“g(‘ " In: deGelder, B. & Morais, Jose (eds.) (1995).
Speech and Reading: A Comparative Approhch
Hove, England: Erlbaum (UK), Taylor & Francis

Gestures, Features and
Segments in Early Child
Speech

Michael Studdert-Kennedy and Elizabeth Whitney Goodell
Haskins Laboratories, New Haven, CT, USA

INTRODUCTION

Preliminary

That an alphabetic orthography represents speech at the level of the phoneme scems
to be gencrally agreed. But the definition of the phoneme and even its functional
status are still matters of contention among linguists. We do not proposc to join
the linguistic argument here. We take the facts of reading and writing 10 be
sulficient evidence for the functional reality of the phoneme as a perceptuomotor
control structure representing a class of phonctic scgments (cf. Studdert-Kennedy,
1987). We assume, further, that phonclic segiients (consonants and vowels) are
not the irreducible clements of which speech is composed. Rather, segments are
complex structures, implicit in the gestural patterns of spcech, that gradually
emerge and take on their perceptuomotor functions over the first few years of
lile. This chapter attempts to justify this claim by applying a developing theory
of articulatory phonology (Browman & Goldstein, 1986, 1989) to a small set of
data drawn from the uticrances of a 2-year-old child.

Background

A child, learning 1o talk, ofien says the same word in several different ways.
Indeed, variability of phonetic form has been a commonplace of child language
studies since their inception (¢.g. Albright & Albright, 1956; 1958; Cohien, 1952;
Leapold, 1953). On the other hand, a child, learning to talk, often says several
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different words in the same way, and this homonymy is also a.commonplace of
child language studies (see Vihman, 1981, for review). While variability and
homonymy may reflect many factors, including the communicative situation,
whether the utterance is spontancous or imitated, its meaning, phonetic structure,
phonetic context and so on (Schwartz, 1988), none of these factors would matter,
if it were not that *. .. achild’s phonemic system is in the process of development,
and the sound patterning is probably less regular than that of adult speech” (Albright
& Albright, 1956, p. 382). But what, in fact, is developing, und what is the nature
of the irregularity? What varies in the execution of atarget word from one occasion
to another? What does the child find that different words have in common?

Let us begin with the observation, now supported by a variety of evidence, that
the unit of phonological contrast, and therefore the unit of articulatory
organisation, in early child speech is the whole word or phrase rather than the
segment (Ferguson, 1963; 1986; Ferguson & Farwell, 1975; Macken, 1979;
Menn, 1983; Menyuk, Menn, & Silber, 1986; Nittrouer, Studdert-Kennedy, &
McGowan, 1989; Waterson, 1971). To say thatachild utters a word as a “whole”,
or Gestalt, cannot mean, however, that the child has not broken the word into at
least some of its parts, because ¢vcn a partly correct utterance requires co-
ordination of independent, or partially independent, actions of lips, tongue, jaw,
velum, and larynx. Accordingly, while the word may be the domain over which
a child organises its articulations, it cannot be the basic unit of production (or, a
fortiori, of perception). Nor, as the segment is no less compounded of independent
articulatory actions than the word, can the basic unit be the segment itsclf.

The standard unit adopted in studies of child phonology is, of ccurse, the
feature. By this we cannot mean the abstract feature of generative phonology, a
relational property fulfilling the linguistic function of contrast across a
phonological system, because we are dealing with a child for whom such a
system does not yet exist. We must therefore mean the concrete feature, an
absolute property located “. . . within the speech sounds, be it on their motor,
acoustical, or auditory level” (Jakobson & Halle, 1956, p. 8). However, al least
two facts make this proposal unacceptable. First, the feature has no independent
existence: It is a property of a larger unit and is carried into existence on that
unit, as an adjective, not a noun (cf. Fowler, Rubin, Remez, & Turvey, 1980).
This fact is implicit in the adjectival terminology of all feature theories: grave,
acute, compact, coronal, nasal, strident, and so on.

A second, closely related objection is that the properties to which featural
terminology customarily refers are purely static, devoid of temporal extension,
and therefore intrinsically unfit to define the dynamic properties of speech either
as a motor act or as an acoustic signal. Not surprisingly, none of several sets of
acoustic and articulatory definitions of phonological features (e.g. Chomsky &
Halle, 1968; Jakobson, Fant, & Halle, 1952/1963; Stevens, 1972; 1975; 1989)
has proved precise or full enough to support a procedure for speech synthesis or
speech recognition by machine, let alone a theory of speech production or syeech

perception.’ The “autonomous features” of autosegmental and other forms of
nonlinear phonology (¢.g. Clements, 1985; Goldsmith, 1990; McCarthy, 1988;
cf. Menn, 1978) might scem to promise a solution. However, these features are
abstract units, the temporal analogs of points in Buclidean space, admitting of
sequence, but not of extension. In short, as Ladefoged (1980, p. 485) has
remarked, *. . . phonological [eatures are certainly not sufficient for specifying
the actual sounds of a tanguage”. They can hardly therefore help a child striving
to learn how to perceive and produce those sounds,

Very much the same holds for the informal, and perhaps intuitively more
appealing, phonctic features adopted by, for example, Waterson (1971, p. 183;
cf. Ferguson & Farwell, 1975; Macken, 1979). She analyses a child’s word
fornis into: ¥ arious features of articulation, suchas nasality, sibilance, glottality,
stop  (complete closure), continuance, frontness, backness, voicing,
voicelessness, labiality, rounding, non-rounding.” Waterson goes on o group
the child’s forms into “structures”™ or gehemata”, corresponding to the adult
“prosodic™ patterns in which features are distributed over a word. She shows
how in a child’s utterance the “prosody” may be disrupted, so that features lose
their temporal order and recombine into patierns quite unlike the adult model.
In this respect, Waterson's work has stimulated the approach taken in this chapter.
None the less, her schemata are purely descriptive, indications of, but certainly
not specifications for, the spatio-temporal pattern of movements by which a
speaker, child or adult, executes a word. They offer, at most, a sketch of the high
points of a word, rendered in the familiar language of traditional articulatory
phonetics. We conclude that, despite the utility of the feature as a descriptive
and classificatory element in phonetic theory, it cannot guide a child into speech.

In fact, what a child quite evidently needs, to imitate an adult word, is a grasp
on which articulators to move where and how, and on when to move them. And
what we, Tor our part, need, 1o understand the child’s attempts, is a description
of the target word in *ims of the units of articulatory action, and their relative
timing, necessary (o ulier it No generatly agreed upon set of articulatory units
exists, although several have been proposed. Ladefoged (1980), for example,
offered a tentative list of 17 “articulatory parameters” that he judged necessary
and sufficient to specify the sounds ol a wide range of fanguages, but he did not
develop them into a functional model. Here we adopt the framework of the most
explicit model of speech production currently available, the gestural phonology
being developed by Browman, Goldstein, Sattzman and their colleagues at
Haskins Laboratories (Browman & Goldstein, 1986, 1987, 1989, 1990; Saltziman,

Fant (1962, p. 4) remarked many years ago concemning the theory of Jukobson, Fant and Halle
(1952/1963): . . . its formulations are made for the benefit of linguistic theory rather than for
engineering or phonetic applications, Statements of the acoustic correlates to distinctive features
have been condensed to an extent where they retain merely a generalised abstraction insufticient as
4 basis for practical applications.” The same is true of subsequent attempts to formulate acoustic
and articulatory correlates of the Teatures.
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1986: Saltzman & Munhall, 1989), in which the basic phonetic and phonological
unit is the gesture. We illustrate the approach with a small set of data, drawn
from the utterances of a 21-25-month-old girl, learning American English. But
before we come to the data we must give a brief sketch of the gestural framework.

Gestures as Basic Units of Articulatory Action-

If we watch, or listen to, someone speaking, we see, or hear, the speaker’s mouth
repeatedly closing and opening, forming and releasing constrictions. In the
framework of gestural phonology, each such event, each formation and release of
a constriction, is an instance of a gesture. Constrictions can be formed within the
oral, velic or laryngeal articulatory subsystems; within the oral subsystem, they
can be formed by the lips, the tongue tip (blade) or the tongue body. The function
of each gesture, or act of constriction, is to set a value on one or more vocal tract
variables that contribute to the shaping of a vocal tract configuration, by which
(in conjunction with pulmonic action) the flow of air through the tract is controlled,
so as to produce a characteristic pattern of sound. Presumably, this pattern of sound
specifies for a child (or an adult) the gestures that went into its making.

Figure 4.1 displays the tract variables and the effective articulators of a
computational model for the production of speech, at its current stage of
development (Browman & Goldstein, 1990). The inputs to the model are the
parameters of sets of equations of motion for gestures. A gesture is an abstract
description of an articulator movement,’ or of a co-ordinated set of articulator
movements, that unfolds over time to form and release a certain degree of
constriction at a certain location in the tract. Settings of the parameters permit
constriction degree (o vary across five discrete values (closed, critical, narrow,
mid, wide), and constriction location for oral gestures to vary across nine values
(protruded {lips], labial, dental, alveolar, post-alveolar, palatal, velar, uvular,
pharyngcal).J The reader may observe that the degree and jocation of an oral
constriction roughly correspond to the manner and place of articulation of a
segment in standard terminology.

The gestures for a given utterance are organised into a larger co-ordinated
structure, represented by a gestural score. The score specifies the values of the
dynamic parameters for each gesture and the period over which the gesture is
active. Figure 4.2 schematises the score for the word nut ([nat]), as a sequence

In what follows we use the term “gesture” to refer either to an underlying abstract control
structure, or to a concrete instance of a gesture activated by this structure, relying on context 1o make
clear which is intended.

*These categorical values, axiomatic within gestural phonology, may have emerged evolutionarily,
and may still enierge ontogenetically, through auditory and articulatory constraints on individual
gestures (Stevens, 1989), and on the entire set of gestures within the child’s developing lexicon
(Lindblom, 1986; Lindblom et al., 1983).

tract variable I articulators involved
LpP lip protrusion upper & tower lips, jaw
LA iip aperture upper & lower 1ips, jaw
TTCL tongue tip constrict location tongue tip, tongue body, jaw
1TCD tongue tip constrict degree tongue lip, tongue body, jaw

TBCL tongue body constrict location]  tongue body, jaw
TBCD tongue body constrict degree tongue body, jaw

VEL  velic aperture velum

/—\ . upperlip

tongue ti
velum d P . lowerlip
VE . aw
,/L/ tongue J
body
center

. tongue root

glotti

£1G.4.1 Tract variables and associated articulators used in the computational model of phonology and
speech production discussed in the text (adapted from Browinan & Golustein, 1990).

LIPS

TONGUE
TIP
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BODY pharyngeal
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t
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[ *n A t ]
Time

FiG.4.2  Schematic gestural score for the word mur | nat). The boxes indicate the activation intervals called
for by the score, the solid lines the tract variable changes over time. The extension of the velic activation
interval by dashed lines indicates possible free variation in the duration of the velic gesture.
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of partially overlapping gestural activation intervals with the generated tract
variable motions superimposed; possible frec variation in the duration of the velic
gesture, and the resulting nasalisation of the vowel, is indicated by extending the
velic activation interval with a dashed line.

We cannot here go into detail on the workings of the model (for which the
reader is referred to the papers cited earlier). We note only the following further
points that, taken with the preceding sketch, may suffice for an intuitive grasp
of how a gestural framework can contribute to an understanding of the nature
and origin of irregularities in a child’s early words.

1. Aninstance of a gesture is an objective, observable event. We can observe
a gesture by ear, and this is the usual basis of both imitation and phonetic
transcription. We can observe a gesture by eye, either unaided, as in lip-reading,
or with X-ray cinematography. We can observe a gesture by touch, as in the
Tadoma method of speech perception. Finally, we can observe a gesture by
sensing our own movements. However, if gestures drawing on the same, or
closely neighbouring, neuromuscular sets overlap in time (as, for example, in
certain lingual gestures for the consonantal onset and vocalic nucleus of a
syllable), the individual gestures may merge, SO that we can observe only the
resultant of their vectors.

2. The articulator sets and their dimensions given earlier are not exhaustive.
For example, the tongue root must ultimately be included in the model to handle
variations in pharynx width. Also, constriction snape will have to be included,
to handle the tongue bunching, narrowing or hollowing, necessary in the
formation of certain complex gestures (cf. Ladefoged, 1980). Even the definition
of the gesture itself may have to be revised to permit independent control of the
formation and release of a constriction.

3. A gesture is larger than the properties of constriction location, degree, and
shape that describe it, but smaller than the segment. Several independent gestures
are required to form a segment, syllable, or syllable string.

4. Each gesture has an intrinsic duration that varies with rate and stress.
Correct execution of an utterance requires accurate timing of the gesture itself,
and accurate phasing of gestures with respect to one another.

5. By adopting the gesture as a primitive of articulatory action we can predict
what types of errors children are likely, or not likely, to make in their early
attempts at adult words. This topic we now discuss.

The Gestural Origins of Errors in a Child’s
Early Words

Phonetically, speech emerges over the first year of life from the lip smacks, tongue
clicks, and pops associated with the vegetative processes of eating and breathing,
combined with the stereotyped vocalisations of cries and comfort sounds (Stark,
1986), through the reduplicated syllables of canonical babble, into the brief

strings of phonetically contrastive elements that make up early words.
Articulatorily, the progression is a cyclical process of differentiation and
integration by which the child moves toward finer modulation of individual
gestures and more precise phasing of their sequence. (For a fuller account of the
hypothesised developmental course, see Studdert-Kennedy, 1991 a, b))

Here, two steps are of interest. The first is the shiftin gestural timing associated
with the integration of pre-babbling oral and laryngeal gestures into the canonical
syllable, usually around the seventh month (Holmgren et al., 1986; Koopmans
van Beinum & van der Stelt, 1986). Earlier vocalisations, termed “marginal
babble” by Oller (1980), are commonly longer than adult syllables, but display
adult-like properties of resonance, intensity, and fundamental frequency contour.
Canonical babble is marked by integration of a resonant nucleus with rapid
(25-120msec) closing gestures at its margins to form a syllable with adult-like
duration (100-500msec) (Oller, 1986). The canonical syllable is the first step in
the emergence of two major classes of oral gesture: the narrow or complete
constriction of consonants and the wider constriction of vowels (cf. MacNeilage
& Davis, 1990).

The early canonical syHable is often, although not always, one of a rhythmic,
reduplicated string of identical syllables. Reduplication indicates first that the
child may lack independent control of the closing constriction at the margin and
the wider constriction at the nucleus of a syliable; second, that the child cannot
easily swilch gestures in successive syllables. The tendency to reduplicate may
continue for many months, oreven years, as evidenced by the commonly reported
harmony in carly words between consonants (Vihman, 1978) and vowels, and
even within consonant—vowel sequences. The last is revealed, for example, by
certain children’s preference for high front vowels after alveolar closures, and
for low back vowels after the relatively extensive jaw-lowering release of labial
closures (Davis & MacNeilage, 1990; cf. Jakobson, 194171968, pp. 29, 50).

Integration of pre-babbling gestures into the canonicat syllable is a necessary
condition of a second step: differentiation of the syllable into independent
gestural components. Differentiation gives rise to what Oller (1980) terms
“variegated babble” in which the consonant-like syllable onset and the vowel-
like nucleus, or both, differ in successive syliables. The process may begin soon
after, or even at the same time as, the onset of canonical babble, but typically
comes to predominate in the fourth quarter of the first year, and continues over
many months in both babble and carly words (Davis & MacNeilage, 1990;
Vihman et al., 1985).

Before we consider the types of error that a child may make we should note
that, although we shall appeal to similarity among gestures as the basis of a
child’s confusions, we will not spell out the dimensions of similarity. In fact, we
shall deliberately avoid the question of whether those confusions reflect an
incomplete percept (under which we may include incomplete storage of the
percepl in memory) or inadequate articulatory control (under which we may
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include failure to recover stored motor commands from memory). Perhaps, indeed,
there is no general answer to this question: Similar errors may reflect different
processes in different words and in different children. Here we adopt a neutral
stance. We suppose that learning the phonology of a language is a matter both of
learning to perceive the acoustic pattern that specifies a talker’s gestures, and of
learning to plan and produce that pattern oneself. Both these processes can be a
source of error. )

Differentiation itself has two aspects, each open to characteristic forms of error.
The first is paradigmatic differentiation among individual gestures. Possible
errors here follow from failure to identify or execute the location, shape, or degree
of a gesture; in the limit, an error of degree (or amplitude) may yield complete
omission. The second aspect is syntagmatic differentiation among gestures in a
particular utterance. Possible errors here include gestural reduplication
(harmony), errors of liming (duration and relative phasing, including metathesis),
and errors of amplitude or degree. The consonant—vowe! (or vowel-consonant)
harmony noted earlier may be viewed as a syntagmatic error arising from
incomplete differentiation of the syllable into its component consonantal and
vocalic gestures. Our purpose in what follows is to illustrate how the erroneous
forms of a child’s early words can be perspicuously described as arising from
gestural errors such as these.

METHOD

The subject “Emma” is a second child, born in Connecticut, USA, to parents
who had moved there from Vancouver, British Columbia. Emma’s mother was
the full-time caregiver for the child. The second author of this chapter (E-W.G.)
lived with the family before and during the study and spent several hours a day
observing Emma at meals, watching her play with her older brother and interact
with her parents, and occasionally looking at picture books with her. One of these
books (Richard Scarry’s Best Word Book Ever) was a rich source of new words
(Scarry, 1980).

Audio recordings began when Emma had a vocabulary of about 100 words,
mostly monosyllables understood primarily by her mother and brother. The size
of her vocabulary was assessed with the MacArthur Communicative
Development Inventory for Toddlers, and by maternal report. In the 91st week
her mean length of utterance (MLU) was 1.00 and at the end of the study (week
106), 1.15. For the weekly audio taping sessions, lasting from 30 minutes to an
hour, she wore a wireless 831 Audio Technical lapel microphone concealed in
a vest. E.W.G. was present at all sessions and kept a diary of the subject’s
phonological development to supplement the recordings.

To facilitate the transcription and analysis of Emma’s utterances, recordings
of the sessions were digitised on a VAX 780 computer, ata 20kHz sampling rate,
to yield a total of some 950 utterances of which the experimenter and a colleague

independently transcribed roughly 250. Transcription followed the principles of
the lnternational Phonetic Association (1989), with some elaborations according
to the Stanford system for transcribing consonants in child language (Bush et al.,
1973). Each utterance was coded as either spontancous or imitated; an utterance
was assumed to be spontaneous, unless it immediately followed the adult target;
all the examples reported in this chapter were spontancous, unless otherwise
indicated. We report only utterances on which the two transcribers independently
agreed. The transcriptions will be given in square brackets, following the
convention for adult phonetic segments. We emphasise that our use of phonetic
symbols does not imply that segments were already established in the child as
discrete units of perception and production. A phonetic symbol is simply a
convenient shorthand for combinations of laryngeal, oral or velic gestures.

RESULTS AND DISCUSSION

Many rescarchers have described how a child, making the transition from
reduplicated babble to variegated speech, discovers a pattern that roughly fits a
fair number of adult words, and so can serve as a bridge into the lexicon. These
patterns, variously termed prosodic schemata (Waterson, 1971), canonical forms
(Ingram, 1974), articulatory routines, programs, templates (Menn, 1978; 1983),
word patterns (Macken, 1979), or vocal motor schemes (McCune & Vihman,
1987) will be treated here as routinised gestural scores. (Much of our analysis
will indeed follow the lead of Waterson, 1971, Macken, 1979, and, particularly,
Menn, 1978; 1983, whose attention to the articulatory organisation of a child’s
utterances anticipates our own). Gestural routines support both stereotypy
(including homonymy) and variability in a child's early attempts at words; they
are of interest because the gestural propertics common to a particular score and
to the different target words for which it is used reveal the scope of a child’s
gestural conflations. ‘

Stereotypy

Gestural Routines in Babble and Word Play. During the sessions themselves
Emma did not babble much, but diary entries from the first month of the study
(weeks 91-94) often record Emma’s babbles while quictly playing. For example:

(1) [a'birn'a’bin‘a’biin]

2) ['bc:'da'be:'do'be:'da'bc:'da]

These utterances happen to consist of repetitions of one of Emma’s forms
for elephant ('a'bin]) and playdough ('ber’dal), but she chanted the sequences
in a sing-song, with no apparent communicative intent. Both utterances
contein the alternating sequence of constrictions at the lips and at the alveolar
arch that proved to be Emma’s mosl productive gestural routine. (For an
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example of another child, learning Mexican Spanish, with a similar routine,
see Macken, 1979). '

Strings of similar alternations occasionally occurred in taping sessions over
the same period:

3) ['mAlI:'mAlI:'mAII:]

4) ['u'bu:‘dix‘c'bu:'di:'o'bu:'ku:ki:]

5) ['we:'da‘wi:'da’me:'na'mi:'na'mu:'ni:'mi:'ni:‘mi:'ni:]

Emma repeatedly produced (3) in weeks 92 and 93, elongating the final
frication, as though savoring the flow of air, and with no apparent rcferent. (4)
contains two of Emma’s words (see Table 4.1 for ['a'but'diz]), while (5) is a
mixture of apparent nonsense syllables and word forms (se¢ Table 4.2), but none
of the objects to which the words refer was present. In (4) she abruptly broke
off her labial-alveolar chant when a cookie came into view. In (5) she seemed
to be playing with the location and degree of labial constriction ({w]-{m}), the
degree of accompanying velic constriction ([w]-[m], ld]-[n]), and (in an
apparent instance of vowel-consonant harmony), the front-back location of
narrow constrictions at the syllable nucleus before an alveolar constriction
(lis}-(ex)-{uz .

These examples illustrate the emergence of gestural stereotypy in babble
and word play. They also illustrate the familiar, but important fact that a
listener often cannot distinguish, by phonetic form alone, between syllables
that are babbles and syllables that should count as a word.” Despite the
discontinuity of function that Jakobson (1941/1968) noted many years ago,
babble and speech are formally continuous.’ An adequate account of the shift
in function must therefore posit units of action that can be comfortably
engaged by both babble and speech. Phonemes, phonetic segments, and
features are unsuited to this task: They cannot properly be adopted for pre-
linguistic babble because they are defined in terms of language and speech.
Moreover, as already noted, segments are complex units, customarily

‘The problem and criteria for its solution are thoroughty discussed by Vihman and McCune (in
press).

SMuch of the controversy over the issue of continuity between babble and speech has arisen, in
our view, from a misreading of Jakobson's claims, and from a failure to distinguish between phonetic
form and phonetic function. Jakobson himself drew this distinction quite clearly. Although he
believed that ™. . . a short period may sometimes intervene . . . in which children are completely
mute", he also recognised that: “For the most part . . . One stage merges unobtrusively into the other,
so that the acquisition of vocabulary and the disappearance of the pre-language inventory occur
concurrently” (Jakobson, 1941/1968, p. 29). In fact, he assumed what later studies have conclusively
demonstrated (e.g. MacNeilage, Hutchinson, & Lasater, 1981; Oller, Wieman, Doyle, & Ross, 1976,
Vihman et al., 1985) that listeners often cannot distinguish, by phonetic form alone, a “child’s embryo-
words from the pre-language residue” (Jakobson, 1941/1968,p. 29). The discontinuity that Jakobson
(correctly) posited was a discontinuity of function, not of form.

TABLE 4.1
Active Use of the Labial-alveolar Routine as a Bridge into the Lexicon

New Words Adult Target Emma’s Attempts
Cranberry ['krenberi]) |'be:'bi] ['bot'ber'bi] {'a'bu:'di:}
Red Lights {‘red'lauts] ('wez'jai] {'be't0ants]
Hippupotamus ['hipa'patamas] {'a'pinz] {"hipus]

analysed into their featural predicates, whereas features have no existence
independently of the syllables and segments they describe. By contrast, the
posited gesture is an integral unit of action that can serve equally as a
primitive unit of both babble and speech.

Gestural Routines as Bridges into the Lexicon. A child who has discovered a
gestural routine, such as the labial-alveolar sequence described above, will often
extend it to a surprisingly diverse collection of new words in which it recognises
the appropriate pattern (Macken, 1979)—in Emma’s case words as diverse as
cranberry, red lights, and hippopotamus (see Table 4.1). Thus in the recording
session of week 92, Emma’s mother showed her a cranberry for the first time,
repeated the word ¢:d asked her to say it. First Emma attempted the word with
gestural harmony, repeating the labial closure of the second syllable, {‘be:'bi:], then
she perfected the number of syllables, [‘bo:'be:'bit], finally she reverted to a three-
syllable labial-alveolar routine, ['a'bus'diz], transposing the post-alveolar retroflex
constriction of [r] into the alveolar closure of [d]. She used this form for cranberry
for approximately the next two months. (We may note, incidentally, that Emma
here adopted a tactic that recurred in her attempts at several other words, usually
words of three or more syllables. She lowered her jaw and substituted the wide vocalic
gesture of [a] as a sort of place-holder for the initial syllable or syllables.)

In week 95, hearing her mother point out the red lights on the tape recorder,
Emma spontancously attempted red lights as ['we:'ja1}, and seconds later,
without correction, a$ ['bet'Baits]. Here, for {r], she first picked up the narrow
constriction at the protruded lips, but omitted the accompanying post-alveolar
retroflexion, giving [w}, then fell back on full labial closure, giving [b}. The
alveolar closure for [d] she omitted on the first attempt, while successfully
executing the nearby palatal glide of {j] in place of [I}—a common shift in the
exact location and shape of the gesture for (1} in early speech (e.g. Vihman &
Velleman, 1989). On the second attempt she achieved full alveolar closure, but
anticipated the glottal opening and critical fricative constriction of final [ts], giving
the sequence {10] instead of [dl].

A final, more complicated example occurred in weck 101. Seeing a familiar
picture of a hippopotamus, Emma spontancously pronounced |'apinz]. Here she
substituted her favoured wide vocalic constriction for the first one or two
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syllables. The remaining three or four syllables she collapsed into one, built
around her labial-alveolar routine. For this she correctly executed the labial
closure and glottal opening of [p], as well as the alveolar constrictions of medial
[t] and final [s]. But she omitted the labial closure of [m] and the glottal openings
of [t] and [s]; she roughly harmonised the syllable nucleus to the following
alveolar closure; and she erroneously synchronised alveolar closure for [t] with
velic opening tor {m]. The ouicome of these manoeuvres was [pinz], a syllable
composed of four apparent segments, three of whicii do not occur in the target
word—a result difficult to understand if we assuie segmental primitives, but
readily intelligible in gestural terms.

To Emma’s spontaneous {'apinz] E.W.G. replied: “Oh, hippopotamus”,
eliciting a form that Emma had usced on previous occasions: ['hipas], repeated
four times. Here, with the model freshly in mind, Emma recaptured the first
syllable, but omitted the second, ag well as the medial alveolar and velic gestures
of the final three syllables, which she collapsed into the bare routine of initial
labial and final alveolar gestures.

These three examples illustrate Emma’s active use of aroutinised gestural score
as an armature, or skeleton, around which to construct her articulation of words
presumably otherwise too difficult, whether perceptually or motorically, to
attempt. We have characterised the routine in terms of rough gestural location,
disregarding differences in precise location and in degree or shape. Thus, we

TABLE 4.2
Words Attempted by Means of the Labial-alveolar Routine in Weeks 91-94
Emma’s Attempts Adult Targets
{'bus'di)* berry, bird, booster
{'be:'da}* pillow, playdough
['bez'diz] umbrella
{'pe:'da] peanut
['pa'ta] puppet
('me:'na] tomato
['me:'ni:] medicine
['mu:'niz} ) money
{'we:'da] playdough
{‘we:'di:] raisin
{'a'mi:n]* elephant, airplane
{'a'biin] elephant
['a‘piin] airplane
['a'bu:'diz]* Happy Birthday,

cranberry, raspberry

*Homonyms

have treated |b/p/m] and [w] as equivalently labial in Emma’s utterances, {d/t/n},
1jl, [r], and [s] as equivalently alveolar. These equivalences are justified by
Emma’s gestural alternations both in the examples given earlier and in her other
uses of the labial-alveolar routine, to which we now turn.

A Gestural Routine as a Source of Homonyms. Table 4.2 lists the entire
set of recorded words 1o which Emma applied the labial-alveolar routine. Some
of these were in Emma’s repertoire before the study began (according to
maternal report) and, with the exception of [*a'min], elephant, all were recorded
during the first month of the study. We have grouped them according 1o the
similarity of their phonetic patterns, making clear that in addition to the actual
sets of homonyms, marked with asterisks. there are several sets of near-
homonyms (Emma’s forms for pillow and umbrella, tomato and medicine,
playdough and raisin, where each member of a pair differs from the other only
in its final vocalic gesture). These homonymous groups, clearly not
semantically based, validate the proposed routine as a functional process in
Emma’s attack on the lexicon, by drawing attention to gestural similarities
among target words that, at first glance, are quite dissimilar (cf. Vihman,
1981). Thus, we find alveolar [d] for [r] in berry, for [st] in booster, for {1] in
pillow and umbrella, for [s} in raisin. At the same time, the labial grouping is
justified by Emma’s own use of [b] and [w] for [pl] in playdough, of [p] and
[m]} for [pl] in airplane, of [w] for initial {r] in raisin, of [m} and [b] for [f] in
elephant.

Several of these substitutions can, of course, be interpreted in featural terms.
However, substitution of the narrow labial constriction of [w] for [r] in initial
position, but of full alveolar closure for |r] in medial position, would not be
expected on a featural account, because a given segment carries the same featural
predicates regardless of context, and so should be subject to the same perceptual
or motoric confusions.” A gestural account, on the other hand, predicts such
syntagmatic errors precisely because it views the task of learning to talk as quite
largely one of learning to co-ordinate gestures that may differin their articulatory
compatibility (cf. Menn, 1983). We shall see further examples of contextual
effects in our discussion of variability.

Finally, we must remark on another process, difficult for a featural account,
and important to our later discussion: The tendency for gestures to “slide” along
the time line (Browman & Goldstein, 1987) into misalignment with other
gestures, often giving rise to apparent segments not present in the target word.
We have already noted this process in Emma’s ['apinz] for hippopotamus. Here
(Table 4.2) we find it in {'me:'na), tomato, where velic lowering for [m] extends
into the alveolar closure for [t], yielding {n); and in [‘a'miin}, elephant, airplane,
where velic lowering for [n] slides into alignment with labiual closures for [f] or

*We thank Susan Brady for pointing this out to us.
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tpl], yielding [m]. In these examples the effect is of gestural harmony, and so
may be due not only Lo an error of gestural phasing, butalso to ... the difficulty
in planning and production of rapid changes of articulation in a short space of
time” (Waterson, 1971, p.13, cited by Menn, 1983, p. 30). Of course, this too is
a form of timing error.

Variability

Spontancous Variations. Although a gestural routine may afford a child initial
access to diffic.:t words of similar gestural pattern, it cannot solve all the
problems of gestural selection and phasing with which the child must contend
in moving toward an acceptable pronunciation. Variability within the constraints
of the routine is an important part of this process.

For example, Emma’s attempts at elephant in a single session in week 91
included: [‘am'bin}, {*a‘min}, {'a’fin], and ['a'pin), all of which are formed by
combining her initial vocalic place-holder and her labial-alveolar constriction
routine with her favoured medial vowel—consonant harmony. Yet within these
limits she seemed to be trying to hit upon the exact location of the gesture for
labial [f], and the relative phasing of glottal opening for [f] and velic lowering
for [n}. She experimented with the timing of velic action again in her forms for
raisin: ['we:'ni], ['wein’di}, ['we:'di}. And in ['be:'da), ['we:'da], playdough,
she seemed to be trying to simulate the labial alveolar sequence in the cluster
{pl} by playing with the exact location and degree of labial constriction.

Further examples of variability within the constraints of a stereotyped routine
come from Emma’s attempts to execute the syllable ['nat] in the words doughnut
and peanut. We might have expected these words to be relatively easy, the first
because it calls for three harmonious alveolar gestures, the second because it fits
Emma’s labial-alveolar routine, already well established when she met the word.
But in fact they proved to be quite difficult, both overall and in their identical
final syllable in particular. This syllable elicited very different patterns in the
two contexts—a type of result, as we have already remarked, readily intelligible
on a gestural, butnot on a featural account of her errors.

Doughnut was introduced in week 92. Emma’s first attempts were [*dur'datf]
and ['do:'dats). The final critical alveolar constrictions added apparent segments
not present in the model. They were not attempts at the plural, because she was
given only part of a doughnut to eat and only heard the word in the singular.
Rather, they seem to have resulted from a relatively slow releasc of [t], making
the fricative portion of the release (Fant, 1973, p. 112) more salient. Steriade
(1989) offers a similar analysis for derived affiicates, proposing that they
« _differ from stops in the quality of their release”. Over the next 10 weeks
Emma’s attempts at this word varied over forms as diverse as ['du:'da] and
['du:n'dAnt]. The jatier seems to result from prolongation of the alveolar closure

for medial [n] after velic release, piving an unwanted [d], combined with
prolongation of the alveolar closure for final (1} and a shiftin (or harmoiious
repetition of) the medial velic gesture, giving the unwanted tinal cluster. Figure
4.3 (top) displays a schematic gestural score illustrating the timing errors
required to make the shitt from | 'nat] (Figure 4.3 {middle])to {*dant], and Table
4.3 lists in chronological order some of the variations on nut in doughnut for
comparison with those elicited by peanut.

Emma encountered a peanul in a picture book in week 94, Drawing
appropriately onher tabial-alveolar routine, she first tried |'pet‘doa], omitting velic
action, and later that week, ['pe:n'tal, where prolongutiun of the medial alveolar
closure, combined with a shift in the timing of the final glottal opening, relative
1o velic closure and the tongue body gesture, gives rise to an apparent shift in
the ordering of the target consonant-vowel-consonant sequence-—a result
difficult to explain in cither segmental or featural terms. In week 96 she oftered
['pi:'papl, omitting the velic gesture and succumbing *o labial harmony, and
['pe:m'pump]. The latter, formally analogous to |'dun'dant], doughnut, with its
velic harmony, mistimed velic action, and resulting unwanted segments, 15
further complicated by the substitution of harmonised labial closures for the
alveolar closures called for by the target, and proper to her routine. Figure 4.3
(bottom) illustrates the ervors of gestural focation and timing required to make
the shift from [‘nat} to [*pampl.

Other examples of Emma’s errors, evidently due to a variety of gestural
processes, including harmony and the slow release of alveolar closures,
include: |'du:'detfiz], 'doma'tffiz], doughnut please, and ['sctzeh]iz],
['sepa'piz), selizer please. As isolated forms for both selizer and please
occurred in Emma’s repertoire, the last example nicely tllustrates a child

TABLE 4.3
Spontaneous Variability Within and Between Words:

Nut as in Doughnut and Peanud

Doughnut ['dO natf -y Nut Nut e~ Peanut ['piinat
O e
{'duz'dal da da ) {'pe:'dal
|'duin‘dant] dant [N {'pein'ta]
|'do:"dizdat] dat de: ['pes'den)
{'duz'dalf] datf pamp [perm'pamp
{'dut'dats dats pAp ['pit'pap]
{'do:'nat} nat nal ['piz'nat]

Note: The same target syllable exceuted differently in ditferent phonctic contexts and on different
occasions. The utlerances are listed chronologically, but the columns for doughnut and peanut are
not synchronised.
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organising its articulations over a phrase of several syltables (cf. the “coalesced
word patterns” of Macken, 1979).

Variability in Imitations. ~ As a final example, let us consider six of Emma’s
repeated attempts to imitate a word that did not lend itself either to gestural
harmony or to the labial-alveolar routine: apricot, ['wpri'kat]. (All these
examples were recorded in week 95, except for the third which was recorded in
week 105.) The word is challenging because it calls not only for three different
locations of gestural closure, irregularly ordered (labial, velar, alveolar), but also
for an alternating pattern of glottal closure and releasc.

Table 4.4 lists Emma’s attempts. With several exceptions she captures certain
properties of the word quite accurately: the number of syllables (2-6), the stress
pattern (1,4), an initial vocalic gesture ( 1-4), the constriction degree of the final
vowel (1, 3-6), the rough location of at least two out of three consonantal
constrictions (2-6), and, omitting the initial velar intrusions of S and 6, the
labial-lingual sequence of these constrictions. Yet every attempt contains at
least one apparent segment not present in the model: [b], [g], [f], [ts]. or [n].
With the exception of [f] (an error in the exact location and degree of the word’s
labial constriction), all these errors arise from a failure of gestural timing or co-
ordination: for {b], [g], and [g], a failure to open the glottis during oral closure;
for the affricate [ts] (in 4), a relatively slow release of [t], as in the earlier
examples. Other indications that Emma had difficulty in managing the alternating
pattern of glottal action in the word come from the brief periods of aspiration
(superscript [h]) inserted in 1, 4, and 6. Finally, the whispered initial vowel of
2 presumably reflects a delay in glottal closure, whereas the initial velar nasal

3
) TABLE 4.4
‘Imitation: Within-word Variability in Emma’s Attempts at apricot.

Adult Target Order of Closure Emma’s Imitations Consonantal
Constrictions Constrictions
['zprikat] Labial—Velar-—Alveolar 1. {'aibd’aas] L
2. ['gpa'gal L—V
1. (‘a'fu'kal] L—V
4. {"afa'tsa:] L—A
, 5. ['gel'ga'po:] V—V—L
) 6. (‘ya"ap a't'ai] V—L—A

Note: Apparent consonantal segments in Emma’s responses not found in adult target: (bl [g). [f].

{isl. 1A ™

FIG. 4.3  Opposite: Schemalic gestural scores for the target word nut, | 'nat] [centre ], and for nut as spoken
by Emuna in doughnut, {"dant] (top). and peanut, | pamp] (botton). The extensions of the velic activation
intervals by dashed lines indicate possible free variation in the duration of the velic gestures.
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of 6 reflects a delay in velic closure, as the child moves from silent breathing to
speech. Thus, the principal source of error (apart from errors in the location and
degree of vocalic constrictions) was gestural phasing. No doubt we could
construct a set of “rules” relating the observed segments to the supposed
underlying forms of the target utterance. But the task would be laborious, and
completely ad hoc. A gestural account, by contrast, is simple and readily
intelligible. :

GENERAL DISCUSSION

The Relation of Gestures to Features and
Segments

We have tried to show how a child's errors in carly words can arise from
paradigmatic confusions among similar gestures in a child’s repertoire and from
syntagmatic difficulties in co-ordinating the gestures that form a particular word.
Yet a reader accustomed to think in terms of features and segments may see little
difference between our approach and those of previous researchers. For example,
Waterson (1971, p.181) proposes that ™. .. a child perceives only certain of the
features of the adult utterances and reproduces only those that he is able to cope
with”™; Macken (1979, p. 29) writes of a child’s **. . . tendency to conibine features
from different segments of the adult word™; Ferguson and Farwell (1975, p. 426),
commenting on achild’s diverse forms for a single word, suggest that the child®...
seems 1o be trying to sort out the features of nasality, bilabial closure, alveolar closure,
and voicelessness.”

What is missing in all these formulations is an explicit statement of how a
“percept is linked to its articulation. Their implicit conception of the link seems
10 be close 1o that of K.N. Stevens who answered a conference question on this
matter as follows: “1 would say that the lexicon is represented in abstract units
that are neither directly articulatory nor directly acoustic. A relution projects these
abstract units both to the acoustics and to the articulation. As you can see, [ am
taking the view of Jakobson, originally postulating something like features
which have both acoustic correlates and articulatory correlates and must have
both” (Matungly & Studdert-Kennedy, 1991, p. 194).

We have already stated the key objection 10 this position: A feature is a
property, not an entity. Phonetic features are not like facial features—eyes,
nose, mouth —cach of which can, at least in princi, le, be removed from one
face and transferred to another. Rather, phonetic features are like the size
and shape of a nose. We cannot remove ¢ither without removing the nose in
which they are embodied. In short, features are attributes, not substantive
components.

Of what substantive object ur event, then, is the feature an attribute? The
customary answer, the phonetic segment or phoneme, will not do, because

[ T R S

segments are defined by their feattres: The answer is circular as long as we have
no independent (and no substantive) definition of a segment. We propose, instead,
that & feature is an attribute of a gesture. We assume that gestures, like Jukobson’s
features, . . . have both acoustic correlates and articulatory correlates and must
have both.” Because these two sets of correlates are necessarily isomorphic, the
gesture is the link between speech pereept and its articulation. In this respect,
speech  gestures resemble every other imitable act Their perceptual
representation specifics their motor form.,

Adopting the gesture as a vehicle for the feature also permits an independent
and substantive definition of the segment. We noted carlier that the canonical
syHable was the first step toward differentiation of two major classes of oral
gesture: vocalic and consonantal. Let us now note, further, that although
consonant and vowel gestures may interact (as in Emma’s preferences for
particular consonant—vowel combinations) they are not interchangeable: we
do not find a child (or an adult) making the mistake of replacing a
narrow/mid/wide vocalic gesture with a closed/critical consonantal gesture,
or vice versa. No doubt such errors are blocked by the biophysical structure
of the syllable, that is, by its alternating pattern of opening and closing the
mouth. In any event, we view differentiation of the syllable into its closed and
open phases as a move toward the formation of gestural routines with a
narrower domain than the word, namely, the encapsulated patterns of precisely
phased laryngeal, velic, and oral gesture that we term segiuents (cf. Menn, 1986;
Studdert-Kennedy, 1987).

The Emergence of Segments

The emergence of segments as elements of word formation in a child’s lexicon
seems, then, to have two aspects. The first is the grouping of all instances of
a particular sound-gesture pattern into a single class, presumably on the busis
of their perceptuomotor, or phonetic, similarity (e.g. grouping the initial or
final patterns of dad, dog, bed, cte. into the class Jd/). The second is the
distributional analysis and grouping of these gesture-sound patterns into higher
order classes (consonants, vowcls) on the basis of their syllabic functions
(onset, nucleus, coda).

Two possible selection pressures may precipitate formation of these
categories. One pressure is toward cconomy of storage. As the lexicon
increases, words may orgonise themselves according 1o their shared gestural
and sound properties. Recurrent patterns of laryngeal and supralaryngeal
gesture would thus form themselves into classes of potential utility for
recognition or activation of lexical items (Lindblom, 1989; Lindblom,
MacNeilage, & Studdert-Kennedy, 1983). .

A second pressure may be toward rapid lexical access in the formation of
multiword utterances. Several authors (¢.g. Branigan, 1979; Donahue, 1986) have
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reported evidence that the form of early multiword combinations may be limited
by the child’s ability to organise the required articulatory sequences. Donahue,
for example, reports her son’s “adamant refusal” to attempt two successive
words with different initial places of articulation. Such findings imply that the
integration of gestures into independent phonemic control structures, or
articulatory routines (Menn, 1983), may serve to insulate them from articulatory
competition with incompatible gestures, and so facilitate their rapid, successive
activation in multiword utterances.

SUMMARY

We have presented three lines of evidence for a gestural model of phonological
development that can deal coherently with (1) the continuous transition from
babbling to speech, and (2) the word as the contrastive unit of early phonology.
For the transition from babbling to speech, details of the developmental course
may vary from child to child: Not every child displays gestural harmony, not
every child who does so escapes from harmony into the lexicon by a
nonharmonious gestural routine. None the less, every child does have to find a
path from babbling to speech. We have argued from one child’s path that the
gesture, with its roots in the child’s pre-linguistic mouthings and vocalisations,
is a more valid unit of linguistic function than the feature with its roots in the
formalisms of adult phonology.

With regard to the word as the contrastive unit of early phonology, we have
reviewed two lines of evidence that the gesture, rather than the feature, is the
basic unit of 2 word’s articulatory organisation. First, the same syllable may take
different forms as a function of the target word, or phonetic context, in which it
appears. A featural account would not preilict this outcome, because a given
segment carries the same featural predicates regardless of context, a pestural
account, on the other hand, with its emphasis on the syntagmatic processes of
articulatory action, finds the outcome natural. Second, in our subject’s attempts
10 articulate a word with a pattern of alternating glottal gestures and a varied
sequence of oral constrictions, the attempts were S0 diverse, so variable from
occasion to occasion, that a featural account of the child’s utterances would be
little more than a list of arbitrary deletions, additions, and substitutions. By
contrast, the present approach attributing the child’s errors to imprecise execution
and timing of the gestures that form the target word offers a simple and
perspicuous account.

Finally, we have argued that the feature can be ruled out as a basic unit of
either speech perception or speech production on rational grounds because it is,
by definition, an attribute that has no existence independently of the object or
event that it describes. We reject the segment as the primary vehicle of the
fealure because a segment is (circularly) defined by its features. We propose
instead that a feature be viewed as an attribute of a gesture, and that segments

be defined, superordinate to the gesture, as emergent structures, comprising
recurrent, spatiotemporally co-ordinated, gestural routines.
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