unit of linguistic
knowledge is the intuition that a sequence is a sentence. He reasoned as follows:

All of the cited articles coauthored by me were substantially written when I was an asso
ciate in George A. Miller's laboratory. first at Harvard University and then at Rockefeller
University. That is no accident.

112
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We cannot define sentences as sequences of words because there are single
wordsentences(e.g., "Leave").

Wecannotdefinesentencesas worduses thathavemeaningful relations because
thereare meaningful relationswithincertainword sequences that, neverthe
less, are not sentences(e.g., "the days of the week").

Hence, the sentence must be defined as a sequence that native speakers of a
languageintuitively believe to convey a complete proposition in a linguistically
acceptableform.

At the outset, this framed the problem of linguistic description as a problem
of linguistic knowledge - to describe what speakers of a language know when
theyknow a language. Wundt's formal analyses of this knowledge summarized
a tradition of continental research on local and exotic languages. Most important
was the assignment of purely abstract syntactic structures to sentences, indepen
dent of their meaning. Among these structural features were several levels of
representation, which expressed grammatical relations between words and phrases.
Ata surface level, a set of hierarchically embedded frames symbolized the rela
tiveunity of word sequences grouped into phrases. For example, in sentence (I),
"the" is clearly more related within a unit to "Rubicon" than to "crossing";
similarly, in sentence (2), "was" is closer to "crossed" than to "Rubicon."
Thesurface level also defines a set of surface grammatical relations between the
phrases: In sentence (I), "Caesar" is the grammatical subject, namely, the phrase
thatdetermines the morphological agreement with the verb. In sentence (2), the
corresponding grammatical subject is "The Rubicon." In sentence (3), it is the
entireact, "Crossing the Rubicon. "

(I) Caesarwas crossing the Rubicon.
(2) The Rubicon was crossed by Caesar.
(3) Crossing the Rubiconwas what Caesardid.

It was obvious that the propositional relations between the phrases could not
be captured by the surface grammatical relations. As Wundt noted, "Caesar" is
theacting one in each of these cases. The propositional relations between phrases
must be represented by a separate level, the "inner form" of the sentence. At
this level, sentences (I) to (3) share the same relations between "Caesar" (agent),
"cross" (action), and "Rubicon" (object). The different actual sequences at the
surfacegrammatical level were related to the propositional level by processes of
transformation (umwandlung); these processes reorder surface phrases in surface
patternsallowed by the particular language. The propositional relations were not
purely semantic, but were the formal expression of relations between semantic
unitsof meaning (Blumenthal, 1970; 1975).

The continental model of language was rich and made many claims about the
capacity of humans to manipulate abstract entities. But, alas, the theory never
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became an object of experimental importance. The reasons are, no doubt, polit
ically and scientifically complex. One sufficient fact is that Wundt classified the
study of language as a branch of social psychology, and hence, for him, not a
subject fit for experimental investigation. His vast structural catalog of language
is more an anthropological survey rather than a scientific scrutiny of the mind.
The linguistic model and its richness became lost to scientific psychology.

But the model was not lost to everbody interested in language. It was popular
ized in the infant field of linguistics by a young professor of German, Leonard
Bloomfield. Bloomfield's (1914) enthusiastic exegesis of Wundt's multileveled
model might have installed it as the basis for the newly emerging science of
language. However, in all social sciences at the time, there was a growing preoc
cupation with behaviorist injunctions against unobservable entities and relations.
Clearly, the notions "intuition" and "inner grammatical level" were not ac
ceptable in the operationalist framework. Bloomfield capitulated to such restric
tions as enthusiastically as he had earlier espoused the Wundtian model. His
foundational book, Language (1933), presents a totally operationalist framework
for linguistic theory. In that book, the sentence is hardly mentioned, while mean
ing is given an amusing (and brief) treatment in terms of the association of
stimuli and responses. The interdict had fallen.

The dark ages

Behaviorism is a seductive doctrine that has dominated psychological theories of
learning for the majority of this century. It is seductive because it simultaneously
purports to answer three questions:

What do we learn?
How do we learn?
Why do we learn?

According to behaviorism, the reason that we learn is that the environment
provides pleasure when we do - that is, it reinforces our activity. Selective
reinforcement accounts for the way we learn; it associates environmentally suc
cessful pairs of behaviors and situations as permanently learned units. Accord
ingly, what we learn must be expressed in terms of definable pairs of behaviors
and situations. These principles provide a chain of inference from the motive to
learn back to the structure of what is learned, a chain that has fettered generations
of psychologists. The functional importance of reinforcement justifies the scien
tific investigation of isolated sources of pleasure and displeasure. The focus on
behavior/situation pairs licenses investigation of the learning of meaningless as
sociations between situations and behaviors. The requirement that learned asso
ciations are between definable entities transfers to the operationalist requirement
that theoretical terms must be inductively reducible to observable entities.
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By the late 1950s, sophisticated elaborations of these principles had crystal
lized, most notably in the proposal by Hull (1943) that they could account for
hierarchically organized chains of behavior. Even when transferred to descrip
tions of language behavior (Osgood, Suci, & Tannenbaum, 1957), the basic
behaviorist doctrine about the structure of what was learned remained: It must
offer recognizable links between isolatable situations and behaviors (Fodor, 1966;
Bever, 1968). The implications of this doctrine for theories of language were
severe. Consider how these procedures affected theories of the relationship be
tween two levels of description, words and phrases. Following Bloomfield's con
version, linguists had adopted the behaviorist restrictions on how to pursue the
analysis of language structure. They imposed on themselves a set of discovery
procedures that would guarantee the scientific acceptability of linguistics and the
learnability of the resultant linguistic descriptions. Language was to be described
in a hierarchy of levels of learned units such that the units at each level can be
expressed as a grouping of units at an intuitively lower level. The lowest level
in any such hierarchy was necessarily composed of physically definable units.
Forexample, sentences (4)-(7) could all be resolved to a basic sequence of the
same kinds of phrases, a noun phrase, a verb, and an adjective phrase.

(4) Harry was eager.
(5) The boy was eager.
(6) The tall boy was eager to leave.
(7) He was something.

The behaviorist principles demanded that phrases not be free-floating, abstract
objects: Each must be reducible. back to a single word that could serve as a lexical
substitute for the entire phrase, as in sentence (7). In this way, "phrases" were
rendered theoretically as units that could be resolved as "words." At the same
time, the description gave an account of the fact that words within phrases seem
to be more closely related to each other than across phrases. Finally, it seemed
possible to hope for a description of all possible types of phrases, since longer
ones seemed to resolve into combinations of shorter ones, which in tum could
resolve to single words.

This behaviorist implementation of linguistics may seem harmless enough, but
it had a particular result: The theoretical notion of the sentence could not be
describedby linguistic theory. This is true for three empirical reasons: First, the
numberof sentences seemed unfathomably large; second, in a single sentence,
thereare often relations between words in different phrases; there are grammat
ical relations between phrases, which cannot be described as superficial facts
aboutthe phrases themselves. In addition, as Wundt had noted, it is methodolog
ically impossible to define sentences operationally. To deal with such phenom
ena as these, linguistic theory would have required levels of representation and
theoretical entities that could not be resolved by reduction to independently ob-
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servable units. Most behaviorist linguists were sufficiently aware of these prob
lems to leave the description of the sentence alone; the reducible phrase was the
pinnacle of behaviorist linguistics.

One unconventional linguist attempted to apply the operationalist descriptive
principles to sentences. From the operationalist standpoint, the sentence is a
component of a complete discourse in the same sense that a phrase is a compo
nent of a sentence. Harris (1957, 1958) capitalized on this perspective: He de
veloped a descriptive scheme in which sentences (and clauses) that can occur in
the same discourse frame are reduced to canonical sentence forms. This scheme
depends on the fact that sentences occur in structural families: For example,
sentences (1)-(3) are part of a larger set of constructions, as folIows:

Caesar crossed the Rubicon.
It is the Rubicon that Caesar crossed.
What Caesar did was cross the Rubicon.
The Rubicon is what Caesar crossed.

· that Caesar crossed the Rubicon. .
· Caesar's crossing the Rubicon ...
· the Rubicon's being crossed by Caesar .
· the crossing of the Rubicon by Caesar. . .

Harris noted that all of these variants can often co-occur in the same discourse
environment - that is, all of them can be substituted for the blank in the follow
ing discourse frame (ignoring changes needed to accommodate the clausal var
iants):

Caesar marched north.
Then _

This surprised the local inhabitants.

The notion of co-occurrence was intended to be the same as that describing the
substitutability of phrases in discourse-based sentence frames. The difference is
that unlike phrases, sentences cannot be reduced to canonical words ("it," "did").
Rather, Harris suggested that they be reduced to a standard canonical sentence
form, the "kernel" of each structural sentence family. Kernel sentences are the
simple declarative construction; for example, co-occurrence "transformations"
express the relation between the kernel sentence and its variants. The kernel and
the passive sentence (2) are related by the co-occurrence transformation, as fol
lows:

"NPJ, V + ed by NP2 4----.' NP2was V ed by NP)"
There are several important points to retain about this theory. First, the co

occurrence transformations can only relate specific observable sentences. (Harris
actually apologized for using abstract terms of the previous kind, but argued that
this was only a descriptively temporary notion, not a true violation of operation
alist purity; see Katz & Bever, 1975.) Second, the relative priority of the kernel
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sentence form had an intuitive appeal but still did not unambiguously meet the
requirement that it be both observable and operationally definable. Finally, it
was inordinately difficult to make the program work in detail. In retrospect, one
can view co-occurrence transformational grammar as an insightful attempt to
describe sentence structure within a taxonomic paradigm. The failures of the
attemptwere illuminating and set the scene for the later developments in linguis
tic theory, to which I return after reviewing progress in psychology of the day.

The middle ages

Forseveral decades, psychological research on language proceeded largely with
outexplicit benefit of linguistic analysis. The beginnings were modest: the study
of the processing of unrelated word sequences to discover how universal laws of
learning apply to human beings. This deceptively simple paradigm, "verbal
learning," became the focus of an enormous arnount of research (many hundreds
of articles, with several journals devoted to little else - see Underwood & Schulz,
1960;Cofer, 1961; Cofer & Musgrave, 1963, for representative reviews). Enor
mouseffort was devoted to exploring the formation of associations between ad
jacent and remote words in strings, the influence of different kinds of practice,
of different kinds of reinforcement, of subjects' age, mental capacity, and so on.
These studies might appear to be about language as well as learning because they
used words as stimuli. But they were about words only coincidentally; words
were merely handy units that humans could learn to string together in unrelated
ways (much later, it became clear that even this was an illusion, but that is
another story; Anderson & Bower, 1973). The focus was on learning, motiva
tion, and memory, not language. Of course, one could have viewed this as pro
paedeutic to an understanding of how words are processed when they are orga
nized in whole sentences. Unfortunately, this promise was never realized. As we
shall shortly see, words in whole sentences are processed differently from words
in random sequences.

Just as wholes are the natural enemies of parts, gestalt psychology is the nat
ural enemy of associationist behaviorism. Crucial demonstrations had long been
available that percepts have higher-order structures that cannot be accounted for
by merely associating the parts. Linguistic structures would seem to have been
prime candidates for gestalt investigations: Sentences are wholes that bind to
gether and transcend words and phrases as their parts (Lashley, 1951; Mandler
& Mandler, 1964). Such obviously true observation rarely stops associationists
from going about their business, and had absolutely no impact on the prediction
that the study of verbal learning would lead to an understanding of language
(Skinner, 1957). The failure of the gestalt demonstrations to undercut associa
tionistic accounts of language was due in part to the inability of gestalt psychol-
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ogy to develop a generative theory of possible gestalten; in any domain, most
"principles" of how gestalten are formed seemed true but inexplicable. Further
more, gestalt psychologists themselves had little interest in language, since to
them it seemed obvious that language was both abstract and learned, and there
fore not the proper object of their investigation (Koffka, 1935). Once again, a
methodological preconception barred a potentially fruitful approach to language.

Until the 1950s, linguists and psychologists worked apart, though sharing the
fundamental theoretical restrictions of behaviorism. An early burst of psycho
linguistics occurred when the two groups discovered that they could mate each
others' theories: learning theory was allegedly capable of describing the acqui
sition of "behavioral hierarchies" of just the type that linguists had found to be
the ultimate grammatical aspect of language, namely, words-in-phrases (Osgood
& Sebeok, 1954). The first mating between psychology and linguistics was in
tense but sterile. The reason was that the two disciplines were mutually com
patible just because they shared the same behaviorist preconceptions: The psy
chologist was willing to postulate of the language learner only the inductive
capacity to learn what the linguist had already restricted himself to describe. Yet
the shared descriptive restrictions robbed linguistic theory - and psychology 
of the sentence. The project of the first psycholinguistics - to show how linguis
tic structures followed from psychological laws of learning - was successful,
brilliantly - and pyrrhically.

There was a separate stream of research that emerged during the same period
- the study of how language behavior is organized in adults, independent of any
theoretical preconceptions about learning (Miller, 1951a, 1951b). It was unar
guable that at some point in the understanding of the sounds of spoken language,
listeners arrive at an abstract conceptual analysis of its meaning and structure,
but it was stilI arguable that the meaning conveys the structure and not the re
verse. Miller and Selfridge (1950) demonstrated the behavioral relevance of sen
tence structure, in particular, by showing that memory for the word sequences
improves as they approach the statistical regularities of English. This suggested
that language behavior involves a transfer of the physical signal into a linguistic
world that can access regularities of structure and meaning. The perceptual ques
tion was formulated in terms of a search for the units of speech perception in
which the acoustic-to-linguistic transfer takes place from an acoustic to a lin
guistic representation.

A standard experimental method to investigate this question was based on an
everyday fact: Spoken language is extremely resistant to acoustic interference.
Imagine yourself next to a large waterfall: Even though the noise is tremendous,
you are able to understand somebody talking to you, so long as the conversation
is in your language. The question is, why? Clearly, you are using your knowl
edge of the language to aid your perception. But which aspect of your linguistic
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knowledge do you access first? A straightforward hypothesis is that you have
memorized the words of your language. In this view, the unit of transfer from
acoustic to linguistic information in speech perception is the word: A listener
firstmaps the acoustic signal onto separate words and then computes the meaning
from them.

The proposal that the unit of speech perception is the word may seem daunt
ing, since there are so many of them. But one thing we know: People do learn
thousands of words in their language. Since the number of effectively necessary
words is finite (though large), it is possible to imagine that they are the learned
basis for speech perception. A laboratory-controlled variant of the speech-by
waterfall experience offered a technique to test the word hypothesis (Miller,
Heise, & Lichten, 1951; Miller & Isard, 1963). Suppose we adjust the loudness
of a noise source relative to recordings of the words in sentence (8) so that each
word is recognized correctly 50 percent of the time when the words are heard
alone. If it is the word level at which the acoustic information is mapped onto
linguistic representations, then a sentence composed by stringing together the
same words should be perceived 25 percent of the time. This follows from the
hypothesis that the acoustic shape of each word is mapped independently onto a
linguistic representation. The actual facts are striking: When strung together into
a sentence, the word sequence is often recognized much more than 50 percent of
the time. Most important is the intuitive fact that the words seem acoustically
clearer as you hear them when they are in a sentence.

(8) Horses. eat

The outcome of a series of such studies was the demonstration that it is at least
the sentence that is the unit of speech perception. Even sentences that do not
make semantic sense enhance perception of the words in them.

This finding created two problems that still dominate investigations of lan
guage: How do we use our knowledge of sentences in behavior? What do we
know when we know the sentences of our language? The first issue is a direct
example of the problem of integrating abstract knowledge with concrete behav
ior. For decades, psychologists had assumed that beliefs cannot affect perception
except in very limited cases. This belief was consistent with the behaviorist stric
tures on what we can learn: If beliefs can influence perception, then what the
child learns cannot be limited to what is in the world to be perceived. The ap
parent influence of abstract sentence structure on acoustic decisions [and other
kinds of sensory judgments (Miller, Bruner, & Postman, 1954)] suggested that
perceptual activity involves the simultaneous integration of abstract and concrete
levels of representation.

There are two views how this integration occurs: Abstract levels of knowledge
can directly influence concrete levels ("top-down processing") or can interact
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only after lower-level representations are formed ("bottom-up processing"). Since
it was first discovered, this issue has been vigorously pursued in language per
ception, because language offers well-defined, distinct levels of linguistic struc
ture. The pendulum of scientific fashion has swung back and forth, with current
investigators in favor of a bottom-up theory of perception (Forster, 1979; Fodor,
1983; Pylyshyn, 1984). This issue may never be entirely resolved. The clear
experimental demonstration of the behavioral importance of sentence level dis
credited behaviorist restrictions on theories of language comprehension. More
enduringly, the issue has been the engine for decades of empirical and theoretical
research.

Another matter was raised by the acoustic clarity of sentences: How can some
thing as varied as the sentence be the unit of transfer from acoustic to linguistic
representations? Unlike the number of words, there is no meaningful upper bound
to the number of sentences; hence, when we listen, we cannot transfer informa
tion from acoustic to linguistic structure sentence by sentence. Clearly, we must
know a system of rules for describing the sentences in our language, and we
must apply that categorical knowledge actively during speech behaviors such as
comprehension.

This conclusion from experiments on adult behavior presented an unantici
pated challenge to the behaviorist doctrine about learning. The sentence level of
knowledge plays an active role in perception, yet that level cannot be described
or acquired according to behaviorist principles. By ignoring the problem of learning
altogether and focusing on adult behavior, it was discovered that adults use rep
resentations that cannot be learned by induction: People actively use categorical
rules in ongoing behavior. This seemed typical of many behaviors once some
thought was given to the question (Miller, Galanter, & Pribram, 1960). Behav
iorism was surely doomed as a theory of language, but the final fall awaited a
viable theory of what kind of knowledge generates the sentences of a language.

What is a sentence? Harris had attempted to include the sentence level within
an operationalist framework, but his success was limited by the discovery pro
cedures. In the late 1950s Chomsky (l957a) offered a new kind of grammar as
a formal answer to this question: A sentence is what the grammar describes as a
sentence. The motivations and details of this new theory were similar in many
respect to those summarized by Wundt (though without awareness of this simi
larity at the time) (Chomsky, 1957b). The configuration of the syntactic model
that described sentence structure was also similar to that of much earlier times
and included a reformulated notion of transformation. But the new transforms
tional grammar had novel formal devices, as well as a completely new goal for
grammatical description. The grammar was generative: It described sentence
structures of a language as a natural part of human knowledge. The new ap
proach flatly rejected operationalist discovery procedures and allowed abstract
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terms and rules that were not reducible to observable entities. This represents in
linguistics the same kind of shift away from behaviorist principles of learning
that was occurring within psychology. Chomsky was also diligent in pointing
out the general failures of behaviorist accounts of language (Chomsky, 1959).
The goal of linguistic analysis was to describe an adult's linguistic knowledge,
not language behavior: The staple facts that reflect that knowledge are intuitions
about the acceptability of sentences in one's language. Hence, masses of data
relevant to linguistic analysis are easy to collect; one merely consults a native
speakeron how he feels about a language sequence. By assigning sentence status
to only those sequences that are intuitively acceptable, the grammar constitutes
a theory of the speaker's underlying linguistic knowledge.

The most important feature of the new syntactic model was that several levels
of representation are included in the description of every sentence. Obviously,
only one of these levels is directly observable. This level, the surface structure,
correspondsroughly to the kind of phrase structure Wundt described for surface
grammatical relations, as well as that arrived at by behaviorist linguists. Every
sentence at this level was paired with an underlying "kernel" structure, which
presentedthe propositional relations for each verb in a canonical form.

A set of transformations specified the possible pairs of deep and surface phrase
structures. Unlike co-occurrence transformations, these transformations operate
unidirectionally. Each transformation applies a successive deformation of the
input tree - for example, changing a structure that will end up as an active into
one that will end up as a passive:

tree I = = = = = = = = = = = = = = = = = = =) tree 2

Certain transformations combined kernel trees into complex sentences like
sentences(9) and (10) «) represents a position into which a complement sentence
is to be inserted):

(9) John defied Bill to go.
(10) John desired Bill to go.

The way in which different kernel sentences are combined reveals interesting
differences in the deep-structure organization of sentences that are superficially
similar. For example, in the complex sentences with

John past defy Bill () = =) John past defy BiII to go
Bill go

John past desire () = =) John past desire Bill to go
Bill go

"desire" and "defy" appear to have superficially identical structures. But they
have different corresponding structural variations, which attests to their under-
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lying distinctness. For example, the complement sentence can be passivized as
a whole unit with "desire" but not with "defy." Contrast your intuitions about
the acceptability of the following two sequences:

(II) For Bill to go was desired by John.
(12) For Bill to go was defied by John (unacceptable).

The fact that the complement sentence can act as a whole unit in passive con
structions demonstrated that at the deep structure level the entire complement
sentence is a direct object .of verbs like "desire," whereas only the following
noun phrase is the direct object of verbs like "defy."

Similar kinds of reasons demonstrated the difference at the underlying struc
ture level of other superficially identical sentence structures:

(13) John was eager to please.
(14) John was easy to please.

John past BE eager ()
John please someone = = >John was eager to please

It past BE easy ()
Someone please John = =>John was easy to please

Thus, knowing the syntax of a language consisted of knowing a set of phrase
structure rules that generate the underlying kernel structures and the transforma
tions that deform and combine those underlying structures into sentences. The
kernel structures were not representations of meaning of sentences but of their
underlying syntactic configuration. The meaning of a sentence was a function of
semantic operations on underlying structure representation (Katz & Postal, 1964;
Chomsky, 1965); the sound was produced by operations on the surface represen
tation.

Linguists made a firm point of insisting that, at most, a grammar was a model
of "competence" - what the speaker knows. This was distinguished from "per
formance" - how the speaker implements his knowledge. But, despite this dis
tinction, the syntactic model had great appeal as a model of the processes we
carry out when we talk and listen. It offered a precise answer to the question of
what we know when they know the sentences in their language: We know the
different coherent levels of representation and the linguistic rules that interrelate
those levels. It was tempting to postulate that the theory of what we know is a
theory of what we do, thus answering two questions simultaneously:

What do we know when we know a language?
What do we do when we use what we know?

The first answers were couched in terms of the linguistic model and 'a direct
assumption about how the model was linked to behavioral systems. We know
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twosystems of syntactic rules and the levels of representation that they describe;
phrase/structure rules define underlying kernel structures, and transformations
derive surface phrase structures from the kernels. This knowledge is linked to
behavior in such a way that every syntactic operation corresponds to a psycho
logical process. The hypothesis linking language behavior and knowledge was
that they are identical.

The way to test the direct linking hypothesis was to demonstrate the "psycho
logical reality" in ongoing behavior of linguistic structures. Surface phrase
structures were taken to be noncontroversial because they were allegedly defin
able within the behaviorist framework. (In fact, they probably are not; Bever,
1968b; Bever, Foder, & Weksel, 1968.) But the claim that deep structures were
psychologically "real" was a direct challenge to behaviorism: Deep structures
wereobviously abstract in the sense that they are not actual sentences, but rather
the "inner form" to which Wundt referred. Note that even the simplest kernel
structure ("he (past leave)") is not an actual sentence. A set of morphological
transformations always applies to even the simplest sentences (e.g., changing
"he past leave" to "he left"). The further claim that transformations were real
mental processes was an additional challenge, both because the rules are them
selves abstract and because they define intermediate levels of phrase structure
representations as they do their transformational work.

The first step was to define a structural paradigm that would generate a family
of studies of the psychological validity of the grammar as a mental model. Three
optionaltransformations defined eight sentence types in a three-dimensional cube
(Miller, 1962b). Sentences can be either active or passive, declarative or inter
rogative, positive or negative. In linguistic theory of the day, each of these di
mensionscorresponded to transformation. Accordingly, in testing the behavioral
implications of the formal relations between these sentences as arrayed on the
transformational cube, one could test the psychological relevance of the gram
maticalmodel.

The initial results were breathtaking. The amount of time it takes to produce
a sentence, given another variant of it, is a function of the distance between them
on the transformational cube (Miller & McKean, 1964); transformational dis
tance between sentences also predicts confusability between them in memory
(Mehler, 1963; Clifton, Kurcz, & Jenkins, 1965; Clifton & adorn, 1966). Fur
thermore, the ease of memorizing the sentences was predicted by the number of
transformations that have applied to them: Simple declaratives are easier than
passives, which are easier than passive questions, and so on (Mehler, 1963).
Finally, such transformationally complex sentence forms as passives were more
resistantto acoustic distortion (Compton, 1967), took longer to comprehend than
corresponding actives (McMahon, 1963; Gough, 1965, 1966), and put a greater
load on immediate memory (Savin & Perchonock, 1965).
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It is hard to convey how exciting these developments were. It appeared that
there was to be a continuing direct connection between linguistic and psycholog
ical research: Linguistic analysis would support structural analyses, which would
directly become hypotheses for investigation in language behavior. Abstract models
of linguistic structure and performance could give clear direction and critical
importance to empirical research (Chomsky & Miller, 1963; Miller & Chomsky,
1963). The hypothesized link between the structure of knowledge and the pro
cesses of behavior was wildly successful. The golden age had arrived.

The enlightenment

It soon became clear that either the linking hypothesis was wrong or the grammar
was wrong, or both. The support for the psychological relevance of transforma
tions had been based only on those three that defined the transformational "cube."
But the overall program implied a broad empirical hypothesis about the relation
between all rules in a grammar and sentence processing: the so-called deriva
tional theory of complexity. (The complexity of processing a sentence corre
sponds to the number of transformations in its description.)

It had long been known that the derivational hypothesis was wrong for many
constructions. As a predictive principle, it was both too strong and too weak
(Fodor & Garrett, 1967; Bever, 1970). It was too weak because it failed to
predict the obvious complexity of numerous kinds of sentences.

(15) Center embedding: the oyster the oyster the oyster split split split. (Contrast to
the structurally identical,buteasier, the reporter everyone I met trusts predicted
the coup.]

(16) Objectrelativeclauseswithoutrelativepronouns: the horse raced past the barn
fell. (Contrast to the structurally identical, but easier, the horse ridden past the
barnfell.)

It was too strong because it incorrectly predicted that various sentence con
structions with more transformations are harder to understand than corresponding
sentences with fewer transformations:

(17) Heavy noun phrase (NP) shift: We showed the long-awaited and astoundingly
beautiful pictures of the Himalayan trip to Mary. is transformationally less
complexthan the easier We showed Mary the long-awaited and breathtakingly
beautiful pictures of the Himalayan trip.

(18) Extraposition: That Bill left early with Mary surprised Hank. is transformation
ally lesscomplex thantheeasierIt surprised Hank that Bill left early with Mary.

These direct demonstrations of the inadequacy of the derivational theory of
complexity were backed up by several experiments that examined the implica
tions for perceptual difficulty of transformations other than those that defined the
transformational cube. For example, the transformation that optionally moves a
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particle/preposition to the position following the verb was well motivated as
starting with the Verb +particle NP deep structure and then being transformed
to the Verb-NP-prt sequence, as shown subsequently. This order of structures
is indicated by the fact that verbs are lexically associated with some particle/
prepositions and not others (e.g., we have "call up" and "call NP over" but
not "call NP under"). If such verbal sequences are entered as complex lexical
itemsand then transformed, we can capture these lexical regularities.

John called up Mary = =) John called Mary up
verb prt NP verb NP prt

Despite this clear motivation for treating the Yerb-prt-Nl' variant as less com
plex transformationally, such sentences turned out to be processed more slowly
than the corresponding transformed versions (Bever & Mehler, 1967). Other
studies of specific transformations also failed to show that perceptual difficulty
corresponds to the number of transformations (Bever, Fodor, Garrett, & Mehler,
1966;Jenkins, Fodor, & Saporta, 1965; Fodor & Garrett, 1967).

Such failures were baffling in light of the initial success of the structures ar
rangedon the transformation cube. The failures motivated reconsideration of the
theoreticalinterpretation of the three-dimensional model. This further considera
tion revealed that if the grammatical theory were taken literally, it would not
have motivated many of the original predictions. First, the linguistically pro
videdroute from one construction to another is not along the surface of the three
dimensional cube; rather, it must involve returning to the underlying kernel structure
and then reemerging to the target structure. For example, the grammatically de
fined pathway from the negative-passive to the active construction is not pro
vided by undoing the negative and then the passive; rather, it is provided by
undoingthe morphologically necessary transformations, the passive transforma
tion, and then the negative transformation, to recover the kernel structure: then
that structure must have the morphological transformations reapplied to it to
produce the declarative sentence. Each time two sentences are related, it must
be by way of a return to the inner kernel structure and a new path out to the
target sentence structure. This strict interpretation of the grammar had the con
sequence that confusions between two complex sentences adjacent on the trans
formation cube (e.g., between the negative passive and the passive question)
would be far less likely than between two simpler structures (the negative and
thequestion). Yet, this was not confirmed. Sentences were confusible as a func
tion of their adjacency on the surface of the sentence cube. This fact had to be
reinterpreted in light of the lack of motivation due to a strict implementation of
the grammar. One possibility was that their language cube was a real but tem
porary representation that subjects themselves constructed to deal with the tem
porarilyrepetitive experimental problem set for them: The repeated presentation
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of a small number of sentence types stimulated their arrangement on a cube
(Bever, 1970a). This offered an explanation of why small variations in response
technique could change the evidence for the transformational cube. For example,
the frequency of decisions that a sentence is appearing for the first time is low if
a transformational variant of it appeared recently (Clifton & Odom, 1966). The
amount of interference, however, appears to be a function of the similarity of
the two sentences at the underlying structure level: For example, active and pas
sive constructions mutually interact more than active and negative constructions.
This is explained by the fact that the "negative" is marked in the deep structure,
as well as occasioning a transformational rule (Katz & Postal, 1964; Chomsky,
1965).

It was also necessary to understand why the relative difficulties of comprehen
sion and perception were predicted by the transformational distance from the
kernel structure on the cube. First, two of the transformations actually changed
the meaning of the sentence: question and negation. It is not surprising, upon
reflection, that such sentences might be relatively hard to process precisely be
cause of their semantic complexity (i.e., the negative has the same propositional
structure as the declarative, with an additional semantic operator). The impor
tance of semantic analysis was emphasized by the finding that passive construc
tions are relatively complex only when they are semantically reversible (Sobin,
1966; Walker, Gough, & Wall, 1968; e.g., "Vercingetorix was crossed by Cae
sar" is more difficult than its corresponding active construction, but "The Rub
icon was crossed by Caesar" is not).

The conclusion of such demonstrations, and of further theoretical analysis,
was that there is no direct evidence for grammatical transformations in speech
behaviors. The behavioral relevance of grammatical levels of representation fared
better. Surface phrase structure can be construed as making the behavioral claim
that the members of a phrase have a stronger bond to each other than to the
members of other phrases. This was directly tested by Levelt (1970). He dem
onstrated that surface phrase structure can be derived by hierarchical clustering
analyses of subjects' reports of "relatedness" among the word pairs of a sen
tence (see Chapters 4 and 8 of this volume). Accordingly, words are better prompts
for other words in the same surface phrase than in different phrases (Johnson,
1965; Suci, Ammon, & Gamlin, 1967; Stewart & Gough, 1967).

Other kinds of studies demonstrated that surface phrase structure is imposed
on sentences as we perceive them (Mehler & Carey, 1967; Mehler, Bever, &
Carey, 1970). The surface structure pattern was dramatically revealed in the
perceived location of nonspeech sounds that interrupt a sentence. Such sounds
characteristically are reported as having occurred in a phrase break, especially
between clauses, rather than in their actual location (Fodor & Bever, 1965; Gar
rett, 1966). This effect is not due to guessing biases (Garrett, 1965; Holmes,
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1970; Seitz, 1972; Bever & Hurtig, 1974) or to variation in word sequence prob
ability (Bever, Lackner, & Stolz, 1969). Carefully designed materials also showed
that this effect is not due to local intonational cues; for example, the italicized
sequence in sentences (20) and (21) is common to both syntactic organizations
(Garrett, Bever, & Fodor, 1966). Yet, the perceived location of the nonspeech
sound objectively at the slash is determined by the syntactically driven clause
boundary (marked by the # for each structural version). As the authors of this
particular study put it, the use of surface phrase structure to organize speech
duringperception is "active." This was a convincing demonstration of what was
foreshadowed by the studies of the comprehension of speech-in-noise: Gram
matical knowledge is actively deployed in a way that clarifies the speech signal.

(20) In herhope ofmarrying Anlna was impractical
#

(21) Harry's hopeof marrying Anlna was impractical
#

The most tendentious hypothesis in generative grammar was that every sen
tence has a deep structure representation, which is abstract. This hypothesis was
the subject of greatest debate in linguistic circles because it was the most striking
challenge to behaviorist principles. On the one hand, deep structure is not di
rectly observable in the surface sequence; on the other, it is not definable in
semantic terms. Rather, it is a formal structure that mediates between surface
form and meaning. Several psychologists proposed that deep syntactic structure
was, in fact, the "code" in which sentences are organized and retained (Mehler,
1963;Miller, 1962b). The "coding hypothesis" was just formulated in terms of
a "schema plus correction" model for memory based on Bartlett (1932). Sen
tences are retained in the simple declarative form, plus transformationally moti
vated "tags" that express the actual construction of the sentence (passive, neg
ative, etc.) (Mehler, 1963; Miller, 1962a). This theory was originally based on
a literal interpretation of the language cube in which the kernel structure was
taken to be the simple declarative sentence. There was further support for the
interpretation that the coding hypothesis applied to abstract underlying structures
as defined in syntactic theory. Ceteris paribus. perceived relatedness between
words is greater when they are in the same deep structure phrase [Levelt, 1970;
e.g., "John" and "eager" would be perceived to be more closely related than
"John" in sentence (13) and "easy" in sentence (14)]. Words are better prompts
for other words in the same deep structure phrase than in other phrases (Walker,
Gough, & Wall, 1968; Davidson, 1969). In fact, a word is a better prompt for
recallof the entire sentence if it is represented several times in the deep structure
representation [e.g., "John" would be a better prompt in sentence (13) than in
sentence (14), since only in sentence (13) is it the subject of two deep structure
predicates; Blumenthal, 1967; Blumenthal & Boakes, 1967; Wanner, 1968].



128 THOMAS G. BEVER

The nonspeech interruption studies offered evidence that the deep structure is
actively computed during speech perception. The perceived location of non
speech sounds is influenced by the "clause" structure at the deep structure level
of representation, as shown in sentences (22) and (23) (Bever, Lackner, & Kirk,
1969). See the preceding discussion of sentences (4) and (5). The slash indicates
the objective location on the nonspeech sound, and the # indicates the relatively
dominant perceived location of the sound.

(22) The general defied the t1roops to fight
#

(23) The general desired the t/roops to fight
#

Thus, the levels of representation proposed by transformational grammar were
vindicated as active participants in sentence perception; even the deep structure
level of representation is actively computed as part of comprehension. But it
seemed clear that the grammatical rules that defined these levels of representation
did not systematically correspond to psychological operations. In that case, how
are grammatical levels of representation elicited during speech processing?

One possibility is that the representation-forming processes of perception are
entirely distinct from grammatical operations (Fodor & Garrett, 1966; Fodor,
Bever, & Garrett, 1974). In one version of this view, listeners acquire an extra
grammatical set of perceptual strategies that map surface structures onto deep
structures (Bever, 1968a, 1970a). These strategies are not grammatical rules but
state relations between levels of representations based on salient features at the
surface level. The most powerful of these strategies (in English) is that the sur
face sequence "NP-verb-NP" corresponds to "agent verb object." That strategy
gives a nontransformational explanation for the one fact that unambiguously had
supported the hypothesis that transformations correspond to psychological oper
ations: Passives are harder than actives. This is explained by the fact that pas
sives violate the NP-verb-NP strategy. Similarly, the strategy explains the sa
lience of NP-verb-NP structures as exemplified in sentence (16). It also explains
the preference for the transformed version of sentences with particle/preposi
tions, and the transformed version places the object directly after the verb.

Research on sentence comprehension in children confirmed the behavioral in
dependence of such perceptual strategies. During their third year, children rely
heavily on this strategy for comprehension, although there is no concomitant
change in their linguistic knowledge (Bever, Mehler, Valian & Epstein, 1969;
Bever, 1970; Maratsos, 1972; DeVilliers & DeVilliers, 1972; Siobin & Bever,
1980). The relation between grammatical rules and the processes of speech pro
duction seemed similarly remote: Both intuition and speech errors suggest that
speaking involves mapping underlying structures onto surface structures (Fodor,
Bever, & Garrett, 1974; Garrett, 1975). But the mapping mechanisms them-
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selves are not grammatical rules: Speakers appear to talk by inserting words into
syntactically defined frames (Garrett, 1975; Bever, Carroll, & Hurtig, 1975).

Distinguishing grammatical rules from psychological strategies stimulated in
vestigation of how the latter interact with other psychological processes, such as
attention, perception, and memory. There are capacity limits that require imme
diate memory to be cleared periodically for new input (Miller, ]957; Miller,
Galanter,& Pribram, ]960). The perceptual strategies can clear immediate mem
oryby recoding surface sequences on deep structure propositions; this motivated
the hypothesis that the proposition is the unit of recoding during speech percep
tion (Bever, ]970a; Bever, Kirk, & Lackner, 1969; Fodor, Bever, & Garrett,
1974). This proposal gives special status to the end of each proposition, since it
is there that definitive recoding can take place. In fact, just at the end of clauses,
reaction times to clicks are slow (Abrams & Bever, ]969), detection of clicks is
poor (Bever, Hurtig, & Handel, ]974), tones are hard to discriminate (Holmes
& Forster, ]972), and evoked potentials are suppressed (Seitz, 1973), whereas
the relative magnitude of orienting responses to shock suggest greatest preoccu
pation at that point (Bever et al. ]969). The loss of attention capacity was osten
siblydue to the mental load associated with the final stage of recoding the sen
tence into a deep representation (Abrams & Bever, 1969; Bever, Garrett, &
Hurtig, 1973). At first, it was argued that the surface clause was the relevant unit
that defined the scope of the perceptual strategies (Fodor & Bever, ]965); then
the deep structure "sentence" (Bever, Lackner, & Kirk, 1969). Finally, it be
cameclear that the relevant unit as a psychological object was in part defined as
a "functionally complete" proposition (Carroll, 1964; Carroll & Tanenhaus,
]975).

The decade of research on speech processing between 1965 and 1975 offered
a complete account of the relation between linguistic theory and behavioral sys
tems: Grammar defines the levels of representation, but ordinary behavior de
pends on statistically valid strategies. Grammatical rules may find behavioral
instantiation, but only as a backup system slowly brought into play on the rare
caseswhen the behavioral strategies fail (Bever, 1972).

The moral of this experience is clear. We made progress by separating the
question of what people understand and say from how they understand and say
it. The straightforward attempt to use the grammatical model directly as a pro
cessingmodel failed. The question of what humans know about language is not
only distinct from how children learn it, it is distinct from how adults use it. In
retrospect, this should not have been a surprising result. It is a philosophical
truismthat there is a difference between knowing that X and knowing how to X
- knowing that a sound sequence is an arpeggio on a French hom is quite differ
ent from playing one. Musical knowledge may inform both performers and lis
tenersabout the structure inherent in their shared experience, but the knowledge
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does not describe the actual experiential processes. The same distinction is true
of linguistic knowledge.

Further consideration also suggests a straightforward functional reason why
grammars are not models of specific kinds of language behaviors: There are too
many classes of language behavior, each with its own neurological and physical
constraints. In particular, humans ordinarily both talk and comprehend; the con
straints on the ear are obviously different from those on the mouth. A grammar
represents exactly those aspects of language that are true, no matter how the
language is used. The representation of such knowledge must be abstracted away
from any particular system of use.

The most positive result of this exercise was the demonstration of the impor
tance of abstract levels of linguistic representation during language behavior. It
definitively rejected a behaviorist model of language learning, which cannot ac
count for the incorporation of such abstract structures. It also offered the hope
of a new kind of gestalt psychology, one in which the relevant gestalten would
be given a theoretical foundation; the grammar can be called on to define the
"good figures" of language (Neisser, 1967). The golden age was tarnished, but
there was a solid prospect for a period of normal science in which abstract mental
structures could be taken as the object of serious inquiry.

Modem times

Behaviorism springs eternal. New theories in both linguistics and experimental
psychology proposed arguments against the notion of a syntactic deep structure.
Generative semanticists in linguistics grappled with the problem of the relation
ship between deep structure and semantic representations. Their argument was
that if a shared deep structure represents the relation between an active and a
passive construction, a shared deep structure can underlie both an active and a
causative structure (e.g., expressing the structural relation between "John killed
Bill" and "John caused Bill to die"); or it can underlie an active and a superfi
cially remote construction (''I'm telling you, that what happened was that the
thing that John caused Bill to do was changed from being alive to being not
alive"). Generative semanticists also noted technical problems with the transfor
mational syntactic model that focused on its relation to semantic structure. They
eventually proposed that the semantic representation of a sentence is its deep
structure (Lakoff, 1971a; Lakoff & Ross, 1976; McCawley, 1968; Postal, 1967).
In this view, there was no intermediate, purely syntactic configuration that rep
resented the inner grammatical structures. Rather, they were viewed as an arbi
trary subset of the semantic representation (Lakoff, 1972a). The entire semantic
representation itself served as the input to the transformations, which derived
surface phrase structures from it.
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This theory had great appeal and caused considerable controversy among syn
tacticians. It appeared to simplify linguistic description, and to do so without
recourse to a purely formal level of syntactic representation, but this position
was not tenable: Semantic representations themselves either must be stated in a
normal form or must comprise all conceptual knowledge. Either way, the gen
erative semantics program collapses. If the semantic representation is in a can
onical, propositional, or some other normal form, the model still includes an
intermediate formal level of representation that mediates structurally between
thoughts and the outer form of language (as in McCawley, 1976). If semantic
representations are purely conceptual, they must include all possible human
knowledge (Lakoff, 1971a, 1972a, 1973). This conclusion was a reductio ad
totam, since it is impossible to define grammatical rules for all possible knowl
edge(Katz & Bever, 1975). For this and other reasons generative semantics was
largely abandoned as a grammatical project (see Katz & Bever, 1975; New
meyer, 1980, for general discussions).

The wars in linguistics highlighted another problem: Linguistic theory changes
like quicksilver. Psychologists think they have their hands on it, but it slips
through. The rapid development of linguistic theory is one of the reasons it is
suchan influential discipline in behavioral science. It is also one of the reasons
that merging linguistics and experimental psychology is difficult. It takes a month
to develop a new syntactic analysis of a phenomenon; it takes a year to develop
an experimental investigation of it. All too often, the psychologist is in the po
sition of completing an arduous series of empirical studies, only to discover that
the linguistic theory underlying them is no longer operative. During the 19708,
syntactic theory received particularly great attention in linguistics; the transfor
mational model evolved and alternative models emerged. The rejection of the
earlytransformational grammar as a literal model of processing had discouraged
psychologists from attending to linguistic theory. The sudden multiplicity of syn
tactic theories confirmed the psychologists' suspicion that linguists were hope
lessly fickle.

For all that, psychologists were not to be left out of attempts to develop a
behaviorist revival of language. The salient target was the deep structure coding
hypothesis, which gives priority to deep syntactic structure as the code for re
membered sentences. The obvious alternative hypothesis is that people actually
remember sentences in terms of semantic schemata. Many experimental dem
onstrations of the syntactic coding hypothesis seemed interpretable as degenerate
cases of semantic rather than syntactic coding; for example, "John" in sentence
(13) is not only the subject of two deep structure sentences, it is also the agent
of two propositional "ideas." There were also positive demonstrations of the
importance of nonsyntactic representations. Sentences in a story are misrecalled
orgratuitously imputed to the story in a way consistent with the story line (Brans-
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ford & Franks, 1971, 1972) - a story originally with sentences about a robbery,
shots, and dying may be incorrectly recalled as having included a sentence about
killing. Such results, and the apparent disarray in linguistic theory, encouraged
many to assume that linguistics-based psychology of language was an adventure
of the past. In fact, some took this discouraging thought to its behaviorist con
clusion: Syntax is not real; only probabilistic language behavior exists. What
appears to be evidence of syntax is the gratuitous by-product of perceptual pro
cesses (Clark & Haviland, 1974), speech behavior learning strategies (Bates,
1977; Bates & MacWhinney, 1982), or an overimaginative and flawed linguistic
methodology (Schank, 1973, 1975).

Nonetheless, the same crucial empirical problem remained, both for linguis
tics and for psychology: Sentences have behaviorally relevant inner forms, phrase
grouped representations that are neither conceptual nor superficial. Indepen
dently of how they are behaviorally integrated with conceptual world knowledge,
these structures play a role in the formal description of linguistic knowledge,
aspects of sentence comprehension, and the concrete analysis of language learn
ing. One can see some clear trends in the evolution of syntactic theory that may
lead to a renewed collaboration between psychology and linguistics. The over
whelming shift has been away from restrictions expressed in transformations to
verb-based structural restrictions. Three syntactic models have emerged in this
direction (see Sells, 1985, and Tanenhaus, 1986, for a review of current linguis
tic and psycholinguistic issues, respectively).

(I) Government and binding theory: The original transformational model, with the
following changes from the original:

Increase in the importance of lexical information in determining sentence struc
ture.

Reduction in the variety of transformations to one movement rule.
Introduction of explicit •'filters" that constrain the distinct levels of represen

tation and relations between the levels of representation.

In the original transformational model, the transformations themselves speci
fied the relation between the deep and the surface level; a derivation is possible
only if there are particular transformations that construct it. In the current var
iant, there is only one transformational rule, essentially a universal movement
rule that randomly changes the deep tree; constraints on possible trees then filter
out potentially ungrammatical structures (Chomsky, 1981, 1985).

(2) Lexical functional grammar: A separate model (which may be a notational vari
ant of the preceding model) treats most transformational variations as specified
within the lexicon itself (Bresnan & Kaplan, 1983).

(3) Finally, a recently introduced variant of phrase structure proposes to describe
sentence structure. Unlike earlier models of phrase structure, this model in-
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eludesan enrichedrepertoire of the kinds of abstract constituent nodesthatare
intended to overcomethe empirical inadequacy of earlier phrase structure sys
tems(Gazdar, Klein, Pullum, & Sag, 1985).

Each of these three syntactic models has its champions as a model of speech
behavior:Crain and Fodor (1985) for generalized phase structure grammar; Bres
nanand Kaplan (1983) for lexical functional grammar; Frazier (1985) and Freed
man and Forster (1985) for government and binding theory. The common argu
mentis that the only thing wrong with the previous attempts to take the syntactic
theory as a psychological model was that the syntactic theory itself was wrong.
Yetthe old difficulties persist; consistent linking assumptions between the formal
model and the behaving person are hard to state. A consistent theory of direct
implementation of grammatical knowledge in behavior continues to elude us.
(See Bever, 1987, for a discussion of current attempts to formulate direct lin
guistic linking assumptions.)

BackAgain?

Several recent developments in cognitive psychology and the study of language
suggest a certain recycling of previous approaches. First, concomitant with the
increasing emphasis on lexically driven grammatical analyses, a large body of
researchin the last decade has been devoted to "lexical access," the recognition,
immediate processing and recall of single words in various contexts, including
sentences (see Simpson, 1981; Seidenberg & Tanenhaus 1986; and Tanenhaus,
Carlson, & Seidenberg, 1985, for reviews). Sentence-level syntax offered few
structures for a psychologist to study after establishing the behavioral relevance
of abstract levels of representation. A language has a small number of construc
tions that can act as crucial cases, for example, paired constructions like sen
tences (13) and.(l4) or (22) and (23), which are identical in their surface repre
sentation but different at the underlying level; or paired constructions like sentences
(24) and (25), which share a substantial acoustic segment, with distinct surface
phrasestructures.

But a language has a large number of words. It will take a long time to run
out of things to study about them. And it appears that such work will always be
relevant; surely, whatever we find out today about processing words will be
relevant to a future integrated theory of language behavior. Unfortunately, sci
entifichistory tells us that this is not necessarily so; the only people who we can
be absolutely sure will profit from our scientific work, brilliant or parochial, are
thefuture historians of science. Otherwise, we would today be profiting from the
decadesof research on verballeaming. Today's studies seem to offer more hope;
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they typically (but not always) involve the relation among words in sentences.
They sometimes focus on the relation between lexical levels and other levels of
processing. Such studies offer an unequivocal answer to the question of how
much of sentence processing is controlled by categorical information in words.
But many lexically focused studies are done entirely without the benefit of a
more general theory of language behavior; the word has returned, and it is not
always good.

This raises a separate but intellectually coordinated development, now in its
first blush of high fashion in cognitive psychology: "connectionist" models of
complex behavior (Feldman, 1986; McClelland & Rumelhart, 1986). Connec
tionism is a descriptive term for a class of theories based on associative connec
tions between elements. There are few constraints on how abstract the units
themselves can be or how many clusters they are arranged in. In this sense,
connectionism is associationism without behaviorism. How the modern techno
logical version will fare remains to be seen. Practitioners of the art take the
laudable stance that the theories should be precise enough to be testable. But
"testability" is easily conflated with "modeled," and much energy is given to
instantiating specific proposals in computer programs. This is intriguing and
guarantees a theory's local consistency, but by no means guarantees its correct
ness. Superficially, successful computational models can be the undoing of the
science they purport to aid. The ability of a model to deal with a large but
manageable number of isolated facts has little to do with having a correct theory.
In fact, factual success can unnaturally prolong the life of an incorrect theory.
As the unknown wag says, if Ptolemy had had a computer, we would still believe
that we are the center of the universe.

One of the things we know about words is that a language has a manageably
small number of them. Hence, studies of lexical processes and connectionist
models go well together. Such associative models can even simulate the effect
of morphological combination rules (Rumelhart et al., 1986). This success tempts
one to speculate that the consequences of such linguistic rules are represented in
an associative network without any actual representation of the rules themselves:
That is, the system is the rule (see Rumelhart & McClelland, 1968, chap. 18;
Feldman, 1986). This is a conflation of competence and performance opposite
to the conflation of transformational grammar and a performance model, dis
cussedpreviously.Twenty-fiveyears ago, psycholinguists claimed that the grammar
is the performance system; now the corresponding connectionist claim would be
that the performance system is the grammar. The grammarian's claim was wrong
because categorical grammatical knowledge cannot explain the continua of ac
tual behavior. The connectionist claim may turn out to be wrong for the corre
sponding reason: Contingent probabilities cannot explain categorical knowledge.
Of course, given enough associative connections between explicit and internal
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elements, any rule-governed behavior can be approximated. Such models are the
equivalent of the sculptor's plaster of paris: Given them an articulate structure
and they will shape themselves to it. Associative simulations do not explain
morphological structure in lexical morpheme combinations; they only conform

to it as an automatic consequence of simulating a description of the combina
tions. If there is anything we know about sentences, it is that a language has an
unmanageably large number of them. This contrast was one of the strong moti
vations for embarking on the study of the acquisition and deployment of rules in
behavior rather than memorized connections and automatic elicitations (Miller,
Galanter, and Pribram, 1960). No doubt connections and elicitations exist and
dominate much measurable behavior in an adult. The perennial puzzle is how to
prestructure associations so that they systematically impose rulelike organization
on what they learn. The specific challenges for an associative theory of language
learning remain: What is the nature of the categorical information encoded in
words, sentences, and rules? How is such categorical information learned and
represented? Last (but not least), how does it come to be used and translated into
contingent connections? (See Lachter & Bever, 1988.)

There is a recent development in one interpretation of grammar that appears
to reunite the study of syntax with a theory of language acquisition. The child
acquires the rich internal structure of his or her language from scanty data
(Chomsky, 1965), a fact that implies that language structure must be deeply
constrained to accord with the child's specific language capacity. This underlies
the recent development of so-called learnability theory - an attempt to construct
a model of language acquisition that explains specific linguistic rules and con
straints on the grounds that they make language learnable (Wexler & Culicover,
1980; Osheron, Stob, & Weinstein, 1982; Pinker, 1984).

Such functionalist proposals are innocuous as a selectional model of learning.
But if they are taken to constrain the form of possible linguistic theories, we will
have come full circle to the methodological position on linguistic analysis that
characterized behaviorism. To be sure, current syntactic models are not con
strained by either behaviorist or associative descriptive principles. But we must
be warned by our own history: Theories of learning are not good prospects as
theories of knowledge.

Conclusion: the mystery of structure

This has been a tale about the merits of being methodologically flexible and
answering only one question at a time. Progress was made in understanding how
language behavior works by divorcing it from the question of how it is learned.
Further progress depended on making a distinction between the models of lin
guistic knowledge and language behavior. Despite all of this progress, however,
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we are left with an essential empirical puzzle, the answer to which will involve
solutions to most of the issues raised in this chapter:

How does syntactic structure improve the acuity of the ear?

Note

I have received comments from many linguists and psychologists on an earlier version of this
chapter. Generally, psychologists find it an accurate picture of the intellectual period; linguists tend
to think that it overlooks much of what was happening within linguistics at the time. The typical
comment is: "But linguists were not confused about that matter (e.g., the derivational theory of
complexity), so why report the psychologists' confusion over it?" I am not convinced that most
linguists were - and are - not just as confused as most psychologists on most matters. However,
such responses prompt me to add an explanatory caveat: This chapter is intended to give an account
of how the world looked to psychologists and psycholinguists at the forefront of the field during the
years of 1955-75. A parallel history of developments within linguistics would be of parallel interest
- especially with respect to how linguists viewed language behavior. For example, during the period
covered in this chapter, almost all linguists disdained research on the role of syntactic and semantic
structures in language processing. This situation has changed somewhat in the last decade, though
not always with a clarifying effect, as mentioned at the end of the chapter.
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