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20. Probabilistic modelling of the child’s productions

Patrick Suppes, Madeleine Léveillé and Robert Smith

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 & young Parisian child, Philippe. The first (Suppes er
al., 1973) was concerned only with the grammar of noun phrases occurring
in Philippe’s speech. The details of the collection of the 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 spontanecus 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 ef 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 follow may well want to consult the longer
technical report and the related publications cited later.

The present chapter is organized along the following lines. First, in the
following section we extend the dictionary developed 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 possible we have used classical
grammatical categories in constructing the dictionary, and we have followed
when possible the kinds of categories used or suggested in Dubois (1970).
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398 ConTeEXTS AND DETERMINANTS

Section 3 is concerned with the grammar. This section particulacly is
drastically simplified. We give mainly the groups of rules and some illustra-
tive examples, which are all drawn from Philippe's speech. At the end of this
section we present summary results of (he extent to which the grammar
satisfactorily parses the corpus of Philippe's speech. We amphasize the
complexity of the grammar we have written for this medium-sized coTpus.
The number of rules in the grammar is 317, and even though this number is
large we have not taken into aceount the many inflectional patterns, includ-
ing plurality of pronouns, verbs, etc, In constructing the grammar we have
used Dubois (1970), as mentioned above, and alfse such classical sources as
Grévisse (1969}, but we bave found that the completely sysiematic
approach we have adopted has required us o make emendations and
changes on 3 number of minor matters that only tem op in & full-scale
attempt io fit a prammar o B coTpNS.

We turmn in section 4 o a brief presentation of the probabilistic prammar,
which means that we move from the grammar itself 1o the introduction of
probabilistic parameters for the use of the mdividual rules, The techniques
of analysis used here follow earlier work in the Institute for Mathematical
Studies in the Sccial Sciences (IMSSS) at Sianford University. We show how
the probabilistic grammar can be used to provide a method of probabilistic
disambiguation that we think has interesting applications beyond simply the
instances analysed in detail here.

In section 5 we turn to some probabilistic developmental models of
Philippe's speech. Because there ia such a natural tendency to 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-
plex data of the kind collected in a corpus arising from unstructured conver-
sations between Philippe and his parents or other persons, neither medel fits
the data exactly, but we believe that the methodology is itseli of interest and
there is sufficient evidence in favour of the incremental model in comparison
to the stage model 1o challenge the continual use of stage models in concep-
tual discussions of the linguistic development of children. As far aswe know,
the present attempt, preliminary though it may be, is among the very first to
make 3 systematic comparison of the two basic kinds of models of develop-
mienital trends in the acquisition of grammatical rules. We would be happier
if we were able to present developmental trends for a varety 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 temtative conclusion that
the incremental 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 present 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. Itisour 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 le,
la, ', and/es. Following Dubois’ suggestion (1970: p. 152), the words du, 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 categories of common
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nouns and proper souns. Common nouns gre coded as 10 pemder and
rumber.

Fronouny. The five main categonies of pronouns are: personal, demon-
strative, possessive, intsrrogative and relative, ard indefinite. Personal pro-
uns are coded by taking into account thelr position within a sub-
ject—cbject senience, since [t is their position that determines their syntactic
form and semaniic role.

Adjectives. The six main subcategories of adjectives are: gualitative,
wumerical, demonsirative. interrogative, possassive and indefinite.

YVerbs. In written Trench: most verbs havs 2 different ending for cach form.
These variations of inflectional patterns are not reflecied in the spoken
ianguage. For example, {f')aime, {iu) aimes, {ils) aiment do not differ
proneticalty. Qur coding, '~hich agrees to a large extent yith I 4artinet {19583,
iz based on the phoneiic pattern of verb endings.

The main distinciion is between transitive, intransitive, auxiliary, apes-
sonal, pronominal and sermianxiliary verbs, znd verbs wihich may be either
imtransitive or transitive.

Several aspects of the coding of verbs need o be emphasized. In the fics
place, we have coded with the smallest sumber phonetically possible foi 2
miven form. Thus, the past perticiple allé and thz imperative aflez 2re ceded
the same. The exceptior to this rule 1s in those verbs for which the past
narticiple has the same phonetic form as the simple pasi. Example: je pris,
27is. The other point is thai the individual words of the vocabulary are coded
independently of their context and, conszquenily, composed forms, such as
jaurai regu are not coded as a single verb form but rather the individual
words eural and re¢u are coded separately.

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

Prepositions are divided into eight subcategories whose description we
omit. Al conjunctions of subordination, sach as puisque, parce que, are
coded without any elaboration of subcategories. Conjunctions of co-
ordination are similarly coded. Philippe used et; in a few cases, he used ou
and ni. _

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

Locutions. There are four subcategories: undetermined, adverbial Jocu-
tion, prepositive locution and interrcgative locution.

Cencluding 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 likelihcod 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

Using 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 317 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 gue has been omitted.
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Troup 5. Uterances with a verb — 8. This group prasants e s=wrils nues
sor utterancni that have & verb. One rule recognizss sentences io which the
subject 's missing: Aetire dayix Ze bol 1o gucre, A deg your dane man parte-
monnalz, Angther rule is the basic rule for sentences that have a subject: Je
Igis pas,

Before presenting the produocticn nules of groups 6; 7 and 8, w= explain
the rezson for mtreducing the thres nonterminal symbols 8N, 5M8 and SNF,
which have similar production rules. These ponterminals have been intro-
dueed to differenuiate the three main functions of the noun phease: subject,
abject, nominative predicate. We wanted fo formulste corvectly the teman-
tics associated with sach rule and also see if there was a developmental trend
in the usage of noun phrases depending on their function. In the first
grammars we wrote, fhe noun phrase was derived using only one rule, 5— N,
and it was impossible to separata the noun phrases by their function. Fur-
thermore, the same derivations were obtained for a noun phrase abjectof 3
transitive verb, as in Il fuste une cigarsite, as fora noun phrase subject of an
intransitive, when the subject wasrepeated at the end of the septence, ssin ]
marche I'hélicoptére. In order to have different derivations depending upon
the namare of the verb, we introduced the nonterminals SK, SKE and SNP.

Group 6. Nominative predicate noun phrases - 4. The rules of this group
involve the nonterminal symboi 3N, discussed immediately above.

Group 7. Subject noun phrases — 9, The rules of this group involve the
anonterminal symbol SMS,

roup 8, Object moun phrases - 4. The main difference between SN§
{group 7) and SNP (group B) is that the latter parses prepositional poun
phrases while the former does not. A second difierence is that SNP is used
for parsing noun phrases that occur with verbs other than the copula.

Group 9. Basic noun phrases — 7. The rules of this group are the basic rules
for recognizing noun phrases thai 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. Deerminer 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 er al. (1973).

Group 12, Noun phrase utterances — 19, The rules of this group use many
out not all 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 shall 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 (étre 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 étre 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 ézre 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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follows the verb #irg: {1 est ld-bas. The ninth rule generatés negalive uter
aness with an adjective predicate: C'2st pay vral The eleventh ruje generates
utterances in which the verbdtre is followed by anedverb: Je suis ld. Rile 24
governs verd phrases formed with transitive verbs and verbs that can be
transitive or intraasitve when there is ne dirsct objest or prepositional noos
phrase. Rule 40 povemns ulterances in which the 2cond personal pronoun &8
the indirect object of the verb: Monire-la moi,

We summarize 21 this point the remaining groups 22-9, the rules of most
of which are intuitively understandable from the titles of the groups. Group
22, with tweniy-five rules, govemns verb phrases with prepositions or per-
sonal pronouns. Group 23, with two rules, governs intransitive and impes-
sonal verbs. Group 24, with one rule, governs the copula. Group 25, with
three rules, governs trunsitive and pronominal verbs. Group 26, with two
rilles, govemns predicate adjectives. Group 27, with three rulss, govems
adjectives. Group 28, with twenty-four rules, governs guestions, and group
29, with two rules, governs adverbs of quantity.

Summary resulis of the grarmmatical analysis. There are 15,057 ioken
uiteranves (6539 types) in the corpus; 11,294 (okens {4000 types) have
been recognized by the grammar, which correspends to about 75 per cent of
the tokens and to 81 per cent of the types. We should mention that a large
rumber of types, 571 accounting for 1480 tokens, include one or more
occurrences of uncoded sounds. Since the grammar makes o effort to
account for such sounds, we note that 67 per cent of the types and 83 per cent
of the tokens were recognized when utterances involving these sounds were
discarded.

4. Probahillstic grammar and probabilistic disambiguation

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 ozder to determine its
appropriateness for a given corpus. For a number of reasons, we consider 2
probabihstic 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 ef al., 1973),

The basic strategy of the probabilistic approach to grammars is to attach 4
parameter 1o each rule of a group with the requirement that the parameters
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be interpreted as probabilities, that is, each parameter is nonnegative and
the sum of the parameters for a given group of rules is equal to 1. The
paramcter is meant to corresponrd to the relaiive frequency of use of the
given production rule of the grarnmar in generating the utterances of the
corpus. Once such parameters are assigned, we can estimate them by stan-
dard methods, for example, in many straightforward cases by 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-
fied; 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 uttex-
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 turn now to discussion of probabilistic disambiguation. When an
utterance has more than one dictionary representation, the utterance is
lexically ambiguous. 1f only one of those dictionary representations is parsed
by the grammar, we say that the ambiguity is only apparent. However, if
more than ope re presentation 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 several lexi-
cal interpretations for a sentence, we accept the most likely interpretation
according to the probabilistic grammar that we have offered. In doing so, we
are not claiming that disambiguation does not involve semantic consider-
ations in a crucial way. Rather, we are claiming thai syntactic features (of
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Table 1, Gbserved and predivied frequencies of uiierances in Fhilipge

Cbserved  Predicted Uterance type

1494 L4541 Adverd
708 TO5-00 Megaltion
2493 L5636 Indef, asticle + common noun
253 128-51 Def anicle + common noun
148 24243  Commosn aoun
198 19806  Interjection or onomatopeia
154 £1-20  Preposition + cominon noun
137 136-39 Proper noun
132 123-58  Preposition + def, arhicle + common pown
109 91-52  Trans: verb
1006 2462  Personal pronoun + irans. verb + pegation
B7 122-45  Demon. pronoun
16 212 Trans. verb + del. aricle + common noun
73 7300 (nterrog. pronoun
57 1339  Demon. pronoun + copuls + qusl sdjective
56 51-31 Preposition + proper noun
48 34-99 Werb (can be trans. or intrans.)}
44 4-48 Demaon. pronoun + copuls + indef. article + common roun
43 1961  Qual. adjective + common noun
42 5296  Qual adjective
42 42-00 Interjection + adverb L
40 15-54 Indef article + qual. adjective + common aoun
Eli 390  Demon. pronoun + copuls + proper noun
40 (+59  Interrog. protgoun + demon. pronoun + copula
+ proper noun
g 293 Adverb + personal pronoun + copula + def. article
+ COMMOoNn Qoun
it 3201 Personal pronoun + copuls + qual. adjective
i6 10-40 Verb (trans. or intrans.) + def. article + common noun
35 3500  Locution
33 4-58  Personal pronoun + muxiliary verb + verb (trans. or
intrans.}
3| B-35  Indef. article + common noun + adverh
30 58-82  Preposition + indef. article + common noun
3 240  Dremon. pronoun + copula + def. article + common noun
30 321 Personal pronoun + trans, verb + def. article

+ COMmmon noun

which the probabilistic grammar i5 a key example) may well play 2 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 whetheror
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, our 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 i 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.

5. 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 lJanguage 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 tc 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 continucusly, we have chosen te
test alternative models that represent in a global manner these two ways of
thinking about development. Before entering into agy details, it is important
to recognize that in either a discrete-stagz or a comtinuous, incremental
approach we musi take account of the obvious fact that al! normal children
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develop ndw language capacities and new skilis as they get older, in an
especially striking way in the period running from approzimately 24 to 48
months. The intellectually interesting task is not to affirm this obvigus fact,
but rather to distinguish whether the concept of stages ar the equally
mtuitive concept of continuous development provides a beiter account of
the kind of detailed data we have collected in the case of Philippe.

Although the data analysis we present is in some respects rather massive,
we regard our own efforts as very much preliminary in character, Perhaps
the most imporiant reason for saying this is that the data de not show the
kind of smoothness properties we would need to test decisively the choice
between the two models. The fit to the corpus of more than 15,000 utier-
ances of either class of models we consider is rather bad. The real point of
cur analysis is io show how one can look at the entire systematic grammar of
achild’s speech, and not merely at examples of individual utteranees. On this.
point we do not wan! to be misundersiood. We think that it will continue to
be of value 1o look at individusl utterances and to extract from them insights
into particular changes in the child's speech, Al the same time, it i5 our thesis
that it is valuable to analyse in & more global fashion the character of
linguistic development.

In considering the overall development of Philippe’s grammar during the
period under study in this chapter, it is perhaps natural to begin by asking
what sort of curve we get for the mtroduction of the large number of rules in
the grammar. An easy way to look 2t these data is to graph the cumuiative
curve, with the abscissa being Philippe's age, and the ordinate being the
number of rules used in our sample up to & given age. An analysss of this kind
is shown in figure 1.

The kind of analysis exemplified in fgure 1, however, Is quite sestricted in
character. In the first place, we have to be careful in making inferencesof 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 perweek, 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 s being
sampled in a given period. Also, it is reasonable 1o 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
earhier 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 2
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 rules,
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 before, the probabilistic parameters to be attached to
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sachclass, These probabilistic parameters are the basic data that we wani 1o
account for by altemative medels. What we are interested in Is the way that
these parameters chiange over time.

It is important 1o note that by restricting curselves to such paramaters we
do not in principle resirict ourselves in advance to any systematic develop
mental aspects of Philippe's grammar, for we could begin if we wanled with
the grammar he wses toward the end of our sample and simply assign
probability 2ero to any of the rules nol vsed during an earlier period of hiy
speech. In ather words, the grommar can include any constructions desired
zixd then we can determine from the estimation of the kind of parameters
just mentioned whether or not that construction actually oocurs,

The real question of interest iy not, as we have emphasized, the existence
Of SCcustence on one occasion of a particular construction, but rather the
central iendency to use a given construction and the way in which the central
tendency changes over time. In many respecis, what we are doing can be
regarded a3 a detailed extension of the kind of thing already done by
psychelinguists whe look at the mean length of uiterance (MLU). The
speech of almost all children exhibits 2 systematic patiern of contimued
increase in the MLU over the period of development vovered by the
Philippe corpus. Cur preblem is to determine whether similar systematic
tendencies can be determined for the use of various grammatical rules,

The all-or-none stage model. The basic assumptions of the all-or-nome
stage model are two, First, development is discontinuous and mmay be repre-
senited by a relatively small number of stages. Second, within each stage,
there is a constant probability p, 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 stationarity. 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. Tt should also be emphasized that we shall not
test the assumption of 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 shall consider is the identification of
stages and the comparison of the fit of the stage model to the incremental
mode] described below.

It also should be clear that, if we do not limit the number of stages, then for
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 sections and fit each
probability without errer. Such a model is not interesting and does not give
us any insight into the comparison between stage and incremental modais,
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What we have done is impose the requirement that for each group of rules
only two stages of development are to be looked for within the period
covered by our data. Thus, for example, if a given group of rules is n in
number, then we want to fit 2n — 2 parameters. If we have n rules or n
subgroups of rules and six stages we have in general 6n —n degrees of free-
dom and with 2n — n parameters we have left anet 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 straightforward 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 ceniral 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 judge the appropriateness of the best
choice of a rule from the given group. This appropriateness is represented in
the mean by a constant probability 7,.
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Azsumplion 3. For each mle ¢ € a group there i3 & lingsr incremenia:
change in the probability of use on a conducive occasion asa function ¢l tne
constan! orobebility n_of its appropriatensss. Thus op condurive octations

eh = ) = (1 = 8 dplr) +0n_

Assumption 4. The probability of using a rule r is changed only on
occasions conducive to use of the group of grammatical rules to which ¢
oelongs.

Assumption 5. The cceurrence of occasions that are conducive to the
child's use of any given group of grammatical rules follows a Poisson law, i.e.
the intervals between oocurrence of these conducive oocasions are indeper-
dently and idemtically distributed.

From these five assumptions, we can derive 2 simple mean stochastic
eguation. We omit the derivation. Let g be the parameter of the Polsson
process for the cecurrence of eceasions conducive to the use of a given group
of rules. Then for the boundary condition p{t,r} = p, for t = 1, the increman
tal mpdel is characterized in the mean by:

o{t,r) = n,—(n,—p e "
where &t = Gu.

Testafthe iwg-stage model. Using the six temporal sections made up from
the thirty-three sessions as described earlier, we tested the two-stage mode!
individually for each of the twenty-nine groups of rules. Second, for sach
class of rules within a given group, we estimated two parameters, the prob-
ability of use in the first stage and the probability of use in the second stage.

To give the two-stage model the optimal chance of fitting the data, we
determined on the basis of the data the best breakpoint between the stages
for each class of rules. We determine the best breakpoint by computing the
sum of squares (of the difference of observed and predicted frequencies) for
each possible breakpoint for the two-siage model, The fit of the two-stage
model 1o the data is rather poor. The sum of squares for the best break,
break 2, is 4-4 x 10°,

Test of the incremental model. The eguation for the incremental model
requires that for a given group of rules we estimate the parameter« and that
for each rule r of 2 group we estimate its initial probability p, and its
asymptotic probability n, of appropriatencss, We estimated p, by using the
probahility of use of a rule in the first time section, In the case of x, anda we
used a more complicated procedure that we do not have the space to
describe here, buil is related to statistical methods of estimation used in
learning theory.

The sum of sguares for the incremental model is 1-4 > 107, 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 used at 2 high Jevel in any syotactic tree thal generaies an
uiterance. Bule { 15 the production rule for one- and two-word utterances,
and thiz production rule shows & marked increase over the developmental
period, whereas the second rule, which is the rewrite rule for utterances that
consist of noun phrases and adjectival phrases thai are not combined with
verbs, would as expecied show & definite decrease in usage. The third rule,
which is the rewrite rule for whole sentences s well as verb phrases, has a
fairly consiant use over the developmental period. These besic facis in the
observable data are micely expressed in the theoretical curves, as may be
seen from fgure 2,
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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
exampile, the simple first rule has a sharply decreasing usage and the second
ruje, 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 mode! for rules of group 16, determiners
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mild ingrease in the uge of demansteative adjectives (rele 1), possessive
gdjectives {rule 3), and indefinite articies (rula 5), The definite srticle shows
4 marked decrcase over the penicd, =3 shown In the observed data sng
theoretical curve for rule 4,

In contrast, the two low-leve! rules govemning predicate sdjectives that
constitute group 28 do not show any marked developmenta! treads — sex

figure 5.
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Figure 5. Fit of incremenial mode! 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.



