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PREFACE

Since the publication of Chomsky's Syntactic Structures (1957),
linguistic theory has been strongly under the influence of the theory
of formal languages, particularly as far as syntax is concerned.
Investigations have dealt not only with the extent to which "pure"
regular or phrase structure grammars can be used as models for a
linguistic theory, but also with "mixed models", i.e., grammars to
which a transformational component is added.
The most influential mixed model was that of Chomsky's
Aspects of the Theory of Syntax (1965), but a number of other
transformational grammars have been developed, such as depend
ency grammars and mixed adjunct grammars, with very different
formal structures. Each of these grammars has its own specific
advantages and disadvantages to offer. This volume presents
a survey of the most important pure and mixed models, their
formal structure, their mutual relations, and their linguistic
peculiarities.
The formal structure of many transformational grammars has
not been worked out in detail. This holds in particular for the
syntax of Aspects. This fact may be considered as a simple esthetic
fault, but on closer examination many deeper problems appear to
be connected with it. The formalization of the grammar in Aspects
has proven that the grammar in its standard form, as well as in later
developments of it, cannot handle essential linguistic questions,
such as that of the learnability of natural languages and the
existence of a universal base grammar. A separate chapter deals
with these problems.

VI

PREFACE

Finally, attention will be given to the application of probabilistic
grammars in linguistics.
This volume is concerned exclusively with linguistic questions.
Psychological matters closely connected with them, such as the
distinction between competence and performance, and the structure
of linguistic intuitions, will be treated in Volume III.
Volume II presupposes acquaintance with the essentials of the
material on formal grammar theory contained in Volume I.
Cross-references to this Volume are made throughout the text.
In its turn, the present Volume is preparatory to Volume III.
Nijmegen, June 1973
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1
LINGUISTICS: THEORY AND INTERPRETATION

In this volume we shall discuss the ways in which formal languages
are used as models of natural languages, and formal grammars as
models of linguistic theories. It was pointed out in Chapter 1 of
the first volume that several concepts which have been incorporated
into the theory of formal languages have lost something of the
meaning they had in linguistics. As in the present volume our
attention will be turned to natural languages, it will be necessary
to re-examine such essential concepts as "sentence", "language"
and "grammar", but in order to do so, we must first make a
careful distinction between linguistic theory on the one hand, and
its empirical domain on the other.

1.1. THE EMPIRICAL DOMAIN OF A LINGUISTIC THEORY

With respect to linguistic THEORY the problem of definitions men
tioned above is trivial, and hardly anything need be changed in the
given formal definitions. The formulation of linguistic theory
must also aim at EXPLICITNESS and CONSISTENCY. The propositions
of a linguistic theory (for example, "sentence x belongs to lan
guage L", "string y is a nominalization in language L", etc.) must
be explicit, that is, it must be possible for anyone verifiably to
deduce them from the principles of the theory, without making
use of knowledge of the language in question obtained outside
the theory. Consequently concepts such as "sentence", "language",
etc. may not have the intuitive vagueness in the theory which
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they have in ordinary speech. As in formal language theory, a
LANGUAGE in a theory of natural languages is a set of sentences,
a SENTENCE is a string of elements (to be defined more fully),
which satisfies the condition that it be generated by a GRAMMAR,
which is a system of production rules, defined over a terminal and a
nonterminal VOCABULARY. Such a theory is consistent if it does
not lead to contradictions, that is, if it is impossible to deduce both
a proposition and its negation within the theory. Obviously it is
impossible to decide whether a theory is consistent or not if it is not
explicit.
On one point, however, due to historical circumstances, a certain
terminological ambiguity has come into being. As we have men
tioned, a formal grammar is complete in that it is an exhaustive
description of the sentences of a language and of their structure.
In linguistics, the notion of grammar originally was used primarily
for "syntax and morphology", the study of syntactic structure and
the structure of words. Seen in this way, a linguistic grammar is not
as complete as a formal grammar. A linguistic theory is not com
plete without phonological and semantic descriptions, concerning
respectively the aspects of sound and meaning in the natural
language. At first, applications of formal grammars to linguistic
theory dealt exclusively with grammatical aspects in the original
linguistic sense of the word: semantics was excluded and phonology
was considered a more or less independent component and was
studied separately. The impression was often given that the
formalization thus obtained enjoyed the same degree of com
pleteness in the description of natural languages as formal grammar
in the description of formal languages. The notion of "grammar"
became synonymous with that of "linguistic theory". It is still often
used in this general sense, even now that the essential interest of se
mantics to linguistic theory is again emphasized in all quarters. If se
mantics is considered to be a subdivision of grammar, or if it is
seen as indistinguishable from syntax, it remains something essen
tial to grammar, and not something aside or apart from it. Some
linguists maintain the original terminology, and use the word "gram
mar" only for syntax-and-morphology. There is no point in rejecting

LINGUISTICS: THEORY AND INTERPRETATION

3

either terminology as "incorrect"; it is simply a question of
scientific tradition and pragmatic considerations. On the basis of
such pragmatic considerations, we shall use the word "grammar"
only in its more limited sense, for it is quite evident that the
clearest and most influential applications of formal language
theory to linguistics have been related to syntax and morphology.
Phonology has indeed been greatly formalized, but this has seldom
been the result of direct applications of formal language theory.
There have also been applications to semantics, but these have by
far been neither as deep nor as extensive as those to syntax.
As the subject of this volume is in fact applications to syntax,
we shall, unless otherwise mentioned, use the notion of "grammar"
as limited to syntax and morphology. Phonology and semantics
will only rarely enter the discussion (semantics primarily in Volume
III). Therefore we can, without risk of confusion, use the term
"grammar" for "grammar in the limited sense", thus maintaining
the connection with Volume I as far as possible.
Even within these limitations, however, it still holds that gram
matical concepts to be used in linguistic theory should not have
the vagueness (and wealth) of connotation which they might have
in ordinary usage. Concepts must be denned entirely within the
theory, and this holds as well for the concepts just mentioned as
for other linguistic concepts such as "verb" and "noun phrase"
which have not yet been discussed. They should all be fully defined
within the formal description, and the relationships among them
are established by the definitions and rules of the grammar. There
is never reason for rejecting such concepts separately, but at most
for rejecting the grammar as a whole.
But a linguistic theory is also an EMPIRICAL theory: it is designed
to explain certain observable phenomena in verbal communication
among human beings. As a whole, the observable phenomena with
which a theory is concerned is called its EMPIRICAL DOMAIN.
The size of the domain is not determined beforehand. Some
verbal phenomena which seldom or never occur spontaneously
might be elicited by various means; one can, for example, pose
directed questions to the native speaker. These observable phe-
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nomena correspond with that which is called LANGUAGE in the
theory. The theory is an abstract description of the kind of system
a natural language is. This description must maintain a direct
and understandable relationship with certain aspects of the
observable linguistic phenomena. Thus the concept of "sentence"
must in some way be related to that which is observable as an
"utterance", the concept of "grammatical" (i.e. "generated by
the grammar") ought to have something to do with the native
speaker's judgment of which utterances are or are not "accept
able" or "good" English, Dutch, etc. The theoretical concept
of "paraphrase" is perhaps related to the judgment of a hearer
that a speaker means the same thing with two different utterances,
and so forth. The network of theoretical concepts must be composed
in such a way that the theory reflects the linguistic reality. In order
to determine whether or not a theory satisfies this condition, as
complete a description as possible must be given of the relations
between the theoretical concepts on the one hand, and the empirical
domain on the other.
In linguistics there are many cases in which the relations between
theory and observable phenomena are simple and acceptable.
We already know that various sentences (the relationship with
"utterances" will be discussed later) must enjoy the status of
"grammatical" in the theory. Any native English speaker will
confirm that the boy walks on the street is good English, and that
on walks the street boy the is not. Therefore a theory of the English
language should be constructed in such a way that the grammar
generates the first string and not the second. Such incontrovertible
data are numerous enough to allow the construction of a linguistic
theory and to test certain aspects of it, and we might hope that
for less clear cases the theory itself might decide (for example, is
if he comes then she will go then he will come a grammatical sen
tence?). This means that we can simply notice whether or not the
sentence can be generated by the grammar which is composed on
the basis of clear cases.
This method has the advantage that a maximum of theoretical
construction can be realized with a minimum of troubling about
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procedures of data gathering and processing. The history of
transformational grammars has shown that this kind of capitaliza
tion on immediate intuitive evidence is indeed an extraordinarily
fruitful approach. The understanding of the structure of natural
languages has probably never grown as rapidly as since the publica
tion of Chomsky's Syntactic Structures (1957) in which this very
programme was presented.
The reader should notice that this method is based upon a more
or less explicit conception of the empirical domain of linguistics.
This domain is in fact much less broad than that which we under
stood by "observable linguistic phenomena". This type of theory is
descriptive of only some aspects of verbal phenomena, and the
best generic name for those aspects is linguistic intuitions. Intuitions
are observable in the form of metalinguistic judgments, that is,
judgments the objects of which are verbal entities. Thus, from the
point of view of theory, the objects of judgments on paraphrase
relations and grammaticality are SENTENCES, the objects of judg
ments on cohesion within sentences are PHRASES, and so forth.
It may be said that such linguistic theories concern metalinguistic
data. It is the reflection of the native speaker on his own speech,
which is formalized in the theory. This can also be stated in another
way. One of the more noticeable characteristics of a natural
language is that it is its own metalanguage; this means that by
using a language one can speak about that language itself. The
attention of theoretical linguistics (in the sense we have just
mentioned) is principally directed toward those verbal activities
whose object is the language itself. This restriction is scarcely
necessary, and we shall repeatedly return to its attractive and
unattractive implications in Volume III, Chapters 1 and 2. Yet
until now the application of formal grammars to linguistic theory
has in general presupposed such a limitation of the empirical
domain.
In the following chapters we shall discuss the adequacy of
various formal grammars as models, on the basis of linguistic
intuitions as described above. This means that we suppose for the
sake of discussion that the relationship between theory and
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observation is directly visible and acceptable, or in other Words,
that every reliable data processing procedure will support the
intuitive insight.

1.2. THE INTERPRETATION PROBLEM

This, of course, does not close the discussion. Not only is the
restriction of the empirical domain of a linguistic theory to lin
guistic intuitions far from always clear or attractive, but it is also
the case that we do not always dispose of such direct evidence,
and even when we do, some very essential questions remain
to be answered. We speak of the INTERPRETATION PROBLEM when the
relationship between theory and observation is itself the object of
investigation. The question then becomes how the theory should
be interpreted in terms of observable phenomena. We shall at this
point mention three cases in which important linguistic interpreta
tion problems occur.
The first case, in which the problem of interpretation makes itself
increasingly felt, is that of the use of linguistic intuition* which we
have just mentioned. It has slowly but surely become clear that
it is not possible, on the basis of incontrovertible, directly evident
data, to construct a theory so extensive that all less obvious cases
can be decided upon by the grammar itself. It is becoming more
and more apparent that decisions on very important areas of
theory are dependent on very unreliable observations. In Volume
III, Chapter 2 we shall mention an experiment (Levelt, 1972)
which shows the frightful unreliability in judgments on grammaticality which occurs in modern transformational linguistic
investigations. There is a tendency toward preoccupation with
extremely subtle distinctions, not the importance, but rather the
direct observability of which can seriously be called into question.
Better methods must be developed for testing linguistic intuitions,
and this is certainly a realizable possibility (cf. Volume HI, Chapter
2, paragraphs 3 and 4). Moreover, a methodological tradition has
existed in linguistics for some time, in which more value is given
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to some intuitions than to others. This tradition in general is based
on implicit conceptions of the problem of interpretation. This can
clearly be seen, for example, in the treatment of very long sen
tences. As we have noticed, there is a tendency to establish a
relationship between theoretical grammaticality and the judgment
'sentence x is good English'. But there are sentences which an
informant might call 'bad English' or 'not English' on the basis of
circumstances which we could not easily formalize in a LINGUISTIC
theory. Such is the case for very long sentences. They are un
acceptable because our limited memory capacity makes it im
possible for us to understand them. It seems undesirable to include
an upper limit of sentence length into a grammar; it would be
wiser to handle the limitation of length in a psychological theory
as a systematic property of human memory, than in a linguistic
theory as a systematic property of natural language.
The fact that such an intuition is disregarded by the linguist
clearly shows that psychological presuppositions are implicit in
the theoretical interpretation of certain linguistic observations.
The example, moreover, is by no means incidental. Motivational,
socio-psychological and other psychological factors must also be
sifted out by the linguist in the interpretation of linguistic in
tuitions.
This first interpretation problem is thus of a psychological
nature. One might wish that every linguist would fully recognize
the role of psychological assumptions in the formulation of his
theories. Unfortunately this is not the case. On the contrary, many
linguists maintain that an adequate psychological theory of verbal
behavior is possible only to the extent that linguistic knowledge is
available (cf. Chomsky, 1965). The only consequence of this at
titude is that at present psychological theory is implicitly working
its way into the formulation of linguistic theory, instead of explicitly
being taken into account and thus held in control. There is no
reason to suppose that the common sense psychology of linguists
is in any way better than the common sense linguistics of psychol
ogists.
The second case of the interpretation problem is related to the
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first; it occurs when an adequate grammar is given and the question
is asked as to whence the linguistic structures described by the
grammar proceed. Before developing this matter, we must first
clarify the notion of "adequacy". A grammar is called OBSERVATIONALLY ADEQUATE if it generates the sentences of a given lan
guage and only the sentences of that language. Because judgment
on the observational adequacy of a concrete grammar can be
given only on the basis of a concrete and therefore finite corpus of
sentences (and at best a finite set of non-sentences), Chomsky calls a
grammar observationally adequate when "the grammar presents
the observed primary data correctly" (Chomsky, 1964). A grammar
is DESCRIPTIVELY ADEQUATE if it gives a correct formalization of the
linguistic intuitions. A descriptively adequate grammar is ob
viously also observationally adequate, because the decision as to
whether or not a sentence belongs to a language is also based on
an intuitive judgment of the native speaker. A descriptively ade
quate grammar moreover gives a correct reflection of intuitions
about the structure of sentences, the relations between words and
word groups, the relations among similar sentences, etc. There are
always several possibilities of writing an observationally adequate
grammar for a language. A sufficient number of examples of this
have been given in volume I to make the point (see, for example,
Figure 2.3 and the accompanying text).
In the same way a linguist can probably also dispose of various
options for writing a DESCRIPTIVELY adequate grammar. One way
of choosing from among several formulations is to compare them
with the grammars of other languages. In a GENERAL linguistic
theory, the elements common to all natural language, the general
systematic properties of natural language, also called UNTVERSALS,
will be described. There is thus only a limited degree of freedom in
the description of a specific language. Neither for general linguistics
nor for the description of individual languages are there generally
accepted criteria for the choice of adequate grammars. We refer
the reader to Volume I, Chapter 8 in which a number of problems
are discussed which can appear in the comparison of grammars,
and to this volume, Chapter 5 in which it is shown that certain
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very common suppositions on the form of a general linguistic
theory cannot be tested empirically.
In spite of these important and unsolved problems concerning
observational and descriptive adequacy, still a third form of ade
quacy can theoretically be imagined. Given a descriptively adequate
general theory of linguistics, one can wonder by which psycholog
ical, biological and cultural factors this systematic structure of
natural languages is determined. A linguistic theory which also
answers these questions is called EXPLANATORILY ADEQUATE.
This is clearly an extremely hypothetical field. Finally, there is as
yet very little in linguistics which might be called adequate even
from an observational point of view. Nevertheless, reasoning back
from this abstraction, a number of important questions can be
posed concerning the problem of interpretation, questions which
lend themselves to empirical investigation even without disposing
of complete and adequate grammars.
The explanation of the existence of certain grammatical proper
ties must in the first place be brought back to an explanation of the
linguistic intuitions with which it is connected. At present practi
cally nothing is known of the nature of linguistic intuitions. We
do not know how they come into being, how they are related to
conceptions of one's own linguistic behavior in concrete situations,
how they change under the influence of situational circumstances,
what interaction there may be between them and perceptual aspects
of time and place, how they are related to the systematic physical
and social structure of the environment. It is also unknown
whether or not, and if so to what extent such intuitions are trainable
and how they develop in the growth of the child.
In the second place the explanation of a grammar must be
brought back to the genetic question of how the language develops
in the child. Research should be done on the means with which
the child makes the language of his environment his own, to what
extent these means are the same as those which the child uses in
learning perceptual and conceptual skills in general, and whether
the nature of these "cognitive strategies" is also determinant for
some structural properties of natural language. Is it possible to
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give a general characterization of the relationship between language
structure and the learnability of a language? A few mathematical
aspects of this question have already been treated in Volume I,
Chapter 8, and we shall return to them in Volume III, Chapter 4.
It should suffice here to point out that the nature of linguistic
intuitions and their development in the child is one of the most
fundamental facets of the problem of interpretation. It is quite
obvious that both of these aspects are very largely of a psychological
nature.
A third case in which the problem of interpretation is of great
importance in the formulation of linguistic theory occurs when one
has to deal with the analysis of a given corpus, without the benefit
of access to linguistic intuitions. Not only does the linguist have to
cope with this situation in the study of dead languages, but also
in applied linguistics he will find it to be less the exception than the
rule. Translation and style analysis, for example, are most often
performed on the basis of a corpus and without further access to
the person who produced the text. From a formal point of view,
however, the problem of corpus analysis has been most difficult
in the analysis of children's language. One cannot base the devel
opment and testing of a grammar for the language of a threeyear-old principally on linguistic intuitions. The number of
metalinguistic utterances which a small child makes is quite small,
and it is possible only on a very limited scale to elicit linguistic
judgments from him. The small child is not comparable to the
adult as an informant. If the domain of linguistic theory is limited
to linguistic intuitions, the study of children's languages becomes a
nearly impossible task. The data which can be obtained consists
primarily of spontaneous utterances from the child and of observa
tions relative to the circumstances under which they are produced.
With ingenious experiments some information may be added to
this, but the problem of determining what it is in verbal behavior
which corresponds to the theoretical concept of "sentence" still
remains, and usually demands a study in itself. It would not be
advisable, for example, to consider every recorded utterance as a
sentence in the child's language. Different utterances will often be
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taken for separate occurrences of a single sentence on the ground
of acoustical criteria. If agreement can be reached at all on what
these criteria are, it is still possible that not every class of equivalent
utterances thus obtained will correspond to sentences in the
theory. The grammar can often be simplified by excluding certain
utterances or classes of utterances such as, for example, imitations
which clearly have not been understood, and utterances of a very
infrequent sort. Statistical and other data processing procedures
will sometimes need to be adopted for the interpretation of the
theory in terms of observable verbal behavior. Should the status
of "sentence" be accorded to every utterance which the child
understands? Decidedly not, for, as everyone knows, the child can
understand much more than he can produce. But where can one
draw the line? A sentence not produced by the child can very well
have the status of "sentence" in the grammar. This is in fact the
interpretation problem par excellence. Further interpretation
problems occur in applied linguistics. In style analysis one might
like to make use of data on distributions of sentence length and
word frequencies. In the analysis of children's languages likewise,
such data are often useful as parameters of growth or verbal
skill. These matters can be considered as linguistic applications of
inference theory (cf. Volume I, Chapter 8), where the interpretation
problem is of central importance.

1.3. A FEW DESCRIPTIVE DEFINITIONS

In the preceding, careful distinctions were made between theory
and observation, and between theoretical and empirical concepts.
Theoretical concepts are determined entirely by their formal
relations within the theory; in this connection we have already
repeated the formal definitions of "sentence", "language" and
"grammar", which may be found in greater detail in Volume I,
Chapter 1. To these we can add definitions of "morpheme" and
of "syntactic category". Unless otherwise stated, MORPHEMES
are the terminal elements of the grammar; together they form the
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terminal vocabulary. For the sake of simplicity, we shall often
refer to the terminal elements as WORDS, except where this might
Jead to confusion. We would point out that in transformational
grammar another term, FORMATIVES, is also used for the terminal
elements.1 The nonterminal vocabulary (cf. Volume I, Chapter 1),
by definition, is made up of SYNTACTIC CATEGORIES. The symbolic
abbreviations for these are called CATEGORY SYMBOLS.
As a support to the intuitions which will often be called upon
in the following chapters, we present a few descriptive definitions
of the correspondents in the empirical domain of the concepts
"sentence", "morpheme", "word", and "syntactic category".
These are not formal definitions, and are meant only to make the
ideas a bit clearer. They pretend to no completeness, but refer to
each other as do the theoretical concepts.
This theoretical concept has, as mentioned above,
something to do with the empirical concept of "utterance". A
hearer might consider two utterances to be identical, in spite of
acoustical differences among them. Whether it is John or Mary who
says the weather is nice, in the intuition of the native speaker,
the two acoustical forms are simply occurrences of the same sen
tence. The intuition "the same statement (question, exclamation,
etc.)" thus determines classes of equivalent utterances. Let us call
each of those classes a linguistic construction. The relationship
between this abstract empirical concept "linguistic construction"
and the theoretical concept "sentence" remains complicated.
On the one hand, there are linguistic constructions which we might
prefer to represent theoretically as combinations of sentences; a
story, for example, is a linguistic construction which we would
ordinarily prefer to analyze as a sequence of sentences. On the other
hand, there are linguistic constructions which we would rather
consider to be parts of sentences than complete sentences; thus, for
SENTENCE.

1
Some authors (Katz and Postal et al., 1964) make a further distinction
between morphemes and formatives. Others (Chomsky, 1965) treat only the
concept "formative".
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example, the answer to the question where is the hat ? is on the
table. On the table is a linguistic construction (which might sound
very different when spoken by different speakers or at different
times), but we do not consider it a sentence. The principal reason
for this is that on the table is dependent on the question which
precedes it. Thus on the table cannot follow the question what
is your age?. The principle used here is that of distributional
independence (for a definition and discussion of the principle,
see Lyons, 1968). Within a linguistic construction to which we
should like to accord the status of sentence, various distributional
dependences exist. Thus the lazy nurse stood up is good English,
but the lazy stone stood up is not (it could be good English at best
in a metaphorical context, but we shall not discuss such cases
here). There are limitations of the nouns which can follow the
adjective lazy. Names of inanimate objects are excluded in this
connection (abstraction made of idioms such as "lazy day", etc.).
This is a distributional limitation. We let the concept "sentence"
correspond to linguistic constructions within which distributional
limitations hold, but among which no distributional limitations
hold. Consequently on the table is not a sentence, because it is
dependent on the earlier question. However this does not yet
solve the problem, as we see in the following question and answer
situation: where is your aunt?, she is coming. The distributional
dependence between these sentences is expressed in the intuition
that at first sight he is coming is an unacceptable sequence to
where is your aunt ?. Yet we would like to represent she is coming
in the grammar as a sentence. To allow for this, we can make an
exception for pronouns in the rule of distributional independence.
In other words, we represent these linguistic constructions as
sentences in the grammar, adding that the pronoun stands for the
noun mentioned in the other sentence. But this too falls short of
solving all the problems. Additional criteria can always be given
to provide the theoretical concept "sentence" with as careful an
empirical basis as possible. Criteria concerning the intonation
of the utterance would be an example of this. For the ends of the
present volume, however, no further differentiation is needed.

14

LINGUISTICS: THEORY AND INTERPRETATION

(formative). Just as the theoretical concept "sentence"
corresponds to the empirical concept "utterance", the theoretical
concept "morpheme" corresponds to the empirical concept
''morph". Roughly defined, morphs are the smallest meaningcarrying elements of a linguistic construction. Thus the boys
walked can be segmented as the-boy-s-walk-ed; each segment is a
morph with a functional or referential meaning. Some morphs can
occur "independently" in a linguistic construction. This is the
case here for boy and walk. Others occur only in combination,
such as s (for the plural) and ed (for the past tense) in the present
example. The status of the is less clear in this connection. Never
theless we do not wish to limit the terminal elements of a grammar
to such observable elements. The linguistic construction the children
ran, segmented as the-child-ren-ran, makes the reason for this
quite clear. The meaning of plural is carried by the morph ren,
and we might thus consider the morph s of the preceding example
and the morph ren as variants of the same grammatical element.
The corresponding morpheme in the grammar can be written
abstractly as plural, or simply as pi. The question becomes more
abstract, however, when we compare walk-ed and ran. Our intui
tion tells us that walk is related to walked in the same way as run
is related to ran, but in the latter case there is no separate morph
which expresses the past tense. Change of tense occurs in the
form of a vowel shift in the root. By analogy with walked, we can
represent ran as run + past tense, or simply as run + past t, where
past t represents the past tense morpheme. The consequence of this,
however, is that without further additions such words as ran,
walked, boys, children can no longer be generated by the grammar.
The terminal strings will contain such pairs as run + past t,
boy + pi, etc. Therefore rules must be added to the grammar to
change these strings to the correct froms (ran, boys, etc.). The part
of grammar called morphology is concerned with such rules.
Morphological rules will not be explicitly discussed here, and we
shall suppose that a morphology exists for changing the terminal
strings of morphemes into the proper word forms, and will represent
the terminal elements directly as words, unless this in a given case
MORPHEME
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might lead to confusion. Morphemes such as run, boy, walk are
called lexical formatives, and pi and past t are called grammatical
formatives.
This concept will be used only to mean "terminal element",
as mentioned above. Theoretically this concept would more
properly belong to morphology, which, as we have stated, will
be left largely untouched. A rather good definition of the concept
"word" is 'a minimal free form'. There are various ways of inter
changing morphemes in a sentence and of adding new morphemes
without changing the character of the sentence. If, for example,
the boys are walking is a sentence, then are the boys walking is also
a sentence, and the big boys are walking likewise. In shifts of
this kind, some morphs always remain coupled, like walk and
ing, and boy and s. Such internally connected groups are called
words. The smallest free forms in the example are the, boys, are,
walking, and the form big which was added later. This definition is
certainly not exhaustive, but should be sufficient to serve as a
memory aid for the rest of the book.
WORD.

SYNTACTIC CATEGORY. This concept is the most difficult to define.
Two things may be borne in mind in connection with it. In the
first place, one can relate the concept to that which is ordinarily
called a "phrase", such as "a noun phrase" (e.g. the big boy,
John's carpentry, old folks) or "a verb phrase" (e.g. goes to school,
does not give himself away, is a bit lazy, plays the piano). In the
second place, the concept relates to classes of morphemes, such as
"number" for the class of morphemes consisting of "singular"
and "plural", "tense" for the class of morphemes of time (past t,
pres t, etc.), "verb" for the class of morphemes like walk, run,
sing, etc. Formal models of natural languages tend to show con
siderable divergence in the choice of syntactic categories. Therefore
in the following we shall give supplementary definitions when
needed.

2
PURE MODELS: PHRASE-STRUCTURE GRAMMARS

In this chapter formal grammars of the pure types 3, 2, and 1 will
be examined on their value as models for linguistic grammars. When
these grammars are used in linguistics, they are denoted by the
generic term PHRASE STRUCTURE GRAMMARS, or CONSTITUENT
STRUCTURE GRAMMARS. These designations are related to the
fact, discussed in Volume I, Chapter 2, that derivations in such
grammars can be represented by means of tree-diagrams. The
reader may remember that this held for type-1 grammars only
when their production rules were of context-sensitive form (cf.
Volume I, paragraph 2.4.1); in the following we shall continue to
respect that condition. A tree-diagram clearly shows the phrases
of which a sentence is composed. Phrases may also be called
CONSTITUENTS, whence the second term for this family of grammars.
In linguistics, tree-diagrams for sentences are often called PHRASE
MARKERS or simply P-MARKERS.

2.1. GENERATIVE POWER AND STRUCTURAL DESCRIPTION

The order of subjects to be discussed in this chapter will be deter
mined by the methodological principles which have consistently
served as the basis of the investigation of formal models in linguis
tics. Thus the strongest possible model is chosen first to see if that
model can be maintained for the description of natural languages.
Only if the model can convincingly be rejected can one go a step
higher in the hierarchy and repeat the procedure. In this way one
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can be sure that the grammar used will never be too broad for the
language (cf. Volume I, Section 2.1). Some clarification of what
is meant by a "model which can be maintained" or a "tenable
model" will be useful. It is only in the more limited sense of
"observational adequacy" that we can see precisely what is required,
namely that a grammar generate all and only the sentences of a
language. One can speak here of the WEAK GENERATIVE POWER
of the grammar; this is the language which is generated by the
grammar. The weak generative power of a class of grammars
(for example, that of the class of regular grammars) is the set of
languages generated by the grammars in that class. Thus the weak
generative power of the class {Gi, G2,...} is the set {Li, £2,...},
where language Lt is generated by grammar Gj.
It is much less easy to decide whether or not a grammar is
descriptively adequate, that is, whether or not it correctly reflects
the intuitions of the native speaker. This requirement is often
operationalized in the criterion of whether or not the grammar
assigns the correct STRUCTURAL DESCRIPTION to the sentences

generated. The structural description is the information about the
sentences, given by the grammar. This information is contained
completely in the GENERATION of the sentence (the LEFTMOST
DERIVATION for context-free grammars; cf. Volume I, paragraph
2.3.4). It shows how the sentence is composed of terminal elements,
the syntactic categories to which words and phrases in the sentence
belong, which production rules were used in the derivation and in
what order. On the basis of such structural data other intuitions
can also be formalized, such as intuitions concerning the relations
among various sentences. Structural descriptions for regular
and context-free grammars are identical with the P-marker.
Derivations in context-sensitive and type-0 grammars cannot
unambiguously be shown in tree-diagrams, and consequently
further definition of "structural description" will be necessary.
For the present, however, we may decide that the structural
description of a sentence will be denoted by the symbol Z. The
set of structural descriptions given or generated by a grammar G is
called the ANALYZED LANGUAGE A(G), generated by G. Thus
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A(G) = {£{ I Zf generated by G}. A(G) is also called the STRONG
GENERATIVE POWER of G. The strong generative power of a class of
grammars {G\, G% ...} is {A\, A2, ...}, where Ai = A(G{).
It is possible that an observationally adequate grammar might
assign structural descriptions to sentences, while those structural
descriptions conflict with various intuitions. It does not seem
likely, however, that we might ever be able to expect proof of the
intenability of a grammar on grounds of descriptive inadequacy;
such a grammar would rather be rejected on the basis of in
creasing inconvenience in working with it. We shall see later,
moreover, that contrary to current opinions, observational in
adequacy has never been strictly proven for any class of grammars
whatsoever.
Having defined strong generative power in addition to weak
generative power, we must give the same extension to the concept
of EQUIVALENCE of grammars. In Volume I, paragraph 1.2, we
stated that two grammars G\ and G2 are weakly equivalent if
L(Gi) = L(G%). We add to this that two grammars C?i and G% are
STRONGLY EQUIVALENT if A(Gi) — A(Gz). If Gi and G2 are strongly
equivalent context-free grammars, they assign the same (set of)
tree-diagrams to sentences. ("Set" is added between parentheses to
cover cases where sentences are ambiguous and may therefore
have several different tree-diagrams; cf. Volume I, Figures 2.4
and 2.5). The inverse, however, does not hold in all cases: for
context-sensitive grammars the same tree-diagram can be obtained
for two different derivations (cf. Volume I, paragraph 2.4.1).
The concept of "strong equivalence" is of linguistic interest because
of the problem of the descriptive adequacy of grammars. Thus if
Gi and G2 are strongly equivalent and Gi is descriptively adequate,
then Gz is also descriptively adequate. Yet the concept presented
in its usual form is rather trivial; two strongly equivalent grammars
are identical, with the possible exception of a few uninteresting
details. They may only differ in unusable production rules, i.e.
rules which, if used, do not lead to terminal strings, or in vocabulary
elements which cannot be used. Linguistics is decidedly in need of
formalization of "equivalence of structural description", but the
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strength of that concept should be attuned to the tolerance of our
intuitions toward syntactic structures. The only effort in this
direction known to us is that of Kuroda (1972).

2.2. REGULAR GRAMMARS FOR NATURAL LANGUAGES
How can a regular grammar be imagined as a model for a linguistic
grammar? This can best be illustrated by an example.
EXAMPLE 2.1.

Let G — (VN, VT, P, S) be a regular grammar, where
Par = {S, A, B}, VT = {the, bites, dog, cat, scratches, black],
and P contains the following productions:
1.
2.
3.
4.

S
A
A
A

-► the A
-> black A
-y cat B
-> dog B

5.
6.
7.
8.

B
B
B
B

->■ bites
-> scratches
-> bites S
-> scratches S

This grammar can generate such sentences as the dog bites, the
black cat bites, the black cat scratches. The derivation of the last
sentence, for example, is S =4- the A 4> the black A 4- the black cat
B A the black cat scratches (the numbers written above the arrows
refer to the productions used in the derivation step). The corre
sponding tree-diagram is given in Figure 2.1.

Fig. 2.1. P-marker for the sentence the black cat scratches (Example 2.1).
The grammar in fact generates an infinity of sentences. By virtue of
production 2 which is recursive, the adjective black can be indefintely repeated, as in the black black black dog bites. The grammar

}
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can also generate compound sentences thanks to productions 7
and 8 which reintroduce the start symbol S. This produces such
sentences as the dog bites the black cat scratches, etc.
The equivalence of regular grammars and finite automata shown
in-Volume I, Chapter 4 suggests that a finite automaton {FA) can
be constructed which will be equivalent to this grammar. The
following FA is equivalent to G:
FA = (S, I,5, s0, F), with S' = {S, A, B}, I = {the, bites, dog, cat,
scratches, black}, so = S, F = {S}, and the following transition
rules:
S(S, the) = A
S(A, cat) = B
d(A, black) = A
S(B, bites) = S
d(A, dog) = B
S(B, scratches) — S
S(-,-) = f for all other cases
The transition diagram for this automaton is given in Figure 2.2.
The diagram clearly shows which sentences the automaton accepts,

scratches

Fig. 1.2. Transition diagram for thefiniteautomaton in Example 2.1.
and consequently the sentences which the grammar generates.
Every path shown by the arrows from the initial state S to the final
state S corresponds to a grammatical sentence. To complete the
presentation, we give the transition table for this automaton in
Table 2.1. The attentive reader will have noticed that this example
is formally identical with Example 4.1 of Volume I.
It should be evident that many variations are possible here. It
might be so arranged that the terminal vocabulary is made up of
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TABLE 2.1. Transition Table for the Finite Automaton in Example 2.1.
Input Symbols
the black cat dog bites scratches
S A
States A
B

A B B
S

S

morphemes instead of words; it could even be made up of letters
or phonemes. The grammar can be rendered more abstract by
composing its terminal vocabulary of classes of words and mor
phemes. Thus, regularities may be formulated as, for example,
"an article can be followed by a noun or by an adjective", "a
noun can be followed by a verb", etc. In this way SENTENCE SCHEMAS
are generated, such as "article-adjective-noun-verb". The grammar
must then be completed with "lexical rules" showing which words
are articles, which are adjectives, and so forth.
One may search in vain in linguistic literature for an explicit
proposal to model linguistic theory on regular grammars, in spite of
appearances to the contrary.1 Some confusion exists on this point,
since linguists have not seldom used the terms "finite grammar"
and "finite state grammar" interchangeably, and readers may be
led to think they are referring to a regular grammar when they
only mean afinitesystem of rules. The most explicit use of the model
may be found in the application of communication theory to
natural languages. The origin of a verbal message is described as a
so-called Markov-source, which in essence is a probabilistic finite
automaton. We shall return to this in Chapter 6, paragraph 1.
Suffice it here to point out that this has never been presented as a
model of linguistic theory in the strict sense, but only as a model for
summing up global statistical properties of a text (oral or written).
It has never touched the structure of such messages in detail.
Linguistics has indeed gone through a period of 'flirtation' with the
1

Diligent searching revealed one exception to this, Reich (1969). The large
number of essential errors in this article, however, gives rise to some doubt
as to the carefulness of the editors of Language.
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model under the influence of communication theory, but this
never went beyond the implicit. Since Chomsky's explicit linguistic
formulation and his rejection of the model in 1956, no linguist
has seriously proposed it as a model for linguistic grammars.
Chomsky (1956, 1957) rejects the model on grounds of observa
tional inadequacy. The enormous influence which this argument
has had on the development of modern linguistics justifies a rather
detailed discussion of it. It is also the case that the argumentation
as given in Syntactic Structures is not completely balanced (the
same is true, to a lesser degree, of Chomsky's treatment of the
question in 1956). A consequence of this has been that the same
sort of evidence is incorrectly used for the rejection of other
types of grammars, and, as we shall see, simply erroneous conclu
sions have been drawn.
Before dealing with the form of the reasoning, we must first
consider the fact that every argument is based on the supposition
that a natural language contains an infinite number of sentences.
Every finite set of sentences can, in effect, be generated by a
regular grammar (cf. Theorem 2.3 of Volume I). What is the
linguistic justification for this supposition? Three reasons are
ordinarily advanced. The first of these has already been mentioned
in Chapter 1, paragraph 2 of the present volume, namely, that from
a linguistic point of view it is not advisable to set an upper limit to
sentence length. The inacceptability of very long sentences can
be justified better on the basis of a psychological theory than on
the basis of a linguistic theory. A language is infinite if for every
sentence another sentence can be found which is longer than
the first, and this is clearly an intuitive fact. The second reason,
closely related to the first, is the possibility of coordination of
sentences. If sentences si and s% are declarative (for example,
John is walking and it is raining), then si andss also form a declara
tive sentence (John is walking and it is raining). Thus for every pair
of declarative sentences, a new declarative sentence can be found
which is longer than either. If a language contains one declarative
sentence, it contains an infinity of them. The third and principal
reason, however, is the following. Imagine a natural language of
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finite size. According to Theorem 2.3 of Volume I, a regular
grammar can therefore be written for it. But this grammar will
have no recursive production rules (i.e., production rules which
make it possible to use a given nonterminal element repeatedly
for an indefinite number of times in a derivation, like productions
2, 7, and 8 in Example 2.1). Excluding trivial cases, such rules
lead to the generation of infinite languages. But if recursive produc
tion rules are excluded from the grammar, the number of produc
tion rules will be of the same order of magnitude as the number of
sentences in the language. Such a grammar would scarcely be
helpful in clarifying the structure of the language; a list of all
the sentences would be quite as good. The assumption of infinitude
is, in other words, a fundamental decision designed for finding a
characterization of the language which is as general and as simple
as possible.
The argument of inadequacy advanced in Syntactic Structures
is of the following form: (a) a language with property x cannot
be generated by a regular grammar, (b) natural language L has
property x, therefore (c) L is not a regular language. The argumen
tation here is balanced, but the difficulty lies in demonstrating (b).
Let us examine this more closely on the basis of the argument.
For property x we shall take self-embedding. From Theorem 2.8
in Volume I we know that self-embedding languages are not
regular. This is step (a) in the argument. We must now show for
(b) that English is a self-embedding language. This is done by
referring to self-embedding subsets (called subparts in Syntactic
Structures) in English. Thus, for example, if si is grammatical, one
can add a relative clause to it without loss of grammaticality, as in
s2:
si: the rat ate the malt
S2i the rat the cat killed, ate the malt
One can now add a relative clause to the relative clause in «2, as
in S3:

S3', the rat the cat the dog chased, killed, ate the malt
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The embedded structure of S3 becomes obvious when we add
parentheses:
(the rat (the cat (the dog chased) killed) ate the malt)
There is no fundamental limit to the number of possible selfembeddings of this kind. The sentences become complicated, but
always remain completely unambiguous in meaning. When neces
sary, one can verify or falsify such a statement, as the following,
completely unnatural sentence:
(William II (whom William III (whom William IV (whom
William V succeeded) succeeded) succeeded) succeeded William
I)
Another example of self-embedding in English is the following
sequence:
si: If John says it is raining, he is lying
S2: If John says Joe says it is raining, he is lying
S3: If John says Joe says Mike says it is raining, he is lying
and so forth.
It would not be difficult to think of other examples. The conclusion
is that on the basis of the self-embedding character of English (c)
follows, i.e. English is not a regular language.
The self-embedding property (b) of English is however not yet
demonstrated, in spite of appearances to the contrary. The only
thing which has been proven is that English has self-embedding
subsets. But it by no means follows from this that English is a
self-embedding language. This can easily be seen in the following.
Let language L consist of all strings over the vocabulary V = {a, b } ,
so that L = V+. Language L is regular, because it is generated by a
regular grammar with production rules S -> aS, S -» bS, S -*■ a,
S -*• b. Let us now consider the set X = {wwR}, the set of sym
metrical "mirror-image" sentences, where w s V+. It is clear that X
is a subset of L. Moreover, X cannot be generated by any regular
grammar, given its self-embedding property. Nevertheless L is a
regular language. The reason why the argument errs is that sen-
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tences which are excluded by a grammar for X are nevertheless
sentences of L. The omission in the argument for inadequacy is
that nothing is said of the grammatical status of relative sentences
(or sentences of other types discussed) which are not self-embed
ding.
Chomsky's original argumentation (1956), to which he refers
in Syntactic Structures, is considerably more precise. In it he
shows that it is necessary for the proof to demonstrate that
a certain change in the sentences of a self-embedding subset
must always be accompanied by a certain other change, on pain of
ungrammaticality. But in the demonstration of that theorem he
does not test whether or not this is in fact the case for English.
Chomsky chooses the following intuition concerning English:
if .si and S2 are English sentences, then if si then sz is also an
English sentence. Repeated embedding shows if {if s% then S2)
then S2 also to be an English sentence, and in general, ifn s (then
S2)n, n > 1. Let us suppose that this holds for English (although
this is itself an open question); it must then also be shown that
if* sx (then s%)m is ungrammatical if n ^ m.1 Chomsky, however,
does not do this, and, moreover, it does not hold. Grammatical
counter-examples are if John sleeps he snores and John drank
coffee, then he left. Similar objections may be made to the other
examples in Chomsky (1956) and (1957).
Fewer problems occur when the "proof" is stated as follows
(this is due to Dr. H. Brandt Corstius, personal communication).
We follow a procedure of indirect demonstration. Assume that
English is regular. We now construct the following regular set
T.T=

{William (whom William)n succeeded™ succeeded William]

n, m > l } . 2 It has been proven by Bar-Hillel (see Hopcroft &
Ullman, 1969) that the intersection of two regular sets is a regular
set. Therefore, the intersection of English and T should be regular.
1

It must at least be shown that n S= m for all sentences, or n < m for all
sentences, because not only is {anbn} non-regular, but {anbm \n ^ m) and
{anbm \n > m) are likewise non-regular.
2
A right linear grammar for Tk: S -*■ William A, A -*■ whom William B,
B -> succeededC,B-+whom WilliamB,C->- succeeded C,C-*- succeededWilliam.
A language with a right linear grammar is regular (cf. Theorem 2.1 in Volume 1).
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Let us therefore have a closer look at English n T. Intuitively,
the only grammatical sentences in T are those for which n = m,
though some people have the intuition that one may delete oc
currences of succeeded so that the grammatical sentences in T
are those for which n > m. In both cases (n = m, « > m), how
ever, the intersection is self-embedding; there is no regular grammar
which can generate sets like {anbn}, or {anbm \ n > m}. The inter
section is, therefore, not regular. This contradicts the fact that the
intersection should be regular, and hence our only assumption
must be wrong, namely that English is a regular language.
Although this form of proof avoids the formal difficulties,
the "proof" remains as weak as the empirical observation on
which it is based. However, it is upon reaching this level of em
pirical evidence that one can decide in theoretical linguistics
to formulate the state of affairs as an axiom: natural languages
are non-regular. Given the independent character of a theory (see
the preceding chapter), this is a more correct method of work than
simply acting as though one were dealing with a theorem which
could be proven, as linguists often do. The latter method is an
incorrect mixture of theory and observation.
2.3. CONTEXT-FREE GRAMMARS FOR NATURAL LANGUAGES

Example 2.2 gives a context-free grammar for (part of) a natural
language.
EXAMPLE 2.2. Let G — (V&, VT, P, S) be a context-free grammar
with VN = {S, NP, VP, D, N, V, A}, VT = {nice, the, and, con
gratulate, big, boys, children, little, malicious, girls, tease, defend},
and the following productions in P:

1. S -» NP + VP
2. NP-> NP+ and + NP
3. NP -> (D) + (A) + NP
4. VP -*V + NP
5. NP -* N

6. N ~> {boys, girls, children}
7. V -» {defend, tease, congratu
late}
8. A -> {malicious, nice, big, lit
tle}
9. D -> the

PURE MODELS: PHRASE-STRUCTURE GRAMMARS

27

Explanation of the notation: The category symbols stand for usual
linguistic quantities, S for "sentence", NP for "noun phrase",
VP for "verb phrase", Ffor "verb", JVfor "noun", D for "deter
miner", and A for "adjective". The sign + only indicates the con
catenation of elements. It is used to avoid typographical indistinct
ness which could come about when elements are printed directly
next to each other. Productions with elements surrounded by
parentheses are in fact sets of productions; elements placed
between parentheses may be used optionally in derivations. Thus
production 3 stands for four productions: NP -*■ D + A + NP,
NP -* A + NP, NP -> D + NP, NP -* NP. Braces indicate
that only one of the several elements they surround may be used
in a rewrite. Thus, in applying production 6 one may replace the N
with either boys or with girls, or with children. The rule thus stands
for three productions.
Sentences which may be generated by G are boys defend girls,
the little girls congratulate the big children, malicious big children

tease nice little girls, and so forth.1 A leftmost derivation of
malicious boys and girls tease little children is as follows (the
numbers above the arrows indicate the productions applied):
S^NP+VPi>NP
+ and + NP + VP 3d malicious + NP +
5
and + NP + VP 4 malicious + boys + and + NP + VP 54malicious + boys + and + girls + VP 4. malicious + boys +
and + girls + V + NP =5- malicious -f boys + and + girls +
tease + NP 3=^ malicious + boys + and + girls + tease + the +
A + NP 8 ^ malicious + boys + and + girls + tease + the +
little + children. The P-marker for this sentence is given in Figure
2.3.
At this point we can proceed to the discussion of a few attractive
qualities of context-free grammars for linguistics, problems of
weak generative power, and problems of strong generative power.
Much of what will be said here will hold also for context-sensitive
grammars.
1

The example has no pretensions; the grammar can also generate "sentences"
like nice the big boys congratulate girls.
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HP
IIP
A

I
malicious

and

tip

I

VP
HP
B

I
N
boys

V
tease

.lip
D

1
girls

the

A

1
little

IIP

1
N
aazldren

Fig. 2.3. Phrase marker for the sentence malicious boys and girls tease the
little children (Example 2.2).

2.3.1. Linguistically Attractive Qualities of Context-free Grammars
Referring to the discussion in paragraph 2.2, we would first point
out that context-free grammars have no difficulties with selfembedding. If a natural language is not regular, it is self-embedding,
according to Theorem 2.8 of Volume I. A linguistic rendering of
self-embeddingness calls at least for a context-free grammar. NP in
Example 2.2 is a self-embedding element, as may be seen in Figure
2.3.
But context-free grammars were used as linguistic models in
more or less implicit form, long before linguists became aware of
the self-embedding property. An important reason for this was the
undeniable need of sentence parsing in linguistics. Linguists
have always been analyzing sentences into phrases. Sentence parts
were labelled according to type, and their hierarchical articulation
determined the levels of linguistic description. Thus at the lowest
level minimal syntactic elements are distinguished which were
called morphemes or otherwise. On a somewhat higher level one
finds words. An element of higher level is composed of elements
of a lower level: a word is composed of morphemes, a phrase is
composed of words. A still higher level is found in the traditional
distinction between subject and predicate, and so on. Context-free
(and context-sensitive) grammars are very well suited to parsing
in the form of levels of labelled syntactic elements, and we find these
ideas in the most diverse linguistic traditions. For a survey of such
models in modern English linguistics, we refer the reader to Postal
(1964a); the article, although a bit one-sided, shows the "phrase
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structure" character of Hockett's linguistics, Lamb's stratificational
syntax, Pike's tagmemics, and a few other theories, including that
of the English linguist Halliday. But hierarchical parsing of
sentences is a much older tradition, especially in Europe. Take,
for example, Jespersen's "analytic syntax", in which parts of
sentences are labelled according to function (subject, object,
indirect object, etc.), or the important work of Wundt (1900)
which is especially interesting for psycholinguistics. We can give
an example from the latter work, Wundt's analysis of the following
sentence from Goethe's Wahlverwandtschaften.
Alser sich aber den Vorwurf sehr zu Herzen zu nehmen schien (a^b)
und immer aufs neue beteuerte (c), dasz er gewisz gern mitteile (d),
gern fur Freunde tatig sei (e), so empfand sie {A^B), dasz sie sein zartes
GemOt verletzt habe (ai^bi), und sie fiihlte sich als seine Schuldnerin

(A-D).
Wundt gives the following phrase marker for this:
£a

a.

__
b

(a)

o

(a)

d

A B
(a)

e

a,

2>y—A

D

The G stands for Gesamtvorstellung or "general image", the psy
chological equivalent of "sentence". The brace and curves combine
lower level elements "apperceptively" into higher level elements.
"Apperceptively" means that there is a part-whole relationship
between the lower level element and the higher level element.
Straight lines indicate that the relationship is "associative", that
is, there is no intrinsic relationship of part-to-whole, but only an
accidental connection of elements. Notice also that Wundt some
times puts elements between parentheses. Such elements repeatedly
play a grammatical role in the sentence, but are not repeatedly
pronounced. We shall return to this phenomenon of deletion,
which got a first formalization in Wundt's diagrams.
In this tradition of parsing, the linguistic method of distributional
analysis could thrive. Particular attention was paid to finding a
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distributional definition of syntactic elements which can play a
certain part in sentence structure. This in turn led to distinguishing
elementary sentence schemas. The hierarchical relations of inclu
sion among the labelled syntactic elements in Figure 2.3 give a
very satisfying representation of our intuitions concerning the
sentence they compose. Finally, we point out that such relations of
inclusion make it possible to give justification for some structural
ambiguities. The sentence given in Figure 2.3, malicious boys and
girls tease the little children, is an example of an ambiguous sen
tence. It is an intuitive datum that malicious can refer to boys and
girls (1), or only to boys (2). Even before the formalization of
context-free grammars linguists of the "immediate constituent
analysis" tradition knew that such ambiguities could be justified
by way of inclusion relations. From a formal point of view a
sentence is ambiguous, relative to a context-free grammar, when
two leftmost derivations of it are possible in that grammar (cf.
Volume I, section 2.3.4), and it consequently has two tree-diagrams.
In Figure 2.3 we read meaning (1), for malicious boys is one noun
phrase, and girls is another. It is easy to see that the grammar in
Example 2.1 also generates the other structure, as given in Figure
2.4. It is quite clear that the correct treatment of structural am
biguities is one of the most important touchstones for the de
scriptive adequacy of a grammar.

malicious
the little

N
children

Fig. 2.4. Phrase marker for the sentence malicious boys and girls tease the
little children (Example 2,2, alternative analysis).
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2.3.2. Weak Generative Power of Context-free Grammars
Can context-free grammars be observationally adequate, that is,
can they generate all and only the sentences of a natural language?
Despite contentions of a different tenor in linguistic literature
(Postal (1964b)), this question still remains unanswered. Postal
"proves" the theorem (his term) that the North American Indian
language Mohawk is not context-free by following the argumenta
tion schema of Syntactic Structures: (a) a language with the prop
erty of "string repetition", as in the language {ww} in which w is a
string of elements from the terminal vocabulary such that every
sentence consists of a string and its repetition, is not context-free.
(b) Mohawk has the property of string repetition: there are
sentences of the form s = aia^.. .anbibz.. .bn, where a\ "corresponds"
to b\, a% to b%, and in general ai corresponds to b%. Therefore (c)
Mohawk is not a context-free language.
This reasoning is as defective as the one, which we criticized,
on the proposition that natural languages are not regular. It is
erroneous to conclude the non-context-freeness of a language from
the existence of non-context-free subsets.
To our knowledge, the literature does not yet contain a correct
demonstration of the observational inadequacy of context-free
grammars. However, Brandt Corstius (personal communication)
recently proposed a proof along the following lines.
The proof is by indirect demonstration. Assume English is
context-free. Consider the following regular set: T= {Tfie
academics, accountants, actors, admirals,... in respectively Belgium,
Bulgaria, Burundi, Brasil, ... are respectively calm, candid, canny,
careless, ...}, or abbreviated: T — {The a s , in respectively bm are
respectively cn \ k, m, n ^ 0}. It is not difficult to write a rightlinear grammar for T. It has been proven by Bar-Hillel (see
Hopcroft & Ullman, 1969) that the intersection of a regular
language and a context-free language is context-free. Since we
assumed English to be context-free it should be the case that
T n English is context-free. Let us therefore consider which
sentences in T are grammatical English sentences. Intuitively,
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these are the strings for which k = m = n ^ 1. However, it is
known (see Hopcroft & Ullman, 1969) that there is no possible
context-free grammar for the language {anbncn | n > 1}, i.e. the
intersection of T and English is not context-free. This contradicts
our earlier conclusion, namely that the intersection is in fact
context-free. Hence, the only assumption that was made, i.e. that
English is context-free must be wrong.
Again this "proof" is as strong as the intuitions about the
grammatical subset of T. The res/>ectfve/)>-construction is rather
unnatural. One could probably use Postal's observations for
proving non-context-freeness of Mohawk. But Postal is quite
cryptic about the grammatical status of strings that do not exactly
adhere to string repetition.
Much more convincing, at any rate, are other arguments against
the context-free character of natural languages. But they will
have to be advanced entirely in terms of strong generative power.
2.3.3. The Descriptive Inadequacy of Context-free Grammars
The impossibility for context-free grammars, and for phrase
structure grammars in general, to describe a natural language in an
intuitively satisfying way has been discussed in great detail in
several places (see, for example, Chomsky (1957), and Postal(1964a)
and their references). We shall give a short account of a few of the
most important arguments here.
(1) A correct representation of the structure of a sentence often,
if not always, calls for more than one phrase marker. The identifica
tion of structural description and (a single) phrase marker, as is
the case for context-free grammars, leaves various intuitive syntactic
insights undescribed. A few cases in which there is need of more than
one phrase marker are discontinuities, deletions, and phenomena of
correspondence.
Discontinuous constituents may be seen in sentences like John
put his coat on. Intuitively, put on belongs together, just as in the
nearly synonymous sentence, John put on his coat. A context-free
grammar gives two different phrase markers, and in the case of the
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first sentence put and on fall into different phrases. The correct word
order is thus described, but that is a question of observational
adequacy rather than of the intuition that the words belong
together. Therefore a pair of phrase markers is needed, one of
which would group put and on together (in the same way for
both sentences), while the other would give justification for the
word order as it is met in fact (different in each sentence). This
problem is felt more acutely when one is dealing with languages
with freer word orders, such as Latin. An important generalization
is lost if for every permutation of words in a sentence a new phrase
marker must be made, although the meaning of the sentence does
not change essentially because of the permutation.
In the case of deletions we have to do with words or phrases
which do function in the sentence, but need not be repeated ex
plicitly. As we have seen, Wundt put such elements between
parentheses. This is just another way of showing that more than one
phrase marker is involved in the description of the sentence in
question, namely, the phrase marker which does contain the
elements, and that which does not. The phenomenon of deletion
occurs very frequently in coordinative constructions. If we wish
adequately to describe the paraphrase relationship between the
sentences John came and auntie came as well and John came and
auntie as well, we will have to find some way of making the relation
ship between auntie and came explicit, and at the same time we
will have to show that came does not appear a second time because
of the influence of the use of John came. Phenomena of coordina
tion will be mentioned separately under (2).
A third general case in which more than one phrase marker
seems necessary for the description of a sentence occurs in the
representation of correspondence. Compare the sentences the
painters mix the paint and the painter mixes the paint; we see the
correspondence here between the number (singular or plural) of the
subject and that of the verb. Transgression of the rules of such
relations of correspondence leads to ungrammaticality, as may be
seen in * the painters mixes the paint or * the painter mix the paint.1
1

It is customary to mark non-grammatical sentences with the sign*.
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We are obviously dealing here with a very general property of
English which should be expressed in the grammar. For this it
will be necessary that painters be generated as painter + pi,
painter as painter+sg, mix as mix+pl, and mixes as mix-\-sg.
It must also be shown in some way that the morpheme pi must be
added to mix only when the subject (painter) appears with pi,
and the morpheme sg must be added to mix only when the subject
appears with sg. In other words, the "underlying" form mix is
changed to mix+pl or to mix+sg under certain conditions else
where in the sentence. But this means that mix and mixes must be
described in two ways: on the one hand it must be shown that
mix is mix+pl and that mixes is mix~\-sg, and on the other hand
that pi or sg are not intrinsic to the verb, but rather dependent
on a pi or sg earlier in the sentence.
(2) The description of coordination is a touchstone for every
grammar, and therefore also for phrase-structure grammars (for
a thorough study of this phenomenon, see Dik, 1968). In example
2.2 we find a context-free description of A^P-coordination. By
production 2 of the grammar, NP can be replaced by NP+and+ NP.
But what will happen when we want to coordinate several JVP's?
We can apply the production repeatedly, but the hierarchical
structure thus obtained would be rather uninforming. The noun
phrase boys and girls and children will be set out either as (boys
and girls) and children or as boys and (girls and children). An ambi
guity is thus introduced for which there is no intuitive basis: in this
and other examples of coordination we prefer to see the elements as
ordered really coordinatively. We might do this, for example, by
making rules like NP -»• NP+and+NP+and+NP,
but then
we would need a new production rule for every new string length.
If there is no upper limit to the length of such coordinations, there
will be an infinity of such productions. Another solution to the
problem is the so-called rule schema: NP -» NPn+and+NP,
n > 0, by which strings like boys, girls and children of indefinite
length can be generated. But whatever such rule schemas may be
(there is noticeably little known of their mathematical structure
relative to formal languages), they are not context-free production
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rules. Thus context-free grammars give too much structure in the
description of coordination phenomena.
But they also give too little. The phenomenon of deletion which
often accompanies coordination is not satisfyingly accounted for
by context-free grammars, as we have mentioned under (1).
Especially for compound sentences like Peter plays the guitar
daily and John weekly, a context-free grammar will either generate
the deleted element, in which case no account is given for the
deletion, or it will not, in which case no account is given for intui
tively essential syntactic relations.
(3) Context-free and context-sensitive grammars treat ambiguities
correctly only in some cases. Such a case was construed in the
grammar of Example 2.2 which was capable of rendering the
ambiguity malicious boys and girls correctly. There are, however,
many cases in which phrase structure grammars fail concerning
ambiguities. A few typical examples should make this point
clearer. In Italians like opera as much as Germans, Germans either
like or are liked; in John watched the eating of shrimp, shrimp either
eat or are eaten; in John is the one to help today, John either
helps or is helped. In all of these examples it is impossible to
represent the ambiguities in an intuitively satisfying way by re
grouping the syntactic elements, that is, by assigning alternative
phrase markers to the sentences. In such cases a context-free
grammar shows too little structure, as we have already seen in the
case of deletions.
(4) A context-free grammar will often fall short of an intuitively
satisfying representation of the relations between sentences. The
passive sentence the house was built by the contractor is very directly
related to the active sentence the contractor built the house. It is
not clear how a context-free grammar might show that these
sentences in important ways are paraphrases of each other. As
soon as a similar structure is outlined for both sentences, as would
be justified by intuition, account must be given for the fact that the
sentences are very different in their elements and word order. To
represent such relations, then, it will again be necessary to have a
structural description which consists of more than one phrase
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marker per sentence. Moreover we cannot write this off as an
incidental case, given the generality of the active/passive relation
ship in English. Other general relations also yield such problems.
An English yes/no question which contains an auxiliary verb stands
in a simple relationship with the affirmative sentence; compare,
for example, has Peter been joking? with Peter has been joking.
In general this concerns a permutation of subject and auxiliary
verb. But permutations yield discontinuous constituents, and the
related problems for context-free grammars which we have already
mentioned. It becomes much more difficult still to imagine a
context-free grammar which correctly represents the relationship
between the following sentences: father gave mother roses and
mother received roses from father.
These and other kinds of inconveniences have slowly but surely
led to the conviction that context-free grammars are descriptively
inadequate, whatever their weak generative power may prove to be.

2.4. CONTEXT-SENSITIVE GRAMMARS FOR NATURAL
LANGUAGES

For context-sensitive grammars the concept of "structural de
scription" cannot be identified with the "phrase marker", as was
the case for context-free grammars. In the first place, it is possible
to construct phrase markers only when the grammar exclusively
contains context-sensitive production rules (cf. Volume I, para
graph 2.4.1). In the second place, even in the latter case the phrase
marker will not represent the derivation unambiguously. The
contexts in which the various rewrites took place is especially not
expressed. Likewise the sequence of strings obtained in the deriva
tion of the sentence does not show what the contexts were in
each step of rewriting. A context-sensitive structural description
must, therefore, not only show the sequence of strings, but also the
sequence of contexts. Context-sensitive phrase-structure grammars,
that is, context-sensitive grammars with context-sensitive produc
tion rules, give structural descriptions which can best be defined
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as phrase markers, every nonterminal node of which is provided
with the context in which it has been generated. This definition
of structural description for context-sensitive phrase-structure
grammars is used in Example 2.3.
Context-sensitive grammars can resolve some of the problems
mentioned in the preceding paragraph, but quite as many new
problems appear. Example 2.3 shows how, by the use of a contextsensitive grammar, one can treat the discontinuity which arises
when an interrogatory sentence is generated. The example gives a
very reduced grammar, developed especially for this problem,
and without further pretensions.
2.3. Let G = (VN, VT, P, S) be a context-sensitive gram
mar with VN = {S, NP, NP', VP, N, V, V'}, VT = {freedom,
slavery, is}, and the following productions in P:
EXAMPLE

1.
2.
3.
4.

S -> NP + VP
NP -> N
VP -+V+ NP
NP -* NP' J -V

5. V -» V I NP'—
6. NP' -* V
7. V -» NP
8. N -> {freedom, slavery}
9. V-*is

This grammar can easily generate the sentence freedom is slavery,
but it can also generate the interrogatory sentence is freedom
slavery? This latter is derived as follows: S 4 NP+VP J> NP+
V+NP 4 NP'+V+NP 4> NP'+V'+NP
4 V+V'+NP
4
V+NP+NP 2d V+N+N sd is+freedom+slavery. Figure 2.5
(a)

freedom

is
slavery

freedom

