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PREFACE

The marriage of linguistics and the psychology of language, while
more than a century old, is one of doubtful stability. From time to
time the partners get involved in a serious struggle for power,
with the outcome that either the psychology of language becomes
dependent on linguistics (Steinthal), or linguistics becomes de
pendent on the psychology of language (Wundt). There are also
long periods of coldness in which the two parties tend to ignore
each other, as was the case in the first quarter of this century.
Fortunately, however, from time to time one can witness a
refreshing and intense cooperation between linguists and psycho
logists. Such was the case in the 1960's when the new transforma
tional linguistics gained great influence on the psychology of
language, in particular through the work of George Miller and his
collaborators. During that period various formal models were
enthusiastically studied and examined for their "psychological
reality". The studies were based on Chomsky's distinction between
competence and performance, with which linguists had joyfully
thrown themselves into the arms of psychologists ("linguistics is a
chapter of psychology").
In the long run psycholinguists, however, could not live up to
it, and there followed a period of reflection — but certainly not
of cooling-off — during which the relations between the linguistic
and psychological models were examined with more objectivity
and a greater sense of reality.
This volume will be devoted to a discussion of the connection
between formal grammars and psycholinguistic models. The
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connection has been worked out in various ways over the three
mainfieldsof psycholinguistics: (1) the study of the psychological
basis of linguistic intuition; (2) the study of the "primary" lin
guistic behavior of the speaker-hearer; and (3) the study of lan
guage acquisition.
Our aim in this volume will be expressly limited. We do not
attempt to present an introduction to the modern psychology of
language, but rather only to show how the theory of formal lan
guages and its applications to linguistics have penetrated psycholin
guistics. That influence can be seen above all in the syntactic
applications, but we shall show that formal language theory is of
increasing importance to the semantic and conceptual aspects of
the psychology of language, and that those aspects will draw
growing attention.
Although this volume is addressed primarily to psychologists, it
treats a number of topics which are also of interest to linguists,
such as the problem of competence and performance, the structure
of linguistic intuitions, and the language of the small child.
The presentation supposes that the reader is familiar with the
material given in Volumes I and II, to which reference is often
made.
W. J, M. Levelt
August, 1973
Nijmegen
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1
GRAMMARS IN THE PSYCHOLOGY OF LANGUAGE:
THREE PROBLEMS

1.1. LANGUAGE USE, LINGUISTIC INTUITIONS,
AND THE ACQUISITION OF LANGUAGE

The empirical psychology of language came into being in the
second half of the nineteenth century, and developed rapidly to a
tentative culmination in the classical work of Wilhelm Wundt
(1900). The discipline has always been occupied with the psycho
logical investigation of the acquisition and use of language. Lan
guage acquisition involves, in the first place, the process by which
the growing child learns to use his native language, but it also
includes the learning of a foreign language in later development,
and the learning of artificial languages, such as the sign language
used by the deaf, and more abstract systems of symbols. It corre
sponds to the developmental aspect of the psychology of lan
guage. The use of language corresponds in turn to the functional
aspect. It has to do with such matters as the way man uses his
language in communication situations, the way he formulates
what he means while speaking, and the way be deciphers what
another means while listening. It also takes in the derived processes
of reading and writing, the way in which man memorizes verbal
material over a longer or shorter period of time, and the way he
later reconstructs it, and finally, the relations between speech and
other psychological functions such as perception, thinking, decision
making, and so forth.
We have stated, for the sake of caution, that the aim of the
psychology of language (psycholinguistics) is the psychological
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investigation of language acquisition and speech. But in this
respect, it is difficult to establish the frontiers between linguistic and
psychological research. In Volume II, Chapter 1, we stated that the
formulation of psychological theory is essentially part of linguistic
interpretation. The present volume is almost exclusively concerned
with these psychological aspects of linguistic interpretation, and
it will be quite evident that it is often impossible to draw a sharp
line of demarcation between the two disciplines. In Volume II,
Chapter 1, we showed that certain phenomena are considered
to fall into the domain of linguistics merely because of more or
less arbitrary traditions. Some intuitions of the native speaker are
considered to be linguistic, while others are not. The inacceptability of very long sentences, for example, is seen as an intuition
irrelevant to linguistics. The history of the psychology of language
shows clearly that such traditions are indeed arbitrary. The line
drawn between psychology and linguistics, or more precisely, the
relationship established between the two sciences, will largely be
dependent on some a priori philosophy concerning the relationship
between language and the human mind. In recent history opinions
have diverged considerably on this point. In the remainder of this
section we shall mention, without attempting an exhaustive discus
sion, two prominent points of view on the subject while making
some critical remarks on a number of current trends.
Some authors, such as Steinthal in the nineteenth century and
Whorf in the twentieth, claim that the structure of the most
important human cognitive functions, such as perception and
thought, is determined by language, and that psychology should
therefore be based on linguistics. Others reverse the argument,
and state that the structure of human language can be understood
only on the basis of the structure of the human mind. This latter
point of view was already to be found in the nineteenth century
among the Junggrammatiker (Paul and others), and explicitly
in the work of Wundt and many of his disciples. They tried to
find psychological explanations for linguistic phenomena, above
all for diachronic regularities which were the piece de resistance
of nineteenth century linguistic research. But even since de Saussure
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revived interest in synchronic relations, many linguists have main
tained that their science should, in the final analysis, be drawn
back to psychology. Sometimes only lip service was paid to this
point of view, without any practical consequence (de Saussure,
Bloomfield), but in Chomsky's work the conception was given
a new and detailed formulation. For Chomsky, "linguistics is a
chapter of human psychology" (Chomsky 1968), and he attempts
carefully to delimit that chapter. He calls the psychological object of
linguistics LINGUISTICS COMPETENCE, the creative faculty which al
lows the language user to understand and form an unlimited number
of sentences. According to Chomsky, it is a whole of more or less
unconscious knowledge which is applied in every act of linguistic
behavior, such as speaking and listening. Chomsky calls this actual
usage of language PERFORMANCE, and relates it to competence in a
way which may be seen in the following quotation:
To study actual linguistic performance, we must consider the inter
action of a variety of factors, of which the underlying competence
of the speaker-hearer is only one (Chomsky 1965).
Other psychological variables are such matters as attention,
memory span, etc. But this is also an a priori delimitation of the
domain of linguistic research, and Chomsky is aware of its tentativeness:
It must, incidentally, be borne in mind that the specific competenceperformance delimitation provided by a grammar represents a hypo
thesis that might prove to be in error... When a theory of performance
ultimately emerges, we may find that some of the facts we are at
tempting to explain do not really belong to grammar but instead fall
under the theory of performance, and that certain facts that we neglect,
believing them to be features of performance, should really have been
incorporated in the system of grammatical rules (Chomsky and Halle
1968).
It is interesting to notice in this quotation that although Chomsky
is aware of the arbitrariness of the delimitation of linguistics, he
nevertheless considers it an empirical question. When a complete
theory of human linguistic behavior is prepared, it will be evident
which part of the theory is concerned with competence and is
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therefore the linguistic part. It is clearly presupposed here that
empirical evidence will not have to do with the distinction between
competence and performance itself, but only with the precise
delimitation of competence. This position obscures the empirical
character of the very starting point, which can be summarized
in the following two points:
(1) The language user disposes of a system of rules called linguistic
competence, which is the basis of actual linguistic behavior.
Actual linguistic behavior (performance) is the result of the
interaction of competence and other psychological factors.
The empirical character of this first point is comparable to that
of the psychological notion of intelligence. In psychology, intelli
gence was originally no more than a theoretical construct with little
empirical basis, but a promising program of research was defined
with it. For the first time careful distinctions were made between
such matters as "dumb" (competence) and "lazy" (performance),
and external factors which stimulate or hinder intelligent behavior
were discerned. At the same time it gradually became more
plausible that a common factor, called "general intelligence", lay
at the base of all forms of what could be called "intelligent behav
ior". Empirical research showed that when that common factor is
subtracted, a whole gamut of specific capacities, which play a
role in some forms of intelligent behavior and not in others,
comes to light. Linguistic competence is an empirical notion in
quite the same way. It is originally only a theoretical construct by
which a program of research is defined. Only growing empirical
evidence can prove that linguistic competence, like intelligence, can
be clearly distinguished from other psychological factors, and we
might mention in passing that three quarters of a century of
research on intelligence has not been sufficient to be really decisive
in this regard (cf., for example, Layzer 1973). Also, it is an empirical
issue whether linguistic competence is indeed a general factor
in human linguistic behavior, or to what extent various
specific competences play a role in particular forms of verbal
behavior. These latter can nevertheless be specifically verbal,
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that is, relatively autonomous with respect to external factors such
as attention and perception. The distinction between competence
and performance is not a platonic truth, but an empirical
psychological question.
(2) A grammar is a description of linguistic competence.
Some explanation will be needed to show that this is also an
empirical issue. To do so we shall suppose that proposition (1)
is indeed valid, i.e. that linguistic competence, a relatively auton
omous factor at the basis of all linguistic behavior, does indeed
exist. The question at this point is whether a grammar is a descrip
tion of that linguistic competence. According to Chomsky, this
should in fact be the case:
We use the term "grammar" with a systematic ambiguity. On the one
hand the term refers to the explicit theory constructed by the linguist
and proposed as a description of the speaker's competence. On the
other hand, we use the teim to refer to this competence itself (Chomsky
and Halle 1968).
The first part of this quotation states that a grammar should be a
theory of linguistic competence, but according to the second
part we may as well call the linguistic competence of the language
user his grammar. Linguistic competence and linguistic theory
would thus completely coincide. The empirical question is whether
a (complete) theory of linguistic intuitions is identical with a
(complete) theory of human linguistic competence. In Volume II,
Chapter 1, we saw that the empirical domain of a Chomsky
grammar consists of linguistic intuitions. Chomsky, then, has no
doubt as to this identity:
the grammar is justified to the extent that it correctly describes its
object, namely the linguistic intuitions — the tacit competence — of the
native speaker (Chomsky 1965).
This, however, is even less a self-evident truth than point (1), for as
opposed to the first proposition, the second is unlikely to be con
firmed empirically. The theory of one kind of linguistic behavior,
namely, metalinguistic judgment on such things as grammaticality
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and paraphrase, would then as a whole be built into theories on
other forms of linguistic behavior such as speaking and under
standing, The theory of linguistic intuitions is competence theory,
according to (2); this in turn, according to (1), is part of every
performance theory. The priority, given in this way to the theory
of linguistic intuitions, has no empirical basis whatsoever. On the
contrary, if we wish to think in terms of primary and derived forms
of verbal behavior, the speaking and the understanding of lan
guage fall precisely into the category of primary forms, while
metalinguistic judgments will be considered highly derived, arti
ficial forms of linguistic behavior, which, moreover, are acquired
late in development. We mentioned in Volume II, Chapter 1, that
nothing is known of the origin of linguistic intuitions; we do not
know what role factors such as imagery and verbal and nonverbal
context might play, nor do we know to what extent intuitions
are learnable, or how they originate and develop in the child.1
We simply do not know the psychological factors which determine
the formation of such intuitions. It would be foolish to make lin
guistic virtue of psychological necessity by concluding that these
factors are unimportant simply because they are unknown, but this
is precisely what is done when linguistic intuitions are made the
key to linguistic competence. Some introspection, moreover, will
make it plausible that the imagination of primary linguistic behav
ior — speaking and listening in a given situation of communication
— plays an important role in the formation of linguistic judgments.
Judgments on paraphrase are often based, at least from a phenomenological point of view, on a search of an imagery situation in
which both sentences may be said with the same intention; if such a
situation can be imagined, the two sentences are considered
paraphrases of each other. In a similar way, judgments on grammaticality are perhaps dependent on the possibility of imagining a
situation in which a sentence may be said. It would be an illusion to
suppose that in such a case external factors, such as memory,
motivation, etc., suddenly no longer play a role in the formation of
1

During the translation of this volume Gleitman, Gleitman, and Shipley
(1973) published a highly interesting article on this subject.
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the judgment. We unfortunately do not know precisely what that
role is, but there is at least as much reason to take a theory of
primary verbal behavior as the basis of a theory of linguistic
intuition as the inverse. It seems safer, however, to avoid connecting
such theories a priori in series.
These remarks on the relation between psychology and grammar
allow us at this point further to define the problems which will be
discussed in the present volume. As we have already mentioned,
the psychology of language is traditionally concerned with the
usage of language and with language acquisition. From the point
of view of grammars, the empirical problem in the psychology
of language is in turn divided in two, the investigation of psycho
logical factors in PRIMARY LANGUAGE USAGE, and the psychological
investigation of LINGUISTIC INTUITIONS. The investigation of LAN
GUAGE ACQUISITION adds still a third problem to this — genetic
aspects of grammars. Volume III is subdivided according to these
three subjects. As was the case in Volume II, the principal accent
will be laid on the formal aspects of the problems concerned, and
questions of substance will not be treated systematically.
It should be noted that this division into three empirical fields
is above all pragmatic. In principle the various subjects overlap
in important and interesting ways. The remainder of the present
chapter will evoke a few examples of such relations.

1.2. PRIMARY USAGE OF LANGUAGE AND LINGUISTIC
INTUITIONS

In the preceding paragraph linguistic judgments were opposed to
primary usage of language in speech and understanding. In the
present paragraph we would emphasize that there is an area of
rather fluent transition between the two, a field of research to
which neither psychologists nor linguists have given much attention.
We can call this area of overlap that of METALINGUISTIC USE OF
LANGUAGE. It is obvious that intuitive linguistic judgments are
metalinguistic judgments. The object of a judgment of grammati-
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cality such as the sentence "John lives in town" is good English is a
linguistic object (the sentence S), and a judgment is made on it as a
linguistic object. But the judgment itself is also a sentence, and as
such it is subject to paraphrase relations with other sentences.
The above example is thus a paraphrase of "John lives in town"
is good English. An interesting question is whether grammatical
relations between metalinguistic judgments are determined by the
same rules as relations between "ordinary" sentences. The question
is difficult to answer in this general form, but a step in the direction
of analysis might involve the following, more elementary question:
do metalinguistic forms exist in ordinary speech, and if so, how can
they be described?
It is in fact easy to find various forms of "ordinary" metalinguis
tic speech. A few examples are the following:
(1) John strikes Mary and inversely
(2) John strikes Mary and the latter strikes the former
(3) John and Mary entered in that order
In these sentences inversely, latter, former, and in that order
refer to the order of constituents in the sentence; in that respect
they are metalinguistic.
There are other metalinguistic sentences in which the vocabulary
of the language is extended, as it were, to include a linguistic
auxiliary vocabulary, that is, to include words like sentence,
word, manner, rhyme.
(4)
(5)
(6)
(7)
(8)

the sentence "John lives in town" has four words
the word "biscuits" comes from French
they sang a song called "By the Old Mill Stream"
he looked at her in a "what do I care" manner
"house" rhymes with "mouse"

The use of these and other metalinguistic constructions is bound
by specific rules. Restrictions of the use of latter, former, and in
that order may be seen in the following constructions which are
rather difficult to accept.
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(9) *'after they had entered the house in that order, John struck
Mary
(10) *after the latter had struck the former, John and Mary entered
Latter and former do not simply function as pronouns, for we can
say the following instead of (10):
(11) after he had struck her, John and Mary entered
and we obviously cannot paraphrase (2) with:
(12) Mary was struck by John and the latter struck the former
This shows that sentence (2) must have a complicated syntactic
description. To derive sentence (2) it is evidently first necessary to
generate the first half in such a way that the surface word order has
John and Mary, and the second half of the sentence must in some
way be generated so as to make reference to this surface order.
In the syntactic description of metalinguistic sentences, coordina
tion will often necessitate the introduction of the surface form
of one subsentence into the underlying structure of the other
subsentence. None of the transformational grammars in Volume
II offers the technical means for accomplishing this. Nevertheless
we are dealing here with ordinary speech, and it is not audacious
to assert that linguistic judgments are an extension of it. Moreover,
such usage can be consciously learned. This is precisely what hap
pens in secondary and higher education: the language student
becomes familiar with a whole vocabulary whose function is to
refer to the language; the vocabulary includes such words as
vowel, morpheme, coordination, constituent, transformation, and so
forth.
Metalinguistic speech is not limited to one level. Just as one
can speak of the language, he can also speak of metalinguistic
sentences, and there again certain restrictions will apply. It is
not to be expected that a system of rules which is adequate for
one level should also be adequate for the next higher level. In this
way linguists create a language to which their grammars are not
applicable.
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Not only is there a linguistic vacuum around metalinguistic
usage, but there is also little known of this reflective behavior
from a psychological point of view. Experiments have never been
carried out on the way the hearer assimilates such metalinguistic
sentences as examples (1) to (8). Likewise, psycholinguistics has
yet to begin the investigation of the closely related field of the
psychological background of metaphore. (Gleitman and Gleitman
[1970] have, however, developed an ingenious experiment on the
origin of the paraphrase judgment.)

1.3. LINGUISTIC INTUITIONS AND LANGUAGE ACQUISITION

We know as little about the acquisition of linguistic intuitions
among children as we do of their nature among adults (see,
however, footnote on page 6). But it is generally accepted in the
investigation of children's languages that the small child is hardly
capable of making judgments on his own language. As we have
seen in Volume II, Chapter 1, this leads to an essentially different
linguistic analysis; the child's grammar is not tested on the basis of
intuitions, but rather on a corpus of utterances, complemented by
understanding games, imitation, and careful notation of the situa
tional circumstances in which certain utterances occur. The
relation between such a speaker/hearer grammar and an intuition
grammar is unknown. We mentioned the analysis of children's
languages as a characteristic example of a linguistic problem of
interpretation, and stated that psychological theory is indispensable
to its solution.
A modest step toward research on the growth of linguistic
intuitions in the child would be the investigation of metalinguistic
usage. When does the child produce and understand metasentences such as examples (1) to (8)? Here, too, little is known, but
some aspects of the problem are striking. The child, for example,
is quite rapid in acquiring the notion of what a word is; if a
three year old is asked what a word is, he will respond with a series
of nouns and proper names. At the same age he will understand
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what rhyme is. The child, therefore, apparently disposes of metalin
guistic notions of word unity and sound associations quite early.
But it is only later that he comes to the idea of sentence; two
and three year olds notice ungrammaticality in word order only
by exception (de Villiers and de Villiers 1972). It is quite normal
for a child of six or seven not to know what a sentence is, or to
reserve the notion for declarative sentences while excluding inter
rogative and imperative sentences. An early form of metalinguistic
behavior was described by Weir (1962). She showed how the child
practices syntactic forms by successively fitting various words into
a given sentence frame: what color — what color blanket — what
color mop — what color glass — etc.; this was done by the child
immediately before falling asleep. The activity was spontaneously
performed without training. The influence which metalinguistic
behavior has on language acquisition itself is unknown, but it is
probably considerable. In Chapter 4 we shall discuss a model of
language acquisition in which metalinguistic feedback plays an
essential role. In its explicit form, that feedback consists of an
announcement on the part of the educator that a given utterance
is or is not good English; there are, of course, other more subtle
forms such as the giving of an inadequate reaction to an utterance
which has not been understood.
There is also an interesting inverse relation between language
acquisition and linguistic intuition. McNeill (1966) shows that
adults have rather accurate intuitions on the level of development
at which different sentences are formed. In an experiment, he
asked adults to rank several sentences according to degree of
grammaticality. The sentences were spontaneous utterances of an
English-speaking child at the ages of twenty-six, twenty-eight and
a half, and thirty-one months. They were selected for the experi
ment in such a way that age and sentence length were not corre
lated. The result was that the ranking of grammaticality as judged
by the adults corresponded well with the stages of development
at which the sentences were produced. Nearly the same was true
of the judgment of adults who had acquired English only as a
second language. McNeill relates this to his theory on the differen-

12

GRAMMARS IN THE PSYCHOLOGY. OF LANGUAGE

tiation of word classes. For him, all children, regardless of lin
guistic environment, begin with the same fundamental word
classes, and the first differentiations which are introduced into
those word classes are also universal. The differentiation of classes
is also reflected in the syntactic structure of sentences produced
at various levels of development. The last stage of differentiation
is the adult's system of categories. The system of syntactic catego
ries used by the adult, however, is not only a refinement of the
various systems used by the child: the actual sequence of the
phases of development is reflected in the adult's hierarchical
subcategorization. Thus, for example, not only does the primitive
distinction between verb and noun remain, but verbs are further
differentiated at a later stage of development into subcategories of
transitive and intransitive verbs, nouns are further distinguished as
concrete or abstract, or divided into other subcategories. On this
point, McNeill relates his model to Chomsky's grammaticality
model (Chomsky 1964), according to which sentences become
ungrammatical through the violation of category and subcategory
features. Ungrammaticality increases when a more fundamental
category is violated, that is, a category which is localized higher
, in the hierarchy. The the string the students elephant the car (viola
tion of the distinction between noun and verb) is more seriously un
grammatical than the students laugh a car (violation of the distinc
tion between transitive and intransitive). Sentences produced at a
developmental stage where a certain category or subcategory has
not yet been acquired, therefore, will, on the average, be more
seriously ungrammatical than sentences produced at a later stage,
where the differentiation in question has already been introduced.
One can rightly pose objections to Chomsky's classification into
strictly hierarchical subcategories. Cross-classification of sub
categories also occurs, as Chomsky shows in Aspects. That crossclassification model is in fact adopted by McNeill (1971) in Ms
theory of the development of word class differentiation. But the
fact that judgments on grammaticality and the stages of language
development show a strong relationship calls for further research.
There is, moreover, a set of related psycholinguistic phenomena,
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such as the apparent ease with which adults speak children's
languages and the ease with which small children imitate the
languages of even smaller children. We know of no research
already done on the development of this "feeling for language".

1.4. LANGUAGE ACQUISITION AND PRIMARY USAGE O F
LANGUAGE

Nearly all research on language acquisition has been based on the
child's usage of language. Research on the interaction of these two
psycholinguistic aspects is therefore not easily distinguishable
from research on language acquisition as such. We refer, therefore,
to Chapter 4 of the present volume, in which this subject will be
further discussed.

2
GRAMMARS AND LINGUISTIC INTUITIONS

2.1. THE UNRELIABILITY OF LINGUISTIC INTUITIONS

The empirical touchstone in the tradition of transformational
linguistics is the linguistic intuition, either of the linguist himself
or of an informant. This is also the case in other linguistic tradi
tions, but not in all. Some linguists write grammars for a given
corpus, at times on principle, and at times because they are forced
to do so for lack of informants. Without taking position on the
problem of whether or not intuitions constitute a sufficient basis
for a complete language theory, we can in any case propose that
their importance in linguistics is essentially limited by the degree
to which they are unreliable. It is a dangerous practice in linguistics
to conclude from the lack of psychological information on the
process of linguistic judgment that intuitions are indeed reliable.
Although incidental words of caution may be found in linguistic
literature, their effect is negligible. Chomsky warns his readers
that he does not mean "that the speaker's statements about his
intuitive knowledge are necessarily accurate" (Chomsky 1965),
and further states that
in short, we must be careful not to overlook the fact that surface simi
larities may hide underlying distinctions of a fundamental nature,
and that it may be necessary to guide and draw out the speaker's
intuition in perhaps fairly subtle ways before we can determine what
is the actual character of his knowledge of his language or of anything
else.
As we pointed out in Volume II, Chapter 1, Chomsky (1957)
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emphasizes that, as far as possible, grammars should be constructed
on the basis of clear cases with regard to grammaticality. If the
grammar is adequate for those cases, the status of less clear cases
can be deduced from the grammar itself, and the intuitive judgment
is no longer necessary.
After the first phase of the development of transformational
generative linguistics, little seems to remain of these two directives
in linguistic practice. Instead of an increasing number of cases in
which the theory decides on the grammatical status of halfacceptable sentences, we find an enormous increase of examples
in which sentences of doubtful grammaticality are applied as tests
of syntactic rules.
In order to show how serious this development is, we offer an
elaborate example of it. Fourteen sentences taken from a reader on
transformational linguistics (Jacobs and Rosenbaum 1970)
follow. In that book, each of the sentences is marked by the author
concerned1 as grammatical or ungrammatical. We shall allow the
reader himself, however, to decide which of the sentences were
marked ungrammatical in the original text. The original judgments
of the respective authors may be found in a note at the end of this
chapter. In making his judgment, the reader should imagine
that the sentence is presented to him in spoken form.
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
1

Your making of reference to the book displeased the author
(Fraser)
No American, who was wise, remained in the country (Postal)
They never insulted the men, who were democrats (Postal)
They never agreed with us planners (Postal)
The talking about the problem saved her (Fraser)
The machine's crushing of the rock was noisy (Fraser)
The giving of the lecture by the man who arrived yesterday
assisted us (Fraser)
Your making of a reference to the book displeased the author
(Fraser)
Her slicing up of the cake was clever (Fraser)
The na me of the author is given in parentheses after each sentence.
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(10) John's cutting up of four cords of wood yesterday and his
doing so again today was a welcome gesture (Fraser)
(11) John's tendency to sleep along with Mary's tendency not to do
so ruined the party (Fraser)
(12) I didn't believe it, although Sid asserted that Max left (Lakoff)
(13) J did't believe that John would leave until tomorrow (Lakoff)
(14) His criticism of the book before he read it (given as a noun
phrase) (Chomsky)
We used these fourteen sentences as a demonstration example
for a group of twenty-four trained linguists, and asked them to
judge which sentences were marked as ungrammatical in the
original text. The results of this little experiment, also given in the
note at the end of this chapter, showed that the sentences marked
ungrammatical by the authors had half as much chance of being
judged ungrammatical by the linguists as those marked gram
matical by the authors. This is precisely the opposite of what might
have been expected. Though this experiment (reported in further
detail in Levelt 1972) was not watertight because none of the
judges was a native English speaker (but all had had higher
education in English and many were specialists in the study of the
English language); however, the results are alarming enough to
incite us to caution in the use of linguistic intuitions. These fourteen
sentences can also act as the basis of a discussion of a number of
factors which contribute to the unreliability of linguistic judgment
but are systematically underestimated and often denied by linguists.
The context of linguistic presentation. The grammatical status of
many examples among sentences (1) to (14) is well indicated in
the original articles, but outside of that context, the same sentences
become problematic. The development of the argument in a
linguistic article influences the grammaticality judgment in a way
which has not yet been investigated.
Comparison with other sentences. A sentence which appears to be
grammatical in isolation can nevertheless become ungrammatical
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when it is compared with other sentences. Sentence (1), for ex
ample, loses much of its grammaticality if sentence (8) is presented
first. Another example is the doubtful grammaticality of the
following sentence:
(15) Tom was not present, and many of the girls believed that the
paper had been written by Ann and him himself.
Ross marks the sentence grammatical (in Jacobs and Rosenbaum
1970) in contrast to the following sentence:
(16) Tom was not present, and many of the girls believed that the
paper had been written by Ann and himself
which, in his opinion, is ungrammatical.
Judging isolated sentences differs very much from judging
contrasting sentences. Which of the two methods is to be preferred?
It is the exception rather than the rule that a stable criterion can be
maintained by a judge in an actual judgment situation. Psychology
makes it quite clear that such a criterion will be sensitive to pay off,
that is, independently of the possibility of distinguishing gram
maticality from ungrammaticality, the percentage of judgments
"grammatical" will increase when the judge feels that such a
reaction is desired of him. This is anything but an imaginary factor
in present linguistic practice. As we have already pointed out, a
linguistic article in itself can often induce a certain expectation in
the first place, and that expectation can influence the criterion in
one direction or in the other. But when the linguist is his own in
formant, reward or pay off and the criterion can no longer be
distinguished from each other. The linguist's theoretical expecta
tion on a given sentence is also determinant for the position of the
criterion of grammaticality, but its influence will not necessarily
be in a direction advantageous to the theory. The critical (or
hypercritical) linguist can also show the reverse tendency. The
point is that it is an illusion to think that an objective absolute
judgment of grammaticality is possible. Abstracting from the
effects of pay off, absolute judgments usually also show the effects of
a central tendency. If a sequence of certainly grammatical sen-
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tences is given, followed by a somewhat less grammatical sentence,
this latter has a good chance of being judged as ungrammatical.
Beside the reward effect, there is a tendency toward a fifty-fifty
criterion. It would be best advice for the linguist who wishes to
show a sentence of doubtful grammaticality to be grammatical
to place that sentence at the end of a series of strongly ungrammati
cal examples.
There is^ therefore, good reason to mistrust absolute judgments
of grammaticality. Judgment of contrasting examples, in which the
position of the criterion no longer plays a role, seems to be a
considerably safer procedure. This does, however, lead to a type
of linguistic data which is related to the linguistic theory in a
different way. We shall return to this problem of interpretation
later.
The use of unnatural and misleading examples. This is a common
practice everywhere, as we see in the following examples, taken
from the same reader;
(17) The number of dollars that a dozen eggs cost in China is
greater than the number of degrees centigrade the temperature
was in Chicago (Hale)
(18) That Tom's told everyone that he's staying proves that he's
thinking that it would be a good idea for him to show that he
likes it here (Langendoen)
(19) / dreamed that I was a proton and fell in love with a shapely
green-and-orange striped electron (McCawley)
(20) Tom thinks that I tried to get Mary to make you say that the
paper had been written by Ann and him himself (Ross)
In all of these cases, misleading factors are expressly introduced,
rather than being eliminated. This can only increase the un
reliability of the judgments. The reader may give his judgment
on sentences (17) to (20); the judgments of the original authors
are given at the end of this chapter.
The linguist as his own informant. The transformational linguist
usually bases bis arguments on his own intuitive judgments.
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We have already pointed out that certain theoretical expectations
on his part can influence the position of the criterion in the judg
ment situation. But the combination of linguist and informant can
also be the source of problems in other judgment situations, such as
the judgment of grammaticality on the basis of contrasting sen
tences and paraphrase judgments. The question is how the nature
of the criterion is related to the linguistic training of the investigator.
This is a particular instance of an old psychological problem —
the use of trained subjects. At the beginning of this century,
the Wurzburg studies on thinking (Ach, Buhler) were among the
first in which trained subjects were used for systematic introspec
tion. The practice was a source of much vexation to Wundt, who
on more than one occasion (1907; 1908) rejected it as unscientific.
Van de Geer (1957) gives a survey of the discussions on the matter,
and wonders in which field the subjects were actually trained.
He writes that in Wundt's day
training was assumed to be an unlearning of bad perceiving-habits,
not the learning of a specific technique of perceiving. Nowadays we
are inclined to say that the subjects were trained in a specific technique,
and we recognize that different training systems may lead to different
results
and further,
one serious objection can be maintained: the special training of the
subjects and the impossibility to see in how far the Wurzburg results
are a consequence of this training. This objection is the more cogent as
other studies produced results which were at variance with those of the
Wurzburg school.
These considerations are almost literally applicable to the
present situation in linguistic practice. Chomsky's warning, quoted
at the beginning of this paragraph, is based on the supposition that
a careful elimination of external factors (such as surface similarities)
in the judgment situation will lead to the discovery of the "real"
underlying knowledge. Linguistic training is useful in that it makes
the judge aware of such factors: thanks to his training, the linguist
unlearns his bad perceiving habits. But, in linguistic literature,
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we seldom find instances of awareness of the fact that linguistic
training also determines the form of the criterion itself, which ex
presses itself in a certain judgment technique. To illustrate this,
we need not even compare the different schools of linguistics. A
linguist trained in the transformational grammar of the type
presented in Syntactic Structures will judge the string colorless
green ideas sleep furiously as grammatical (in the restricted syntactic
sense of the word), although it is semantically abnormal. A linguist
trained in the Aspects theory will find the same string ungrammatical, because (syntactic) lexical insertion rules have not been
respected in its derivation. The linguist trained in generative
semantics, on the other hand, will in turn judge the string as
grammatical, because the selection restrictions which have been
violated are purely semantic in nature. We see here that the same
phenomenon is alternately called semantic and syntactic, in
dependently of the form of the theory, and this in turn determines
the nature of the criterion of judgment. In this regard, judgments
can only confirm the theory. If we hold the convention that selec
tion restrictions are semantic, it is the theory which decides that
colorless green ideas sleep furiously is syntactically correct. The
judgment of the linguist adds nothing to this. We do not wish
to say by this that it is pointless to train informants. One can
make the judge aware of a particular characteristic of sentences,
of theoretical importance at that moment. The theory can be
tested on such judgments. One would, however, prefer that
linguists were completely explicit on the nature of the criterion
which they use in their judgments. With sufficient precautions,
the use of trained subjects can indeed be useful, as is apparent in
the history of psychology. The entire field of human psychophysics
is based on experiments in which trained subjects were used, and
it does not appear that any great problem occurred.
Written language versus spoken language. Linguistic judgment is
often clearly based on the written form of the sentence, and at
times even on the punctuation. Sentence (2) would be a good
example of this. It remains an open question as to whether or not
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there is an acoustic equivalent to the commas when the sentence
is spoken. If not, it is impossible to hear whether the relative
clause is restrictive or expansive. It is also unclear whether this
distinction is indeed of syntactic nature, or whether we are dealing
with a semantic or even pragmatic characteristic which has come
to be expressed in writing in our culture in the form of punctuation.

2.2 FROM DATA TO MODEL

If we suppose that all the problems of reliability mentioned in
the preceding paragraph have been solved, we must still ask what
the linguist can do with his reliable data. Data would offer the
linguist the opportunity to test his theory, but this does not work
only in one direction. The theory (grammar) determines which
data are relevant, or, in other words, which linguistic intuitions
must be investigated in order to justify certain conclusions. In
Volume II, Chapter 1, we stated that the formal relations between
data and theory are elaborated in the theory of linguistic inter
pretation. This theory may be said to indicate how the data (in
tuitions) are represented in the model (the grammar). In this respect
the theory of interpretation fills the same function in linguistics as
measurement theory in the social sciences (cf. Krantz, et al.
1971). But unlike the measurement theory, the theory of inter
pretation is only at the first stage of its development. In Volume II
we discussed two cases in which the absence of a theory of inter
pretation had serious consequences for the testing of a linguistic
model. The first case was Chomsky's rejection of the regular model
for natural languages (Volume II, Chapter 2, section 2.2.). We
showed that the data used by him were insufficient to justify his
conclusion. On the ground of a bit of interpretation theory devel
oped there ad hoc, however, it was possible to refer to, and (to a
certain extent) to find, data which could tentatively justify the
conclusion. The second case was Postal's rejection of the contextfree model for natural languages (Volume II, Chapter 2, section
2.3.). His "proof" did not relate his data to the model he tested.
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Postal's argument nevertheless appeared quite clear on first
examination, and many references are made to it in linguistic
theory. Without interpretation theory, such snares remain for the
linguist. The choice between absolute judgment of grammaticality
and judgment by contrast, for example, has repercussions for the
possiblity of testing the grammar. In the following paragraph we
shall illustrate this to a certain degree, but without a theory of
interpretation, such considerations remain ad hoc remarks.
The remainder of this chapter will deal with the formal aspects
of interpretation of two types of linguistic intuitions, namely,
those concerning grammaticality and those concerning syntactic
cohesion. On the first point, hardly any experimental work has
been done on the testing of formal linguistic theories. Our remarks
will therefore be limited to a few fundamental aspects of the
relationship between data and theory, in particular concerning
judgments of grammaticality by contrast. The second topic
is an exercise in linguistic interpretation. Without arriving at
definitive conclusions, we will show how a formal interpretation
theory can be constructed and tested experimentally.
2.3. THE JUDGMENT O F GRAMMATICALITY: ABSOLUTE
JUDGMENT VERSUS JUDGMENT BY CONTRAST

It is only since the generative point of view became common in
linguistics that the absolute judgment of grammaticality came to be
of great importance to theory. In Syntactic Structures Chomsky
wrote:
The fundamental aim in the linguistic analysis of a language L is to
separate the grammatical sequences which are the sentences of L from
the ungrammatical sequences which are not sentences of L and to study
the structure of the grammatical sequences. The grammar of L will
thus be a device that generates all of the grammatical sequences of L
and none of the ungrammatical ones.
Only absolute grammaticality defines the language, and the
language is what the linguist describes. Relative grammaticality or
gradation of grammaticality is an interesting but secondary prob-
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lem in this point of view. The principal distinction is that between
grammatical and ungrammatical, and an order of grammaticality
can be determined only for the ungrammatical sentences. Chomsky
(1964) and others (Kate 1964; Ziff 1964; Lakoff 1971) have
developed theories on degrees of ungrammaticaiity. They are all
based on the consideration that given a grammar, by the systematic
violation of certain rules, ungrammaticaiity can be varied as a
function of the seriousness and the number of those violations.
None of these theories has ever been the object of direct experimen
tal tests.1 Experimental work on grammaticality, such as that of
Maclay and Sleator (1960) and of Quirk and Svartvik (1965),
has been concerned principally with the relations between
that which subjects understand by "ungrammaticaiity" and other
experimental variables, such as judgment of "meaningfulness" of a
sentence, and behavioral tests concerning the sentence (accuracy in
making a semi-grammatical sentence passive or interrogative,
etc.). Systematic predictions which can be made on the basis of the
formal theory have never been tested. Given the secondary im
portance of the phenomenon of ungrammaticaiity, such tests
would moreover have been rather indirect for such formal theories.
According to the point of view of Syntactic Structures, it is in the
grammatical sentences, and therefore in absolute grammaticality,
that the real interest lies.
It should be pointed out, however, that, in other schools of
linguistics, relative grammaticality is at least as important a notion.
In Harris' transformation theory (both his earlier theory and his
present operator grammar), paraphrastic transformation is defined
by an equivalence relation between two classes of sentences in the
language (for example, active and passive), with the property that
the order of acceptability within the two classes is equal. The
supposition behind this argument is that sentences in the language
do indeed vary in acceptability. It should be noticed that accepta
bility is not identical to grammaticality, but Harris does not make
1
During the translation of this book an article by Moore (1972) appeared in
which Chomsky's theory was investigated experimentally with a completely
negative result.
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the distinction, and the context makes it clear that for him accepta
bility is a theoretical linguistic concept. It may therefore be said
that RELATIVE GRAMMATICALITY is the central notion here; it is
a condition on paraphrastic transformations. It is in fact nothing
other than the supposition that transformations are independent
of each other in their effect on the acceptability of the sentence.
Suppose that sentence x is more acceptable than sentence y; we
may represent this as x > y. Harris' condition states that if x'
and / are transformations of x and y, respectively, by means of the
application of the optional (paraphrastic) transformation h,
then it must hold that x' > y'. Suppose that x" and / ' are, in
turn, transformations of x' and / by application of transformation
tr, it must then hold that x" > y". In other words, the order of
acceptability resulting from the application of h cannot be reversed
by the application of t2- But notice that this condition of in
dependence says nothing of the effect of the transformation
itself on acceptability. The effect of t\ can as easily be x > x'
as x -< x'. We shall return to this subject later.
There is nothing in Aspects to render this assumption of inde
pendence of optional transformations improbable. However, such
an assumption is quite irrelevant to the framework of the Aspects
theory in the first place. All the deep structures generated by the
base are grammatical; on that level there is no gradation in gram
maticality, and consequently, the assumption of independence is
trivial. But in the practice of later developments, the very definition
of deep structure becomes problematic. In the framework of
generative semantics it is no longer clear how the underlying
structures are generated, and one cannot be certain in advance that
a given underlying structure can be accounted for on the basis of
the (unknown) base grammar. This need not be a great hindrance
to the investigation of transformational relations among sentences,
provided that attention is paid to the fact that sentences of doubtful
grammaticality can again play a role in the testing of transforma
tions, and, as we have seen in the preceding section, this is a real
problem. Under these circumstances the principle of independence
becomes interesting once again.
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One of the tests for the correct formulation of a transformation
will be to see if it has any influence on the order of acceptability of
the sentences. The investigation of grammaticality by contrasting
sentences will be sufficent to test this prediction. For a given trans
formation a number of characteristic sentences xi, X2, ..., is
determined where it holds for every pair x%, XJ, that if x% >■ xj,
then x\ > x'j (when x and x' differ only in that x' has had the
transformation in its derivation and x has not). It is therefore of
secondary interest to know whether the sentences x satisfy the
highest norms of grammaticality. Uncertainty in that regard does
not effect the validity of the test to the extent that the transforma
tion must in any case be rejected if the order of grammaticality is
reversed. It is not the case, however, that the test is also sufficient for
the demonstration of the transformation. Imagine, for example,
the following transformation: t permutates every article with the
rest of the noun phrase. Thus, if x — the child eats an ice cream,
then t(x) = x' = child the eats ice cream an. Suppose we have
y — the ice cream eats a child, and x >- y, then it decidedly also
holds for t(y) = y' that x' > y': child the eats ice cream an is more
grammatical than ice cream the eats child an. But t is clearly not a
transformation in English. A further requisite which must appar
ently be stated is that an optional transformation should not
decrease grammaticality; that is, it may never happen that x > x',
where x' is the transformed equivalent of x. Indifference, indicated
by x ~ x', seems to be an acceptable situation, however. A
second condition on optional transformations is therefore x ■< x':
the transformation may not lead to a decrease in grammaticality.
It is also the case for this second condition that it is of little im
portance that there be some doubt as to the grammaticality of x,
thanks to the condition of independence. Judgment of gram
maticality by contrast is also sufficient for testing x "^ x'.
As long as no theoretical objections can be brought against the
assumption of the independence of optional transformations,
judgment of grammaticality by contrasting sentences can play an
important role in the testing of such transformations.
What is the situation for obligatory transformations? The
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consequence of omitting the application of an obligatory trans
formation is the derivation of an ungrammatical string. If x is such
a string and x' is the corresponding grammatical sentence, then
x -< x'. If there is uncertainty as to the grammaticality of x', as
occurs at times in present practice, this inequality can nevertheless
be investigated by means of judgment by contrast. We must,
however, be sure that subsequent transformations cannot reverse
the order of grammaticality. For this reason we must once again
call upon the assumption of independence. As long as there are no
theoretical objections, obligatory transformations can also be
investigated to a large extent by means of judgment by contrast.
In that case the absolute grammaticality of the example sentences
is of minor importance. To sum up, the following tests by contrast
may be performed for transformations:
for optional transformations: x , < x'
for obligatory transformations: x < x', for all pairs x, x'
for both: if x > y, then x' > y', for all pairs x, y and x', y'
Finally, we would point out that ranking judgments can give the
linguist some insight into the futility of his problem. In the opinion
of some authors (e.g. Suppes 1970), linguists are fond of all sorts
of marginal transformational phenomena, while the attention paid
to the more essential linguistic rules is considerably less. Obligatory
linguistic rules could be ranked according to importance in the
grammar. Violation of the more important rules leads to serious
failure of communication, while violation of marginal rules
leads only to rather mild forms of ungrammaticality. Let c be a
central rule and m a marginal one. Let x(c) be the sentence in
which only rule p, and not rule c, is violated; let x(m) be the inverse
situation. In that case, x(c, m) > x(c) > x(m). These inequalities
can in turn also be investigated by means of judgment by contrast,
and, in principle, rules of the grammar can be ranked according to
importance. Thus one could retain minor problems for freshman
students, and all dissertations could, on the other hand, be relevant.
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2.4. THE JUDGMENT OF SYNTACTIC RELATEDNESS:
A FEW MODELS O F INTERPRETATION

The intuition of grammaticality is the very basis on which genera
tive linguistics defines a natural language. By definition, the correct
prediction of that intuition by a grammar signifies observational
adequacy. But if a grammar G is observationally adequate for
language L, all grammars equivalent to G are also observationally
adequate for L. Judgment of absolute grammaticality is therefore
neutral in regard to the descriptive adequacy of a grammar. Thus
we have seen, for example, that a context-free grammar is weakly
equivalent to a dependency grammar. Judgments of absolute
grammaticality can never differentiate between these two types of
grammars. Judgments of relative grammaticality can say something
on descriptive adequacy, but only in an indirect way. Two weakly
equivalent grammars will, in general, define two different rank
orders of ungrammaticality over the complement of the language.
The testing of such gradations can therefore give indirect evidence
for the descriptive adequacy of the grammar. But this is an un
satisfactory method — much as if psychology could only work
with rats, or theology alone with fellow-men.
For the direct investigation of the descriptive adequacy of a
grammar, that is, for the investigation of the correctness of the
structural descriptions, intuitive judgments of another nature are
needed; we call them STRUCTURAL INTUITIONS. One of the most
often used structural intuitions is expressed in the paraphrase
judgment. Two sentences with the same underlying structure are,
according to the Aspects model, paraphrases of each other. The
paraphrase judgment offers the possibility of concluding that two
sentences differ in deep structure. Without underestimating the
linguistic importance of such judgments, we would point out that
the psychological problems which occur in this connection are
even more treacherous — if that be possible — than those which
occur in the judgment of grammaticality. The principal problem
is that two sentences are never complete paraphrases of each other.
The manner and degree in which they are paraphrases is dependent
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on various syntactic, semantic, and pragmatic factors. Compare, for
example, the following sentences, all of which are paraphrases:
(1)
(2)
(3)
(4)
(5)
(6)

I
/
/
I
/
/

disapprove of the fact that John catches butterflies.
disapprove of the fact that butterflies are caught by John
disapprove of John's catching butterflies
do not like the idea of John's catching butterflies
object to John's catching butterflies
do not consent to John's catching butterflies

We shall not discuss this question here. For the only psychological
investigations on paraphrase judgments known to us, we refer to
Gleitman and Gleitman (1970) and Honeck (1971).
In this section we shall discuss a type of structural intuition
which is sometimes used in linguistic practice and which can offer
direct insight into the structure of the sentence: intuitions on
syntactic cohesion. Cohesion intuitions are expressed in judgments
on whether or not words or phrases belong together in a sentence.
Chomsky (1965) uses cohesion intuitions for the study of relations
between the main verb and prepositional phrases:
It is well known that in Verb—Prepositional Phrase constructions
one can distinguish various degrees of "cohesion" between the verb
and the accompanying Prepositional Phrase.
He illustrates this with the sentence He decided on the boat which
can be read in two ways. On the boat refers either to the
place or to the object of the decision. This is clear when we compare
it with the following nonambiguous sentence: He decided on the
boat on the train. Chomsky writes that in the latter sentence
"the first prepositional phrase ... is in close construction to the
verb", and he modifies the base grammar to agree with this in
sight. Cohesion is a direct and potentially valuable structural
intuition, but its use in linguistics demands a theory of inter
pretation which establishes the relation between syntactic structure
and cohesion judgment. The absence of such a theory easily leads
to quasi-arguments and to confusion. Thus Uhlenbeck (1964)
correctly pointed out that a parsing such as (the man saw) (the
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boy) would not be in conflict with cohesion intuitions, quite in
agreement with experimental results of the type to be discussed
presently. The fact that a parsing such as (the man put) (it into
the box) does conflict with intuition (Chomsky 1965) calls for
explanation, but it is not an argument against the first analysis
without further theory on cohesion intuitions.
2.4.1. Methods for the Measurement of Syntactic Relatedness
Let us use the simple sentence John breaks in as an example. There
is a gamut of methods for having subjects judge how strong the
syntactic relations are among the three words of this sentence.
The following three, however, are the most common in the
literature (in all three the judge is exposed to the complete sentence
and is instructed constantly to relate his judgments to it).
(i) Rank ordering of Word Pairs
The example sentence contains three word pairs — (John, breaks),
(breaks, in), and (John, in). The subject is asked to rank these
word pairs according to relatedness. The most probable result is
(from strong to weak): (breaks, in), (John, breaks), (John, in).
For longer sentences, where the number of pairs becomes quite
large, the task can be facilitated in several ways. One of these is
TRiADic COMPARISONS, in which the subject must indicate for
every triad of words from the sentence which pair has the strongest
relation in the sentence, and which has the weakest. The triads may
be presented, for example, as shown in Figure 2.1. The subject
marks his judgment in every triangle by placing a plus sign (+)
at the side of the triangle showing the strongest relation, and a
minus sign (—) at the side showing the weakest relation. When
every triad for the sentence has been judged, each word pair can
be assigned a number which represents the relatedness judgment.
This can also be done in various ways. One of these consists of
counting the number of times a word pair is judged as stronger
than other word pairs. Thus, in Figure 2.1., the pair (breaks, in)
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in

Fig. 2.1. An example of triadic comparison

is judged as more strongly related than either (John, breaks)
or (John, in); this gives a score of 2. The pair (John, breaks)
has a score of 1, because it is more strongly related than only one
other pair, (John, in), which in turn has a score of 0. If there are
more than three words in the sentence, the scores are added for
all the triads in which the word pair occurs, yielding the final score
for the pair. Other methods of determining the final score are
also possible, but we need not describe them here.
(ii) Assigning Scale Values to Word Pairs
The subject may be asked to indicate the degree of relatedness of
a word pair by means of a number. The most common method for
this is the SEVEN-POINT SCALE. The subject indicates his judgment on
each word pair by circling a scale value, as shown in Figure 2.2.,
where (John, breaks) has the value of 5, (John, in) has 2, and
(breaks, in) has 6.
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Another common method is that of MAGNITUDE ESTIMATION.
For a given word pair (the "standard"), a certain scale value is
assigned beforehand, and it will be on the basis of this standard
that the subject will make his judgments. Thus if the standard is
(John, breaks) with an assigned standard value of 50, another pair,
which intuitively has half as strong a relation, receives the judgment
25. This could for instance be the case for (John, in). In the same
way, a pair which is related twice as strongly will be assigned the
value 100 by the subject. This could in the example be the case for
the pair (breaks, in). In general the subject will estimate the
strength of the relations on the basis of the standard. There are
many other methods by which the subject can assign numerical
values to word pairs, but only those mentioned here are ordinarily
used for this purpose.
(iii) Word Sorting
The subject can be presented with the entire sentence, as well as
with the individual words, each of which is written on a separate
card. He is then asked to sort out the cards into stacks according to
the relatedness of the words in the sentence. Thus syntactically
related words should be placed in the same stack, while words which
have little to do with each other should, as far as possible, be
placed in separate stacks. The informant may make as many
stacks as he likes, and each of the stacks may contain as many cards
as he likes.
In this way each word pair is given a score of either 1 or 0. When
two cards are placed in the same stack, they have a relatedness
score of 1, and when they are placed in separate stacks, they have a
score of 0. Suppose that given the sentence John breaks in, a
subject makes two stacks, {John} and {breaks, in}. This renders
a score of 1 for (breaks, in), and a score of 0 for the other two
pairs. A dichotomy of this sort is not usually very informative.
The sorting process would have to be repeated by other subjects
(or possibly also the same subject) in order to obtain more gradation
in the values. The scores for each word pair could then be added.
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The maximum total score for a word pair would then be equal
to the number of subjects (or trials); it would be obtained if two
words were grouped together by all subjects, or by the same subject
at all trials.
Each of these methods of judgment has its own advantages and
disadvantages. We shall not discuss them here, but we shall men
tion them later when necessary.
It is obvious that all of these methods must be accompanied by
careful instruction, in which it is explained to the subjects that the
problem is one of sentence structure, and not of meaning relations
which may by chance exist between the words of the sentence.
This can be illustrated for the subjects by means of various ex
amples. Experience has proven that subjects in general have little
difficulty in understanding their task.
2.4.2. A Constituent Model for Relatedness Judgments
An interpretation theory is necessary in order to connect related
ness judgments to a linguistic theory. The purpose is, of course, to
test the linguistic theory on the basis of as plausible an interpreta
tion theory as possible. In this paragraph we shall elaborate a theory
of interpretation, by way of example. In the following paragraph
we shall mention another model in less detail, although that model
is perhaps more promising.
As we have stated, a model for the judgment of syntactic related
ness has two components — a linguistic theory and an interpreta
tion theory. For a simple linguistic theory we take a constituent
structure grammar. We must first define the concept of COHESION
within this theory. This means that the intuitive notion of cohesion
as used by Chomsky and others must be formally related to the
linguistic theory, and in particular, with the constituent structure
of the sentence. To do this we return to Chomsky's example, the
sentence he decided on the boat on the train, where on the train
has less cohesion with decided than decided has with on the boat.
In Chomsky's analysis, this is expressed in the structural descrip
tion in Figure 2.3. We see in the figure that the difference in
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Fig. 2.3. Phrase marker for the sentence he decided on the boat on the train
(abbreviated)

cohesion is tacitly attributed to a relation of inclusion of consti
tuents in the phrase marker. The verb phrase VP is part of the
predicate phrase Fred P, and this justifies the fact that the cohesion
between the parts of the verb phrase (decide, on the boat) is greater
than the cohesion between one of these and elements of the
predicate phrase which lie outside the verb phrase (on the train).
A general formulation of this is as follows: the constituents of a
sentence vary in cohesion, and the cohesion of a constituent
is smaller than the cohesion of its parts. This is still nothing other
than a faithful explicit representation of a more or less implicit
linguistic notion. Without changing anything essential in the
formulation, we can define the concept of cohesion mathematically
as follows:
(Cohesion): A real-valued COHESION FUNCTION a is
defined over the nodes of a phrase marker P, with the following
property: if A "■> B, then <x(A) < a (B), for all nodes A, B in P,
where A ~> B means that there is a descending path in P from A to
B. The COHESION of a constituent C, «(C), is defined as a(K), where
K is the lowest node in P which dominates C and only C.
DEFINITION

It follows from the definition that for every path from root to
terminal element, the cohesion values of the nodes increase
strictly. Consequently the cohesion of a constituent is necessarily
smaller than that of its parts.
The following step is the formulation of the theory of inter
pretation. This theory must indicate how the strength of the
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relation between two words, as judged by an informant, is con
nected with sentence structure. Let us imagine that we have
performed such an experiment for a given sentence, and that the
results of the experiment are summarized in a relatedness matrix R,
in which the strength of the syntactic relation is indicated for every
word pair in the sentence. Thus matrix element r^ in R is the score
for the degree of relatedness between words i and /. The score is
obtained in one of the ways described in the preceding paragraph.1
The interpretation theory must attempt plausibly to relate the
observed r-values to the (theoretical) cohesion values a. An obvious
place to begin would be to find the smallest constituent for every
word pair (i, j) to which both words belong, and to compare
their degree of relatedness with the cohesion value of the constituent.
Let us call that constituent the SMALLEST COMMON CONSTITUENT,
SCC, of the word pair. Each word pair in the sentence evidently
has one SCC and only one. Thus in Figure 2.3. the smallest
common constituent of the word pair (decide, on) is the verb
phrase decide on the boat, with cohesion a( VP); the smallest common
constituent of (he, decide) is the sentence he decide on the boat on
the train, with cohesion a(S). Shall we make m equal to the
cohesion a of the SCC! That would not be wise, because the rvalues are dependent on the experimental procedure followed.
With the word sorting method, for example, the average r-value
doubles when the number of subjects is doubled. Also one might
expect that there is no linear relationship among the r-values given
by the various methods. The word sorting method, for example,
makes small differences between pairs with limited syntactic
relation, while the seven-point scale yields considerable variations
in r for the same pairs. The only thing which we can hope for and
expect is that all methods yield the same rank order of r-values.
The most careful approach, therefore, is to establish no direct
relationship between r-values and a's, but only between the rank
order of the r-values and the rank order of the a's. The following
1
For the moment, we shall not discuss the effect of experimental noise.
In fact the interpretation theory only regards real r-values, i.e. those corrected
for errors in measurement.
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interpretation axiom states that the rank order of the /--values
must agree with the rank order of the a's of the smallest common
constituents concerned.
Interpretation axiom: For all words i,j, k, I in the sentence,
rij < m o aiSCdj) < u{SCCki)In this axiom, -*>stands for"if and only if", a.ndSCdj (SCCm) stand
for the "smallest common constituent of words i and,/' (k and /)".
Although only inequalities are formulated in the axiom, it
follows by exclusion that equal degrees of relatedness go together
with equal cohesion values, and vice versa. It may be said that
there is a strictly increasing relation between r and a. Equal rvalues can, of course, occur by errors in measurement in the
experiment, but in the theoretical error-free situation, it is a suffi
cient and necessary condition that the corresponding ot's be equal.
In particular it follows from the axiom that word pairs which have
the same SCC will also have equal r-values.
EXAMPLE 2.1.

In Figure 2.4. a theoretical phrase marker is given for
the sentence Johnpaints his house, together with the table of smallest
cohesion values
s-^

John

.

.

c<(S)

VP-*
paints

■
jixl"^

his

John
paints
Ms
house

o((VP)

'

'— ot(llP)

house

John

paints

his

house

John
S
S
S

S
paints
VP
VP

S
VP
his
NP

S
VP
NP
house

Fig. 2.4. Theoretical phrase marker for the sentence John paints Ms house,
with cohesion values and table of smallest common constituents
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common constituents for each word pair. On the basis of the defini
tion of cohesion, the following inequality holds for this structure:
a(S) < a(VP) < (NP), and from this we can deduce the following
equalities and inequalities by means of the interpretation axiom.
equalities: r(John, paints) = r(John, his) — rfJohn, house)
r(paints, his) — r(paints, Itouse)
inequalities:
[ r(paints, his)
r(John, paints) < r(paints, house)
^ rfhis, house)
f r(paints, his)
r(John, his)
< r(paints, house)
[ r(his, house)
[ rfpaints, his)
r(John, house) < r(paints, house)
k rfhis, house)
r (paints, his)
< rfhis, house)
r(paints, house) < rfhis, house)
These inequalities are not always independent of each other. Thus
rfJohn, house) < rfhis, house) follows from the combination of
rfJohn, house) < rfpaints, his) and rfpaints, his) < rfhis, house).
These predictions on equality and inequality can be tested by
means of a judgment experiment. If the results of the experiment
conflict with the predictions, the theoretical phrase marker or the
interpretation axiom, or both, are incorrect. In judging deviations,
account must be taken of errors of measurement. Absolute equali
ties in particular, will seldom occur. Strictly speaking, then, we
must see if the observed relatedness values are equal within the
tolerance of the measurement error. The measurement error
can likewise change inequalities to equalities, or even to their
opposites. However, we shall burden the further discussion in this
section as little as possible with statistical considerations, and direct
our attention to clear data from which it is possible to draw con
clusions regarding our main problem, the relation between formal
grammar and interpretation theory.
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Given the interpretation axiom, we can study which phrase
marker is most fitting for the observed relatedness values for a
given sentence. If we have no particular theoretical expecta
tion concerning the phrase marker, we can draw up a list of the
predicted equalities and inequalities for every possible phrase
marker in order to find the phrase marker which best agrees with
the relatedness data. In doing so we should remember that different
phrase markers for a single sentence do not always lead to the
same number of equalities and inequalities. In general, however,
we will certainly have particular theoretical expectations con
cerning syntactic structure, and it will be possible to limit the test
to alternatives within that theoretical domain. The following is an
experimental example of this.
For the sentence the boy has lost a dollar, only the phrase markers
in Figure 2.5. are worth consideration. In an experiment described

the boy has lost a dollar
(o)

the hoy has lost a dollar

the boy has lost a dollar

(e)

(f)

lav

the boy has lost a dollar

the boy has lost of dolthr
Fig. 2.5. Possible phrase markers for the sentence the boy has lost a dollar
(node labels omitted)
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elsewhere (Levelt 1967a), twenty-four native speakers of English
judged this sentence by means of the method of triadic comparison.
Table 2.1. shows the relatedness values obtained for the various
word pairs. The value for a word pair was obtained by adding the
scores for that pair in each triad and for each subject; it is ex
pressed in a percentage.
TABLE

2.1. Relatedness Values for the Sentence the boy has lost a dollar

the
boy
has
lost
a
dollar

the

boy

has

lost

a

—

99
—

43
63
—

29
65
86
—.

19
16
31
42
—

dollar
16
31
40
70
94

—

Table 2.2. shows the number of inequalities predicted by means
of the interpretation axiom for phrase markers (a) to (g), as well
as the violations of these given Table 2.1. (also expressed in
percentages in order to facilitate comparison of the models).
TABLE 2.2. Number of Predicted and Violated Inequalities for Phrase Markers
(a) to (g) in Figure 2.5.
Phrase marker
Predicted Inequalities
Violations
Percentage of Violations

{«)

(6)

(c)

(rf)

64
9
14

67
11
16

58
7
12

67
12
18

(e)
64
8
13

CO fe)
46
5
11

36
0
0

The predicted equalities are not taken into consideration here,
but even without a statistical test it is quite clear that the results in
this respect are in conflict with the expectations. It was predicted
for all seven phrase markers that all relations between the or boy
on the one hand, and has, lost, a, or dollar on the other, must be
equal. Table 2.1., however, gives the very divergent values 43,
29,19,16,63,65,16, and 31 for this. We shall return to this.

