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1. Introduction 

The purpose of this chapter is to show how probabilistic methods may be 
used in the analysis of children's speech. To do this, we decided that it would 
be best to concentrate on one corpus as an example rather than to give a 
superficial survey, in the space available, of our prior work on several 
different corpora in English, French and Chinese. 

This is the second paper we have written concerned with the analysis of 
the spoken French of a young Parisian child, Philippe. The first (Suppes et 
al., 1973) was concerned only with the grammar of noun phrases occurring 
in Philippe's speech. The details of the collection ofthe corpus, the recording 
conditions and the procedures for transcribing and editing are all described 
there. We recall here only the fact that the corpus consists of 56,982 tokens 
recorded in thirty-three one-hour sessions of spontaneous speech occurring 
approximately once a week and ranging from the time that Philippe was 25 
months old to 38 months old. 

The present account of Philippe's speech represents a drastic conden­
sation of a much longer technical report (Suppes et al., 1974). Unfortu­
nately, in this kind of work it is not possible to give all the details within the 
compass of a chapter of reasonable length. We have tried to extract those 
features that are most important for understanding the analysis that was 
undertaken and have provided detail adequate for the reader to make some 
judgment of his own about what we have done. However, we fully realize 
that the reader interested in the technical details of the grammar and of the 
probabilistic developments that foHow may wen want to consult the longer 
technical report and the related publications cited later. 

The present chapter is organized along the lines. First, in the 
following section we extend the dictionary earlier for noun 
phrases alone to cover the other parts of speech. The account given here does 
not depend on the earlier one. As much as we have used classical 
grammatical in constructing the dictionary, and we have followed 
when possible the kinds of categories used or in Dubois (1970). 

397 
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Section 3 is concerned with the grammar. This section is 
"'-'-~""''''''''''U.'':J "'".Ult,JJUU.Jl"""",o We the groups of rules and some mustra~ 
tive which are all drawn from At the end of this 
section we summary results of the extent to which the grammar 
satlst;act,only parses the corpus of We the 
cOlmp,lex:1ty of the grammar we have written for this medium-sized corpus. 
The number of rules in the grammar is and even this number is 

we have not taken into account the many inflectional indud-
of pronouns, etc. In the grammar we have 

used Dubois as mentioned and also such dassical SOlurces as 
Gn!visse but we have fOlund that the 
an-IDf()ac:h we have has us t01 make emendatiOlns and 
ch,an~~es on a number of minor matters that tum up in a fun-scale 
aUerrlDt tOl fit a grammar to a corpus. 

We tum in section 4 to a brief of the grammar 9 

which means that we move from the grammar itself to the introductiDn Df 
PT()bclbiJllstic llara[mif~telrs fDr the use of the individual ruleso The techniqm~s 
of used here foHow earlier work in the Institute fDr Mathematical 
Studies in the Social Sciences at Stanford We show how 

pH)bc:lbillistic grammar can be used tD a method of pn)b~lbllllstic 
dls:arrd)lJ~mltl(m that we think has the 
instances in detail here. 

In section 5 we tum to some VIV.tli.IVJ!..U~l!.ll"" a"eV~~lopnllenlal models of 
speech. Because there is such a natural speak in terms 

of stages of development, we have systematically tried to test a stage model 
against an alternative incremental model. As might be expected from com-

data of the kind collected in a corpus arising from unstructured conver­
sations between Philippe and his parents or other persons, neither model fits 
the data exactly, but we believe that the methodology is itself of interest and 
there is sufficient evidence in favour of the incremental model in comparison 
to the stage model to challenge the continual use of stage models in concep­
tual discussions of the linguistic development of children. As far as we know ~ 
the present attempt, preliminary though be, is among the very first to 
make a systematic compaTison of the two basic kinds of models of develop­
mental trends in the acquisition of grammatical rules. We would be happier 
if we were able to present developmental trends fDr a variety of children, but 
it will be evident from the details in the present chapter that the task of 
testing developmental models in a systematic way for any substantial 
number of children is an almost overwhelming one at the present level of our 
technology of data collection and reduction. Our tentative conclusion that 
the model fits better than a stage model is of course applicable 
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only to Philippe's speech behaviour. We hope that the kind of models we 
have begun to test in the chapter will be of interest to other workers 
concerned with developmental psycholinguistics and that more systematic 
comparisons of different types of models of development will be tested on 
other corpora. 

To avoid misunderstanding about our use of probabilistic notions, we 
emphasize the following point. In no sense do we consider the probabilistic 
account of the use of production rules or the use of probabilistic develop­
mental models an ultimate account of Philippe's spoken utterances. It is 
apparent enough in a multitude of cases that the probabilities assigned are 
overruled by the semantics or context of a particular utterance. The prob­
abilities assigned represent the results of averaging over a number of utter­
ances and do not provide a fully detailed analysis of a particular utterance 
occurring on a particular occasion. The enormous complexity of the spoken 
speech of any child, including Philippe, strongly argues for the use of 
probabilistic methods for an understanding of the central features of the 
speech, particularly of the central features of development. The present 
corpus is quite large but the total amount of speech, either spoken or heard, 
by a young child during the crucial ages from 24 months to 36 months or 42 
months is overwhelming in its quantity and variety. During this critical 
period we would estimate that Philippe heard on the order of a million words 
and responded with approximately half as many. It is our belief that it will be 
a long time before we have developmental models of children's speech 
sufficiently deep and detailed to avoid the use of probabilistic averaging 
methods, at least insofar as the objective is to account systematically for a 
corpus of any size. 

2. Dictionary 

Our previous article (Suppes et al., 1973) presents in a detailed way 
the principles which guided the construction of the dictionary. Here we 
briefly characterize the lexical categories and some of the additional sub­
categories. 

Articles. The indefinite articles are un and une. The definite articles are Ie, 
la, 1', andles. Following Dubois' suggestion (1970: p.152), the wordsdu, de, 
des, d', au, and aux (traditionally thought of as articles) have been coded as 
prepositions. Such a simplification has the advantage of reducing the lexical 
ambiguity: had we followed classical grammarians, several of these words 
should have been multiply classified. Furthermore, this simplification lets us 
avoid the delicate question of partitive articles. 

Nouns. Nouns" are divided into the two classical of common 
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nmms and proper noun§o Common nouns are coded as to and 
number. 

cate!!()n~~s of pronouns are: demoI1l= 
,,","'l!.1LR '''''-_ and indefinite. Personal pro-

into account their within a sub~ 
~eC:I-()nlleCI §el!'ltenc~~, since it is their that determines their """""""".~""" 
form and semantic role. 

SUI)Caltej~olI'les of are: 
mten·o~.atlve. possessive and indefinite. 

Verbso In written French most verbs have a different forrno 
These variations of inflectional are not reflected in the sp()ken 
language. For aiment do not differ 
phion4etu:alllv Our coding, which agrees to a extent with Martinet 
is based on the of verb endings. 

The main distinction is between ~"'<lI .... ",·,1l-1"1"'" 

prc)floimlnal and sellmaUX!llaIV 
intransitive or transitive. 

Several aspects of the of verbs need to be emtph,aS],Ze4j. In the first 
we have coded with the smallest number possible for a 

the aile and the are coded 
eX(;eDlt1(Jln to this rule is in those verbs for which the past 

participle has the same form as the past 0 Example: je 
The other is that the individual words of the vocabulary are coded 

independently of their context and, consequently, composed such as 
r aurai reru are not coded as a single verb form but rather the individual 
words aurai and re~u are coded separately. 

Adverbs. We distinguish seven subcategories of adverbs: adverbs of 
location, quantity, quality, affirmation, negation and interrogation, plus 
undetermined ones. 

Prepositions are divided into eight subcategories whose description we 
omit. All conjunctions of subordination, such as puisque, paree que, are 
coded without any elaboration of subcategories. Conjunctions of co­
ordination are similarly coded. Philippe used et; in a few cases, he used au 
and ni. 

Interjections and onomatopeias. In the broad category of interjections and 
onomatopeias are classified such words as ah, oh, eh, ben. Many of these 
words are onomatopeias that French-speaking children frequently use. 

Locutions. There are four subcategories: undetermined, adverbial locu­
tion, prepositive locution and interrogative locution. 

Concluding remarks. A given word may function in different ways, 
depending upon its context. Words of this kind have been assigned to two or 
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more categories. For instance, cours may be the plural form of a substantive, 
or the first person singular of the verb courir. When this occurs, we say that 
the word is multiply classified. We have not included all multiple classifi­
cations that are in all likelihood present in Philippe's speech. When it was 
highly unlikely that Philippe would have used a certain word in more than 
one context, we did not multiply classify that word. For example, the word 
mets has been coded as a verb but not as a noun, since it is our belief that the 
latter usage ('something related to food') was unlikely to occur. 

3. Grammar 

U sing the coding scheme outlined in section 2, the next step was to write a 
context-free grammar at the level of abstraction already mentioned; for 
example, inflections were ignored. The grammar, consisting of 31 7 rules, is 
too long to describe in detail here. What we have done is to list the various 
groups of rules, giving their function and the number of rules in each group. 
In the headings introducing the various groups we have indicated the 
number of rules in that group; for example, in group 1 we have used the 
indication 'Highest level rules - 3' to indicate there are three rules in this 
group. 

Group 1. Highest level rules - 3. Three main kinds of utterances are gener­
ated: (a) utterances of length 1 and 2 consisting of adverbs, locutions, 
interjections and numerals; (b) noun phrases and adjective phrases that 
stand alone, that is, without a verb; (c) utterances in which a verb is present, 
and questions (with or without a verb). 

Group 2. Incomplete utterances - 17. Most of the rules in this group 
generate terminals directly. The rules have only one or two branches; they 
parse the following grammatical categories introduced in the dictionary: 
adverbs, locutions, onomatopeias and interjections, and several combi­
nations of these categories. 

Group 3. Noun phrase and adjective phrase utterances - 20. This group 
recognizes noun phrases and adjective phrases that are not combined with a 
verb. We had two motivations for generating with separate rules noun 
phrases that occur as the complete sentence without a verb: first, we wanted 
to improve the probabilistic fit of the grammar; second, we wanted to reveal 
a developmental trend in the usage of noun phrases. 

Group 4. Utterance combination - 17. The rules in this group generate 
more complex utterances from simple utterances. For example, one of the 
rules introduces an adverb of negation at the beginning of the sentence; 
another rule parses sentences that begin with the conjunction of subordi­
nation parce que, where the que has been omitted. 
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5. Utte'lrfJfru:es with rf)j, verb ~ 8. This grOlup the rewrite llu~e§ 
fOlr 1LllUerances that have a veJrbo One rule sentences in which the 
~\IJ[)~e~;;'[ is lVieure dans Ee bolie SUCI!ey A des sous dans morn p()rte~ 
monnaie. Another lr\\.l\le is the b8sic rule fOlr sentences that have a Je 
sais paso 

BefOlre lPre:se][H[lllnl~ the rules of grOlups 6~ 7 and 8? we eXl)lalln 
the reason for mtrocnucmg the three nonterminal SNS and 
which have similar rules. These nonterminals have been intro~ 
duced to differentiate the three main functions of the noun pnlras~e: .", ..... ", ... ",,"-. 
'W'!Ji""'1b'~. nominative We wanted to formulate 4"'nvOW"&i>r·il-h, 

tics associated with each rule and also see if there was a de'velop:me:nt6:l1 
pmrasc~s aeplen~CiUll~ on their function. In the first 

grammars we was using only one S ~ 
and it was the noun phrases their function. Fur~ 
,. .. ,,"",,' .. "-.• 'VA' .... the same derivations were obtained for a noun of a 

marche In order to have different derivations upon 
the nature of the we introduced the nonterminals SNS and SNP. 

6. Nominative 4. The rules of this group 
involve the nonterminal discussed above. 

7. - 9. The rules of this group involve the 
nonterminal 

8. f)ru~asi.~S ~ 4. The main difference between SNS 
8) is that the latter parses noun 

pnlra~!S while the former does not. A second difference is that SNP is used 
for parsing noun phrases that occur with verbs other than the copula. 

Group 9. Basic ~ 7. The rules of this group are the basic rules 
for recognizing noun phrases that are subjects, objects, or nominative predi­
cates. Rules for noun phrases that end with an adverb or a vocative are also 
included. 

Group 10. Prepositional noun phrases -7. As we have already mentioned, 
this group of rules recognizes noun phrases beginning with a preposition. 

Group 11. Determiner introduction - 25. This group of rules contains the 
detailed structure of the noun phrases. They determine the way in which 
determiners, numerical adjectives, and adjectives in pre- and post-position 
can be generated. They are comparable to the rules used in the analysis of 
noun phrases in Suppes et al. {1973}. 

Group 12 . Noun phrase utterances - 19. The rules of this group use many 
but not aU of the rules of groups 9 and 10 to generate noun phrase utter­
ances. 
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Group 13. Some pronouns and common and proper nouns - 5. This group 
mainly governs possessive and indefinite pronouns and nouns. 

Group 14. Adjective phrases - 2. This group governs adjectives in pre­
position, that is, adjectives that precede the noun modified. 

Group 15. Post-position adjectives - 1. 
Group 16. Determiners - 5. This group permits rewriting the nonterminal 

symbol DET as any of the five terminal symbols standing for a grammatical 
category of determiner. 

Group 17. Numerical expressions - 2. This group governs cardinal and 
ordinal adjectives. 

Before presenting the rewrite rules of the verb phrase, we shan note again 
that the present analysis does not take into account the mood, the tense, or 
the person of the verb, since subscripts that convey this sort of information 
are disregarded by the grammar. As a result, our grammar recognizes 
sentences in which the verb has a correct form as well as sentences in which 
the mode, the tense, or the person is not appropriate. 

On the basis of this general scheme, we have introduced several groups of 
rules that allow the parsing of different forms of verb phrases. 

Originally, following Dubois' suggestion (1970: p. 93), AUX was rewrit­
ten as an auxiliary (etre and avoir) and as a modal. With the intended 
semantic interpretation in mind, AUX has been divided into two categories: 
AUX 1 for the auxiliary verbs etre and avoir and AUX 2 for modals. 

Group 18. Verb phrase structures - 15. The many rules of this group 
provide the productions for the basic verb phrase structures. The rules have 
too heterogeneous a character to describe in simple terms. For example, the 
fourth rule allows the insertion of an adverb between the auxiliary and the 
verb; the sixth rule introduces modals; the tenth rule produces utterances in 
which the negation applies to the modal; the thirteenth rule produces 
utterances in which the personal pronoun is the direct object of the verb that 
follows the modal. 

Group 19. Auxiliaries - 2. The two rules in this group produce particular 
auxiliary structures, the first governing etre and avoir, when they are used as 
auxiliaries, and the second governing utterances in which the modal has a 
compound form: a pu sortir. 

Group 20. Modals - 3. The rules of this group govern modals, including 
the recognition of utterances in which there are two modals in succession 
used to express the notion of future: Je vais aller galoper. 

Group 21. Verbal groups - 80. The number of production rules in this 
group is the largest of any. They are used to produce the wide diversity of 
verb phrase forms encountered in Philippe's speech. We give only a few 
examples. The second rule governs utterances in which an adverbial locution 
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allllce§ with an vraL The eleventh rule 2e~]eI'21tt~§ 
utterances in which the verb etre is fonowed by 2ln adverb: J e suis lao Rule 24 
governs verb formed with transitive verbs and verbs that can be 
\transitive or intralllsitive when there is no direct or noun 

Rule 40 governs utterances in which the second pe]~SOlnal 
the indirect of the verb: Montre-la moio 

We summarize at this the groups the rules of most 
.... ~ ... i'1"',,""i'" understandable from the titles of the groupso 

with 1[W!~n1[V-1rlVe 
sona! pronounso 
sonal verbs. 
three 

governs verb with pn~p()SltlOilS 
with two 

in the corpus; have 
been the grammar, which to about 75 per cent of 
the tokens and to 61 per cent of the typeso We should mention that a 
number of 571 for 1480 include one or more 
occurrences of uncoded soundso Since the grammar makes no effort to 
account for such sounds, we note that 67 ofthe types and 83 
of the tokens were recognized when utterances these sounds were 
discarded, 

4. Probabilistic grammar and pr(]~balbm:stic du§:all1l1lbiJ~u~ltioln 

The relatively detailed and complex grammar described in section 3 parses 
about 75 per cent of the utterances in Philippe's corpus. This criterion alone 
is not sufficient to judge the grammar, for it would be easy enough to write a 
grammar that would parse 100 per cent of the utterances, namely, the 
universal grammar. There are different ways of thinking about how ad­
ditional criteria may be imposed on a grammar in order to determine its 
appropriateness for a given corpus. For a number of reasons, we consider a 
probabilistic criterion of goodness of fit one of the better ways to evaluate a 
grammar. This probabilistic viewpoint has been developed extensively in 
previous publications originating in IMSSS (Gammon, 1973; Smith, 1972; 
Suppes, 1970; Suppes et aI., 1973). 

The basic strategy of the probabilistic approach to grammars is to attach a 
parameter to each rule of a group with the requirement that the parameters 
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be as each is nonnegative and 
the sum of the for a group of rules is equal to 1. The 
paJ~arrlett~r is meant to to the relative of use of the 

pn>dllctllon rule of the grammar in the utterances of the 
corpus. Once such are assigned, we can estimate them stan-
dard methods, for in many straightforward cases maximum-
likelihood methods. Having estimated the parameters we are then able to 
move on to consider a standard goodness-of-fit criterion for evaluating the 
adequacy of the grammar to the corpus. We should say at once that in the 
present stage of investigation the goodness-of-fit criterion is not well satis-

i.e. if we take a large corpus, for instance that of Philippe's speech, we 
do not anticipate obtaining a reasonable level of significance for the fit of the 
probabilistic grammar to the corpus. We can, as was done in the case of our 
earlier article (Suppes et al., 1973), use the goodness-of-fit criterion to 
distinguish between two grammars. In the present case we want to use the 
probabilistic apparatus to disambiguate grammatically ambiguous utter­
ances. As we describe below, we believe that this represents a useful appli­
cation of probabilistic grammars and one that has some theoretical interest. 

In table 1 we show the observed and predicted frequencies of utterance 
types for those that have a frequency of at least 30 in the corpus. It will be 
seen immediately from a perusal of this table that the fit of the probabilisti­
cally computed predictions is not perfect and, in fact, is not as good as one 
would like in a completely satisfactory theory. On the other hand, it is our 
judgment that, without increasing the number of rules extravagantly, it 
would be hard to improve substantially the fit as indicated in this table. 

We tum now to discussion of probabilistic disambiguation. When an 
utterance has more than one dictionary representation, the utterance is 
lexically ambiguous. If only one of those dictionary representations is parsed 
by the grammar, we say that the ambiguity is only apparent. However, if 
more than one representation is recognized, then we have to account for that 
ambiguity. 

One tenable view is that the several lexical ambiguities are all intuitively 
reasonable. While this is possible, it is nevertheless plausible that Philippe 
only acts upon one interpretation - he makes some decision about which 
interpretation to accept. 

We have proposed in Smith (1972) and Suppes et al. (1973) that lexical 
ambiguity be treated syntactically and probabilistically. Of the severallexi-
cal interpretations for a we accept the most likely mteq)re1tatllon 
according to the probabilistic have offered. In doing so, we 
are not claiming that disambiguation does not involve semantic consider­
ations in a crucial way. Rather, we are that syntactic features (of 
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Tabie L Observed and 

Observed Predicted 

1494 1494·00 
705 705·00 
295 156·36 
253 328·51 
246 242·43 
198 198·00 
154 91·20 
137 136·39 
132 123·58 
109 91·52 
100 24·62 

87 122·45 
76 27·21 
73 73·00 
57 13·39 
56 51·31 
48 34·99 
44 4·48 
43 19·61 
42 52·96 
42 42·00 
40 15·54 
40 3·90 
40 0·59 

38 2·93 

38 32·01 
36 10-40 
35 35·00 
33 4·58 

31 8·35 
30 58-82 
30 9·40 
30 31·21 

Utterance type 

Adverb 

article + common noun 
Dei. article + common noun 
Common noun 
Int€~Decnc'norOn()m~lm~~ela 

Preposition + common noun 
noun 

Preposition + def. article common noun 
Trans. verb 
Personal pronoun + trans. verb + negation 
Demon. pn)flcmn 
Trans. + def. article + common noun 
Interrog. pronoun 
Demon. + + 
lP'n~p(]~sition + proper noun 

(can be trans. or AUU""A4"'./ 

Demon. pronoun + article + common noun 
QuaL adjective + common noun 
Qual. adjective 
Interjection + adverb 
lndef. article + adl,ect:lVe + common noun 
Demon. pronoun + copula + proper noun 
lnterrog. pronoun + demon. pronoun + 

+ proper noun 
Adverb + personal pronoun + copula + deL article 

+ common noun 
Personal pronoun + copula + qual. adjective 
Verb (trans. or intrans.) + def. article + common noun 
Locution 
Personal pronoun + auxiliary verb + verb (trans. or 

intrans.) 
Indef. article + common noun + adverb 
Preposition + indef. article + common noun 
Demon. pronoun + copula + def. article + common noun 
Personal pronoun + trans. verb + def. article 

+ common noun 

which the probabilistic grammar is a key example) may wen playa role in 
disambiguation. This could happen in several ways, but the way we consider 
to be the most reasonable would involve interaction between probabilistic 
analysis and semantic and contextual analysis, where the initial decision on 
what to consider semantically is made by the probabilistic grammar. We 
should remark that this interpretation is, of course, a listener-oriented view, 
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We have also been concerned to analyse the intuitively incorrect decisions 
made by probabilistic lexical disambiguation. These apparent errors fall into 
several simple categories. Two criteria have guided us in deciding whether or 
not the ambiguity is solved correctly by the method described: a reference to 
the context in which the utterance has been emitted, and the grammatical 
analysis of the elements of the utterance. Two examples will illustrate the 
point. 

The utterance la tienne is recognized as a personal pronoun followed by a 
verb and as a possessive pronoun. Reference to the context shows that 
Philippe was using the personal pronoun. Consequently, Qur conclusion is 
that the ambiguity is incorrectly solved, since the structure personal pronoun 
+ verb has a higher probability than the personal pronoun. 

As a second example, the structure of the utterance il est vide le pot is 
ambiguous because vide can be either a verb or an adjective, with the choice 
of its being a verb having higher probability. We then judge the grammatical 
analysis as incorrect because in this utterance vide is an adjective, not a verb. 

The surprising feature about probabilistic lexical disambiguation is the 
degree to which it appears to work in a plausible way. There were 660 
grammatically ambiguous types (938 tokens) of utterances. Of these, only 
88 types (133 tokens) were resolved in an unsatisfactory way. This corre­
sponds to 13 per cent of the types and 14 per cent of the tokens. 

s. Developmental models 

One of the most significant and important topics in developmental psychol­
ogy is that of the language development of the child. There exists a large 
literature on the subject, and many interesting examples of the acquisition of 
particular language skills, either of comprehension or of production, have 
been given. On the other hand, because of what appears to be the bewilder­
ing complexity of the language usage taken as a whole, even of a fairly young 
child, there have been few if any attempts to test systematic models of 
language development. It should be apparent that the kind of probabilistic 
grammar that we have constructed for Philippe's speech provides the sort of 
quantitative framework within which it is possible to conceive and test 
specific mathematical or formal models of language development. 

Because of the conceptual interest in deciding whether language 
development occurs in discrete stages or continuously, we have chosen to 
test alternative models that represent in a global manner these two ways of 
thinking about development. Before any details, it is 1m1pmrtaJlt 
to that in either a discrete-stage or a incremental 
apl)fOlaCn we must take account of the obvious fact that all normal children 
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Hmgmlge ca]()acnu~s and new sk.ills as they in an 
11",,""'''''''''''''' from aplJ foxml1ately 

mt:eHec1tualHV ",."'\t",,,",,,,<:'1!-.,,,,,,, task is not to affirm this obvious 
""'''''''''-''U,§'-''A'''"J> whether the of stages or the 

intmtllve of continuous a better account of 
the k.ind of detailed data we have collected in the case of !\.Phiit".,,,,,,,,, 

""'Il .. U"" .... F'!,u the data we is in some rather ",,,,,,,,,,,",/[r. 
our own efforts as very much in charactero 1>J''''''".h~,'''''' 

the most reason for saying this is that the data do not show the 
kind of smoothness we would need to test the choice 
between the two modelso The fit to the corpus of more than 
ances of either class of models we consider is rather bado The real 

utter~ 

of 
our analysis is to show how one can look at the entire systematic grammar of 
a child's and not utteranceso On this 

we do not want to be misunderstood. We think that it win continue to 
be of value to look at individual utterances and to extract from them mS:iglTts 
into in the child's At the same it is our thesis 
that it is valuable to fashion the character of 

under in this it is pe:rn,lps 
what sort of curve we get for the introduction of the 
the An easy way to look at these data is to the cumulative 
curve, with the abscissa age, and the ordinate the 
number of rules used in our sample up to ageo An analysis of this kind 
is shown in figure 10 

The kind of analysis exemplified in figure 1, however, is quite restricted in 
character. In the first place, we have to be careful in making inferences of a 
strong character about the time at which rules are introduced, because our 
sample based on one hour per week is less than 1 per cent of Philippe's 
speech per week, and in view of the fact that in the later periods the spacing is 
even more sparse an even smaller percentage of his total speech is being 
sampled in a given period. Also, it is reasonable to view the introduction of a 
particular rule as being only of minor importance. Of greater importance is 
the central tendency of his development and the extent to which he con­
tinues to use a rule once it has appeared. For the purpose of catching such 
central tendencies, the probabilistic kind of grammar we have considered 
earlier seems appropriate and naturaL 

To pursue this analysis, what we have done is to divide the thirty-three 
sessions into six sessions of about an equal number of utterances, with a 
break being imposed during the long summer vacation in 1971. Even when 
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Figure 1. Cumulative curve of first use of grammatical rules 

individual sessions are consolidated into blocks, some of the individual rules 
have a low probability of being used and consequently the behaviour of the 
probabilistic parameters over time can scarcely be studied systematically 
because of the expected sampling fluctuation being too large relative to the 
frequency of occurrence of a rule itself. 

To meet this problem of small probabilities being assigned to certain fules, 
as necessarily must be the case when the number of rules in a given group is 
large, we have merged within each group of rules individual rules into small 
numbers of classes, these classes themselves being based upon what seem to 
be relatively intuitive linguistic considerations. 

Merging of the data. Three main principles have guided us in grouping the 
grammatical rules: 

(i) Rules which have a low frequency of usage and analyse similar types of 
utterances should be in the same subgroup 

(ii) rules of high frequency of usage should be in separate subgroups 
(iii) rules which are likely to reveal different developmental trends should 

be in separate subgroups 

Reduction of the data. For each of the six time sections, and each of the 
subclasses of rules in each group of rules, we have estimated, in the same 
statistical fashion as the probabilistic parameters to be attached to 



410 CONTEXTS AND DETERMINANTS 

each classo These IjJJl"-.PIlJ"""vU . ./J."'Il.J,,,,, Daralml\:~telrs are the basic data that we want to 
account fQr by alternative mQdeh~o What we are interested in is the way that 
these Olver time 0 

It is to nQte that by ourselves tQ such we 
dOl nQt in restrict Qurselves in advance tQ any sy~;tejm.a.t1c de1vei;(1)n~ 
mental Qf grammar9 fQrwe eQuId if we wanted with 
the grammar he uses tQward the end Qf Qur and 
PJr\()bi:ll)lllltV zerQ tQ any Qf the rules nQt used an earlier 
"V";;";;\\.-JUo In other the grammar can indude any constructiQns desired 
and then we can determine frQm the estimatiQn Qf the kind Qf paJranmeters 

mentiQned whether Qr nQt that constructiQn Qccurso 
The real Qf interest is nQt~ as we have the existence 

or Qccurrence on one occasiQn Qf a but rather the 
central to use a given construction and the way in which the central 
telldtmc:y C.l1almg~~s Olver time. In many respects, what we are can be 
re~:anled as a detailed extensiQn of the kind of done by 
1PS~fCltlIOung'UlS1tS who look at the mean of utterance The 

of almost aU children exhibits a systematic of continued 
increase in the MLU Olver the of covered the 

AJ ... " .. Vn-_ CQrpUSo Our is to determine whether similar sy~;telma.tic 
tendencies can be determined for the use of various rules. 

The all~o,.-none stage model. The basic assumptions Qf the all-Qf-none 
stage model are twOo First, development is discontinuous and may be repre­
sented by a relatively small number Qf stages. Second, within each stage, 
there is a constant probability Pr of rule r being used. The technical assump­
tion is that these probabilities within a given stage for a given group of rules 
constitute a multinomial distribution, and thus satisfy assumption of inde­
pendence and statiQnarity 0 Because the intuitive idea of stages is widely 
accepted and used, it does not seem necessary to formulate the model in a 
more general context and derive it by imposing special restrictions on more 
general models of learning. It should also be emphasized that we shan not 
test the assumption Qf a multinomial distribution with fixed parameters for 
each rule during a given stage of testing, for example, for independence or 
stationarity. The only detailed test we shaH cQnsider is the identification Qf 
stages and the comparison of the fit of the stage model to the incremental 
model described below. 

It also should be clear that, if we do not limit the number of stages, then fQr 
each group of rules the data can be fitted exactly by a six-stage model, 
namely, we just assign a stage for each of the time sectiQns and fit each 
probability without error. Such a model is not interesting and does not give 
us any insight into the comparison between stage and incremental models. 
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What we have done is the that for each group of rules 
two stages of are to be looked for within the 

covered by our data. Thus, for example, if a given group of rules is n in 
""'-"JU.AU'''''''". then we want to fit 2n - 2 If we have n rules or n 
subgroups of rules and six stages we have in 6n - n degrees of free-
dom and with 2n - n parameters we have left a net of 4n (n+2) degrees of 
freedom that provide a test for the two-stage model. We shall not really make 
use, from a statistical standpoint, of this number of degrees of freedom; that 
is, we shall not really be interested in assigning a significance level to the good­
ness of fit of the models, because the data are in too crude a form and the fit of 
the models not sufficiently good to warrant a detailed statistical assessment. 

Incremental model. A qualitative formulation of the discrete stage model 
is relatively straightfOlward and has been outlined above. Matters are more 
complicated in the case of the incremental model. The most desirable 
approach is to derive a stochastic differential equation from qualitative 
considerations, and then to solve this differential equation to obtain the 
predicted developmental curve for a given group of grammatical rules. 

Without claiming that we are yet in a position to give a definitive qualitative 
theory of the incremental model, we can offer postulates that are intuitively 
sensible at a relatively gross level of approximation. As in the case of many 
attempts to model a highly complex situation, we introduce probabilistic 
assumptions that we test only in the mean without any claim to being able to 
extend the theory to examine individual sample paths. 

In the five assumptions that follow, a central concept is that of a conducive 
occasion for a given group of rules to be used. Some such notion is needed 
because the developmental probabilities for use of a rule are conditional 
probabilities - conditional on the use of some one rule of the group to which 
it belongs. It is apparent from the formulation of the five assumptions that 
this concept of conducive occasion is taken as primitive, and the fifth 
assumption makes explicit our probabilistic postulate about the occurrence 
of such occasions. In our judgment it is a central task of a deeper develop­
mental theory that includes the semantics of context to account for the 
specific character and occurrence of such occasions. It is not within the power 
of a purely syntactic developmental theory. 

Assumption 1. On the occasion of an utterance the probability is one that 
the child will try a grammatical rule from a group that is conducive to the 
occasion. 

Assumption 2. Immediately after a rule r is used, from his more developed 
model of comprehension the child will the appropriateness of the best 
choice of a rule from the given group. This appropriateness is represented in 
the mean by a constant probability 1l r • 
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""'''''M>Uh.IV''''''.H.h 30 For each rune If or a group there h; a linear incremel11ta~ 
of use on a conducive occasion as a fUlDlction of the 

n f of lits 'fhm~ on conducive occasions 

AS,sUlOOlO'tlOlJru 4, The of a nde II h~ cnl:m~~ea 

occasions conducive to use of the group of gnlmlmatlc:a! 

As,sUlmp,t!OiJDl 50 The occurrence of occasions that are conducive to the 
child's use of any group of rules follows a Poisson Leo 
~he intervals between occurrence of these conducive occasions are mdleplen~ 

and distributed. 
From these five we can derive a mean stochastic 

eQ1Ua1:tOJl. We omit the derivation, Let 11 be the of the Poisson 
process for the occurrence of occasions conducive to the use of a group 
of rules. Then for the condition = Pr for t = t1l. the m.cremen~ 
tal model is characterized in the mean 

where CJi, = 
tell1['lPc~raJ! sections made up from 

IlllHV-Inree sessions as described we tested the model 
for each of the groups of rules. ~e(;Oflia. 

class of rules within a group, we estimated two pmranleters 
of use in the first stage and the of use in the second 

To give the two-stage model the chance of the we 
determined on the basis of the data the best between the stages 
for each class of rules. We determine the best breakpoint computing the 
sum of squares (of the difference of observed and predicted frequencies) for 
each possible breakpoint for the two-stage modeL The fit of the two-stage 
model to the data is rather poor. The sum of squares for the best break9 

break 2, is 4-4 X 108 , 

Test of the incremental model, The equation for the incremental model 
requires that for a given group of rules we estimate the parameterot and that 
for each rule r of a group we estimate its initial probability Pr and its 
asymptotic probability ilr of appropriateness. We estimated PI by using the 
probability of use of a rule in the first time section. In the case of il rand ot we 
used a more complicated procedure that we do not have the space to 
describe here, but is related to statistical methods of estimation used in 
learning theory. 

The sum of squares for the incremental model is 1·4 x 105
, which is 
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considerably less than the sum of squares for the two-stage model and is 
indicative of a definitely better fit. 

We illustrate the fit of the incremental model to various groups of rules. 
The figures displaying the fit of the incremental model all have the following 
format: the abscissa shows Philippe's age (in months), and the ordinate 
shows the probability of use. For each rule subgroup of the rule class, the 
encircled numbers show the 'observed' probabilistic data points as described 
above. The curves, labelled with corresponding numbers in square boxes, 
show the theoretical curves predicted by the incremental model. Data for 
group 1 are shown in figure 2. The three very general production rules of 
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Figure 2. Fit of incremental model for rules of group 1, highest level rules 
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group 1 are lUlsed at a level in any tree that an 
uUerance. Rule 1 is the rule fOlr Olne- and two-word uUenmces. 
and this rule shows a mark.ed increase over the ae'velopme:nt:l~ 
1IJ"""lA\V' ..... whereas the secOlnd which is the rewrite lmle fDr lUltterances that 
consist of nDun and adjectival that are not cDmbined with 

wOlUlld as show at definite decrease in usage. Th.e third 
which is the rewrite rule for whole sentences as wen as verb has a 

constant use Olver the These basic facts in the 
Dbservable data are 
seen from 20 

@ @) 
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Figure 3. Fit of incremental model for rules of group 7, subject noun phrases 
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Group 7 produces noun phrases as the subject of a verb, and what we get is 
increasing complexity of these subjects over the developmental period as 
reflected in the relative usage of the production rules - see figure 3. For 
example, the simple first rule has a sharply decreasing usage and the second 
rule, which introduces personal pronouns as subject of the verb, has a 
sharply increasing use. Philippe, as is also the case for English-speaking 
children, does not have a frequent use of personal-pronoun subjects of 
utterances in his early speech but uses them increasingly over the period 
covered by our data. 

The rules in group 16 introduce the determiners - see figure 4. There is a 
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Figure 4. Fit of incremental model for rules of group 16, determiners 
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mild increase in the tllse of demonstrative 1)9 DOS§I\:~ss:ve 
3)9 and indefinite articles The definite article shows 

a marked decrease over the as shown in the observed data and 
theoretical curve for rule 4L 

In the two low-level Jrull.es 201:!ermIllg jpJredlca'te a,du~ctl've§ that 
constitute group 26 do not show any marked 
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Figure 5. Fit of incremental model for rules of group 26, predicate adjectives 
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An overall observation about the accuracy of the fits of the incremental 
model is that it fits best the data for the highest level groups of rules. One 
reason for this could be that there are more data to support the predictions. 
Another reason may be that it was clearer what linguistic considerations 
were relevant to the top level rules. 


