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STEPS TOWARD A VARIABLE-FREE
SEMANTICS OF ATTRIBUTIVE
ADJECTIVES, POSSESSIVES, AND
INTENSIFYING ADVERBS

PATRICK SUPPES and
ELIZABETH MACKEN

INTRODUCTION

In this article we attempt to give a model-theoretic semantics for
some adjectives and noun phrases drawn from a corpus of speech
collected from 15 black children ranging in age from 6 to 7 years. The
fact that the children are black has little to do with the grammar and
semantics. The speech of the children is very close to standard English.
What we have tried to do is give a semantics that applies in almost
all standard contexts to the kind of noun phrases exhibited here. Details
about the corpus are given in the Appendix.

It is not possible to review the extensive and subtle literature on
adjectives in linguistics and philosophy, but we do want to comment on
some of the issues that have been discussed and that are most pertinent
to our own analysis. In the heyday of transformational approaches to
grammar (e.g., Chomsky, 1957), it was often claimed that predicative
adjectives were primary and that attributive uses of adjectives were
derived from predicative. Thus, for example, a relative clause con:-
struction would be used for the underlying deep structure to express
a tall man as a man who is tall. Criticisms of this viewpoint have come
from many quarters and for many different reasons. Perhaps the best is
the existence of many attributive adjectives that cannot be expressed in
any straightforward way as predicative, for example, the corporate
officer, the main speaker, and that old chestnut, alleged dictator. Good
discussions of these matters are to be found in Bolinger (1967) and

81


patguest
Typewritten Text
K.E. Nelson (Ed.), Children's Language, Vol. 1.  
New York: Gardner Press, 1978, pp. 81-115.


82 Patrick Suppes and Elizabeth Macken

Sussex (1974), as well as in the dissertation of Siegel (1976) which
provides an excellent review of many of the issues we will mention,
even though we do not agree with her on the way in which they
should be resolved in all cases. In line with the more recent views
just mentioned, we have treated attributive adjectives as capable of
grammatical and semantical construction, independent of predicative
usec of many of the same adjectives.

A second issue that is closer to the core of the present article and
a difficult one is the absence of any agreed-upon classification of attrib-
utive adjectives in the literature. What we have called classifying
adjectives are often called absolute adjectives or intersective adjectives
because of their simple semantic properties. Examples, at least that we
have so classified, from our corpus are bald, black, brave, and fancy (a
longer list is given in Table I).

Table I

Classifying Adjectives
{a) African house (a) green one
American ship Indian boat
(his, these) baggy pants Indian guide
(a) bald head Indian house
(this) black cat Indian war
black cats Japanese bee
(this) blue one Japanese sticks
(the) brave men (the) poor people
{a) brown puppy skinny legs
Chinese food skinny one
Chinese sticks (2) strange kind
{the) Disneyland submarine {a) white girl
{a) Eskimo house (that, a) white house
fancy pants white people
(a) German plane (a) wiggly bike
(his) gold one (a) yellow airplane
green grass {the) yellow house

Another classification that is used is that of measure adjectives, for
example, tall or heavy, which we have called intensive adjectives. We
have called such adjectives intensive rather than measure adjectives to
reflect the fact that, in many cases, only a qualitative ordering rather
than a cardinal measure underlies the meaning of the adjective. In
fact, we would maintain that this is the case even for the use of intensive
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adjectives that have a proper physical theory of measurement, for ex-
ample, big or old, because the quantitative theory is usually not assumed
in the qualitative semantics of ordinary talk (this point will become clear
in the analysis we give later). The issue of whether to call such adjectives
intensive adjectives or measure adjectives is not a serious one. A more
difficult issue is that of classifying a variety of instances about which
there seems to be little agreement. Siegel (1976), for example, wants
to exclude from the class of intensive adjectives many comparatives.
Her basic test is that such comparatives do not permit a for a interpreta-
tion. By this she means that one can say such sentences as Sally is tall
(for a girl). It seems to us that the priority of argument is incorrect
here. The ability to form a comparative is better evidence for an
adjective being intensive than the for a interpretation. This is not the
place to make the argument in detail, but it does provide a way of
formulating how our classification disagrees with hers. We say more
about this issue later, once the semantics we consider for intensive
adjectives is introduced. Our semantics is different from hers and
justifies in a more detailed way the remark we just made about com-
paratives. In this connection, we have also introduced a distinction
between intensive adjectives and comparison adjectives. Thus, #all is an
intensive adjective, but taller is a comparison adjective. Comparatives
as such did not really occur in our corpus, but superlatives did and
the exact semantic meaning of a superlative is not the same as that of
the related intensive adjective. It could be said that comparison adjectives
constitute a proper subset of intensive adjectives in our treatment, but
they do need to be singled out as a separate subset with special properties
of their own.

We have called certain adjectives function adjectives; they are
discussed by almost everybody, but not always with exactly the same
definition in mind. Typical instances are such adjectives as alleged,
and also nouns that play the role of adjectives, as in birthday party,
train ride, and fire engines, all of which occur in our corpus. The dis-
agreement with Siegel in this case is that she would require the use of
intensions to give a proper account of such function adjectives in general.

This last remark takes us to the third issue we consider, that of
intensionality. To avoid any misunderstanding, let us emphasize at the
very beginning that we do not deny the necessity of recognizing inten-
sional contexts. Some theory of intensionality is required for any
adequate theory of propositional attitudes, and, furthermore, such
expressions of propositional attitudes occur with high frequency very
early in a child’s development of language. For example, as reported in



84 Patrick Suppes and Elizabeth RMacken

Suppes (1974), expressions of the propositional attitude of wanting,
as in I wanna cookie, constitute somewhat over 1 percent of a large
corpus of a young child from the age of 2 to 3% years. On the other
hand, we are not at all persuaded that the proper distinction between
extensional and intensional context is drawn in Siegel (1976), for she
makes this distinction the fundamental distinction in two kinds of
adjectives. Thus, in her example Marya is a beautiul dancer, under one
reading beautiful is a classifying adjective that is absolute and exten-
sional, and in the other reading it is relative, intensional, and, as she
puts it, nonintersective, because the basic semantic function is not
intersection. She claims that “the meaning of a nonintersective adjective
is always relative to that of the common noun it modifies” (p. 3). This
view, which is central to her intensional claim, is not thoroughly
defended in any sense at all, and it is one that we are skeptical of. We
very much agree on the existence of nonintersective adjectives, that is,
ones that are not simply classifying adjectives, but there is no agreement
about the intensionality claim she makes, and, in fact, the theory of
meaning that seems to underlie the quotation just given is far from
clear. We allude to various intensional contexts in the body of our
article, but the general semantical ideas we advance do not require an
intensional commitment to any one class of adjectives and we doubt
that such a claim can be made to stick.

We take up some other issues, especially that of logical form, in the
context of setting forth our own viewpoint toward semantics. QOur
approach has been to write a context-free grammar and to associate
with each rule of the grammar a semantic function. (The restriction
to a context-free grammar is not essential.) Let us illustrate these ideas
with a simple example. Consider the following production rule, where
NP = Noun Phrase, CAdj = Classifying Adjective, and N = Noun:

NP — CAdj + N.

The simple semantic function associated with this production rule is
intersection of sets, as already discussed above. Using this production
rule, let us construct the semantic tree for the phrase black cat, which
occurs in our corpus. Let B be the set of black things and C the set
of cats. The denotation of each node of the tree is shown in Figure 1
after the colon following the label of the node. Once the denotation of
terminal words or phrases is fixed, then the denotation of each labeled
node of a derivation tree is fixed recursively by the semantic functions
associated with the production rules. This approach has been described
in detail in Suppes (1970, 1973); an extensive example of such an
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NP:BNC
Adj:B N:C
black: B cat: C

Figure 3-1. Semantic tree for black cat.

application to a corpus is provided in Smith (1972). The present article,
along with Suppes (1976), extends this earlier work in several sub-
stantive ways.

The general assumptions underlying our analysis need to be made
explicit, in order that the viewpoint from which we approach the task
will be clear to the reader. First, the analysis is set-theoretical, not
procedural, in character. This does not mean that we are negative
about procedural semantics, but rather that we have selected for the
present level of analysis the simpler methods of a set-theoretical sort.
Scond, the analysis is extensional rather than intensional, a point already
discussed above and to be returned to later.

Third, the set-theoretical semantics has been restricted still further
by the elimination of variables, including either free or bound variables.
This approach, via extended relation algebras using only a notation of
constants and operations on constants, has already been set forth in
Suppes (1976). The viewpoint is further developed in this article. In
many of the analyses of the semantics of natural language, there has
been a commitment to expressing the “meaning” of English sentences
in first-order (predicate) logic. Several of the more subtle philosophical
articles about adjectives (e.g., Parsons, 1970; Wheeler, 1972) are
committed to this view that the logical form of natural-language
expressions should be put in first-order logic. We find such a com-
mitment to first-order logic as unwieldly a restriction in the case of
natural language as it is in many other domains to which we want to
apply formal mathematical analysis. In fact, perhaps the central weak-
ness of the work of Parsons and Wheeler is the absence of apparatus
to account for the actua] structure of natural-language utterances. In
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many ways, we believe that the framework of relation algebras without
variables, further extended in this article, is a more suitable one.

Fourth, we emphasize that not every node of a semantic iree
denotes, but that semantic information is carried from one node to
another only by the denotation. A liberalization needed to handle
intensifying adverbs is discussed in the last part of this article. The view-
point extends the one developed earlier, for example, in Suppes (1973).

Fifth, an explicit remark about denotations is useful. We have
mentioned the use of extended relation algebras, but it is perhaps
worthwhile to make explicit the commitment behind this use. The
denotations of nodes of semantic trees that do denote are restricted to
either individuals, seis of individuals, or relations among individuals.
The relation-algebraic viewpoint restricts the further use of denotations
so that, for example, control structure or function words like of or
quantifiers like all or some do not denote.

QOur original intent was to give a rather complete model-theoretic
semantics for all the noun phrases from our corpus. But we found
that our efforts created more questions than we could adequately answer.
What we will cover here are primarily the semantics of attributive
adjectives and possessives, either singly or in various combinations. We
also consider at the end the complications introduced by intensifying
adverbs. We will not include here the semantics of quantifiers, articles, or
demonstratives, but in our examples of noun phrases containing
descriptive adjectives, we have included noun phrases that may be
headed in our corpus by an article or a demonstrative. We assume that
the semantic functions for articles or demonstratives operate on the
remaining noun phrase essentially as a unit, so that whatever semantics
we give for the adjectives will apply in the same way whether or not
the unit is preceded by an article or demonstrative. In the same spirit of
simplification, we have omitted the ultimately necessary distinction
between singular and plural noun phrases.

Before turning to the details of our analysis, we would like to
comment on a disparity that is apparent between the philosophical and
logical literature on meaning and the linguistics literature that depends
on it, on the one hand, and, on the other, the psycholinguistic literature
that grows out of the long tradition of dictionary construction. The con-
cern in the logical literature is to give an analysis of semantics in terms
of how the parts of an utterance are put together to determine the mean-
ing of the entire utterance. The concern in psycholinguistics, however,
has primarily been the meaning of individual words. Brown (1973)
has a good deal to say about the meanings of individual words and even
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about the meanings of verb inflections, e.g., imperatives, but he does
not face at any point the Fregean task of trying to understand how
children put the meanings of individual words together to construct the
meaning of a complex utterance. Without this constructive putting
together of individual meanings, there can be no serious theory of
meaning—as the enormous literature in logic and philosophy has surely
demonstrated by this time. We recognize, however, that the attention
given to the meanings of individual words and how children acquire
them represents an important and necessary part of the picture. We
have introduced this distinction to emphasize that the present article
is almost entirely concerned with the Fregean task of analyzing how
the semantics of the whole is built up from the parts.

We have organized the detailed analysis into four main sections.
The first deals with the semantics of the various types of attributive
adjectives already briefly discussed above. The second is concerned
with possessives, both adjectives and nouns, which occur in noun
phrases. The third deals with combinations of adjectives (including
possessives) in the formation of longer noun phrases. And finally, the
last main section addresses the subtle problems generated by intensifying
adverbs. We return in the summary section at the end to some of the
general issues raised in this introduction.

ATTRIBUTIVE ADJECTIVES

As indicated earlier, we have divided descriptive adjectives into
four categories—classifying adjectives, intensive adjectives, comparison
adjectives, and function adjectives. We will sketch briefly the semantic
function of each category using examples in which the noun phrase
consists of one adjective plus the noun. We will then discuss problems
that arise when more than one adjective precedes the noun.

Classifying Adjectives

Table I (presented earlier) shows all of the singleton classifying
adjective noun phrases we found in the corpus. Examples include a
yellow airplane, a wiggly bike, and the brave men. The classifying
adjectives have the simplest set-theoretic function—just that of inter-
section. For example, if Y is the set of yellow things and A is the set
of airplanes, then their intersection, Y N1 A, gives the set of yellow
airplanes.

Siegel (1976) has advanced what she terms a doublet theory of
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Table II
Intensive Adjectives
{2, that) bad boat (a) little baby long hair
(these) bad boats (a) little bear (the) long hand
(the) bad guys (2) little bit fong sidebums
(a, that) bad jet {a) little body {a) new bike
bad mags® (a) little boy (the) old days
bad natural {2) little brother {that) old homn
(that) bad one little cars old house
{(a) bad plane (a) little dog {the) old kind
(a) big building (a) little duck (2) old lady
{a) big dog {the) little hand {a) old man
(a) big Great-Dane (a) little head old men
(that) big hand little houses {the) old one
{a) big one () little one {that) old put-put
big people little puppies {the) old timers
funny airplane (=) Nittle ship (that) old train
{that) funny bike {a) little table {a) old woman
{those) funny bikes little teeth {a) tiny one
‘{those) funny elephants (a) little thing (the) skinny one
funny hopscoich (a) littie tire ugly planes
(the) good guys (a) little way
{the) good part (a) little wheel

*Reference, in slang, to a jazzy decoration on a bicycle

adjectives which requires that what we have called classifying adjectives
also have, in her terms, an intensional interpretation, and in our terms
an intensive interpretation. From our standpoint this is illustrated by
the ability to form comparatives out of many classifying adjectives
as, for example, John is redder than Bill. We do not have any examples
from our corpus and will not explore the matter here, but we do agree
with her about the possibility of two interpretations. Where we disagree
is in the manner in which she construes such examples as being inten-
sional in character. It seems evident that there is a strong tendency to
convert classifying adjectives into intensive adjectives and to apply
intensifying adverbs to these adjectives as, for example, in Bill is
very red.

intensive Adjectives

Singleton intensive adjective phrases are listed in Table II. At
first glance, it might appear that intersection is appropriate for these
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adjectives too. To assign a semantic function to a little bear, for
example, one might try intersecting the set of little things with the set
of bears. The well-known problem with this analysis is that the set of
little things, that is, little things relative to all things in the universe,
might not include any bears at all, in which case the intersection would
be empty.

We have called such adjectives intensive because there is often an
implied scale of measurement—at least an ordinal scale and usually a
stronger sort—underlying their use. From the standpoint of the theory
of measurement, it would be more natural to call them ordinal adjectives,
so as to include ordinal scales that are not interval or ratio scales, but
this usage seemed ruled out by the linguistic tendency to think of
ordinal adjectives as the ordinal number names first, second, etc. Interval
scales are instances of intensive measurement, and so we have moved
up to this level for terminology, although our semantic theory is much
weaker and more general than that of interval scales. From a measure-
ment standpoint some intensive adjectives, e.g., long, designate ratio
scales, i.e., they imply procedures of extensive measurement, but the
distinction between intensive and extensive measurement does not seem
especially salient in the ordinary use of adjectives and so we have
ignored it.

Our semantical approach is to have an intensive adjective denote
an irreflexive, strict partial ordering relation—in the case of little,
an ordering by size. The noun phrase consisting of the adjective
and a noun then denotes an initial segment of the set denoted by the
noun and ordered by the relation. For example, let L denote an ordering
relation that orders objects by size with the smallest first, and let B
denote the set of bears. We assume that the dimension of the ordering—
area, volume, and so forth—is selected by the context. Then the denota-
tion of little bears is IS(B,L,c) = {y :y € B & y L c} wherecis a
criterion object selected to use in evaluating the relative size of bears.
(The letters IS are mnemonic for initial segment.) If we extended our
extensional semantic approach to a procedural semantics, the criterion
object ¢ would be replaced by a procedure to determine whether an
object met the appropriate size criterion. We believe that such a pro-
cedural semantics is psychologically more realistic than our extensional
approach, but—and this is the important point—clarity about the
extensional theory is a necessary prerequisite for clarity about the richer
and more complicated procedural approach.

Wheeler (1972) has used, instead of a criterion object, a reference
class. Thus, in his theory, an attributive is a two-term relation between
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an individual and a class of individuals. Qur basic view is that the
analysis should be procedural and a choice of a criterion object is a
move in that direction away from the full extensionality of a class.
Actually, the matter is probably very complicated psychologically. In
some cases, indeed, it is likely that a person using an intensive adjective
has in memory an ideal case of the given attribute, and anything that
lies beyond this ideal case or mear to it satisfies the noun phrase in
which the intepsive adjective cccurs. The child who uses the noun
phrase a little tire may remember a small tire he thinks of for comparison
and judge the tire in question to be smaller than that criterion object
held in memory. In other cases, a purely procedural, not direcily
referential criterion could well be used. It would be our conjecture that
both kinds of cases are fairly frequent, but we cannot offer any evidence
in the present context for this conjecture,

A possible objection to the use of a strict partial ordering is
that ordering judgments of an exact character are required. It is easy
to meet this objection by using a semiorder rather than a strict partial
order. The intuitive idea is that objects in the ordering beyond the
criterion object ¢ must be at least a threshold away, We shall not enter
further into details about semiorders here. Some references are Luce
(1956), Scott and Suppes (1958), and Suppes and Zinnes (1963).

It should now be clear why, although we agree with Siegel’s
(1976) nonintersective view of what we have termed intensive
adjectives, we do mot require an intensional theory to account for
them. The general theory of partial orderings we have used, together
with the semantic function represented by the initial segment operation,
is our alternative to the Montague-type analysis she gives. Thus, our
production rule and associated semantic function for intensive adjectives
has the following form where the criterion object ¢ is as discussed
above:

Production rule Semantic function
NP — JAdj + N [NP] = IS([N], [IAdjlc)

A further remark, however, is needed about this criterion object. In
many cases it will be selected by the nonverbal context of the utterance
when an explicit linguistic reference is not made. (Note that, in the
statement of the semantic function for general purposes, we have shown
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the denotation of a nonterminal symbol by using square brackets. Thus,
the denotation of N is [N].)

Comparison Adjectives

Comparison adjectives are mainly the comparatives and superla-
tives. No comparatives occurred in noun phrases in our corpus, but
examples of superlatives are the adjectives in the best car, the first grade,
and the funniest bus. The complete list of comparison adjectives in
our corpus is shown in Table III. We again let the adjective denote an
irreflexive, strict partial ordering relation; then the denotation of the
combination of the comparison relation with the set denoted by the
noun is the R-first element, if one exists, and null otherwise. Consider
the funniest bus. Let F be an ordering relation which orders according
to funniness, and let B be the set of buses. Then x is the F-first element
of B if and only if for all y, if y€B and x # y, then x F y. That is, x
is the funniest bus if x is the first element of the set of buses ordered
according to funniness.

In general, a context restriction is needed to select the correct
R-first element. The general means of fixing the context, developed
earlier but in the spirit of the present article, is to let the definite article
the denote the set of objects in the context appropriate to the utterance
(Suppes, 1974). In the present context, this set C would be intersected
with B, and thus the denotation of the funniest bus would be the F-first
element of B N C.

We recapitulate some of the details of this approach. For
various reasons, the classical logical notation for definite descriptions
does not seem right for spoken language, especially as a method of
providing a semantics that fits hand in glove with the syntax. The
approach we have used is to let the definite article denote a set C that
is the union of the set of objects in the perceptual surround with the
set of objects denoted by phrases in immediately preceding sentences
in the conversation and, in some cases, also the set of objects denoted
by images or symbolic storage in long-term memory. Thus, in our case,
when a child says, “See the yellow house,” the set C denoted by the
is intersected with the set of yellow houses, both real and pictured in
the immediate surround, and, if everything is in good order, the set
intersection consists of a unique object.

Appropriate description of the set C is a somewhat delicate
matter. In some cases, what would first come to mind would be too
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Tabie Il
Comparison Adjectives
{the) baddest one (the) first one
(the) best kind {the) first grade
{the) best car {the) funniest bus
(the) biggest one (the) mostest money

numerous and thus the intersection would be too large. We can narrow
the set C by using a sequence of sets C; with each element of the
sequence being continued in the preceding member. The C that is
appropriate in a given case is the first one that leads to a unique object
when intersected with the set denoted by the remainder of the noun
phrase. It should be clear how to convert these informal remarks
into a formal characterization of the appropriate semantic function.
(It should also be apparent how the definition of the semantic function
is affected by use of a plural noun phrase.) To give an approximate
idea of how the set C works, we looked at all the noun phrases in the
corpus. There were 265 uses of the definite article. In 126 cases, we
judged that the set C could be resiricted to the perceptual surround.
In 99 cases, C could be restricted to objects referred to in immediately
preceding sentences, and in 28 cases, familiar objects like the moon,
whose image or symbolic description was stored in long-term memory,
seemed appropriate. In 12 cases, the object referred to seemed to be
in the mind of the speaker alone, and there was no easy extraction of
the appropriate set C.

Function Adjectives

Function adjectives in our corpus are either participles or words
that are ordinarily used as nouns. Examples include a magnifying glass,
the fire engines, tire marks, and a punching ball. The function adjectives
found in our corpus are shown in Table IV. In our semantical approach
they denote functions defined on the set indicated by the noun. In the
phrase the fire engines, for example, fire maps the set of engines into
the set of fire engines. What we have to say about these matters is more
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or less standard. Like others, we leave the substantive theory of the
semantics of such function adjectives in an undeveloped state.

POSSESSIVES

With the exception of one type, all of the possessive noun phrases
we found in our corpus are shown in Table V. We found 247 possessive
noun phrases in which a single possessive adjective is followed by a
noun, and so we show only a representative sample in the table.

Possessives fall into two classes, possessive adjectives and possesive
nouns (including proper nouns). Because of the close semantic affinity
of possessive adjectives and possessive nouns, we treat them together
in this section, although certain features of iteration can apply only to
the nouns and not to the adjectives. This matter will be discussed below.

Our first inclination was to assign a very simple semantic function
to both kinds of possessives, just that of intersection. Consider, for
example, your hand. Let H be the set of hands and Y the set of things
belonging to the referent of your. (The referent of your, of course,
varies from one context to another as is the case with all the possessive
adjectives.) Then the denotation of your hand would be Y N H, the
intersection of the set of hands and the set of the possessions of the
referent of you. Similarly, in Jessie’s bike, the denotation of Jessie's
would be the set of possessions of Jessie which, when intersected with
the set of bikes, would give the bike that belongs to Jessie.

lterated Possessives

To see that the choice of intersection as the semantic function
of possessives is not correct, consider the following phrase from our
corpus: Candy’s mother’'s name. Let C be the set of things that belong
to Candy, M the set of things that belong to mother, and N the set
of names. Then the use of intersection would give as the denotation of
this phrase the set C N (M N N) or (C N M) N N, depending on
the structure of the syntactic rules. Since intersection is commutative
and associative, both representations must denote the same set as
M N1 (C N N) denotes. But, of course, Candy’s mothers’ name
((C N M) N N) has a different referent than Mother’s Candy’s name
(M N (C N N)).

A more complicated treatment of possessive nouns was given in
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Table IV

Function Adjectives

Pairick Suppes and Elizabeth Macken

(an) army boat (a) flying airplane (a, no) rain hat

(a) baby bird flying airplanes (a) ratio gear
(that) baby buggy {no) gir! ones (a) rifle gun

bath room {a) Greyhound bus sail boat

BB gun gun boats (a) secret door

(a) birthday party (the) honey hunt (2) soda truck

(a) boat balloon {the) ice-cream cone (a) steam boat
(the) boat junk (that) jaguar thing (a) stick shift

(a) boat ride (that, the) machine gun (a) sting bug

{a) boat slide (2) magnifying glass (a) stop sign

(a) bread shop (a) motor car (a, the) swimming pool
cave men (a) motorcycle race tire marks

cave people (2) number thing (a) train horse

(a) computer face (a) nut head (a) train ride
cowboy wests (the) pencil marks training wheels
diving boards (that, a) pig boat (a) vampire picture
fairy tales play day viking ship

(the) fire boat (a) punching ball (2, no) war one

(a) fire car race cars (that) water thing
(the) fire engines (no, some) race cars (the) work airplanes
(some) fish blood (a) racing boat

Suppes (1973). The method used a choice function ¢ that operates in
the following fashion. Again, consider Jessie’s bike. Let J be the unit
set consisting of Jessic and B be the set of bikes. Then the choice
function ¢ (J,B) =f;(B) & B. In this case, f; is a standard set-theoretical
choice function, and it is a choice function belonging to the set of objects
of J, that is, Jessie, that selects Jessie’s bike from the set of bikes. An ex-
tension of this treatment to Candy’s mother’s name would begin as fol-
lows, Let C be the unit set consisting of Candy, M the set of mothers, and
N the set of names. Then fo(M) selects Candy’s mother. Now fx(fo{M)})
must select Candy’s mother’s name, but fo(M) is not the set of pos-
sessions of Candy’s mother, but simply Candy’s mother, so the function
fx is not operating on the set of names and the resulting set must be
null. In other words, the choice-function approach is not satisfactory for
iterated possessives.

The analysis which we originally believed to be correct uses the
notion of the image of a set under a relation. Let P be the relation that
assigns each object to its owner; examples of members of P include
< Jessie, bike>, <you, hand>, <« Candy, mother>, and <mother
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Table V
Possessive Noun Phrases

95

PossAdj + Adj + N PossAdj + N PossAdj + PosN + N

his baggy pants her earrings her mother’s name

his big head his back my brother’s name

his gold one my brains my father’s name

his jewelry box my cousin my mama’s father

his whole body my daddy my nurse’s name

my baby brother my mother my sister’s book

my baby sister my park our father’s house

my bad car nobody’s name our father’s name

my bad jet your finger our friend’s house

my bad truck your hand our grandmother’s house
my bald head your hands our mother’s car

my big boat your mouth your daddy’s house

my library book your shoes your mama’s father

my little brother your sideburns your mother’s father

my little sister your toes

my other brother Car + PosN + N

my other father PPn+N Two donkey’s heads

my other uncle Jessie’s bike

my own paper Paulette’s name Poss Adj + IAdj + PosN+ N
my race car Stacey’s house my big brother’s house
our baby brother

our next-door neighbor PossAdj + CAdj + IAdj+ N  PossAdj + PosN + FAdj + N
your bad breath my big old ship your father’s gas station
your little jeans

your little sister PPn + PosN + N

your little teeth
your own chair

Candy’s mother’s name

(i.e., a particular mother), namie>. Consider the expression (P”J)
1 B, where J is the singleton set consisting of Jessie, B is the set of bikes,
and P”J is the image of ¥ under the relation P. Then P”J is the set of
Jessie’s possessions including her bike, and the intersection of (P”J)
with B is Jessie’s bike.

This interpretation seems to extend correctly to Candy’s mother’s
name. The denotation is ((P”(P"C) N M)) N N, where C is the
singleton set consisting of Candy, M is the set of mothers, and N is the
set of names. Then P”C is the set of Candy’s possessions which, when
intersected with M, is Candy’s mother. Then P*((P”C) N M) is
Candy’s mother’s possessions, and the intersection with N is Candy’s
mother’s name. While we do not have an example of a further extension
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in our corpus, it is useful to see that the interpretation would seem to
extend indefinitely. Consider an example that is not from our corpus,
Tom’s mother’s aunt’s kitten, If T, M, A, and K stand for the obvious
sets, the semantic interpretation is (P”(P”({(P"T) N M)) N A) N K

It is clear that the same treatment could be given to possessive
adjectives. Consider our father’s house. Let O be the set of objects
possessed by the referent of our, F the set of fathers, and H the set
of houses. Then the semantic interpretation is (P”((P*O) N F)) N H.
The only difference between possessive adjectives and possessive nouns
is that with adjectives the referent varies more drastically with the
context.

The problem with this analysis arises when we try to generate the
semantics with standard trees. We will return to the problem and suggest
a possible solution in the next section on combinations of adjectives.

COMBINATIONS OF ADJECTIVES

We now consider the set-theoretical functions for the semantics
of noun phrases containing more than one adjective. We must use for
each adjective category the function assigned for noun phrases con-
sisting of the single adjective plus a noun, but we must determine how
and when the several functions are combined. It is at this point that
the rules for generating syntax are affected; incorrect rules
create nodes to which it is not possible to assign a semantic function
that is within the set-theoretical framework we have establishd. We use
several examples to demonstrate this.

The most frequent combinations of adjectives in our corpus are
two intensive adjectives or an intensive adjective followed by a classify-
ing adjective. The complete list of nonsingleton adjective phrases is
shown in Table VI

intensive Adjective Followed by Classifying Adjective

We first take up combinations consisting of an intensive adjective
and a classifying adjective. In these combinations, the need for the
syntactic rules to be controlled by the semantic functions is particularly
apparent. Consider a little brown dog. The semantic function for listle
brown dog is defined as follows. Let B be the set of brown things and
D the set of dogs. Brown is a classifying adjective, so the set-theoretical
function for brown dog is intersection. Little is an intensive adjective,
and its denotation is the ordering relation L defined earlier. The semantic
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Table VI
Nonsingleton Adjective Phrases
IAdj +TAdj+N
(that) big old donkey (that) big old submarine
(a) big old hump big old toes
(a) big old mustache {a) little old elephant
{a) big old place little teensy teeth
IAdj + CAdj + N
(the) big round moon (that) little Chinese baby
(that) big yellow boat (a) little steel thing
(a) little brown dog
IAdj + FAdj + N
{(this) bad motor car (the) old drums set
(those) little star cookies
IAdj +1Adj + CAdj+ N
(that) big old wild bear
CAdj +CAdj+N
green fresh grass
IAdj + IAdj + FAdj + N
little tiny BB shots
IAdj + IAdj +1Adj + IAdj + N
(a) big old giant giant world

1Adj + IAdj + IAd] + IAd) +IAdj + IAdj + N
(them) big big big big big big cars

function for little brown dog is then IS(B N D,L,c), where ¢ is a
criterion object for ordering of dogs according to size.

To see how the semantic interpretation affects the generation of the
syntax, consider the following partial grammar for the generation of
noun phrases containing an intensive adjective followed by a classifying
adjective.

Rule Semantic function

NP > AdjP + N
AdiP - TAdj + CAdj ?

-d



98 Patrick Suppes and Elizabeth Macken

We need to identify the set-theoretical functions to be associated with
each rule, but the close association in the tree of the various types of
adjectives leads to disastrous results in terms of having a simple
semantics. In particular, we do not have a natural set-theoretic denota-
tion to be assigned AdjP in the second generation rule, and we do not
know which function to use to combine AdjP and N in the first rule.

The natural partial grammar to replace the semantically incorrect
rules is the following:

NP — IAdj + NP’
NP’ — CAdj + N

Semantic functions can now be assigned to the rules which lead to the
analysis presented at the beginning of this section. In particular, the
functions are:

Rule Semantic function
NP - 1Adj + NP’ [NP] = IS([NP'], [1Adj],c)
NP’ - CAdj + N [NP'] = [CAdj] n [N]

where the denotation of a nonterminal symbol is shown in square
brackets, as mentioned earlier.

Notice how, by using the semantics, we can also establish that the
order of the adjectives is correct. If we try to give the semantic
analysis along the lines just indicated for brown little dog, we first
take the set of dogs ordered according to smallness, and from that we
take the set of brown dogs. But the set of little dogs might not include
any brown dogs, and so the intersection would be empty. On the other
hand, what we want to do is to take the set of dogs restricted to the set
of brown dogs and then order the restricted set of brown dogs
according to smallness. Occasionally, we do invert the standard order,
and when we do the semantic difference is correctly reflected in our
analysis. For instance, faced with several small dogs, we may refer
to the brown one.

Two Classifying Adjectives

When we consider two classifying adjectives preceding a noun, as
in green fresh grass, the order of the adjectives does not affect the
semantic interpretation. That is, green fresh grass and fresh green grass
denote the same set. However, the syntactic rules must again generate
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the adjective preceding the noun and the noun as a unit and then
combine that unit with the second adjective, or else we run into the
same problem of having no denotation for two adjectives—for green
fresh. Our analysis of classifying adjectives seems defective because in
actual speech we do seem to have a preferred order. For instance, we
would usually say fresh green grass and not green fresh grass. A more
subtle classification of attributive adjectives than we have given is
required to catch this distinction.

Two or More Intensive Adjectives

We now turn to noun phrases containing two intensive adjectives,
as in little teensy teeth or a little old elephant. Here, again, the order of
the adjectives affects the semantic interpretation, and this interpretation
must be preserved through a correct interaction of the syntactic rules
and the semantic functions. In a litttle old elephant, we first want to
select the old elephants and then choose a little elephant from the old
elephants. If, on the other hand, we first choose little elephants from
the set elephants, we probably would not select any old elephants at all.
Similarly, if we first choose teensy teeth and from those choose the little
teeth, we may well end up with smaller teeth than if we first choose
little teeth and from those, teensy ones. In each case, the syntactic rules
must associate the adjective preceding the noun with the noun and
then associate that unit with the next preceding adjective. Otherwise,
we encounter the problem we illustrated earlier of having no semantic
function for the combination of two adjectives—for little teensy and little
old.

The appropriate partial grammar is written below with the
semantic function following each rule.

Rule Semantic function
NP — IAdj + NP’ [NP] == IS(INP’],[IAdj],c)
NP’ — IAdj + N [NP] = IS(IN],[IAdj],c)

To see explicitly how the rules are applied, consider, for example,
a little old elephant. Let E denote the set of elephants, and let L and
O denote strict, partial, irreflexive orderings—one according to size
and one according to age. Using the partial grammar written above,
the semantic tree for a little old elephant is shown in Figure 2.

We first order elephants according to age and obtain the set
consisting of those older than the criterion c. Then we order that set
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NP:IS{IS(E,0,c)L ¢’}

N

1Adj : L NP IS{E.O,c)
1Adj:0 N:E
little : L. old: O elephant : E

Figure 3-2. Semantic tree far little ald elephant.

according to size and obtain the subset smaller than the criterion ¢,
Any member of the resulting set can then be described as a little old
elephant. We note that old is often used in another sense to denote
familiarity or affection. In that case, the semantics we have given would
not be appropriate, and a different ordering would apply.

It is easy to see how to extend this argument to noun phrases
containing any number of intensive adjectives, such as a big old giant
giant world and these big big big big big big cars. We can also extend
the argument to account for phrases containing a series of intensive
adjectives, a classifying adjective, and a noun, as in that big old wild
bear. Let Br be the set of bears, W the set of wild things, and B and O
the obvious strict partial orderings. The denotation of big old wild bear
is IS(IS(W N Br,0.c),B.c).

Possessives Reconsidered

We now return to the problem of reiterated possessives. While the
analysis we gave above seems to be correct for the noun phrase taken
as a whole, we have not yet discussed the individual syntactic rules
and semantic functions that generate the phrase. Here again, certain
restrictions on the form of the syntactic rules are imposed by the
semantics.

The rule which would seem to be the best choice for simple
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NP:(P"({P"C)NMNNN

T T

PosNP: P*({ P"C) N M) N:N

N

PosN : P"C N:M(?)

Figure 3-3. Incorrect semantic tree for Candy’s mother’'s name.

possessive noun phrases such as Jessie’s hike is the following:

Rule Semantic function
PosNP — PosN + N [PosNP] == (P”[PosN]) N [N]

An extension of the application of this rule to more complicated
possessive noun phrases is shown in the following incorrect tree of
Figure 3 for Candy’s mother’s name. The associated syntactic rules and
semantic functions are as follows:

Rule Semantic function
NP — PosNP + N [NP] = [PosNP] N [N]
PosNP — PosN + N [PosNP] ==P”([PosN]) N [N])

The error here is in the denotation of mother’s as the set M of
mothers rather than as P”M, the set of possessions of mother. If Candy’s
denotes P”C, then to be consistent, mother’s should denote P”M. But
if we let mother’s denote P”M, we have the set of possessions of all
mothers, and we have no way to first select Candy’s mother.

The analysis is improved if we rewrite the rules in the following
fashion:

Rule Semantic function

NP — PosNP + N [NP] = [PosNP] N [N]
PosNP — PosNP + PosN’ [PosNP] = P””([PosNP] n [PosN‘])
PosNP — PosN [PosNP] == P”[PosN]
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In the second rule we indicate through the prime that a possessive
noun following a possessive noun phrase is of a different sort than a
possessive noun used by itself. When a word is marked as Posl’, it
does not denote the set of possessions, but rather it denotes the set of
objects indicated by the word without the inflection. We rely then on
the PosNP rule (Rule 2) to both intersect the set denoted by PosN
with another set and to select the set consisting of the possessions of
the members of the restricted set resulting from the intersection.

We can make the analysis more consistent by introducing a rule
for inflection, thereby treating the inflection as a separate word. Now
we are dealing in a direct way with the fact that a possessive noun
serves two functions—first to denote a set and then to denote objects
possessed by the set. Appropriate syntactic rules and associated semantic
functions for this analysis are the following:

Rule Semantic function
NP — PosPh + N [NP] == [PosPh] N [N}
PosPh — N + Inf [PosPh] = P”[N]
PosPh — NP’ + Inf [PosPh] = P”[NP’]
NP — PosPh + N [NP] = [PosPh] N [N]

The application of these rules to Candy’s mother’s name is shown
in the tree of Figure 4.

The most interesting feature of this tree is the relatively large
separation of the noun and its inflection. The noun denotes a set which
may be restricted to a smaller set by a preceding modifier. The inflection
is then applied to this reduced set. In our example, the set of mothers,
M, is restricted to the set consisting of Candy’s mother at the third
level of the tree. Not until the second level is the inflection on mother
used to denote the set of possessions of Candy’s mother.

More Complex Phrases

Finally, we must consider examples in which an adjective precedes
the noun or the possessive noun, as in my big boat and my big brother’s
house. A partial grammar for these more complicated phrases is shown
below:
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NP:(P"({(P"C)N M NON

PosPh: P"{(P"“C)N M)) N:N
/\
NP (P"C)NM Inf
/\
PosPh:P"C N:M
RN
N:C Inf
Candy: C s mother: M s name: N

Figure 3-4. Semantic tree for Candy’'s mother’s name.

Rules Semantic function
NP — PosPh + N [NP] == [PosPh] N [N]
NP — PosPh + NP” [NP] == [PosPh] N [NP”]
PosPh — NP + Inf [PosPh] = P”[NP’]
PosPh —> PossAdj [PosPh] = [PossAdj]
NP’ - PosPh + NP” [NP’] = [PosPh] n [NP”]
NP” — IAdj + N [NP”] = IS([N],[TAdjl,c)

Note that the denotation [PossAdj] is the set of possessions of the
person (or other object) to whom the possessive adjective refers.
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NP:ONIS(B%,B,c)

PosPh:0 NP":1S{Bt,B,c)
PossAdj: O iAdj: B N:Bt
my: 0 big: B boai - Bt

Figure 3-5. Semantic tree for my big boat.

This difference in the semantics of PossAd] reflects its inability to
express reiterated possession.

The resulting semantic trees for my big boat and my big brothers
house are shown in Figures 5 and 6, where the denotation of my is
shown as O, the set of things owned or possessed by the speaker.

We note that this analysis is not always correct. According to our
analysis, we first select big boats or big brothers and then intersect that
set with the set of possessions of the referent of my. The resulting set
may be mistakenly null—for example, if what the referent of my owns is
a collection of small maodel ships, none of which is a big boat as such.

INTENSIFYING ADVERBS

Adverbs that modify adjectives are often used in ordinary speech,
and they occur with reasonable frequency in our corpus. Two examples
arc a real real real big one and a very good face. The adverb real is
not used in standard written English as an intensifier, but it occurs
frequently in our corpus, considerably more sco than very, and rep-
resents a widely used idiom. In the semantic treatment we present here,
we shall treat these adverbs as if they functioned identically, and we
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NP:(P"(0 N IS(Br,B,cNNH

T

PosPh:P"(0 N IS(Br,B,c)) N:H
NP": 0 N IS(Br,B,c) Inf
/\
PosPh:0 NP":1S(Br,B,c)
/\
PossAdj : O 1Adj.B N:Br
my:0 big: B brother .Br s house - H

Figure 3-6. Semantic tree for my big brother’s house.

shall restrict our analysis to their modification of intensive adjectives.

Ignoring for the moment the problem of syntactic production rules
and their associated semantic functions, we give what we think is the
most plausible initial candidate for the denotation of an entire phrase,
in line with our earlier analysis of intensive adjectives. We follow this
with an analysis of difficulties. Recall that the semantic analysis of
little baby is the initial segment of the ordering L of objects by size
restricted to babies (the set B) and using a certain baby ¢ as a norm
for defining the initial segment, i.e.,

¢3) [Tlittle baby] = IS(B,L.c).

The natural extension of this analysis to real little baby (which did not
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NP IS{1S{B L), ?,2)

NP’ IS(B,L,¢)

N
/

1Ad] L N:B
real little tL baby: B

Figure 3-7. Incorrect semantic tree for real little baby.

occur in the corpus) seems to be iteration of the operation of taking
the initial segment:

() [real little baby] = IS(IS(B,L,c),L,c/).

Roughly speaking, we represent the intensifier real by taking an initial
segment of the initial segment—under the same size ordering L., of course.
This representation seems plausible, but the trouble begins when we
attempt to draw an appropriate semantic tree. Even if we follow the
semantic “bracketing” of (2) by an unrealistic grouping of lirtle with
baby, we are confronted with problems, as is apparent in Figure 7.
At the top level of the tree—the denotation of NP—we have lost the
relation L, for the denotation of NP’ is purely a sct without any ordering,
an initial segment of the relation L. Looking at the other side of the
tree, it is implausible that the relation L is part of the intensifier, and,
in fact, in the analysis attempted by the tree, the adverb real does not
denote at all but serves as a function or control-structure word.

If we group real and little, the same sort of problem arises, as
shown in Figure 8. So, we do not have a reasonable candidate for the
denotation of IAdjP, the intensive adjective phrase. The failures of
the semantic analyses represented by these two trees might be taken
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NP: ?
/\
1AdjP: ? N:B
/\
1Adv 1Adj : L
real little : L baby : B

Figure 3-8. Second incorrect semantic tree for real little baby.

as a strong argument for expanding the restricted framework of extended
relation algebras we have adopted. However, we think there are good
semantic and pyschological intuitions behind the view that the denota-
tions of words and phrases in much of ordinary speech should be rep-
resentable within such a restricted and computationally efficient setting.

Geometrical Analogy

There is a natural analogy to geometrical constructions in the
semantic constructions we have been considering. This analogy provides
a way out of the difficulties we have been encountering. The way out
will call for some loosening of the restricted semantical framework
within which we have been operating, but a loosening that is not very
severe and has a rather natural interpretation. Let us recall the situation
in geometric constructions. If we represent these constructions set-
theoretically, then the sequence of operations leading to the desired
figure does not carry along the auxiliary points used in the construc-
tion. For example, if we follow the familiar construction for finding the
midpoint of a line segment, the formal representation of this construc-
tion has at the end only the midpoint explicitly represented, and the
auxiliary points constructed by intersecting arcs of circles do not remain
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in the formal representation. On the other hand, in the auxiliary figures
or illustrations that are always used to show how the constructions are
made, the auxiliary points constructed do remain and are a salient part
of one’s memory of the constructions. More particularly, once one has
made a number of such constructions, there is then even considerable
memory for the dynamic sequence in which the auxiliary points are
constructed.

The suggestion to follow out in the case of our semantic trees is
to use a similar approach. At each node of a tree the denotation is
represented as before, but the denotations of all subnodes are also
carried along and remain accessible for subsequent use if so desired.
There is no need to change the notation, but the framework has been
definitely enlarged, because mow it is possible to use a relation, for
example, that has occurred in a subnode and that has been used in the
construction of a particular set above it. Using this approach, we rep-
resent reiterated uses of the intensifying adverb real by the semantic
tree shown below in Figure 9. The semantic function corresponding to
the production rule

NP — IAdv + NP
has the following form
[NP] = IS([NP],R([NP]),c([NP]}),

where R{[NP]) is the relation occurring as the denotation of a descen-
dant node of NP—in the case of Figure 9, the size relation L—and
c([NP]) is the criterion object selected for the set [NP] and the relation
R([NPD).

The conceptual importance of this shift to being able to access
denotations that occurred in a descendant node should be emphasized.
It is a very definite strengthening of the apparatus available to us
in constructing semantic trees. At the same time, bearing in mind the
familiar images of constructions, it seems a natural step and one that
has at least a prima facie psychological plausibility in terms of short-
term memory. A plausible restriction is that there is a continual elimina-
tion from memory of the denotations of earlier nodes, but that various
salient ones remain as needed as part of the framework of discourse
which extends beyond the level of an individual sentence. In fact, the
clear claims of semantic connectivity between the sentences of a given
piece of discourse make all the more plausible the holding in short-term
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NP:IS(IS(IS(B,L,c),L.c)L,c™)

TN

1Adv NP:(IS(Is(B,L,c),L,c")
lAdv NP:is(B,L,c)
1Adj : L N:B
real oreal liftle:L baby : B

Figure 3-9. Semantic tree for real real little baby.

memory of the denotation of descendant subnodes in a given tree.

It should be clear that we have not attempted to give a full formal
treatment of the matters just introduced. The approach has an intuitive
appeal, but more systematic work is needed to complete the intended
cxtension of the semantic apparatus.

SOME FINAL REMARKS

We have tried to provide an analysis for the main types of adjec-
tives, possessives, and intensifying adverbs encountered in our corpus.
It should be obvious, however, that, even within the restricted frame-
work of our corpus of 6- and 7-year-old children talking, there remain
a reasonable number of unresolved problems. On the other hand, we
feel that the line of attack we have taken lies in the proper direction,
and we want to amplify this view in some concluding remarks.

We mentioned at the beginning our skepticism about the logical
form of natural-language expressions being given in terms of first-order
logic. Another place to express this skepticism lies in the analysis of
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adverbs just given. By considering the case of adverbs, our views
about logical form can be given sharper formulation. Parsons (1970)
provides a good example of a strong contrast toc our own approach. He
represents adverbs as operators; in ordinary first-order logic the operators
precede well-formed formulas and, thus, have the character of sentential
operators. In those cases in English where adverbs have a prefix position
in a sentence, as in Slowly but surely, he turned around, there seems to
be a case for a sentential analysis. This is also true of some postfix
adverbs, but the kind of variable-free semantics used in our approach
is especially appropriate for analyzing adverbs in infix position as
modifiers of verb phrases or noun phrases. It seems especially unwieldy
to treat intensifying adverbs that modify adjectives or noun phrases as
sentential operators. It seems to us that no simple way can be given of
making the semantics fit with the syntax of noun phrases when such
a viewpoint is adopted, and we also feel this problem of fit arises for
most adverbs that modify verbs, as in He drove slowly down the street.
Along this line, the semantics of negation given in Suppes (1976)
provides an example of how we would propose to handle such adverbs
in infix position.

Thomason and Stalnaker (1973) introduce a distinction between
adverbs that are sentence modifiers and those that are predicate modifiers
—a move in the right direction, but they work primarily within the
framework of first-order logic in terms of explicit theory, and they do
not discuss the logic of adverbs that modify adjectives or noun phrases.
As in the case of Parsons, much of what they have to say seems subtle
and accurate but not directly helpful in our attempt to analyze the
semantics within the syntax of natural language.

This consideration of adverbs leads to the more general point that
we have emphasized from the beginning by billing this article as
developing a variable-free semantics. We characterized such a seman-
tical theory earlier as one that restricted itself to constants and opera-
tions on constants. The many examples considered should have made
the central point of this kind of semantics. It is aimed at fitting in a
detailed and exact way the syntax of natural-language utterances. The
words and phrases of natural language that denote have been restricted
to a classical conception of objects as individuals, sets of individuals,
and relations between individuals, although we concede that there may
be cases requiring extension. What is most important is the elimination
of any use of variables in expressing the “meaning” of the parts of
natural language we have considered.

Such a variable-free semantics runs contrary to the popular trends
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at the moment, but these trends reflect the present attitude toward
first-order logic as the primary intellectual tool for the analysis of the
semantic structure of English. We feel that there are so many limitations
to first-order logic when used for this purpose, and it itself is so far
removed in structure from the syntax of natural language, that the kind
of relation-algebraic viewpoint we have adopted has a reasonable
chance of proving useful.

As we have continually emphasized, our primary argument for the
use of relation algebra, with notation only of constants and operations
on constants to represent semantics, is that this provides an elegant
approach to matching semantics to the syntax of natural language. To
avoid the claim, however, that this is a very special mathematical view-
point, it seems desirable to mention that the development of formal
systems without variables has received a fair amount of attention within
logic itself. Perhaps the most extensive example is that of combinatory
logic, either in the early form of Schonfinkel (for a recent discussion,
see Quine, 1974) or in the extensive development of such logic by
Curry and his collaborators—a definitive exposition is Curry, Hindley,
and Seldin (1972). There is also a very general tendency in computer
programming languages to avoid the use of variables, and it is common
practice at the level of assembly language. In other words, there is a
broad intellectual basis for the use of a semantjcal language without
variables, and a good many more conceptual alternatives are available
than we have examined in the present context.

What we have aimed at in this article is to provide a sense of how
even the simplest use of attributive adjectives and some of their modifying
adverbs generates difficult semantical problems. The constructive sug-
gestions for partial solutions we have made seem plausible, at least to
us, but a more systematic and technical development is needed to
make a deeper evaluation possible, and further study will no doubt
require modification of the proposals we have made.

APPENDIX

We summarize here the details of the collection of the corpus—
the subjects, the recording procedures, and the transcription.
Subjects

The subjects were 15 black children in the first grade at a public
school in southern California; they ranged in age from 6 to 7 years. The
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recordings were made in the spring of 1970. The children were mem-
bers of a classroom of 29 students—19 black children, & Mexican-
American children, and 4 Caucasian children. Eleven of the subjects
were born in California—9 within a 20-mile radius of their school. Of
the others, one was born in North Dakota, one in Texas, and one in
Alabama; the school had no record of the birthplace of the 15th. All
of the subjects had attended both kindergarten and first grade in south-
ern California; 11 had attended kindergarten and first grade at the
same school. Ten children lived with both parents, one only with his
father, and four only with their mothers. All of the fathers living at
home were blue-collar workers, with the exception of one who was
serving in the Air Force. Two of the mothers living at home were nurses;
the rest were housewives. The average number of children per family
was 3.6.

Recording Procedure

The recordings were made in a small room separate from the
classroom with groups of three to five children at a time; each record-
ing session lasted about 15 minutes. The children were seated around
a small table with the tape recorder in the center. We had participated
with the children in their regular classroom activities before attempting
to record their speech, so we were not strangers when we began recording.

In the first session, each group had an opportunity to experiment
with the tape recorder; they recorded and listened to their own voices
and any other sounds they could produce. In the remaining sessions,
the children were given some activity designed to elicit discussion. We
sat off to one side seemingly engrossed in some unrelated activity. We
attempted to remove the teacher-figure from the situation as much as
possible so that the children would talk to each other naturally rather
than in language geared to adults.

We provided a variety of activities, but the activity that elicited
the most discussion was looking through books together. The favorite
among the boys was a book showing many modes of transportation;
both boys and girls enjoyed books containing large pictures of family
and school situations. The pictures often reminded the children of
their own experiences, which they would then discuss with each other.

All members of the class participated in several recording sessions,
so it was not obvious to the students that any particular members were
being observed. At first there were only two restrictions on the selection
of the recording groups: the children were to be of the same race, so
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Table A
Categories Used in the Coding of Utterances
Verbs
Aux auxiliary verb v intransitive verb
BV to be TV transitive verb
CvV copulative verb
AuxI AuxInf
BVI BVInf
CVI imperative form CVInf  infinitive form
VI IVInf
TVI TVInf
AuxP BVPP
BVP CVPP ..
CVP present participle IVPP past participle
IVP TVPP
TVP
Other Parts of Speech
Adv adverb P personal pronoun
AP impersonal pronoun PN proper noun
CAdj classifying adjective PosN possessive noun
Car cardinal number PosP possessive pronoun
CcC coordinating conjunction PossAdj possessive adjective
Count  numeral description Prep preposition
CompAdj comparative adjective Qu unrestricted quantifier
DAdj demonstrative adjective QuN negative quantifier
DP demonstrative pronoun QuR restricted quantifier
E exclamation R rejoiner
FAdj function adjective RAdj relative adjective
Ger gerund RP relative pronoun
1A indefinite article sC subordinating conjunction
1Adj intensive adjective T definite article
IAdv interrogative adverb To “to™ used with infinitives
P interrogative pronoun ToC “to” contracted with
K vocative preceding verb
L locative U uh, um
N common noun
Neg negative
NegP negative pronoun

that, in transcription, it would be possible to distinguish the speech of
different racial groups, and the children were to be chosen from those
students who, at that moment, were not directly involved with the
classroom teacher. It soon became evident, however, that certain com-
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binations of children produced more discussion than others; thus, in the
later recording sessions, children who appeared to work best together
were recorded together.

A total of 11.5 hours of speech were recorded. From this sample,
the 10 sessions (2.5 hours of conversation) that seemed the best in
terms of naturalness, amount, and clarity were selected for analysis
in this article. The resulting corpus contains approximately 4,300
utterances.

Transcribing Conventions and Grammalical Categories

In transcribing the recordings the end of an utterance was deter-
mined by several indicators: another speaker starting to talk, a drop
in pitch or a pause when the context indicated the end of a thought,
or a rise in pitch indicating a question. Words were spelled according
to their standard English spelling unless a different pronunciation was
used consistently; for example, gonna was written for going ro. Pauses
within utterances and unfinished thoughts were marked, and speakers
were identified. Memorized phrases, such as lines from songs, were
transcribed but were not included in this analysis.

Each utterance was coded as an ordered n-tuple according to the
grammatical category of each word in order of occurrence. The gram-
matical categories were those commonly used in English grammars
(see Table A). Ordinary parts of speech were assigned to words even
when the child used them in a nonstandard way. For ezample, a
Japanese in the utterance I saw a Japanese was coded as article plus
adjective, and the utterance was then marked as nonstandard.

Subscripts were added to category motations when necessary to
make the particular usage clear. Subscripts indicated number, person,
and case for pronouns; number for demonstrative pronouns; number
and case for nouns; and number, person, tense, and contraction (e.g.,
Pve) for verbs. We do not show the subscripts in Table A because
we have not used them in this article.
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