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THE FRENCH SYNTAX
OF A CHILD’S NOUN PHRASES !

P. Suppes, R. Smith and M. Léveillé

Institute for Mathematical Studies
in the Social Sciences, Stanford University

I. INTRODUCTION

This is the first of a series of articles concerned with the analysis of
a young child’s spoken French. In the body of the paper we give basic
data on the corpus and how it was collected in Paris.

The main thrust of the work, however, is a detailed analysis of the
corpus in the spirit of the work on probabilistic grammars and model-
theoretic semantics begun several years ago in the Institute for Mathema-
tical Studies in the Social Sciences at Stanford : GAMMON (1970),
SUPPES (1970, 1971, 1972); and SMITH (1972).

We begin only the first stage of analysis, namely, the analysis ot the
grammar of noun phrases in Philippe’s speech taken from the first three
hours, the middle three hours and the last three hours of the corpus,
which ranges from the time that Philippe was 25 months old to 39
months old. In this and subsequent articles we shall analyze the develop-
mental aspects of Philippe’s speech and shall investigate the grammar of
the complete utterances, as well as the set-theoretical semantics of those
utterances. However, to anticipate results reported in detail below, we
did not find striking developmental trends in the grammatical struccure
of Philippe’s noun phrases

The kind of probabilistic generative grammar applied to the corpus
represents the application of a a certain set of concepts that we think are
important in the detailed analysis of natural language. Some of our idcas
are at variance with those commonly held by many linguists, especially
the role we assign to probabilistic considerations. Consequently, even
though these ideas have been set forth earlier in the publications men-
tioned above, it seems desirable to repeat some of our general arguments
in support of the viewpoint we have adopted.

Many linguists deeply interested in generative grammars have very
negative views about the kinds of frequency counts of vocabulary and

1 Support for this research was provided by the United States National Science Foundation
under grant NSFGJ-443X and the United States Office of Naval Research under contract
N0014-67-0112-0049. This research was performed in collaboration with the Laboratoire de
Psychologie Expérimentale et Comparée associé au Centre National de la Recherche Scienti-
fique, Paris, France.
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utterance length that characterize statistical linguistics. We want to urge
that there is no fundamental opposition between a generative viewpoint
of grammar and a probabilistic analysis of grammatical types. What we
propose is, we believe, a useful marriage of the two viewpoints.

By introducing probabilistic parameters that govern the use of a
given generative rule, we are able at once by standard statistical methods
to introduce a goodness-of-fit criterion to discriminate between two
different grammars for the same corpus. It is important that this crite-
rion differs from the criterion used to determine which grammar
accounts for a larger percentage of the utterances in the corpus. In the
present paper, we consider two grammars. The second grammar accounts
for a slightly higher percentage of the total utterances in the corpus; and,
more importantly, its probabilistic fit is much better. It is also our
feeling that the conceptual perusal of the two grammars will indicate
why the second grammar is intellectually more satisfactory than the first.
The requirement that the parameters attached to the generation rules
match the actual frequencies with which these rules are used in deriva-
tions is to impose a criterion that requires the grammar to fit the corpus
in a detailed way.

Those who have been concerned only about a competence grammar
will not be deeply interested in our probabilistic results. We shall not
examine in this paper the competence-performance issue, but simply say
that we believe it is reasonable to think in terms of a performance
grammar in dealing with a corpus of spoken speech and a probabilistic
criterion is natural when dealing with a performance grammar.

We also investigate the possibility of introducing additional mecha-
nisms for the generation of utterances, and we mirror these mechanisms
in restrictions on the probabilistic parameters. In later sections we
consider the mechanism that has the production rules for a given non-
terminal symbol, for example the rewrite rules for determiners, be
located in a push-down store. For this mechanism, a truncated geometric
distribution governs the selection of which rule to use for a given
generation. We recognize that this assumption is too simple, but it is
interesting to see what decay in the goodness of fit results from applying
this strong additional structural assumption.

Finally, we want to remark that in no sense do we consider the
probabilistic account of the use of production rules an ultimate account.
These probabilities themselves are overruled in particular cases by the
semantics of a particular utterance. They represent the results of avera-
ging over a number of utterances.

On the other hand it is not our belief that the introduction of
semantics moves us from probabilistic to deterministic models. Probabi-
listic parameters are also needed at the level of semantics, for we are a
very great distance from understanding the deterministic production of
any nonstereotyped speech. In this article we shall consider the use of
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the parameters in dealing with ambiguity — i.e., the situation where
there are two distinct analyses of a given utterance. We believe that the
detailed examples worked out in later sections of the paper show how
the probabilistic apparatus can be used in a constructive way to help in
disambiguation. In subsequent reports dealing with the Philippe corpus
we shall consider appropriate probabilistic parameters and their applica-
tion to semantic disambiguation.

II. COLLECTING THE CORPUS

Choice of the child. The subject for our study was chosen for two
reasons. First, we wanted to ensure that the child chosen would be in
close association only with native French speakers. Second, we needed to
find parents who would be willing to submit to the rather demanding
rule that all they said, as well as what their child said, would be recorded
for one hour a week over an indefinite period of time. Thus Philippe, the
only child of a couple who were in their thirties and members of a
university community, was chosen as our subject.

When we visited him for the first time, Philippe was 25 months and
19 days old. He was a sociable little boy who was not shy, even with
strangers. During the period of data collection he often went to the
Faculty of Sciences with his father who taught there. He also visited his
mother in a laboratory of psychology where she worked, and he occa-
sionally participated in experiments in the laboratory. Usually he attend-
ed nursery school; when he did not stay there the whole day a lady in
her forties stayed with him at his house. Both his mother and father
talked a lot with him and provided him with a verbally and intellectually
stimulating environment.

Conditions and frequency of recording sessions. During the first
period, April 22 through June 24, 1971, the observer (M. LEVEILLE)
visited Philippe in his house one hour a week. A group of 10 sessions was
completed by June 24, 1971, before summer vacation began. After an
interruption of nearly three months (83 days), when Philippe went to
the country, the sessions continued at the same frequency through
December 18, 1971. There was a lapse of 14 days between September
30, 1971 and October 14, 1971 due to a strike on the Métro, which
paralyzed Paris. At that time 21 hours had been recorded. Then the visits
became less frequent — one every fortnight. Again, between December
18 and January 6, 1972, and March 23 and May 6 a total of 63 days
elapsed because Philippe was on vacation. Session 33 was the last one,
because Philippe was leaving Paris for his summer vacation. The complete
schedule of recording sessions is given in Table 1.
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TABLE 1§

Sehedule 6¢ Recording Bess{ons

Ne, Date Age
4 pril 22, 197¢ 25 menthe 19 deoyse
2 dppfl 29, 1971 25 26
3 May 6, §971 26 3
] May 13, 1974 26 10
5 May 20, 1971 26 i7
6 May 29 1971 26 26
7 Jupe 3, 1971 27 ]
8 June 106, 1978 27 7
9 Jume 17, 19738 27 84
10 June 24, 1974 27 21
i1 Septembaer $16, 1971 30 i3
2 Septembepr 23, 19748 30 20
£3 September 30, 1971 30 a7
14 October 14, 1971 31 B4
15 October 23, 19714 33 18
16 October 28, 19714 33 25
17 November 4, 1973 32 &
18 November 11, 1973 32 8
19 Novembaer 18, 1971 32 15
20 Novembapr 25, 1971 32 22
21 December 2, 1974 32 29
22 December 18, 1971 33 i5
23 Japnuary &, 3972 34 3
24 January 20, 1972 34 17
25 Februepy 3, 1972 38 i)
26 February 10, 1972% 35 7
27 February 24, 1972 35 21
28 March 9, 1972 36 6
29 March 23, 1974 36 20
30 May 6, 1972 38 3
31 Hay 18, §972 38 15
32 Jure 1, 1972 38 29
33 June 15, 1972 39 i2

uhccording te the reguler schedule, Bession 26
ahbuld heve tsken plece on February 17, but beceuse Phil{ope
was scheduijed for vecatiom on thie dete, the sesaion was
pecordad sariisp,

ODEHORYRSOUO@EEROD IOV FROIANOCIROPFIROOOCEDPEANOIENP D D090 WO 9@ Do
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For practical reasons, recording sessions always took place in the
morning, generally not long after Philippe had awakened, Each session,
with a few exceptions, lasted one hour. Although the recording periods
were relaxed and informal, Philippe was asked not to leave the room in
which the tape recorder (a UHER Recorder L 4000) was installed for
any significant time. Usually the tape recorder was set up in the living
room, which was at the center of the apartment. Only the microphone
was moved to the kitchen during breakfast. If Philippe wanted to play in
his bedroom, the tape recorder was taken there, and Philippe was asked
not to go into the other rooms too often or too long.

There were few variations in the sessions, because they were held at
about the same hour and under the same general circumstances. After
the observer arrived, breakfast was served in the kitchen. Following
breakfast, Philippe would play or look at books with the father or the
mother present, or possibly both, especially in the early sessions. The
observer took extensive notes on the behavior of the participants.

During the first session the mother, who had explained in advance
the reason why the observer came, showed Philippe how the tape
recorder worked. Philippe became accustomed rapidly to the routine and .
accepted it without difficulty. There was no selected topic of conversa-
tion in any of the sessions. The parents as well as the observer encour-
aged Philippe to speak, and consequently, asked him many questions
about his school activities and what he had seen or done during the
week. At times Philippe was not interested in the conversation between
his parents (mostly during breakfast), but he intervened in the discussion
whenever he wished.

Transcription and editing. The transcription of the recordings was
made by the observer, always within a week following the session. The
transcription includes utterances of both the child and the adults. In
addition, comments on the perceptual and social situation based on the
notes taken during the session have been included in the transcription.
Additional comments by the observer that facilitate the understanding of
what Philippe said have also been inserted.

The transcription was made without use of a phonetic system. The
rules of written French were applied, except when a spelling different
from the standard one served the purpose of revealing a clear deviation
from the usual rules of spoken French. For example, when Philippe
pointed to a horse drawn in a book and said un chevau, the x, which is
the correct ending of chevaux, was omitted in the transcription in order
to differentiate Philippe’s special usage and to lead to easy identification
of this usage in the transcribed text. As a second example, Philippe said
des monsieurs instead of des messieurs. A tabulation of these nonstan-
dard words is given in the next section.

In contrast, the words incorrectly pronounced by Philippe but
clearly identified by the observer have been transcribed with the stan-
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dard spelling. For instance, Philippe often said déhors instead of dehors.
He also had difficulty in pronouncing correctly cacher and casser, but
what he did was sufficiently clear to make his meaning understood.

The symbol 8&8&& has been used to indicate unintelligibility of what
was said by the child or by the adults present. This symbol may stand for
a single word or for an entire utterance. Pauses in the conversation have
been indicated by a new line, but in this as in other cases, the criterion
for making the judgment was always somewhat subjective.

Because the transcription was made on a standard Model-33 tele-
type with ASCII characters, it was necessary to introduce certain charac-
ter conventions for the transcription of French. The acute, grave, circum-
flex and diphthong accents were all replaced by an apostrophe. The
apostrophe was replaced by the slash (/) and the cedilla by an asterisk. In
the body of the present paper, however, a notation closer to the standard
French accents is employed.

The coding of accents created certain minor unanticipated prob-
lems. For example, since the apostrophe was replaced by a slash,some
words which were written with an apostrophe, for example, aujourd’hui
and quelqu’un, appear in the vocabulary as two words. Thus, Aut¢ has
been coded as an unclassifiable miscellaneous word in the vocabulary. In
the case of quelgu’un, quelgu has been coded with its proper code and
un as an article. Because the frequency of these examples is low, we did
not revise the final analysis to take account of them,

In the final perusal of the dictionary, we noticed that three words
were misspelled : charriot, hibous, and eléphant. The word ¢* should be
¢. Moreover, the word Oh, which appears at the end of the vocabulary, is
due to confusion between the numeral and the letter. Extensive comput-
er reruns would have been required to correct these minor points, but
these were not made, because no significant error is introduced by their
retention.

As an additional remark, some words used in the corpus by the
mother and father are provincial expressions and not standard French.
They have been coded as standard words and will not appear as unusual
words in subsequent analyses of the adult speech. This does not generate
a problem for the tables of the present report because the vocabulary in
this study is restricted entirely to Philippe’s speech, and the vocabulary
of the adults is not analyzed.

For further information, the distribution of the length of Philippe’s
noun phrases is given in Table 2. In Table 3 the first 100 words of
highest frequency are presented.
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TABLE 2

Noun=phrase length {n mounephrase corpus
(negative binomiel teet)

LENGTH X FREQ X THEOR,FREG X THEOR,PROB, CHIZ

i 3113 3246,90 59 5.52
2 1747 1440,44 26 65,24
3 3568 522,32 10 45,59
4 118 175.29 03 18,73
5 a7 56,46 o 01 16,52
6 23 17.73 «00 1457
7 5 5,47 «00 Ny
8 3 1,67 000

9 2 'S0 + 00
10 1 15 00 5,83

Res{dual Expected Frequency = ,06
Chisaguare sum &8 159,10
Degrees of freedom £ S
parameters i
P a 72
R =1,58

LI LR LY P L L LY Y Y e P Y P Y Tl L

TABLE 3

Rank ordering of the f{rst 100 worde of high frequency

2316 est 3oy en 204 ce 123 eay
1641 1o 374 tu 204 Madeleina 120 comment
1531 c! 366 falt 204 Maman 117 sont
1457 ta 358 ]! 199 tout 115 an
1370 RR& 348 aul 192 sals 114 cette
1351 oul 345 y 189 petite 114 nmon
1164 le 334 quof 178 mettre 111 maison
1137 non 333 af 177 aussi 110 parce
1100 g8 3126 oh 175 ils 110 train
1079 dn 311 veux 174 s 109 oh
1060 pas 308 petit 174 voi{la 166 mais
964 [ 307 sur 169 pourquo{ 105 Philtppe
871 '3 2917 du 166 comme 102  voir
860 de 294 avec 161 celuimie 101 ben
117 lew 2By va 160 deux 98 au
774 une 277 Papa 159 plus 97 cher
653 des 272 fajre 156 ah 97 ae
639 elle 270 vofture 153 fale 96 bien
619 1 262 vals 152 ¢! 95 chocolat
520 on 260 estwce 148 autre 92 bateay
505 dans 260 oy 148 fayt 91 me
468 s 233 mot 143 mons{eue 90 petite
452 ot 233 que 144 camion a9 groe
445 pour 212 encore 141 dedane 89 mamie
444 qu'! 209 regarde 137 of
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III. DICTIONARY I

The first step in writing a grammar and semantics of Philippe’s
utterances was to establish the grammatical categories for classification
of terminal words. Basically, we followed classical morphological analysis
and used the following eight classes of words : articles, nouns, pronouns,
adjectives, verbs, adverbs, prepositions and conjunctions. Subclassifica-
tions within these broad classes are described below. Two additional
classes were also used: onomatopoeias and interjections (KO), and
uncodable expressions (MS), that is, words that were not understandable
or sounds that could not be identified as clearly representing a word.
Some words that are acceptable in French were coded as MS since, in the
context of their utterance, they were not words, but rather only sounds
that Philippe repeated without understanding. Examples include cor and
tonne. The indistinguishable utterances classified as MS were not includ-
ed in the analysis of the noun phrases. In Tables 4 and 5 we show the
mispronounced and fragmented words, and occurrences of nonstandard
usages in Philippe’s speech.

A standard problem in the construction of dictionaries for psycho-
linguistic corpora is that a given word may function in different ways
depending upon its context. Thus, avoir may function as a transitive
verb, as in [’ai de l’argent, or as an auxiliary, as in J'ai fait mon travail.
Words of this kind have been assigned to two or more categories, and are
signaled by commas in the coding. Transitive verbs are symbolized VT,
and auxiliary verbs VA, so forms of avoir are classified VT, VA, When
this occurs, we shall say that a word has been multiply classified.

We have not included either all or only those multiple classifications
that are in all likelihood present in Philippe’s speech, but have tended to
be somewhat conservative. When it is highly unlikely that Philippe would
have used a certain word in more than one context, we did not multiply
classify that word. As an example, the word mets has been coded as a
verb but not as a noun, since it was our belief that the latter usage
(“something related with food”) was unlikely to occur.

The subclassifications of the main classes were modified from
classical French grammar as represented, for example, in Grévisse (1969),
although we did deviate from Grevisse in a number of respects. In the
first place, his and other classical grammars involve written language
rather than spoken language. Especially in the case of verbs, the inflection-
al patterns have been extensively simplified to correspond to spoken
rather than written inflections. After our analysis had been completed,
we became aware of the work by MARTINET (1958) and found that our
analysis agrees to a large extent with his. The present article deals only
with noun phrases; consequently we shall not expand on the coding of
verbs, the principle of which is given in SUPPES, SMITH, LEVEILLE
(1972). Also, we have drawn upon the work of DUBOIS (1965) and



THE FRENCH SYNTAX OF A CHILD'S NOUN PHRASES 215

TABLE 4

Mi{spronounced and Fragmented Worde

Word Interpretat{on Dict{onary Code

baguitte baguette NC2,0
banquette " "
bequitte J " "
bétoleu betonneusew "
bétoleuse " "
blanquette banquette "
bouette brouette "
bousse boule "
cace cache VT4
chigne cyane NCi,0
codile crocodi{le "
drabon dragon "
‘edicaments géd1cament| "
e9liaue eglise NC2,0
estatues statues "
faboui{lles farfoui{lles V71
festation man{festation NC2,0
kola koala NCi1,0
magnéophone magnétophone NC1,0
mama maman NP2
mamaman " "
masou ma{s NCi,0
migre emigre VIt
modeur moteur NC1,0
plas pas DVe
posi{toire supposi{to{re NCi1,0
retourep retournep VNO
samed{é samed{ NC1,0
80 soleaf! NC1,0
tofte ttoffe NC2,0
verture coyverture NC2,0
xagone hexagone NC1,0

sbétonneuss does not appear {n "Le Pet{t Robert",
[ TI T T Y YL L L]
but Phi{l{ppe's parents used {t {nstead of bétonni?ro.
LA 2 2 1 0 X 1 L. 1 ]
LA AL L LA L EL LY L L LI L DL I LI Il I I I YL YYT YY)
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DUBOIS-CHARLIER (1970), in particular Dubois’ encoding of the defi-
nite and indefinite articles and the partitive constructions.

Because of the differences between written and spoken French, and
because Grévisse does not provide a completely systematic classification,
it was necessary to introduce a number of distinctions not found in his
analysis. Thus, a systematic coding was initiated which distinguished
whether the gender or number of an adjective or noun is undetermined,
or whether the gender or number (singular or plural) is masculine or
feminine. This is not to imply that Grévisse ignored the fact that
adjectives may have the same form regardless of whether they are
masculine or feminine, but only that we felt it necessary to introduce
clear coding conventions to describe these cases.

The coding introduced for each of the classes described above is
exhibited in Table 6. We turn now to detailed remarks about the nature
of this classification and the reasons for it. To a large extent we have
retained the standard French grammatical terminology in order to facil-
itate comparison with various published grammars of French.

- D e D PR R Tl DT T e BT T LT o 1= 1=

TABLE S

Occurrencac of Nenetanderd Usage

Werds Code Session Typfcel Content
CMEaENNCOTEATNONOOODRACRRDISHORIRINDITOAPDIDTRCIVOLDAODD DB WA
alies ¥DiIS,VILs 17 Je sule pes content que tu t'er alles
aye Y715, VALS 30 17 faut ,ec un solell chez mo{ pour
qui{ aye plus de vent
ayent Vii5,VALS 27 Pour quli{ls ayemt ehaud
pe¢ter VYO (said for battre)
chevala NCi 2 i0 ose 9t les deux chovalo
ehevau NCi,1 6 Urne chevauy ajle eouPrt
eordufteur ,
NCiq0 17 17 @ oublis le feu rouge le
, condufteur
seiant NCi,0 2 feeid for aimant)
berise VTS 30 I1 feut gue je tiderine queique chese
foine DV2oLCO 26 Dane uRe majson trda Tefae
MmeRs{oups
NCig2 §2 €legt pes blen de tuer Tes monsieurd
mopde  AB2,0,2 13 Jial jeté Yleilumetts aul btalt morde
mopdes AQR2,0,2 28 Leg feuiiles mordes
aalfumattes
NC2,0 14 Jlaf felt ume grande maleon aveoe dos
paliumettes
ranimaia
NC1o14 20 Des nenimals

nerbra  NCi.0 19 Il eet nelr ce marbre
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Table 5 (following and end) :

nautres AGO,0,1,PIB,Al 3 Des pautres rails
nayion NCi,0 9 Vo{la e pet{t navion
nen PE19,DV2,EP 27 Clest les enfants gqui{ nen mangent
nentfant NCO,.0 21 C'est pas des petitee tétes de nenfant
rofsecauw
NC1,0 3 (satd for of{nseau)
nours  NC1,0 1 Tombe e nours
oails NC1,2 17 Clest g les ocef{le?
prendait
VNS 26 Elle prenda{t toutes les s0uUs
prende VNS 26 I! dtait pas content qulon lu{ prende
toutes sees sous
rete VT4 28 On rate les foullles mordes
séaué  AG1,0,2 19 Tu veux un petit ralsin séque?
sequés AQ1,0,2 19 Tu veux des raisins eseques?
soye VC15,VAl1S 31 Pour que 1a matson soye bien grande
soyent VC315,VALS 16 see POUF elles sgyent gluo_bollol
tall VDOIVXO 3 nae J. suis tatle e 1'9cole
tuser* VTD 12 (said for user)
zailes NC2,0 15 1! a pas de zattes
zarrivent
, vT1 29 Les vo{1& qui zarrivent
zecoutent
VT 24 see 8t aul zdcoutent pas
zencore DVO 26 Y en 8 zencore?
ro{seau NC1,0 3 Un zoiscau sur le tonneay
zont Y15, VAS 26 sae Clest les chats qui zont
zoutils NC1,0 12 C'est un carré de rout{la

* Words sssocisted with either an action, or an objeot,
The {nterpretation fe based on the motes of the observed,

Articles. Under this general category we have assigned the indefinite
articles (un, une) the category IN, and the definite articles le, la, [’, les
the category DN. Even though un and une can be considered as cardinal
adjectives, in the present corpus it secemed appropriate to classify them
unambigously as articles.

The words du, de, des, d’ have been coded as prepositions in the
classification EP, which also includes au and aux. This follows a sugges-
tion made in DUBOIS (1965, p. 152).

Nouns. Two main subcategories of nouns have been distinguished as
in traditional grammars, namely, common and proper nouns. As already
indicated, common nouns have been grammatically coded in such a way
as to take into consideration the gender and the number. For example,
bouteille and bouteilles have the same spoken form and both have been
coded NC2.0, with the first digit indicating the gender (in this case
feminine) and the second digit indicating the number (in this case
undetermined). In contrast, cheval was coded NC1.1 and chevaux was
coded NC1.2. Homonyms were coded 0 for both the number and the
gender; for example, moule was coded NCO.0.
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In addition, nouns followed by a hyphen and la, which indicates
that the noun had the composed form of the demonstrative adjective as
determinant, were coded with the symbol # indicating that two words
were conjoined. For example. the word aiguille-la was coded NC2.0#AD.
Thus NC2.0 is the appropriate coding for aiguille and AD the appropriate
coding for la.

Proper nouns have been coded to reflect gender only, for example,
Jeanine was coded NP2, Papa NP1, and Paris NPO.

Pronouns. Five subcategories have been distinguished : personal
(PE), demonstrative (PD), interrogative and relative (PR), indefinite (PI),
and possessive (PO). Personal (PE) and demonstrative pronouns (PD)
have been given specific numbers, as shown in Table 6.

Interrogative and relative pronouns have been coded together be-
cause they are not distinguishable. An exception is dont, which is always
a relative. Some indefinite pronouns (PI), which could be identified as
such unequivocally, have been assigned a specific number from 1 to 7.
The other forms which could also be classified as indefinite adjectives
have been coded PI8. Because the possessive pronouns are formed with
the definite article and the accentuated (tonique) form of the possessive
adjectives, they do not appear as separate entries in the vocabulary. On
the other hand, since the accentuated forms are rarely used as possessive
adjectives, they have been categorized as possessive pronouns in Table 6.

Adjectives. Six main subcategories of adjectives have been distin-
guished : qualitative (AQ), numerical (AC for cardinal and AN for
ordinal), demonstrative (AD), interrogative (AT), possessive (AO), and
indefinite adjectives (AI). Relative adjectives have not been coded, since
their usage is extremely rare even in written language.

Qualitative adjectives have been coded according to the gender, the
number and the position (1 for anteposition, 2 for postposition, and 0
for undetermined). For example, verte has been coded AQ2.0.2, with the
first digit indicating the gender, the second the number and the third the
position. In the case of gender and number, the same three-fold classifi-
cation was used as described above, namely, 0 for indeterminate, 1 for
masculine, and 2 for feminine, with corresponding conventions for
numbez.

Cardinal adjectives (such as deux) have been coded AC. As pre-
viously mentioned, the indefinite articles un and une could be classified
as cardinal adjectives, but we classified them IN instead. Ordinal adjec-
tives have been coded according to the gender and number; for instance,
second has been coded AN1.0. Demonstrative, interrogative, and posses-
sive adjectives have been coded with specific numbers, as shown in Table 6.
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TABLE o

Coding of Gremmat{cal Ceategories, Dict{onery 1

ARTICLES
Indatin{ pétint
IN 1 uyn ON { le, 1!
IN 2 une DN 2 1a, V!
ON 3 les
PRONOMS
Personne! Demonstrat{f
PE § Je, ) PD § celud
PE 2 me, m! PD 2 celle, celles
PE 3 mof PD 3 ceux
PE 4 nous PD 4 celufe=of
PE S tu, t! PD 5 celui=la
PE 6 te, t! PD 6 celle=c{, cellep=of
PE 7 tof PD 7 celle=ld, celleseld
PE 8 vous PD 8 ceux=c{
PE 9 {1, {1s PD 9 ceux=ld
PE 10 elle, elles PD 10 cecl
PE 11 Yuf FD 11 celd
PE 12 eux PD 12 (1
PE 13 se, o! PD 13 @!
PE 14 sof PD 14 ce
PE 1S5 le, 1!
PE 16 1oy 1!
PE 17 es
PE {8 leur
PE 19 en
PE 20 y
Interrogati{f ou relat|f
PR 1 quf PR 7 auquel, asuxquels,
auxquelles
PR 2 cua PR 8 duquel
PR 3 quot PR 9 lesquels, lesquelles
PR 4 qu! PR 10 desquels, desquelles
FR S legual PR {1 ol
PR & Yaquelle PR §2 dont (relat{f)
Inoéf!n! Possessi{f
PI 1 on POt (le, les) mien(s)
PI ¢ auelqu'un PO 2 (le, les) tien(s)
PI 3 quelques=uns PO 3 (le, les) s{en(s)
PI 4 quelques=unes PO 4 (le, les) notre(s)
PI 5 personne PO 5 (e, les) votre(s)
RI 6 rien PO & (1a, les) mienne(s)
PI 7 chacun PO 7 (la, Yes) tienne(s)
PI 8 eutre, etc, PO 8 (le, les) stenne(s)
PO 9 (ley18,1e8) Teaur(s)
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Table 6 (following and end) :

ADJECTIFS

AR 8 queli{ficati?
AC ¢ nmuméral gardipel
AN ¢ nmuméral eopdinel

Peesessi
AQ § mon AQ & tes
AD 2 tom AGC 9 sesn
AD 3 son AD 10 moe
AC 4 ms AD 11 vos
40 5 te A0 12 motre
AC 6 se AD 13 votre
A0 7 mes AD 14 Teur(s)
Démonstpatﬂ¢ Inteprogacis
AD 1 eo AT § auei(s)
AD 2 eeot AT 2 quellels)
AD 3 cette ,
AD 4 eces Indefi{n{
Al asutrelslpeta,
ADVERBES PREPOSITIONS
DV 0 {ndérermind EP 0 {ndétermind
DV 1 tompe EP 4§ da, d!
by 2 Vtlaeu EP 2 duy d!
DV 3 guantitd EP 3 dao, o
DV 4 manidre EP & a
DV 5 affirmation EP 8 au, asux
DY 6 nbgatien EP 6 do, d! (evec varbe)
PV 7 {ntorregatien EP 7 & (avee veorba)
CONJONCTIONS
€8 8 oubepdinotien €€ § acordinatien
LOCUTIONS

LC 0 {ndbterming

LC § adverblaie

LC 2 prdponitive

LE 3 {mterrogative

NOME

NE 8 Rowm GOMRYR NP § mPem PREPFRe

;
KO 8 (mterfeetiono et eonometopaos
H8 ¢ saens sfgnridication

CERFCROROUOOETENINESOERSEOaC oS rNToRoRPRORORN@ORBDIBGUADRRD
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IV. NOUN-PHRASE GRAMMAR I

Our study of the noun phrases of Philippe’s speech is based on a
selection of noun phrases made from the sentences in 9 of the 33
sessions of the complete corpus. For this selection, we used Sessions 1, 2,
3, 14, 15, 16, 31, 32 and 33, which cover the beginning, the middle and
the end of the corpus. In other words, each of these sets of three sessions
forms a section of the corpus. This choice was motivated primarily by a
desire to look for the changes in structure over the maximum period of
time.

The noun phrases were selected from the sentences in the corpus on
the basis of the intuitive judgment of M. Léveillé, who is a native French
speaker. The selection was not the product of any explicit formal
analysis. Nevertheless certain guidelines were followed and they are listed
below.

1. Noun phrases in questions of the forms est-ce que ? and est-ce
qu’il ? were not included, although other kinds of interrogatives
were scanned for noun phrases.

2. Personal pronouns combined with verbs to form pronominal
verbs were not included.

3. Cases of using the preposition a, where de should normally have
been used (e.g., as in je veux la montre a maman), as well as
phrases such as sa maison a lui, were included.

4. When the preposition en was combined with a substantive, such
as in la chaise en métal, the whole expression en métal was
excluded. On the other hand, when en could be replaced by sur
le or dans le, as in en vélo or en voiture, it was included.

5. The preposition pour was analyzed in such sentences as un bassin
pour les bateaux.

6. When adverbs such as beaucoup or assez modified a substantive,
as in beaucoup de chocolat, assez de sous, they were included in
the noun phrases.

7. When the word la followed a substantive, such as in appuie sur le
bouton la, the word was considered a part of the noun phrase (/2
being analyzed as KO by grammar I).

8. When the word could serve as either a noun or another word,
such as téléphone, the word was not included as a noun phrase if
the context of usage was vague.

We expect the class of noun phrases to change somewhat in a
complete grammar, and the rules of the two grammars discussed below
to change in a full grammar. For example, one motivation for change will
be the attempt to study differences between noun phrases that occur as
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subjects in some sentences and as direct objects in others. As for the
methodological justification for selecting the noun phrases by intuitive
judgment, we should mention that this was only a first step in obtaining
a complete grammar. The fact that noun phrases dominated Philippe’s
speech, as they dominate other psycholinguistic corpora of young chil-
dren, indicates that the noun phrase is a reasonable place to begin.

It may be useful to expand on these methodological remarks about
our method of selecting the noun phrases by individual inspection of the
utterances. In principle, one would like to put the entire grammar and
semantics together into one systematic whole. We think this is a worthy
objective and hope to pursue it further in subsequent publications. On
the other hand, given the massive character of a corpus of the size of this
one, we consider it important to begin the analysis in piecemeal stages,
and to do this we must make some intuitive decisions without systematic
guidance from an overall model of a complete grammar or even less a
complete semantics. We are certain that there could be marginal disagree-
ments about our selection of noun phrases but we doubt that it would
affect the main results of our analysis. We emphasize also that the noun
phrases were selected prior to the attempt to write a grammar for them,
and consequently we have in no sense tailored the selection of noun
phrases to the convenience of our two grammars.

As already indicated, there are two separate and parallel analyses of
the noun phrases in the corpus. In this section we describe the first
grammar, the one that uses the first dictionary of grammatical categories.
This grammar represents an extensive modification of those used in
SUPPES (1970, 1971) and SMITH (1972) for analyzing noun phrases in
English. Grammar I is of course not a grammar of English, but rather it
was constructed from the modifications that would be required in the
grammars for English in order to obtain an appropriate grammar for
French. Grammar II, on the other hand, was written by a more direct
consideration of French grammars. Detailed remarks about the goodness
of fit are reserved for later discussion, after both grammars havc been
described and the results of the analysis presented.

Nonterminal vocabulary of Grammar I, In addition to the categories
introduced in Dictionary I, the following additional nonterminal symbols
were used in Grammar I. These additional symbols cannot be rewritten
by lexical rules, but occur in derivation trees always at least two nodes
from a terminal node. As the label of the root of all the noun-phrase
trees, we adopted SN for the French syntagme nominal. Three additional
noun-phrase notations for which we used a natural English notation,
namely, NP*, NP’ and NP"', were also introduced. Note that according to
Dictionary [, NP without an additional suffix was the category of proper
names.

In the production rules of the grammar as shown in Table 7, we
omitted all the numerical suffixes showing number, case, gender, etc.
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These suffixes were included in the dictionaries, but were ignored by the
grammar discussed here. In a more refined analysis it would be necessary
to add these subscripts. However, it is obvious that the refinement
required to do this would multiply the number of rules.While a relatively
abstract level of analysis has been chosen, we feel the level selected
exemplifies the structural features of Philippe’s speech at about the right
level of conceptual detail, insofar as noun phrases are concerned.

The notations ADJP and POSTAD] were introduced for adjectival
phrases in pre-position and for adjectival phrases following the noun. The
nonterminal symbol DET is the general nonterminal symbol used for
determiners. Rules (7,1) to (7,6) are rewrite rules for this nonterminal
symbol. The nonterminal symbol NUM designates numerical or cardinal
number words (Rules (8,1) and (8,2)).

We have already mentioned that we introduced three noun-phrase
symbols in addition to SN, namely, NP, NP"' and NP*. The function of
NP’ and NP"' was to provide a rewrite rule for one-word noun phrases
(Rules (3,1) to (3,5) and (2,1) to (2,3)), respectively. While NP’ generates
noun phrases with or without determiners, NP" generates one word
noun phrases without articles. Rewrite rules (4,1) to (4,17), that have
NP* on the left, were used to construct noun phrases of a more compli-
cated character. From a purely grammatical standpoint these nontermi-
nal symbols were needed in order to block improper recursions. Further,
they were convenient in getting a better fit from a probabilistic stand-
point.

The production rules. The 46 production (or rewrite) rules of
Grammar I are shown in Table 7. Perhaps the most surprising thing about
the rules is their standard character. At the level of syntax, Philippe’s
speech is very close to standard spoken French. Not one of the 46 rules,
with perhaps the exception of rule (3,2), would be regarded as inappro-
priate for adult spoken French, but additional rules beyond those given
here would be needed in a complete grammar.

The use of the 46 production rules to produce an infinite variety of
noun phrases is standard and in accordance with classical context-free
grammars. An illustration of the use of the rules to produce one of the
longer noun phrases in Philippe’s speech is shown in the tree of Figure 1
for IN AQ NC EP DN AQ NC : un petit tambour pour les petits enfants.

There are some additional conceptual remarks that we want to
make about the rules. The first group of rules constitutes the nine
different rules that can be used to generate trees starting from the
labeled root SN. The first three rules are standard. Rule (1,4), SN - EP
NP*, a rule which permits a noun phrase to begin with a preposition, is
natural not only for Philippe’s speech, but also for standard spoken
French. It should be recalled here that du, de, d’, des, a, au, were all
coded EP.
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TABLE 7

Parametore for Grammar 1%
Phiiippe's Noum Phreses

Label Prob, Rule

(1,1) 20060 SN =» NPa CC NPn

(4,2 0250 SN =>» NP2 EP NPw

(1,3) 8925 SN =» NP=n

(1,4) 0672 SN => EP NP=%

(1,5) 20031 SN =» CC NPw

(1,6) 20000 SN =» KO NP=x

€4,7) 20052 SN =» NPw KO

(1,8) 20000 SN =» LC NPa

($:9) 0010 SN =» NP L€

(2,1) »5857 NP" =» PE

(2:2) 23494 NP® =» PD

{2¢3) 20648 NPP w» P

(3,1) 21388 NP? =» NP

(3,2) 27838 NP? &> NC

(3,3) 001014 NP? =>» NC AD

(3,4) 20621 NPt =» PR

(3,5) 20052 NP! o» PO

(4,4) 20000 NPe =» DET NUM ADJP NP! POSTADJP
(4,2) <0000 NPe =» NUM ADJP NP POSTADJP
(4,3) 20007 NPw =» DET ADJP NP! POSTADJP
(4,43 20002 NPe =» ADJP NP) POSTADJP
(4,5) . 0000 NPw =» DET NUM NP! POSTADJP
(4,6) 20002 NP# =» NUM NP' POSTADJP
(4,7) 20065 NP« =» DET NP' POSTADJP
C4,8) 20036 NP# =» NP' POSTADJP
(4,9) 20004 NP# =» DET NUM ADJP NP?
(4s,40) 20006 NPx =» NUM ADJP NP?
(4,181) ,0286 NP e» DET ADJP NP?
(4,12) 20120 NP% => ADJP NP?

(4,13 20006 NPx =% DET NUM NP?
(4o14) 0037 NPs =» NUM NP?

(4,15) 22836 NPe «» DET NPV

(4y86) s 1953 NPw =» NP!

ICTRYA] 46l NPw =» NPP

(Sei) 29708 ADJP =p AQ

{502} 20299 ADJP o> ADJIP AQ

(6,1) 9836 POSTADJP =» AQ

(6,2) 0164 POSTADJP =» POSTADJP AG
(754) 20496 DEY =» AD

(T52) 20070 DET =» AY

(7,3) 20746 DET =» AQ

(7,4) 6117 DET =» DN

(7,53 2472 DET =» IN

(7,62 20099 DET =» AY

(8,1 11,0000 NUM =» AC

(Bp2) 20000 NUM =2 AN

#forroction for conginuity © .55 onpoctad & 8§ aro
arouped togother,

e L T L L e B e T e e R e L o = T T TP T Y e
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Figure |
TREE FOR N AQ NC EP DN AQ NC
SN
(1,2)
NP* EP NP*

(3,1 {3,1)

DET ADJP NP DET  ADJP NP'
(6,5) [(4,1) [(2,6) [(6,4) [(4,]) (2,6)

IN AQ NC DN AQ NC

The instances of the use of this rule in accounting for noun phrases
in the corpus are the following :

FREQ

245
60
11
11

= b = = = RN N GO QO OB

TYPE

EP NC
EP DN NC
EP AQ NC

EP NP
EP NC AQ
EP AINC

EP AT NC

EP IN NC

EP PI

EP AO NC
EP AQ AQ NC
EP AQ NC AQ
EP DN AQ NC
EP PR

EXAMPLE

du chocolat

de I’eau

des gros animaux

de maman

au bras droit

de chaque c6té

de quelle couleur
d’un cheval

d’autre

de ses mains

des vrais petits chiens
des petites vitres rondes
de la petite musique
des quoi ?
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TYPES = 14  TOKENS = 348

Rule (1,5), SN - CC NP*, introduces conjunctions at the begin-
ning of noun phrases. This rule, like rule (1,4), is natural for adults as
well as for Philippe. The instances of Rule (1,5) in the corpus are the
following :

FREQ TYPE EXAMPLE
11 CCPD etga
4 CC PE etil
1 CC DN NC ou le tramway

Rules (1,6) and (1,7) introduce the grammatical category KO
(interjections) before and after the main noun phrases, respectively. Rule
(1,6) was not required for our noun-phrase fragment. The instances of
Rule (1,7) are the following :

FREQ TYPE EXAMPLE
10 DN NC KO le bouton Ia
8 PD KO cala
4 AD NC KO cet accident 1a
3 AO NCKO ton manteau la
1 AD AQ NC KO ces petits bleus la (*)
1 DN PO KO le mien 1a

(*) bleu was coded NC, AQ. The grammar did not generate AD AQ AQ,
and consequently AD AQ NC was recognized.

In a similar way, Rules (1,8) and (1,9) introduce the grammatical
category LC (locutions) before and after noun phrases. Rule (1,8) was
not required for the noun-phrase fragment. The only instance of (1,9)
was the phrase PE LC (le voila), which occurred once in the corpus.

As already remarked, the rules of the second and the third group
were used to generate one-word noun phrases. These noun phrases were
generated by using Rules (1,3) and (4,16) and (4,17) and then rewriting
NP’ and NP" according to one of the eight rules in the second or third
group.

The 17 rules of the fourth group contain the main structure of the
noun phrases. They determine the way in which determiners, numerical
expressions, preadjectival phrases, and postadjectival phrases can be
generated. Although all 17 rules are perhaps plausible to a native French
speaker, three of the rules from the fourth group were not required for
the corpus. The unused rules from the fourth group were (4,1), (4,2),
and (4,5). An instance of Rule (4,3} is !

1 Here and subsequently we often show the frequency of a given grammatical type of noun
phrase in the corpus without expressly labeling the frequency column. Thus the frequency of
DN AQ NC AQ is 2 in the noun phrases under examination.
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2 DN AQNCAQ : lepetit filet jaune
and an instance of Rule (4,9) is
2 DN ACAQNC: les deux petits pistolets

The fifth and sixth groups of rules — (5,1), (5,2), (6,1), (6,2) —
provide the standard recursions for pre- and post adjectival phrases.
Except for accounting for both pre- and post positions, they are the
same rules used previously for English.

The main reason for using different rules for pre- and post position
adjectival phrases was to test the tendency to use a different number of
adjectives in the pre-position from the postposition. After we examine
the fit for the grammar in more detail, we will remark on the outcome of
this test.

The seventh group of rules is for determiners and permitted rewrit-
ing the nonterminal symbol DET as any one of six nonterminal symbols
standing for a grammatical category. Note that determiners were not
introduced as a separate grammatical category, but were spread among
the grammatical categories of Dictionary I, which is a relatively classical
structure. In a sense, this was a way of having the best of both worlds.
We introduced the concept of a determiner in the grammar, but kept in
the dictionary of grammatical categories the more or less classical divi-
sions.

Finally, the eighth group of rules consists of the two simple rules
for rewriting the nonterminal symbol NUM for numerical expressions,
which may be replaced with the grammatical categories AC and AN.
Rule (8,2), which introduces AN, was not used in the corpus.

Nonprobabilistic fit of Grammar 1. Probably the first empirical
question to ask about a grammar for a corpus is, what percentage of the
tokens and what percentage of the grammatical types does it parse ? The
data are summarized in Table 8. There were 5,467 noun phrases in the
nine hours analyzed. Grammar I parsed 5,191 of these noun phrases,
which represents 95 percent of the tokens. There were 339 types of
noun phrases in the nine hours, and the grammar parsed 222 of these, or
65.5 percent.

The entries in Table 8 are defined as follows, with the usual
distinction between types and tokens. We first give the total number of
types and tokens in the corpus, then the number recognized, and finally
the percent recognized. The fourth line indicates how many of the types
or tokens in the corpus are lexically ambiguous, that is, have at least one
word assigned to more than one grammatical category. It is important to
realize that lexical ambiguity, as we have defined it, results from using
words in ways that are grammatically distinct; in most cases, lexical
ambiguity would offer no difficulty to a speaker. It is, we believe, a test
of the grammar to ask how well it is able to eliminate this superficial

ambiguity.
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TABLE &

Nonppobabii{etie Fit of Gremmar I Noum=phress Corpus

Description Typee Tokens
Total 339 5467
Recognized by Grammer I 2ez2 5498
Percent recognized 65,5% 85%
Laxfcally awmbiguous 234 £747
Percent lexi{cally ambiguoue 69% 32%
Amblguoue recognized 164 1645
Percent of the ambigusus
recognized 68,0% 92,8%

Ambiguity resoived 1 H] §553
Ambiouiey reduced 14 35

Origimal embiguity facter & 2685

Parsnd smbiguity faecter a 2297

Reduced smb{guity feector = Y]
Typee after copoalldation o 146
Types after probabilistie 124

d{combiguecioen

PP CEEEOCRTENNOGENNPCYROOUNDONOIDNNPOSIDREIVODNIARSPARRRED

We then indicate how many of these lexically ambiguous types or
tokens are recognized by the grammar. When the grammar recognizes a
lexically ambiguous type, it is important to realize that the type is a
‘shorthand’ notation for several types.

For example :

(1) DN,PE NC
occurs 721 times in the original corpus. The first word, according to
Dictionary I, could be either DN or PE; and hence (1) expands to

(1) DN NC

(1") PE NC.
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In this case (1') was recognized by Grammar I while (1"') was not; hence,
we say that the lexical ambiguity was resolved, meaning that only one of
the alternative types was recognized. Another lexically ambiguous case
which occurred 13 times is :

(2) DN,PE NC, NP

It represents the types

(2.1) DN NC
(2.2) DN NP
(2.3) PE NC
(2.4) PE NP

In this case (2.1) and (2.2) were both recognized, and so we say that the
lexical ambiguity was reduced (but not resolved). This reduction happened
on 14 types (35 tokens) in the corpus. Nineteen lexically ambiguous
types (62 tokens) remained that were not resolved by Grammar 1. The
elimination of this remaining lexical ambiguity will be discussed further
after we have discussed the probabilistic fit of Grammar I.

The ambiguity factor is, intuitively, the number of ‘extra’ analyses
of a noun phrase. Let S be the set of types in a corpus, for t in S, f(t) is
the frequency of t, n(t) is the number of types (using simple symbols)
that arise from t. Then, the original ambiguity factor is given by

2 f(t)(n(t)-1) .
in S

@

We subtract 1 in order to eliminate an entry for those types that have a
single classification. For example, the contribution of

9 DN,PE NC,VN

to the original ambiguity factor is
9%(4-1)=27,

where 9 is the frequency, and 4 is the number of simple types arising
from the type in question.

The parsed ambiguity factor is defined in a similar fashion, except
now we use S' instead of S, where S’ is the set of types in S recognized
by the grammar.

The reduced ambiguity factor is given by the formula

2 f*w(v)-1) ,

t in S
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where S’ is the subset of S recognized by the grammar, and n'(t) is the
number of simple types arising from t that are recognized by the
grammar. Among the measures we consider, the reduced ambiguity
factor is clearly the best measure of the lexical ambiguity permitted by
the grammar. As will be seen, this number is quite small for all of the
analyses presented in this work.

The resolution and reduction of lexical ambiguity alters the list of
types present in the corpus. For example,

721 DN,PE NC
is resolved to
721 DN NC

(since PE NC is not recognized by Grammar I) and must be combined
with

34 DN,PE NC, VT

which is also resolved to DN NC. This process is called consolidation. Of
222 original types recognized by Grammar I, 140 types remained after
consolidation.

Probabilistic fit of Grammar I. Following the standard notion of a
probabilistic grammar and the various ways of estimating the goodness of
fit (SUPPES, 1970, 1971; SMITH, 1972), we used a model based on a
geometric distribution for predicting the parameters of the grammars
reported upon here.

Table 7 gives the parameters for the standard fit obtained by the
maximum-likelihood method, and Table 9 shows the results of the
goodness-of-fit test for each noun-phrase type. Types with expected
frequency less than 5 were grouped together in accordance with standard
statistical practice, The residual was 498.32, which indicates that 9.6
percent of the noun phrases predicted by the grammar did not occur in
the corpus. There were 16 groups (low-expected types clumped togeth-
er), thus reducing the degrees of freedom to 15. The chi-square was
3532 and the chi-square divided by the degrees of freedom was 235.47.

We now examine these tables, with a regard to what they tell us
about Philippe’s noun phrases. In Table 7 notice that the 5-rules, which
generate pre-position adjectival phrases, have nearly the same parameters
as the 6-rules, which generate the post position adjectival phrases. This
means our hypothesis that these would be different in character is
rejected. The tendency to use more than one AQ is always small,
whether in pre- or postposition. Notice among the 4-rules that the rules

(4,15) NP* - DET NP'
(4,16) NP* - NP’
(4,17) NP* - NP"
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TABLE 9

Noun=phpase Types for Grammar ]

Observed Expected Chi=squere Count Noun phrase typs
1436 1259,5 24,6 i PE
835 751.,4 9.2 i PD
792 630, 41 .4 i DN NC
324 125,5 312,2 | NP
284 254,6 3,3 1 IN NC
245 53,4 683,56 i EP NC
174 S6,1 233, 1 PR
167 709.1 413,6 1 NC
158 139,4 2ol 1 PI
107 76,9 11.5 | ADQ NC
61 2h,9 50,9 1 IN AQ NC
60 47,5 3.1 | EP DN NC
55 61,6 6 i DN AQ NC
45 42,1 o1 ) AQ NC
37 51,0 3,6 1 AD NC
18 13,6 1.4 1 AC NC
16 14,3 ol i DN NC AQ
13 5,8 7.8 1 IN NC AQ
(I L LR L1 LY .04 X 0 0 LA LI Ll 12 Rl XXX 2 X 13 L0 XA Xt 1] ]
23 i AD NC AD
23 1 IN NC EP NC
-3 1 DN NC EP NP
13 i DN NC EP NC
12 i DN PO
_GROUP ;
92 9,1 742,1
L E L L L L 0 i f f L X 0 F X0 B & 0 L L A 2 0 B X F B X 2 & B 0 & 4 0 0 R B L 2 2 3 X0 L 2 02 X171 Z X ].J.3
11 10,2 o 0 1 Al NC
- [ 3. YT R R I P Y 2 F S R0 0 K 0 0 L L 0 0 31 3 P 1 ity X170l 0 Xy L 02 13y yyY])J.]
11 i cC PD
11 i EP AQ NC
GROUP
22 5.8 42,9
X I YRR R A L T P LB L L A 3 L2 XX i 0 20 A 00 L X XXyl iRl rryYyl 7y J]
il 9.5 ol i EP NP
L X L3 P A LA L2 L2 1 3 X @ 0 L 0 & 1 K J L XX L 4 1 28 2 0 XX 3.0 &0 2 X4 0 010 X1 3.7 13 1731.]
10 i DN NC KO
10 1 NC EP NC
GROUP
20 °|1 2“.3

NSEDORNY SRRSO TERDEREPPES PPN IOROEANNORTATRTIANSONRNONED
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Table 9 (following) :

8 7,2 08 { AT NC
m@@mEWBQEBEQQEBBBm@@iaﬂmﬁ@m@@.-nﬂﬂﬂ.-ﬂ-.-.-ﬂ---ﬂ-ﬂ--‘--
8 { AD AR NC
8 { NP CC NP
GROUP
16 5.0 21,9
L L L L L L L L R T -d- L b Ll - L -1 T J-F O X 0 0 & 4 1 R-0 % § F-1 J_ 0 J_Q& B L L & -7 § % [-}
8 i PD KO
7 i DN NC EP DN NC
GROUP
15 6,8 8,8
ORI ME Y rOeR@NORE RNV CRPRURPOITNCEELREORNIaOEREGSaWR @ W
6 12,7 3,0 i NC A
5 111,5 00,8 i DN NP
4 7.5 1,2 1 AD AB NC
E-1-0 A - R N R 0 R Q-1 1 L4 J ' L J KB R-Q0 Q1 Q0 Q- R -0 R B % F ¥ § I B 0 N N-Rof-JQ-J-R J F B L N _J-Fk K R-J-0 J T & %' J-}
EP NC AQ
IN AQ NC EP NC
PE LC
AD NC KO
AG NC EP DN NC
£¢c PE

SEesbrbviyioe
B2 Db B 5 05 gD

GROUP

28 7.4 55,1
POOLONOeETSoOREECERAENTICRAVACHIONEDOGEUOVQORSODUOOEOEGOE oo @D

3 §13,6 7.9 i AG NP

OO ERSOENEOEDOOWESONODRAOONUROCCOOROERODOOURERAEAROLEBECOPEOUeSRED
ON NC CC DM NC
IN NC CC IN NC
AC AQ NC
AD AQ NC AD
AZ AG NC
A0 NC EP PE
A0 NE KO
DN NC EP AD N€
DN NC EPF IM NC

Ted 00 1ol 0 U W Ul B B
G HO PO BB 5O DO 0D B B

GROUP
29 5.9 86,3
CEXEOREEAEQUNERCOENOCRIORNSACRPUINEDIRUCDOACNOVCHORE D oW D
3 § ON NC EP PE
3 § EP AL NC
GROUP
) 506 08
PO APNCHNOONECRORRINORCOPUECIONADPRURPONCOACITOUSIIORTICQQ DD
2 9,0 8,7 i AD NP
DOEPEFEOIPDNONWUIACENEDQROONOODNUYOD@DINRNECIEBNEOoOONEDOSoRSCoE@E
EP AT NC
IN AQ NC EP NC &
NE EF NP
?p CE PD
AB AB NE

Y W ed 4l ()
oD o= 822 O B2
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Table 9 (following) :

2 i DN AC AQ NC
2 i DN AQ NC AQ
GROUP
18 5,5 25,7
2 49,9 45,0 i DN PR
2 19,2 14,5 i EP IN NC
2 10,5 6,1 i EP PI
S N RSN AN R RN N RN NSRS ON NSO IR NS R RENTRNIRNEO S
2 1 DN NC CC DN NC AQ
e 1 IN AC NC
2 1 NC EP DN NC
2 i NP AQ
GROUP
8 5,5 .8
P TN N R NE RN NN RSO R RPRPEREP RN RNNTRERRY
e i NP CC NC
2 i PD EP NP
2 i PD EP PD
1 i AC NC AQ
1 1 AC NC CC AC NC
i 1 AD AQ NC KO
i 1 AD NC AD CC PD
i 1 AD NC AQ
GROUP
11 6,0 3.4
AR NSNS AR E AT NSRRI EEREY AN NN R RNOE RSN NE
1 bod 3.5 i AO PR
LI P Y P Y L e P Y Y P L Y T Y I T YT L P Y P Y Y YL Y]
i i AQ@ NC CC DN NC
i 1 AQ NC EP IN NC
i i AQ NC EP NC
i 1 AQ NC EP NP
| i AT AQ NC
)} i CC DN NC
{ i DN AC NC
i 1 DN A@ NC EP NP
1 i DN NC CC AQC NC
1 } DN NC EP AD NC
§ 1 DN NC EP AQ NC
GROUP
11 5,0 6,0
LT T L P Y TP L L L e ey P P L P T L P T Y P T T Y
1 5,8 3,2 1 EP AD NC
OGRS NN NP R SRR RN YRR PR NENTRNERE NP W
1 1 DN NC EP PD
i | DN NC EP PR
1 1 DN PO EP NC
{ H DN PO EP NP
1 1 DN PO KO
| | EP AD NC AD
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Table 9 (following and end) :

i i EP AQ@ AQ NC
i i EP.AG NC AQ
i EP DN A@ NC
GROUP
8 8,0 o0
PN ODOPEPICUENYTOEILLURRE VDI PTEROROESUSLMEDTERDS 0D SR
i i EP PR
i i IN A8 AG AG NC
i i IN AG AG NC
i 1 IN 4@ A@ NC A8
GROUP
4 5,0 of
RO H T OO USSP O ER PO ORNROORERD OB D®E®
i 9ol 6,4 i NC AD
OO OO PO DLeESD RSOV OO DIRICONENREDE DRI RV DODHR®
i i IN AQ NC AQ
§ i IN AQ NC EP DN A@ NC
i i IN AQ NC EP DN NEC
i i IN N€ AQ CC IN NC AQ
i i IN NC EP AD NC
§ i IN NC EP BN AG NC
i i IN NC EP DN NC
i i IN NC EP IN AG NC
) 4 IN NC EP IN NC
§ i IN NC EP IN NC A8
i i IN NC EP PR
) i MC AQ AQ
§ ) NC AR EP NP
i § NC EP PR
& 4 NP CC PE
§ § NP EP NP
§ £ PE CC DN NE
i § PE CC PE
GROUP
i8 606 17,8

OUEDEPOOEEPPANODPEYTPOQREAENEQUOEDEGPOWNETTOIDNOHRLOoURETDDOEOeEPD

8 PY EP IN NC

EROUP
8 o8 ol
MUeIEEPAREREGOAEE P EANYRECURONRANEDADRRDUNDEOORNOERIO S @S D
498,3 498,3 RESIDUAL
5593 5191 3532414

Degrees of fpoedom B8 15
Chi=gquare/degress of fpeedom & 235,473%
Groups 2 16

RTINS DROESRNPAOCeNWI OO RCQOBIVDONONOERARUNAOULIDREBRA
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have between them 94 percent of the probability. Again this limits the
expected length of the noun phrases rather sharply (see Table 2).

Turning to Table 9, one notices that the predicted values for the
high-frequency types are sometimes rather different from the observed
frequency. The problem arises most with the types

PE
DN NC
NP
EP NC
PR

which have far too small an expected frequency, and NC, which has far
too large an expected frequency.

Notice that the 2-rules and 3-rules, which introduced NC, PE, etc.,
into longer phrases by replacement in the 4-rules, also performed double
duty in creating, through Rules (1,3), (4,16) and (4,17), the one-word
phrases that caused so much difficulty. The grammar needs a different
mechanism for introducing these symbols (NC, PE, etc.) into longer
noun phrases.

The residual suggests that the grammar generated some types not
found in the corpus. The 1-rules and 4-rules are mainly responsible for
this. Note that Rule (1,4) (SN —» EP NP*) generated many types not
found. Also, while

245 EP NC
11 EPAQNC

were underpredicted by Grammar I, some other types using (1,4) were
overpredicted, such as the following :

2 EP IN NC
2 EPPI

Several types using (1,2) (SN = NP* EP NP*) were underpredicted,
including

23 IN NC EP NC

21 DN NC EP NP

13 DN NC EP NC
7 DN NC EP DN NC
5 IN AQ NC EP NC .

Other problems are hidden within groupings of low-frequency utter-
ances. These include :
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Observed  Expected

Frequency Chi-square Noun-phrase type
23 .659 724.388 AD NC AD
21 479 836.835 DN NC EP NP
8 .023 2456.477 NP CC NP
3 .002 3263.561 IN AQ NC EP NC AQ
1 .000 938.975 AC NC CC AC NC
1 .000 5189.316 IN NC AQ CC IN NC AQ

Note that DN NC EP PN, as well as IN AQ NC EP NC AQ, used Rule
(1,2) as a further indication of the problems with that rule. NP CC NP
and AC NC CC AC NC and IN NC AQ CC IN NC AQ used Rule (1,1)
(SN — NP* CC NP*). The types using (1,1) have difficulties similar to
those of (1,2), in that the more complex of them were underpredicted.

We now turn to the geometric fit for Grammar I. The method
consisted of taking the rules in each class, ordering them according to the
highest observation of their usage, and predicting this observed usage
with a truncated geometric distribution. The mechanism assumed to
generate the distribution is discussed below. The gain resulting from this
simplification is a substantial decrease in the number of parameters in
the model.

Table 10 shows the appropriateness of the geometric model. The
rules in each class are ordered according to their observed usage. The
numbers in the “Observed” column represent the number of times the
rule was used in the corpus, weighed, of course, against the frequency of
the types. The standard geometric distribution with a single parameter
was used to predict the values given in the ‘“Expected” column.! The
parameter is given below each class of rules. (More precisely, the distribu-
tions are truncated geometric, since the tail of the distribution is added
to the last element of the list. This practice can be troublesome on a very
flat distribution, such as that for the rules in group 2, where the tail
contains enough probability to inflate the last value. We have, however,
found that the distributions are usually not this flat. We should remark
that, when there are only two rules in a group (as in group 5), the
truncated geometric simply reduces to the binomial.)

It is clear what mechanism is natural to associate with a truncated
geometric distribution. We assume that the production rules for rewriting
a nonterminal of a given kind are located in a push-down store. By usage
and past experience, the rules are stored from the top down in approxi-
mate order of usage, that is, with the most frequent being on top, etc.
When a given rule is used the speaker goes to the location, selects the
first rule with average probability 6, goes to the second rule with

1 By the maximum likelihood estimation, the parameter is the reciprocal of the mean of the
distribution.
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probability (1-6); upon reaching the second rule then selects it with
probability 6 or with probability (1-6) goes on to the next rule, and so
forth. It is important to interpret these probabilities as being on the
average. Obviously, in a given situation semantic and perceptual factors
will determine often uniquely which rule will be selected, although in
many cases it will still be undetermined and a probabilistic selection will
be made. What is important about the assumption of such a model in the
present context is that it is meant to represent averaging results of
accessing without taking into account particular semantic or perceptual
features of a given occurrence of use.

Table 10 gives the parameters of the grammar based on the geomet-
ric distribution for comparison with the full-parameter distribution.

Probabilistic lexical disambiguation, Grammar 1. In Section III, we
mentioned that the ambiguity created by multiple classifications of
words in the dictionary (called lexical ambiguity) was, for the most part,
resolved by Grammar I. However, 17 types, representing 62 tokens (19
types before consolidation) remained that were lexically ambiguous and
not resolved by Grammar L

As in SMITH (1972), we found that a plausible method of removing
lexical ambiguity from a corpus involved the use of a probabilistic
grammar. The method consisted of these steps :

1. Given an ambiguous corpus and a grammar, obtain estimates for
the parameters associated with the rules of the grammar, as
described above. If the lexical ambiguity remaining after resolu-
tion is small (in this case, it was less than 1 percent of the
tokens), then the parameters will not be too inaccurate.

2. For each lexically ambiguous type, select the lexical reading that
has the highest probability according to the parameters obtained
in (1).

In Table 11 we give the 17 ambiguous types and include the
resolution suggested by the above method. An examination of the actual
noun phrases suggests that this method is reasonably accurate in remov-
ing spurious ambiguities.

Grammar I and the sections of the noun-phrase corpus. Our noun-
phrase corpus was drawn from three parts of the 33 sessions (Section I is
Sessions 1 through 3, II is Sessions 14 through 16, and Section III is
Sessions 31 through 33). We analyzed each of these sessions separately,
especially since we were interested in the developmental aspects of the
child and his growing sophistication in the use of language. Table 12
shows the results of analyzing each of the three different time sections of
the three sessions separately.
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TABLE 10
Parematere {or Geometrie Fit ©f Grammer I
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Label Observed Eupectad
(1,3} 8633 “408,9
{i,4) 349 664,3
(1:2) §130 §60,1
ISYRY. 31 £5.14
(4,72 27 203
ggﬂs) g@ @3
{i,9) g e
Theta = 8493
(2,13 1455 1642, 6
(2s2) 868 556,48
{2+3) i61 285,0
Thets o 6643
3,23 2248 2179:6
{3,4) 398 823,14
€3,8) 178 125,6
(3:,3) 29 30,8
(3,53 15 9,5
Thete B o 7600
(4,379 2484 2797.3
(8,15} 1518 1335,3
(B,16) 1045 6374
CTESS) 153 304,2
(4,32) b4 jus.2
(4,73 35 69,3
{4,143 26 33,0
(4,8) 19 i5.8
(4,3) 4 T8
(4,109 3 3.6
4,13} 3 $e7
(4,9} 2 «8
88 g o8
{4eb) ) o
Thate & o S22y
'STRY 227 227,08
(S5,2) 7 740

Ruie

NP ¥
NP®
Np®

NP ¢
NP ¢
NP 1
NP
NPT

NP w
NPe
NP®»
NP
NP
NP=
NP#
NP#
NP«
NP %
NP®
NPw
NP#
NP @

o P
&P
@ P
=P
@ P
L}
@ P

@k
L2
=P

@ P
=32
8 -]
0P

@p
0P
@ P
@Pp
@
@ P
=P
ap
ap
= p
@F
mYy
ap
@P

NPw

EP NPw
NP% EP NPw
NPe CC NPn
NPw KO
CC NPw
NPs LE

PE
Pl

NC
NP
PR
NC
PO

NP
DET
NP1
DET
ADJ
DETY
NUM
NP1
DET
NUM
DEY
DEY
ADJ
NYH

ADJF w» AB

ADJP o ADJP

AD

NP

ADJP
P NP!
NP PDBTADJP
NP

POSTADJP
ADJP NPT
ADJP NPT
NUM NP?
NUM ADJP NP
P NP' POSYADJP
Mp! POAYADJP

NP §

POBTADJP

AR
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Table 10 (following and end) :

Thata & 09704

(6,14) 60 60,0 POSTADJP «» AQ
(6,2) i 1,0 POSTADJP => POSTADJP AQ
Theta ® .9836

(T.4) 1049 1055,9 DET «> DN
(7,5) 424 405,8 DET => IN
(7,3) 128 156,0 DET => AQ
(7,1) 85 59,9 DET => AD
(7,6) 17 23,0 DET > Al
(7,2) 12 14,4 DET w=>» AT
Thete = 5157

(8,1) 29 29,0 NUM =>» AC
Theta = 1,0000

For example, the first time section, Sessions 1-3, contained a total
of 136 types in the corpus, with 101 types recognized. Eighty-six of
these types were ambiguous in the corpus, meaning that at least one
word in the noun phrase had more than one grammatical classification.
Of these 86, 67 were recognized and of the 67, 59 had the ambiguity
resolved to a single lexical form. Of the remaining 8 types, 6 had the
ambiguity reduced in a number of lexical forms. Similar remarks are to
be made about the tokens, which are tabulated in the second column.
The ambiguity factors for the three sections are also shown. What is
important is the reduced ambiguity factor as defined above, which
reflects the small amount of ambiguity in the final analysis. In other
words, the reduced ambiguity factor of 14 indicates the number of
tokens among the 1,512 recognized that have more than one derivation
tree. For the second time period, Sessions 14-16, the reduced ambiguity
factor is 17, and for the third time section, Sessions 31-33, the reduced
ambiguity factor is 33.

After making the analysis shown in Table 12, we consolidated the
types for each time section, and the subsequent analysis is in terms of
these types. The first time section consolidated to 69 types, the second
to 68, and the third to 87.

A small amount of lexical ambiguity remained in each section after
resolution, and as in the corpus as a whole, we used the probabilistic
method of disambiguation described above and consolidated the types
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TABLE 31

Lexical disembiguatiern of roun phpreeen (n Grammape I

Freg Ambigueus type Reselved type Prob

i6 IN NCyNP IN NE 205
uR moRB{eur

13 DN NC, NP DN NC PRy
le mora{eup

6 NC,PX NEC gbd
PerSORRNE

5 DN NC AG,LE DN NC AG 2003
e bres gauehe

3 AR AL NC AQ NG 2008
autre choee

3 EP NCyNP EP NG 0040
auy moRe{eup

2 A@,KO%NQ NC s LE AB NG 008
ben cota

2 DN NC EP NCyNF ON NE EP NE 20008
a2 bouche du mopeisup

2 DN;P§ NCoLC DN NC Y
fe coed

2 DN NC,yNP KO ON NC KO 0007
fe mons{eup

2 EP AQG,AT NC EP AG@ KNC 20006
des aytres rouam

4 AQsLC AQ NC AG AW NC 0002

dernfer petit trou

1 DN NC €C DN NC,NP DN NE €C DN NC 00048
{e dame et le mons{eur

3 DN NC EP AQyAI NC DN NC EP AG@ NC ,00003
ja ferme des autren polepons

i DN NC EP IN NC,NP ON NG EP IN NE ,0002
fes choussupes diumr monoioup

4 NP CC NC,NP NP CC NC 00002
mesdames et momajeur
8 PE,PO PE s 28

Yeup

ACOOCEaSNDEESCUDNeECRPIOOEDAPCONOIROEPTCEDOGREODewDa®
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Description
Total
Recognized

X Recognized
Ambiguous

% Ambiguous
Amb, recog,

X Amb, recog,
Amb, resolved
Amb, reduced

Opfiginal Amb,
factor

Paprsed Amb,
factor

Reduced Amb,
ambiguity
factor

Types after
consol{dation

241
TABLE 12
Section Comparison of Noun=Phrass Corpus
Section { Section 2 Section 3
Types Tokena Types Tokens Types Tokens
136 1601 127 1536 216 2330
101 1512 98 1488 144 2191
74.26 94,44 77,17 96,88 6£5,28 94,03
86 647 a2 401 150 699
63,24 40,41 64,57 26,11 69,44 30,00
a7 600 o4 38§ 107 634
7791 92,74 78,08 95,08 71,33 90,70
59 588 85 b 1.1 7 601
(] 10 5 8 7 17
78 553 1154
871 Stz 914
14 17 33
69 68 a7
61 61 78

Types after
probabilistic

dimsambiguation
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after this disambiguation. After this reduction there were 61 types in the
first section, 61 in the second, and 78 in the third.

There is a fairly substantial reduction in the percentage of types
recognized in the third time portion. The first two are just about the
same. On the other hand, the reduction in number of tokens recognized
in the third time section is small, amounting to only a small percentage.
The explanation for the smaller percentage of types recognized in Sec-
tion 3 is probably that Section 3 is substantially larger than the first two
sections (2330 tokens compared with 1601 in Section 1 and 1536 in
Section 2). We have noticed in previous work that the larger the sample,
the smaller the percentage of recognized types.

Some of the differences among the three sections are unexpected.
Table 13 shows the most frequent types from each section, together with
the observed, expected, and chi-square contribution of each type. (Types
were excluded whose frequencies were low enough to require grouping
under the chi-square test of the geometric model.) It is rather surprising
that DN NC occurred 393 times in Section I, but only 165 and 234 times
in Sections 2 and 3, respectively. In Section I, EP NC occurred 60 times
and in Section 3 it occurred 92 times.

As an interesting comparison, SUPPES (1970, 1971) in previous
work on ADAM 1, found that in the earliest stages of development of an
English-speaking child, the noun by itself is the most frequently occur-
ring noun phrase. Also, in the study of the ERICA corpus (SMITH,
1972), the preponderance of nouns occurring alone decreases as the child
nears three years of age. Quite plausibly, for a French-speaking child, the
noun does not occur by itself (even at first), but rather with an article,
which is natural in French for obvious reasons. Therefore, we see in
Philippe’s speech the same tendency that we have seen before in English
corpora, but with the straightforward addition of the required article.

More general remarks of a developmental nature are reserved until
the end of the section on Grammar II.

V. DICTIONARY II

QOur second analysis, built directly on the first analysis, is aimed at
an approach less based on the earlier work with English. We especially
use the ideas found in DUBOIS (1970) to describe the construction of
the determiner phrase that modifies 2 noun. These rules of the grammar
are examined in more detail in Section V1.

To accommodate Dubois’ ideas, Dictionary I required some modifi-
cations. In passing to Dictionary II, we have changed the grammatical
categories as little as possible, in order to maintain a meaningful compari-
son. This means that some of our abbreviations, etc., still make Dictio-
nary II lock very much like Dictionary I. We have, however, at critical
points introduced changes.
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L L L L L T P T L T e e

Observed Expected

393
212
191
177
27
a2
60
39
k1)
35
22
aa

797
342
234
140
105
92
73
62
46
37
30
18
14

307,5
185,5
169,5
69,3
275.4
68,2
22,6
30,8
33.7
25,2
13,4
19,7

708,6
306,1
198,3
133.,4
30,3
14,2
64,9
21,6
36,0
228,2
15,0
22,3
26,4

TABLE 13

Section Comparison
High=frequency Noun Phrases

Chisquape

Count

Noun

phrase typs

Section I (Sess{ons =3)

n
w
-

NV EEOVECO@R®OO W

- g
o - o

W soNDuUIVW

-

Secti{on 1I

7.9
2,1
13,1

DN
PE
PD
NP
NC
IN
EP
AQ
PI
EP
A0
DN

T A L S P b b B b b Bt B

(Seos{ons

PE
PD
DN
EP
NP
IN
PR
PI
AO
NC
AD
IN
DN

S P b fol B m A b A el et E A

NC

NC
NC
NC

DN NC

NC
AQ NC

14=16)

NC
NC

NC

NC

NC
AQ NC
AG NC

Section III (Sessions 31=33)

10,9
a"
6,3

'3
181,6
422,14

9

73,6

2.5

159,3
13,9
.7
5.4

PE
PD
DN
IN
PR
EP
PI
NP
AD
NC
IN
DN
AD

G Bon ot S i S e pun feb DA A Juh Ben

NC
NC

NC

NC

AQ NC
AQ@ NC
NC

AR ESR NGRSO EGE A RENOR NPT YRR TARE R R
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The comparison of the grammatical categories of Dictionary I and
Dictionary II is shown in Table 14.

YL R Y e R R R e e R R L T Y R RN T o e N TN e R T Y e e Y Y

TABLE 14
Correspondence between Dictioneery I end I1,

Dle. I Dlee II Diey, I Die, II

EET T T T E- R LR - e L L T T Y- Y]

IN iN Al DY
DN DN @A
PE PE NU
PD PD
PR PR NC NC
Pli=7 Pila? NP NP
P18 DA Dy by
GA @R
NU QA
PO PO EP EP
AQ AQ €8 03]
AC ac cC €t
AN AQ KO KO
AD AD LC LC
AT AT M§ M8
AQ a0

CONEONECROOEORORERDIERRUIEESDUIRNOSIREROIOIOIVOCERNTVIOREDN@ D

First, to facilitate the rewrite rules of Grammar I described in the next
section, we broke the category of PI8 of Dictionary I into three catego-
ries, denotative (DT), the category that Dubois calls numerical (NU) and
Dubois’ category of absolute quantitative (QA). Associated with this last
category is also Dubois’ category of relative quantitative (QR), which is a
subdivision of DV in Dictionary I. Note that in the categories QA and
QR we classified words which were classified as indefinite pronouns or
possibly as adjectives or adverbs in Dictionary L. In one point we did not
follow Dubois completely, for we still entered many of the words he
classifies as QR also as adverbs in Dictionary II. For example, beaucoup
was coded both as QR and DVO0. Also, to anticipate Grammar II, in the
rewrite rules using QR the category of lexical items in the category QR
are ordinarily followed by de.

As might be expected, from the recoding of the category pronom
indéfini (PI8), there is a corresponding recoding from Dictionary I to
Dictionary II of the category of adjectifs indéfinis (Al) into the same
three categories DT, QA and NU.
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The third major change is the classification of adverbs (DV). In
Dictionary II this classification is broken up into the adverb category,
the absolute quantitative category and the relative quantitative category.
We have already remarked about the two latter categories in Dictionary
II, and consequently, nothing more is said here.

However, because the number of lexical items in these new catego-
ries is small, and because there is a lack of systemization of all the words
to be considered by Dubois, we list the complete category for DT, NU,
QA and QR. The following words were placed in the denotative category
DT : autre(s), la (when following a noun), méme(s). The numerical
category NU contained the words : chaque, nulle, quelque, plusieurs.
The absolute quantitative category contained the words : tout, toute(s),
tous. Finally, the relative quantitative category contained the words :
assez, beaucoup, peu, plus, trop.

The coding of la was DT when it followed a noun and seemed to
have the interpretation of the composed form of the demonstrative
adjective in such sentences as Appuie sur le bouton la. The ordinal
numbers have been coded as qualificative adjectives, that is, category
AQ, following DUBOIS (1970, p. 54).

Some of the decisions made in establishing the categories of Dictio-
nary II will be more evident when we turn to the production rules of
Grammar II.

VI. NOUN-PHRASE GRAMMAR 1II

Grammar II, which is derived from DUBOIS (1970), is closer than
our Grammar I to the current literature on generative grammars of the
French language. It is already clear from discussing the construction of
Dictionary II how the grammatical categories have been changed. In
order to facilitate the comparison of the two grammars, the main
subheadings of this section are precisely the same as those of the section
dealing with Grammar 1.

Nonterminal vocabulary of Grammar II. In addition to the grammat-
ical categories introduced in Dictionary II, we have used the following
additional nonterminal symbols in Grammar II. These additional symbols
cannot be rewritten by lexical rules, but they occur in derivation trees
always at least two nodes from a terminal node. As in Grammar I, the
label of the root of all the noun phrases is SN (syntagme nominal).
Following Dubois we also introduced GN and, for more specialized
purposes of the final probabilistic analysis, GN'. The nonterminal GN is
an abbreviation for groupe nominal. We also have NP* playing a similar
role to NP* in Grammar I.

Additional nonterminals taken from Dubois are PREART for pre-
articles, POSTART for post-articles, ART for articles, and NUM for
numerals. As in the case of Grammar I, we also used AD]JP for adjective
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phrases in pre-position and POSTADJP for adjective phrases in post-
position. Finally, we used N for nouns with N being rewritten as either a
common noun or a proper noun, that is, as a NC or NP.

By again omitting the subscripts introduced in the original dictio-
nary coding, we achieved the same level of abstraction as in Grammar L

The production rules. The 56 production rules of Grammar II are
shown in Table 15. As in the case of the rules of Grammar I, the
production rules have a surprisingly standard character. The prototypes
of a good many of them are to be found in DUBOIS (1970).

In our formalization of the notions of Dubois, we first used a
grammar somewhat closer to that of Dubois; we discuss below the
reasons for the main modifications.

The basic structure of the production rules reflects Dubois’ structur-
al representation of the nominal group (GN) as the determiner plus a
noun, where the determiner itself is rewritten as shown in rules (4,1) to
(4,11). Thus, the structure of the determining phrase and its importance
to the noun phrase is a critical part of the Dubois treatment. We have .
taken over Dubois’ distinctions of pre-article, demonstrative articles and
post-articles, as mentioned above. As the production rules for pre-articles
we have also used his division into absolute and relative quantities as
reflected in rules (8,1) and (8,2). Unlike Dubois, we have also coded as
adverbs the words coded as QR. We adapted his rewriting rules for the
post-articles, and this is reflected in rules (6,1) (6,2) and (6,3). Dubois
included as one of the possible rewrite rules for post-articles the intro-
duction of the word tel, but we omitted this rule because tel does not
appear in the Philippe corpus.

Examination of Table 15 shows that we have a larger number of
groups of rules in Grammay II than in Grammar I; in particular there are
12 groups of rules in Grammar II compared to 8 in Grammar I. In the
first group we have 11 rules compared to 9 in the first group of Grammar
I. These are the rules that govern the first step from the labeled root of
the tree SN.

The two rules in the second group, starting from GN, generate
either symbol GN' or the single terminal NC. The reason for introducing
these rules was to generate the terminal NC (common nouns) at a high
level in the grammar in order to obtain a better probabilistic fit. Compar-
ing this feature of Grammar II with Grammar I, we see that most of our
modifications have mainly changed the level of introduction of certain
symbols, and not the general nature of the grammar or to any degree the
noun phrases recognized.

Rule (1,10) requires some separate remarks. The purpose of this
rule is to generate, at a high level in the grammar, phrases like d’argent.
In these phrases, the preposition EP is in fact the partitive construction,
as is indicated by the common English translation some money. Our



THE FRENCH SYNTAX OF A CHILD'S NOUN PHRASES 247

(3,12)

(4,1)
(4;2)
t4,3)
(ded)
(4,5)
(4,6)
(4,7)
(4,8)
(4,9)
-y

TABLE 15

Parameters for Grammap 11l

Phil{ppe's Noun Phrasaesw

Prob,

28616
¢ 0255
« 0059
0320
20031
00000
10052
0000
00002
«0470
20196

+8065
«1935

+ 2963
1773
0357
20310
0161
003}
20351
20085
20794
23133
0051
00020

20000
20000
00000
« 0264
020000
0000
0178
10075
20471
8978
20034

SN =
SN =
SN =
SN =
SN =»
SN =
SN =
SN =
SN w
SN =
SN =»

GN =
GN =

GN!
GN?
GN!
GN!
GN!
GN!?
GN!
GN!
GN!
GNY
GN!
GN!

L
>
L}
o»
- >
>
a>
=)
@)
L2
[ 3]

[« A-lelviviviviwReNwie

Rule

> GN!?
> GN EP GN
> GN CC GN
> NC

> CC GN

> KO GN

» GN KO

> LC GN

> GN LC

> EP NC

» EP GNY

» GN!
» NC

=> PE

=> PD

w>» PR

> Pl

w>» NPw

=> DN PO
w> D NPw
=> ART POSTARTY
w> NP

=> D NC

»> D NC AD
> D NP

PREART AD POSTARY
PREART ART POSTART
AD POSTARTY
POSTART

PREART AD

PREART POSTARY
ART POSTART
PREART ART

AD

ART

PREART
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Table 15 (following and end) :

(5,1) 0802 ART =»» AQ

(5,2) ¢0073 ART => AT

(5,3) 0o 2656 ART «» IN

(5,43} s 6869 ART => DN

(6s4) 24712 POSTART =» NUM

(652) 20000 POSTART =» NUM DT
{653) «5288 POSTART =» DT

(751) 265314 NUM =» AC

{752) 0 3469 NUM =2 NU

(854) «6842 PREART =» @A

(8:2) 3158 PREART =» QR EP

(9,14) 20199 NP2 => ADJP N POBTADJPR
(9,2 s 7610 NP =» ADJP N

(9,33 02191 NP2 =» N POSTADJP
€i6,4) 295718 ADJP =» AQ

(3052) 20249 ADJP =» ADJP AQ

Ciial) 9636 POSTADJP =p» AQ

€1i,23 00§64 POSTADJP ob POBTADJP A8
SY-TRD] 9926 N =» NC

(i2-2) 20080 N o> NP

#wCorpraction for continuity 2 5] aupacied € § are
grouped L0QO0ther,

e AS OO RN DD OO C PR ErEOERI NP RNV CTTODDE

original “Dubois” grammar did not allow for this construction, and our
first effort to recognize these phrases was to add as a rule to group 3.

GN’ — EP NP* ,

The problem with this rule, from a probabilistic point of view, is that it
does not allow for the rather common occurrence of EP NC (which
occurred 245 times in the consolidated version of Philippe’s speech
under Grammar II), as opposed to phrases like EP NC AQ, which
occurred only 6 times. Therefore, we changed the grammar to allow for
the separate generation of EP NC by means of (1,10}, and tock care to
see that no ambiguities were introduced.

The third group of rules, (3,1) to (3,12), provide the rewrite rules
for the nominal group corresponding fairly closely to suggestions in
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Dubois. There are however several differences. DUBOIS (1970, p. 35)
discusses the view that the GN structure has these forms :

GN - D N

GN - NP

GN - PRONOUN

and proposes as the only rule GN - DN. The first change that we made
was to add rules (3,1) to (3,4) to accommodate the several kinds of
pronouns that we have defined. This change is hardly more than terminol-
ogy. A deeper change, but one that is consistent with Dubois’ treatment
of adjectives (see pp. 126-131), is to allow adjective phrases to be
introduced after the determiner element, using rules (9,1) through (9,3).
Thus, we have added rules (3,5) and (3,7) to the rules in group 3.

One additional rule that deserves mention is rule (3,6), which is also
a departure from Dubois. This rule was introduced to remedy a rather
bad probabilistic discrepancy that had occurred in Grammar I. Noun
phrases of the type DN PO can be generated in Grammar I by the use of
rules (4,15), (3,5) and (7,4). However, as Table 7 shows, the theoretical
frequency of this type of utterance was negligible, while the type has an
actual frequency of 12 in our selected nine hours of the corpus. The
much better fit of the new rule introduced in Grammar II is seen from
the data in Table 17 below. The predicted frequency is now 13,769,
which matches closely the observed frequency of 12. Also, rule (3,8) has
been introduced to generate noun-phrases of the type DN DT.

The fourth group of rules, the rewrite rules for determiners, consti-
tute the most important contribution of Dubois’ analysis to Grammar II.
Here we have followed closely his suggestions, because we think they
provide an excellent framework for handling the various parts of speech
that precede nouns in noun phrases. We can summarize these rules by
saying that they generate the 11 grammatically sensible possibilities out
of the 16 possibilities obtained by either using or not using each of the
categories PREART, AD, ART, POSTART.

The fifth group of rules are the rules for the post-articles to be
rewritten as ‘‘numerical” terms, which can lead to a single word in the
NUM category or NUM followed by a denotative or a denotative alone.
The seventh group of rules are the rewrite rules for splitting the numeri-
cal category NUM into the grammatical categories AC and NU, which are
discussed above in the section on Dictionary II. The pre-article rewrite
rules form the eighth group and provide for rewriting pre-articles as
either absolute or relative quantities, with of course the relative quanti-
ties followed by a preposition. The ninth, tenth, eleventh and twelfth
groups of rules are close to rules occurring in Grammar I and do not
require additional comment.

Nonprobabilistic fit of Grammar II. The data are summarized in
Table 16, whose entries parallel those of Table 8. Grammar II does better
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than Grammar I in terms of the total number of noun phrases recog-
nized. Grammar II parses 5,217 tokens in contrast to the 5,191 for
Grammar I. The number of types that are parsed is about the same —
226 for Grammar II, 222 for Grammar I. The reduced ambiguity factor
is also similar : 62 for Grammar II and 64 for Grammar I.

PNV VSO ROENE PSS PO NN DD EP RN AR DO D@D

TABLE 18
Nonprobabiiistiec Fi¢ ©f Grammar II Noum=phrase Corpus

Deseription Types Tokens
Total 339 5467
Recognized by Grammapr IX 2eb 5217
Percent preecognized 66,7% 95, 4%
Lexiealily ambiguous 225 1723
Fercent lax{caily smb{oueus bbb, UK 31,8%
Ambigueus recegnized 158 1604
Percent ambigueous recognizod T0.2% 93%
Ambiguity resoived i4e 1564
Anbiguity reduced 14 33
Ori{pinel ambiguiey fector 25ié

Parnod embligulty fector 2233

Reduced ambiguity fector &2

Typec sfter conselidetion 447

Types efter probabtijatie is2

diaambi{guetion

PORETCRHOIPRRIECROOCPRERTIRNCTETIPUFECPRCHNEIORP IO ROTEIRLCDE R

After initial parsing, the 226 recognized types consolidated to 147
types. This compares to a somewhat lower figure of 140 types for
Grammar 1.

It might be thought from this discussion that Grammar II is not
significantly better than Grammar [. However, under the much tighter
and stricter probabilistic criterion that we next discuss Grammar II
generates a language that has a much better fit to the corpus of noun
phrases than does that generated by Grammar L
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Probabilistic fit of Grammar II. Table 15 gives the parameters for
the standard fit of Grammar II, obtained by the maximum-ikelihood
method, and Table 17 shows the results of the goodness-of-fit test for
each noun-phrase type. Once again, types with expected frequency less
than 5 were grouped together, and we used a continuity correction of .5.

TABLE 17

Noun=Phrase Types for Grammer ]I

Observed Expected Chisquere Count Nounesphrase type
1436 1331,9 8.1 1 PE
835 796,7 1.8 1 PD
792 87,7 +B 1 DN NC
324 357.1 3.0 1 MP
284 335,8 7.8 i IN NC
245 245,0 20 1 EP NC
171 160,6 Y i PR
167 167,0 «0 1 NC
152 139.5 1,0 1 PI
107 101,3 e3 1 AO NC
60 18,6 90,3 1 EP DN NC
52 2747 20,4 i IN AQ NC
43 53,4 1,8 { AQ NC
40 67,5 10,8 1 DN AQ NC
37 66,3 12,5 i AD NC
18 11,4 3.2 { AC NC
16 19,6 o5 1 DN NC AG
15 8,6 4,1 1 DN DT NC
LA LR R LA L Ll DL LDl LI LI L Yy ryT X
23 H AD NC AD
23 1 IN NC EP NC
21 i DN NC EP NP
13 1 DN NC EP NC
GROUP
80 Te7 674,40
(1 P L X L L L LAYl LD L ALl I I LTI P Y LYYy )
13 8,0 2,5 | IN NC AQ
12 8,5 1.1 i DN DT
12 13.8 ol 1 DN PO
11 8.1 o7 i EP NP
i1 6ol 3,2 1 NU NC
LD L L LD LA R L L L AL L AL L LD LI T LAl Y TT T N]
11 1 CC PD
10 i DN NC KO
GROUP
21 6,2 32,5
LI LR P P L L P Y L P R R Y ey P DL L Y ey Py T YT )
10 i IN DT
10 1 NC EP NC
GROUP
20 8,5 14.4

LA AL DX 1 32 02 L P L LD A L Lo LR Byl L1 22 X YAl ad-2 11l ryRrTYd:-]
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Table 17 (following) :

8 Se5 08 i AD AQ NC
8 93 ol i AT NC
PR OPCRNEEeRNORN NSO PO NSRS OERN TN R RN OO D
9 i EP AQ NC
9 § IN DT NC
8 4 NP CC NP
8 3 PD KO
GROUP
34 8,7 76.4
Ao R raEECEENESOENEROSeaOEdOS e DadEROoaEEUTnRaEOEeSoBanD®
7 § DN NC EP DN NC
7 i @A DN NC
GROUP
i4 Iy 4,8
COeUeREDORLeEERoeYRGURCT D ERAFANOOODRENENNGTFODORNCERS WD R0 S CE N0 Uw
& §15.5 EPY i NC AG
5 563 00 i ON NP
4 8.4 1.8 i AD AR NC
PPRODERNCREDNORRAEEOREOOCOPRDOPCUERNINNoEREGPFNDDOEERODERGSEaNaDRE
6 1 EP NC aB
5 i IN AQ NC EP NE
5 )} 8R EP NC
4 8 AD NC KO
4 g AQ0 NC EP DN NG
4 ) cc PE
GROUP
6,5 677

ONORNeEe PP RNAGINESPUOUEGEERERDPROORFORECaSNFeRlaRRaCoeoaREPD

4 i DN NC €C DN NC
4 ) IN NC CC IN NC
3 i AC AQ NC
3 i A0 NC EP PE
3 ) AD NC KO
3 4 AD NP
3 § DN AC
GROUP
23 8,4 23,8
Tt LTS R g e e e T e T b Lo e T o T T R T - TR Y )
3 i DN NC EP AD NG
3 4 DN NC EP IN NG
3 8 DN NC EP PE
GROUP
693 ig@
ESNENEaE RSN ERIOrNOoCEReRPNORSCENUTODEDOAIPREROEONEOBFRADQ
3 4 EP AT NC
3 3 EF NU NC
3 3 IN AQ@ NC EP NC A@
3 g NEC EP NP
3 § NU AR NC
3 § PD GC PD
)] § @A A0 NG
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Table 17 (following) :

3 i QA DN NC EP NP
2 1 AD NP
2 i AQ AQ NC
GROUP
28 5.5 88,5
LA L L L L L L XL L LI LYY L L LA L Ly L L}
e 19,7 15,0 1 DT NC
P4 7.6 3.4 1 EP IN NC
L LI DL A LI Y L L i YTy L LYl Y]]
2 b DN AC AQ NC
2 1 DN AG NC AQ
2 1 DN NC CC DN NC
2 1 EP DT NC
e 1 IN AC NC
e 1 NC EP DN NC
GROUP
12 8,4 18
LA AL LD L LI L LD L L Ly LIl DL L LA LDl Ll Ll .l
2 1 NP AQ
2 1 NP CC NC
2 i PD EP NP
2 1 PD EP PD
1 1 AC NC AQ
1 b AC NC CC AC NC
1 1 AD AQ NC KO
1 1 AD NC AD CC PD
i 1 AD NC AQ
GROVYP
i3 6,3 6,0
(IR Y PR Y RT3 A0 L L A R 1 DX 0 0 X 0 3 0 0 0 0 2 0 L L X 0 2 L X 1 1}
1 1 AD DT
1 { AQ NC CC DN NC
1 1 AQ NC EP IN NC
1 1 AQ NC EP NC
1 1 AQ NC EP NP
1 1 AT AQ NC
1 1 CC DN NC
1 i DN AC NC
GROUP
8 9,6 ol
(T T LR P R P P R A L R B 2 0 L L0 0 0 L2 0 0 L 2 0L 0 L 0 4 L 0 2 L AL LA L L2 1 Ld.J
1 1 DN AQ NC EP NP
i 1 DN NC CC AQC NC
1 1 DN NC EP A0 NC
1 1 DN NC EP DT NC
1 1 * DN NC EP PD
1 1 DN NC EP PR
1 1 DN PO EP NC
i { DN PO EP NP
i i DN PO KO
$ i EP AD NC AD

253

AQ
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Table 17 (following and end) :

NC

DN
DN

AQ

IN
NG
AQ
NG
AQ
NC
NG

i § EP AD NC
GROUP
11 604 2,6
 BOEOORPOP OO REPOENN NN PO RNONONRATERRNETOTPRDODDUIBRER R
i ! EP AQ AQ NC
) 1 EP AD NC AQ
1 ) EP DN A@ NC
$ 8 EP PR
GROUP
4 5,2 08
OO INESSToREN N CEANEDGEREDLURDEFCDROPRNORICEREIPRHE IO PRS D
) ) IN AG AQ AQ
§ ) IN AQ NC AQ
$ ) IN AQ NC EP
) i IN AQ NE EP
8 ) IN DT A@ NEC
) { IN DT AG NE
) 1 IN DT EP NE
) i IN NC AQ CC
$ 4 IN NC EP AD
! ) IN NC EP DN
1 { IN NC EP DN
3 ) IN NC EP IN
$ 4 IN NC EP IN
4 g IN NC EP IN
1 { IN NC EP PR
{ 1 NC AQ A
) 3 NC AQ EP NP
i ) NC EP PR
$ 4 NP CC PE
3 4 NP EP NP
GROUP
20 5,5 37,8
CUQERNTRERINFODRIFICICENOEERSDTIOIUDUROCEIOOQOUERDOIORIVIFTE RO D
3 3 PE CC DN NE
3 ) PE €C PE
g { PE LC
i § @R EP A@ NC
GROUP
g 332 @@
SEXECON@@OVINOASOERSOERZERCDEUARERIODIOPUOIVCTOORIROEATERROLRDDN
265,68 265,08 Residual
5217 5217 16933 Tetale

Dogroes ol {recdem o 9

Chi-oauaraesdoppreesn of fresder ® §6%5,7

Groupn ® ie

COEOEEIOEIVIEPNORIEHBAN IO ODOIPOTORORENARNDCIFON0OEDCINORRRHE

A8 NC
NE

NE AB
NC
NE
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We may compare Table 17 with Table 9 to substantiate our claim
that Grammar II has a better fit than Grammar I. Notice first that the
residual of Grammar II is 265, whereas that of Grammar I is 498, This
means that 10 percent of the probability in Grammar I was distributed
among noun-phrase types that did not occur in Philippe, while in
Grammar II only about 5 percent of the probability is so distributed.
This is not a measure of the adequacy of a grammar, but instead of the
tightness of the grammar relative to the corpus under consideration.
Grammar I, based on our previous experience with English, is too broad
to provide a sharp characterization of the speech of Philippe.

The goodness-of-fit of Grammar II is even more encouraging. With 9
degrees of freedom, the chi-square sum over the noun-phrase types is
1491 for Grammar II, compared to 3532 with 15 degrees of freedom for
Grammar I. On comparing the high-frequency noun phrases for the two
grammars we quickly see that the predictions of Grammar II are much
more accurate than those of Grammar I. The high-frequency noun-phrase
types (which happen to be the same in both dictionaries) are shown in
Table 18.

X X L L X R Y R L L L LY L R L D Lyl iy rry X

TABLE 18
Comparison of Grammars ]I and I}

Philippe Noun phrases

Chi=square ocontributions

Observed Grammar I Grammar II Noun=phrase
CL L E L LD L LD 2 L L L L L L ] L LD LA AL YY1 R ]
1436 24,5 ] PE

835 9,1 17 PD

792 41,3 o7 DN NC

324 32,4 2.9 NP

284 3,2 T¢8 IN NC

245 683,6 2001 EP NC

174 232,9 o b PR

167 413,6 001 NC

Totals ({p the above semple)
4254 1720,3 24,702
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There are other types not so well handled by Grammar II, but
among the high-frequency types shown in Table 18, which account for
4254 noun phrases out of 5467 in the corpus, it is clear that Grammar II
is the better {it.

We now turn to the geometric fit of Grammar II. Table 19 gives the
parameters of that fit.(This table corresponds to Table 10 of SectionIV.)

When we use geometric distributions for each group of production
rules, Grammar II again has a better fit than Grammar ! in relation to the
highest frequency noun-phrase types. With geometric parameters, Gram-
mar II has a chi-square sum of 4956 (24 degrees of freedom) while
Grammar I has a chisquare sum of 6769 (35 degrees of freedom).
Perhaps more significantly, Grammar II has a residual of 105 compared
to a residual of 695 for Grammar L.

In all of the table, we have indicated not only the chi-square for the
fit of the language generates by the grammar to the actual corpus, but
we have also indicated the magnitude of chi-square divided by the
number of net degrees of freedom. We have used this method as a rough
and ready way of comparing the fit of different grammars with different
numbers of degrees of freedom. For example, in the case of the geomet-
ric distribution we have 24 degrees of freedom rather than 9 in the case
of Grammar II with the regular distribution. However, when we look at
the ratio of chi-square divided by degrees of freedom we see, without
even consulting a significance table, that in spite of the greater degrees of
freedom the fit of the general Grammar II is better than the geometri-
cally constrained grammar (166 compared to 207). We emphasize that
we are not actually attaching a statistical significance to this ratio of
chi-square to degrees of freedom. It is introduced for the purpose of
easy, descriptive comparison.

Probabilistic lexical disambiguation, Grammar II. As in the case of
Grammar I we used probabilistic methods to resolve the lexical ambi-
guity remaining in the corpus. There were 15 types (60 tokens) that were
recognized with lexical ambiguity by Grammar II. In Table 20 we give
the results of the probabilistic disambiguation (Table 20 is similar to
Table 11 in Section IV).

Grammar II and the sections of the noun-phrase corpus. Table 21
shows the comparison of the noun phrases in the three sections of the
noun phrases that were used in this study. (Section1is Sessions 1 through
3, 11 is 14 through 16, and III is 31 through 33.) We have applied the
push-down store model with a geometric parameter for each group of
rules to each of the sections. Our original intention was to look at the
changes in the geometric parameters over time as evidence of develop-
ment. Because the corpus itself does not show striking differences of a
systematic kind over the three sections, we have not found any striking
developmental trends at the more abstract level of the geometric param-
eters.
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LA L L X LA L L L0 L 0 LI AL AIIASIIEI YT R L LYYl XYt X}

Theta =

(3,10)
(3,1)
(3,2)
(3,9}
(3,3
(3,7)
(3,4)
(3,5)
(3,8)
(3,11)
(3,6)
(3,12)

Theta =

(4,10)
(4,9)
(4,4)
(4,7)
(4,8)
(4,11}

Theta o

(5,4)
(5,3)

TABL

E 19

Parameters for Geometric Fit of Grammapr II

Observed Expected

4495 3865,9
245 1001,2

167 259,3
133 67,2
102 17.4
31 4,5
a7 1.2
16 3
1 ol

o 7410
300 300,0
72 72,0

«8065

1534 1845,6
1451 1150,0

868 716,6
389 446,6
175 278,2
172 173, 4
152 108,0

79 67,3
27 41,9
25 26,1
15 16,3
10 26,9
23769

1563 1449, 4

82 242,7
46 40,6
31 6,8
13 1.1
6 .2
08325

1057 1125,9
434 350,14

Rule

SN =
SN =
SN =
SN =
SN =
SN =
SN =
SN =
SN =»

GN =
GN =

GN?
GN!
GN!
GN!
GN!
GN?
GN!
GN!
GN?
GN!?
GN?
GN!

LT )
">
>
“»
-
-P

OO0 C0TUO0

ART
ART

» GNI

> EP NC

> NC

> GN EP GN
> EP GN!?

> GN CC GN
» GN KD

» CC GN

> GN LC

» GNPV
» NC

=> D NC

s> PE

=» PD

s> NP

«» PR

> D NPw
=> Pl

»> NPw

*> ART POSTART
=> D NC AD
«> DN PO
=> D NP

ART

AD

POSTARY

ART POSTART
PREARY ARTY
PREART

a» DN
o» IN



258

Table 19 (following and end) :

(STRY
(552)

Theta B

6y 3)
TR Y.

Theta s

(7:1)
{7.2)

Thete @

(8,13
(8,23

Theta @
£9,2)
9,33
(9542
Thets

(10,13
(46,29

Thets =

81,13
(11,23

Thete =

SYIRD
(32023

Theta &

P. SUPPES, R. SMITH, M. LEVEILLE

134 108,9
ie 49,1
5890
58 55,0
49 49,0
05288
3e 38,0
17 i7.0
e6538
i3 13,0
<] 6s0
06842
191 198,5
5% 81,5
5 11,0
«T9L0
196 196,0
8 5,0
97514
60 60,0
8 $eo0
290836
249 289,96
2 2,90

29920

ART =3 AQD
ART =» AT

POSTART => DYV
POSTART =2 NUM

NUM o3 AC
NUM s2 NU

PREARY =2 QA
PREART =» QR EP

NP =» ADJP N
NPw => N POSTADJP
NP => ADJP N POSTADJP

ADJP =r AR
ADJP => ADJP AR

POSTADJP =p AR
POSTADJP =» POSTADJP AR

N =2 NC
N =» NP

ORI ORI ORI RSP UOOF DO DDPPTSNCENIDORRESCOPADPO
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TABLE 20
lLLex{cal Disambi{guation of Noun Phrases {n Grammer II

Freq Ambiguous type ResolvecC type Prob

16 IN NC,NP IN NC 0064
un monmsieum

13 DN NC,NP DN NC 157
e mons{eur

6 NCyPI NC 0032
personne

5 DN NC AGQ,LC DN NC AQ 0004
le bras gauche

4 DN;PE DT,LC DN DT 0002
.e meme

3 EP NC,NP EP NC 0047
ay monsieyr

2 AQ,KQ,NC NC,LC AQ NC 0010
bon coté

2 DN NC EP NC,NP DN NC EP NC 00007
la bouche dy mons{eur

2 DN NCyNP KO . DN NC KO 0008
e mons{eur la

2 DN,PE NC,LC DN NC Y.
le cote

i AQ,LC AQ NC AQ AQ NC 0003

dernfer petit trou

1 DN NC CC DN NC,NP DN NC CC DN NC L0001
la dame et le monsieur

1 DN NC EP IN NC,NP DN NC EP IN NC ,0002
les chaussures d'un monsi{eur

i NP CC NC,NP NP CC NC 000007
mesdames et monsi{euyr

i NU, AQ NC AQ NC 0010
nulle part

(A L L L LA L LA L LY Ll L L4 Ll L LA A Al LE LA 2 1 12 1]
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TABLE 21

Section Comperinon of Noun-Phrese Corpus

Section {
Deseription fypes TYokens
Toetel §36 1601
Recognized 104 1524
% Recognized T6:5 95,4
Amb{guous 83 641
% Amb{g@uous 61,0 86,0
Amb, Pecog, 66 6062
¥ Amb, Recog, 79,5 23,¢
Amb, reseived 89 589
Amb, reduced 5 i
Orfialiral Amb, 918
factop
Parsed Amb, 652
{faetor
Reduced Amb, 15
fector
Tfypas after 75
conpalidation
Typees aftep 668

prabebijisgie
di{sambiguatfen

Sectfon &
Typesn Tokens
i27 15836
160 1494

78,7 9701
79 394
6242 25,7
64 37e
??@g @Qg@
54 387

3 [

514
476
15
73
67

Section 3
Types Tekens

215 2330
144 2eode
67490 94,5
142 688
66,90 29:5
§05 630
73,9 LAY
96 598

6 16

1088

908

3e

93

84

[el~fo =Tt - Db T Tl Yo B Fs T e DTl B T R T T T T T - T T T T T )

The parameters of the geometric distribution for the twelve groups
of rules are shown in Table 22. The one thing to note is that the changes
in the parameters across the three sections are not monotonic. We might,
for example, expect for the more complex groups of rules that the
geometric parameter would decrease in size because the variety of use of
rules of a given type would increase with time, or put more exactly, the
frequency of use would be more diverse. This is not the case for a
number of groups of rules, as may be seen from a perusal of Table 22.
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TABLE 22

Section Comper{son of Geometric Paremetore

lLabel

(3,3)
(3,42)

Theta =

(4,10)
(4, 7)
(4,9)
(4,4
(4,8)
(4,11

Theta =

(5,4)
(5,3)

Observed

1247 1056,1

97 324,2
60 99.6
51 30,6
47 94
17 2.9
5 1.3
26930
109 109,0
32 32,0
7730
595 548,5
221 334,14
217 203,5
201 123,9
55 75,5
45 46,0
37 28,0
13 17,1
9 10.4
7 6.3
3 9.9
23910
619 592,1
11 46,9
4 3.7
3 «3
3 o0
3 Y
09209
508 S14,2

116 104,.9

Expected

Rule

SN =
SN =
SN =
SN =
SN =
SN w
SN o

GN =
GN =

GN?Y
GN!
GN!
GN!
GNI
GN!
GN!
GN!
GN!
GN!
GN?

-d
-l
od
a>
(2]
Lt

jvlclchelwle

ART
ART

Sectfon 1 (Sess{ons {=3)

> GN1?

» NC

> EP NC

> GN EP GN
> EP GN!

> GN CC GN
» GN KO

» GN!?
» NC

=> D NC
[ 3] NP
-> PE

=» PD
=> NP»
w>» D NP#
ap> PI
=» ART POSTART
=> DN PO
=> PR
=» D NP

ART

ART POSTART
AD

POSTART
PREART ART
PREART

o> DN
w>» IN
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ART =» AD

POSTARY => DY
POSTART «» NUM

NUM =» AC

PREART =» GA
PREART =» @GR EP

NPe «» ADJP N
NP2 @2 N POSTADJP
NPw =» ADJP N POSTADJP

ADJP =» AQ
ADJP =2 ADJP AR

POSTADJP =» AR
POSTADJP =» POBTADJIP ARG

M akx NC

Sectiom 1L (Bcesioma L{40)6)

262

Table 22 (following) :

STRY 22 26,9
Theta ® « 7959
(6,3 23 23,0
(69&3 4 “go
Theta = «8519
E?als ) aw@
Thets ® 1,0000
(8,2) 3 300
Thete o 23600
(9523 79 81,8
(9,43 i 3,3
Thete 2 oB182
(1054 8o 80,0
(1052} 2 24,0
Theta B 09756
€iis1d 21 210
(ito23 i 1,0
Thate 8 09545
(l2s12 {00 160,96
Theta 19@@@@
(is1) 1295 $128,7
(1,103 93 2T4,%3
(1p4) 30 bbb, b6
io.23 20 3.9
€107§ ii 100
$i:53 16 0l
€i:3) 8 ol
Theta © a7370

BN =» GNV

SN o» EP NC

SN =» NC

SN =p EP GN?
SN =» GN EP GN
SN o» GN KO

SN o» CC GHN

8N =» GN CC GN
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Table 22 (following) :

(2,1)
(2,2)

Theta =

(3,1)
(3,10)
(3,2)
(3,9)
(3,3
(3:4)
(3,7
(3,5)
(3,11)
(3,8)
(3,6)

Theta &
(4,10)
(4,9)
(4,4)
(4,7)
(4,113
Theta ®
(5,43
(5,3)
(5,1)
(5,2)
Theta &

(6,1)
(6,3)

Theta =

(7,1)
(7.2)

Thete x
(8,2)
Thets &
(952)

(9,3)
{9,1)

62 62,0
15 15,0
.8052
427 534,1
364 327,5
318 200,9
98 123,2
b2 75,5
S0 46,3
48 28,4
8 17.4
3 10,7
2 6,6
i 10,4
+ 30868
343 320,4
37 T3.4
e2 16,7
i 3,8
2 1.4
o 7720
213 226,14
91 82,5
46 30,1
6 17.3
26352
23 23,0
ie 12,0
26578
16 16,0
7 T.0
oH957
2 2,0
1,0000
45 46,0
10 8,2
H 1,8

GN =

> GN!

GN =>» NC

GN!
GN!
GN!
GN!
GN!
GN!
GN!
GN!?
GN!
GN!
GN!

-
«)
n>
L} 4
=)

o000

ART
ART
ART
ART

POST
POST

NUM
NUM

PREA

NP
NPw
NPw

> PE

=> 0 NC

=>» PD

=> NP

=> PR

=>» Pl

«> D NP»
=>» NPx%

=> D NC AD
=» ART POSTART
s> DN PO

ART

AD

POSTARY

ART POSTARY
PREART

=> DN

w> IN

=> AD

> AT

ART w=> NUM
ART => DT

w» AC
> NU

RT =>» QR EP

=» ADJP N
w» N POSTADJP

263

o> ADJP N POSYADJP
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Table 22 (following) :

Thete =
(10,4)
Thete 8
(its8)
Thete =

(12483
(12,23}

Thete B

€ip13
€4540)
fis2)
(5s4)
1,843
(8,73
€4,3)
ELe5)
(1,9

Thete ®

taii?
(2,2}

Thete =

(3513
(3,10
£3,2)
{333
(3,73
(3,43
(3,9)
(3,849
(3,5)
£3,8)
£3,12)
£3,6)

Thota o

ADJP =

» AQ

POSTADJP => AQ

N =» NG
N => NP

Section III (Ses

08209
LY 8640
1.0000
44 11,0
1,06000
54 85,0
2 240
29643
1959 1740,.9
92 64,6
e 76,3
24 16,0
33 3.3
4 o7
& e b
) 00
i 00
a7906
i29 12950
25 25,0
<8377
807 843,4
575 507:7
349 305,6
106 $184,0
79 110,7
74 667
70 840,18
22 24,2
i6 18,5
12 8,8
7 5.3
g 8,0

23980

BN
GN

GN?
GN?
h
GN?
GNE
GN?®
GNE
Gt
GNE
GN?
GNY
GN I

P
B
Ch
=P
ep
EE S
® P
P
@p

e P
by

@P
=P
@ P
@®
®P
®P
@
=P
ad
nk
ak
=d

sions 31=33)

EP NC
GN EP GN

EP GNU
GN KO
GN CC ©N
€C GN
GN LC

GNE
NE

PE

D NE

PD

PR

D NPw
PI

NP

D NC AB
NPw

ART POBTARY
D NP

DN PO
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Table 22 (following and end) :

(4,10)
(4,91
(d,4)
(4,8)
(4,7)
(4,11)
Theta =
(5,4)
(5,3)
(5,1)
(5,2)
Theta =

(6,1)
{6,3)

Thets =

(7,1)
(7,2)

Theta =

(8,1)
(8,2)

Theta =
(9,2)
(9,3)
(9,1)
Theta =

(10,1)
(10,2)

Theta =
(11,1)
Theta =
(12,1)
Theta =

601 557,2
41 102,6
21 18,9
10 3,5

9 b
1 ol
,8158

336 3196,8

227 147,7
63 54,9

6 32,6
6279
22 22,0
20 20,0
5238
12 12,0
10 10,0
5455
10 10,0
1 1,0
29091
67 7.1
25 17,9
3 6,0
» 7480
70 70,0
3 3,0
9589
28 28,0
1,0000
95 95,0

1.,0000

«> AR
e» AD
=> PO
=>» PR
=>» AR
=> PR

= Rvlolvhv v

ART =>
ART w=>
ART =>
ART =>

POSTART
POSTARTY

NUM =>
NUM w>

PREART
PREART

NP#* «>»
NPR =>
NPw o)

ADJP =>»
ADJP w»>

POSTADJ

N =» NC

ES

T

START
EART ART
T POSTART
EART

DN
IN
AO
AT

=> NUM
=>» DT

AC
NU

> QA
=> QR EP

ADJP N
N POSTADJP

265

ADJP N POSTADJP

AQ
ADJP AG

P o» AQ
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TABLE 23

Neure=phrese Typee Net Recoghized by The Grammers

(Frequency o¢ ot least 2)

Net papsed by Gremmar I

Freq, 8¢ring

LR R L T e L =T

14
13
ie
il
10
10

EZ2VUVIWVE d~1-3® D

[FUR T RVER VR VLR PRV RV VRS

s D Ao Ry

ep 8q

{n

in &g

drype ag

8p RE ep AE

in easpisal

in dv

8g ep Ae

dngpe 89 ce dngpe
86

ep PE €€ @p RE
drspe agypisel

dv Re

in me

Ap AP

aagpisefsdv pd

{n saspisei{,dy aq
Re PE

saspisal so me
aqspi,e! drnype ne
eaypirai dny,pPe RC
aqepiset,dv dnype
dRspe ae

dy ep ne

@p AE OpyAY @P ne
{n eq dy

in ep piso!{ meple
ae ag

ag,ploel drnype ae
ag ep dnype Ae
ee {n me

dRoPe® RE 9p PeydYyeD

Not parsed by Gremmap II

Freqg

String

ORI ECRNEREECEANDRARETD O @

14
©
8
eq 8
7
7

dy

Pi=F < g RV RV N V)]

ep RE

e R R RS RI 8 WE WA

ep aq

im

{n &g

dRypPBE ag

ep AE @p Ae

{n ar,dv

&q @p Ae
dny,pe aq c¢
ae

ep RE €€ 8p

in ms

Ap AP

98y 8Qydy pd
{a qeyeqqdy
RE RE

a8y eq,dy
Qpydy Ae

@ep A€ epydvy
{Rh eq agrpdy

dnspe aq

RE

agyar dy

eGP RE

in ep AY Reyle

&8¢ aqg
ad aq pe ad

8q ap dRype
ce {n, me
dRspo AE ap

ne

PO, AV 8P
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Table 23 (following and end) :

ncsdv,ep neydv,ep
2 dnype pr
2 dv ep nc,ep
2 dv ¢ pr 2 dv 1¢ pr
2 dv nc
2 ep 4Q ne ep ne e ep aq nc ap Ac
2 ep dt
2 ep nc ep np 2 ep nc ep np
2 {n aq cc {n ag 2 in aq ¢cc {n aq
e {n aq nc ep,dv ep nc 2 {n agq nc ep,dv ep Ng
2 {n aqsdv ep n¢ e {n aq grsdv ep ne
2 {n ep ne 2 in ep nc
e ne,Np Ap 2 ne,np np
2 qa,aq
2 qa,aq dn;pe ac

Table 23 lists the noun-phrase types that were not recognized by
the two grammars and that had a frequency of at least two in the corpus
of the three sections. We shall not discuss in any detail methods for
incorporating these types into the two grammars by appropriate exten-
sions. The main reason for including Table 23 is to give the reader a sense

of the main types that occurred in the corpus but are not parsed by the
grammars.

ABSTRACT

This is the first of a series of reports concerned with the analysis of
a young child’s spoken French, which was collected in Paris in 1971 and
1972. The corpus covers the period when the child was 25 months old to
39 months old. The present article gives a formal generative grammar for
the noun phrases taken from the first three hours, the middle three hours
and the last three hours of the corpus. The analysis deals not only with
the proportion of the noun phrases in the corpus parsed by the grammar,
but also with the probabilistic fit of the grammar, given an assignment of
probability parameters to the production rules of the grammar. The
probabilistic analysis is also applied to problems of syntactic ambiguity.
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RESUME

Cet article est le premier d’une série de travaux consacrés a ’étude
du langage d’un enfant de langue francaise. Le recueil du corpus, entre-
pris lorsque Penfant était 4gé de 25 mois, s’est achevé lorsque ’enfant
avait 39 mois. Cette étude présente une grammaire générative du syn-
tagme nominal qui a été testée sur les trois premieres. les trois derniéres
et les trois sessions d’enregistrement du milieu. IL’analyse rend non
seulement compte du nombre de syntagmes nominaux analysés, mais
encore propose une méthode d’évaluation de la grammaire basée sur les
parameétres probabilistes attachés aux regles de production. L’analyse en
termes de probabilités est également appliquée a la résolution de
I’ambiguité syntaxique.

ZUSAMMENFASSUNG

Dies ist der erste Bericht aus einer Serie, die sich mit der Analyse
des gesprochenen Franzosisch eines Kleinkindes beschiftigt. Das Material
wurde 1971 und 1972 in Paris aufgenommen. Der vorliegende Artikel
liefert eine Analyse der Nomenphrase aus den ersten, den mittleren und
den letzten drei Stunden. Diese Stichprobe umfasst den Zeitraum vom
25, bis 39, Lebensmonat des Kindes.

Die Analyse untersucht nicht nur den relativen Anteil der Nomen-
phrase am Gesamtcorpus gemiss der Grammatik, sondern such die proba-
bilistische Angemessenheit der Grammatik, wobei den Produktionsregeln
der Grammatik Wahrscheinlichkeitsparameter zugeordnet sind.

Die Wahrscheinlichkeitsanalyse wurde auch auf Probleme syntak-
tischer Mehrdeutigkeit angewandt,
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