
4 Chapter 1

unfamiliar language, we often realize that comprehension is difficult not
only because we do not know what the words actually mean but also
because it is difficult to determine what the words are. We find it hard to
tell when one word begins and another one ends. Why is this the case?
~ ~tive English speakers typically have the impression that speakers of
foreign languages talk faster than we do in English. However, this is an
illusion. Native speakers of other languages tend to voice the same kinds
of complaints about English speakers.

A major reason it is difficult to perceive boundaries between words in a
foreign. language has to do with the way words are typically produced,
that is, with the nature of the acoustic signal that must be decoded. Figure
1.1 shows a sound spectrogram (a time by frequency analysis) of the
English sentence " There are really a lot of words to learn." Notice that
there are a number of discontinuities in the spectrogram. A first guess

Fiaure 1.1
A sound spectrogram of the utterance , " There are really a lot of words to learn ."
Frequency is plotted on the ordinate ; each horizontal line indicates a 1 kHz
increase in frequency . Arrows at the top indicate the approximate locations of the
word boundaries in the utterance . Notice that these boundaries are not always
clearly marked by pauses and that some pauses actually occur in the middle of
words .
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Figure 3.1
Schematized sound spectrograms corresponding to two-formant versions of syn-
thesized syllables consisting of the voiced stop consonants [b] (top), [d] (middle),
and [g] (bottom) before seven different English vowels. Note the great changes in
shape and spectral frequencies in the second formant for each of the stops as they
are paired with different vowels. Dashed lines indicate the "locus" frequency from
which the second formants were hypothesized to have diverged.

trying to divide it so that one portion contained only the consonant, and
the other portion only the vowel. They found that there was no place
in which they could cut the syllable to yield a percept of the consonant
without an accompanying vowel. Moreover, when they examined the
acoustic realizations of the same consonant in the context of different
vowels, they discovered that there were no obvious properties in common
across all of these contexts. This is demonstrated in figure 3.1. The dark
bars in the figure indicate where the main concentrations of acoustic
energy (or formants) are during the production of the specified syllables.
These concentrations of energy reflect the natural resonances of the vocal
tract (formants) during production. The absence of invariant properties in
the spectrographic displays of these sounds is most easily seen in the case
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Figure 3.2
Schematic spectrograms of the syllables [ Pi] , [ka], and [ pu]. Notice that the foot -
ball -shaped noise burst is identical in all three cases, yet it contributes to the dis-
tinctive consonants in the different vowel contexts . Removing this noise from the
syllables would cause listeners to perceive the remaining portion of the signals as
[i], [a], and [u], respectively .

of [d] (middle portion of the figure ) . The second formant (i .e., the top one)
for [d] has an initial rising transition in some vowel contexts , but an initial
falling transition in others . Moreover , because the first formant (i .e., the
bottom one) is identical for the different consonants in a given vowel
context , it is clear that , by itself , the first formant is not an invariant cue
to the identity of the consonant .

Confidence in acoustic invariants for phonetic segments was further
shaken by the results of another investigation (Liberman et al . 1952) . This
time , Liberman and his colleagues found that the same acoustic informa -
tion could give rise to the perception of distinctly different phonemes,
depending upon the vowel context in which it occurred . An identical noise
burst was placed in front of synthetic versions of the vowels [i], [a], and [u]
(see figure 3.2). When listeners were asked to label these noise plus vowel
stimuli , they identified them as [ Pi], [ka], and [ pu] . In other words , the
same noise burst that contributed to the perception of [p] in some contexts
led to the perception of [k] in a different context .

These early investigations by Liberman and his colleagues suggested
that there would be no simple set of acoustic invariants that serve to
identify particular phonetic segments across all contexts . Although there
have been many attempts to capture some invariant acoustic descriptions
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Figure 4.1
Five processes by which early experience in a particular language environment
may selectively modify the relative discriminability of speech sounds. In each
instance , schematized discrimination functions are plotted to show the types of
changes that occur as a result of experience with a native language .

contrasts , some possible realignment of categories , and perhaps sharpen -
ing or broadening of categories .

One of the first attempts to discuss the possible roles of experience in
the development of speech perception capacities hypothesized exactly
these types of changes (Aslin 1981 ; Aslin and Pisoni 1980 ) . Aslin and
Pisoni based their arguments loosely on the ways experience is known to
affect the tuning of cells in the cortex . These are illustrated in figure 4 .1.
Enhancement occurs when stimuli in the vicinity of a perceptual category
boundary become more discriminable . Attenuation describes the reverse

situation , when the stimuli in the category boundary region become less
discriminable , such as is the case for the [r ] - [ l ] distinction for Japanese
speakers . The processes of sharpening and broadening refer to the way
that stimuli in the category boundary regions become either more finely
or more poorly tuned . Sharpening would result in a more narrowly tuned
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in detail, it is appropriate to emphasise that the examples of Z’s metaphono-
logical ability (assuming that that is what it is) are drawn from a much earlier
stage than most of the work described in the literature – e.g. Gombert (1992) –
and are, obviously, independent of reading. A full list of his metalinguistic
observations is given in section 7.3, where the precise session number of each
example can be found.

5.1.6 Metalinguistic abilities
In discussing the child’s metalinguistic abilities it is necessary to distinguish
among his awareness of the pronunciation of others, as in the imitative form
seen in (8), of his own output, as in the playful (9), and of the contrast between
them, as in (10). As the first of these simply requires sensitivity to the adult
surface form, only the latter two are relevant here, and are most informative only
where his pronunciation differs from the target form.

8. Imitation: [ai ˈlait ˈhɛlən, hɛˈlooo] – I like Helen, hellooo (imitating the next-
door neighbour’s characteristic greeting with a Scottish accent [= pure vowel
[o] on a long slow fall]). [Z – 31 months]

9. Playing games with words: [its nɔt ˈtəˈma:təu its ˈpəˈma:təu] – It’s not
‘tomato’ it’s ‘pomato’ [Z – 42 months]

10. Showing awareness of the contrast between his and others’ pronunciation:
NS “What’s that?”
Z ˈmɛnt midə - cement mixer
NS “What does Mummy call it?”
Z ˈsɛnt midə - cement mixer [Z – 29 months]

These last two both seem to show the child’s awareness of his own output, as
does the ‘output monitoring’ seen in (11):

11. When he was 2 ½ years old I had the following conversation with A, as I was
puzzled by his ability to pronounce the nasal in ‘hand’ ([ɛn]), but apparently
not that in ‘jump’ (APh: 10):
NS Say ‘jump’
A [dʌp]
NS No, ‘jump’
A [dʌp]
NS No, ‘jummmp’
A Only Daddy can say [dʌp]

It is clear that his final [dʌp] is intended to represent the adult form ‘jump’, or it
just wouldn’t be true. But equally it looks as if he is referring to his own
pronunciation, as otherwise the remark makes no sense. But referring to his
own output is precisely what he ought not to be able to do if it is really not

The nature of the acquisition of phonology 115



5 The nature of the acquisition
of phonology

All children are different, even – perhaps especially – father and son, but when it
comes to language acquisition all seem to accomplish comparable tasks in
roughly comparable time-frames. On the basis of my study of A, I made some
fairly detailed and explicit claims and predictions about how children acquire
phonology. I now look at the extent to which the study of Z constitutes a
corroboration or a refutation of those claims.
As outlined in chapter 2, the main claims of APh were that the child’s

acquisition of phonology was rule-governed; his lexical representations were
largely equivalent to the adult surface forms, which were related to his own
pronunciation by an ordered series of realisation rules and phonetic detail rules.
These rules conspired to bring about certain results and jointly helped to define
his competence, but the child had no system of his own. These claims gave rise
to a model in which perception played a minimal role, but this position was
modified in the light of criticism and reanalysis to give a model which allocated
an important, if minor, role to the child’s perceptual abilities.
Several decades of research by others, together with my own revisiting of the

terrain in the form of my study of Z, has reinforced some of these claims but has
triggered a revision or reconceptualisation of others. The main conclusions can be
summarised as in (1–3), each of whose sub-parts will be illustrated and justified in
the following sections. Although conceptual issues raise technical problems, and
sometimes vice versa, those in (1) are largely conceptual, those in (2) are more
technical, and (3) attempts to provide a model to replace that on p. 28.

1a. The child’s performance is rule-governed but, as this way of expressing it
suggests, the rules are a matter of performance rather than of competence.

b. The child has no system of his own; hence there are no output representations,
no contrast between input and output lexicons, and no dual grammar. As a
corollary, the child’s lexical representations are in general equivalent to the
adult surface form.

c. There is none the less a clear, if minor, role for perception, so not all the child’s
representations are ‘correct’.
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d. The distinction between realisation rules and phonetic detail rules is unmoti-
vated, indeed undesirable. Bothmay be replaceable by a single, undifferentiated,
neural network.

e. The drive for communication in the absence of a fully functioning phonological
system is powerful. Onemanifestation of this is seen in the importance of gestures.

f. The children’s metalinguistic ability is considerable and provides an insight
into their phonological knowledge (and may make some of the other claims
listed here problematic).

g. Most of the phenomena identified as being in need of explanation inAPh are still
salient. Apart from the predictability characteristic of all rule-governed activity,
these include: the existence of grammatical constraints on phonological devel-
opment, recidivism, the ‘across-the-board’ nature of change (albeit in somewhat
attenuated form), the existence of systematic exceptions, and variation both in a
single child and across children. These phenomena, suitably interpreted, simul-
taneously constituted the evidence for the various theoretical claims made in
APh. Even where the phenomena are confirmed or extended, as in the amount
and significance of variation which is greater than I had previously thought, their
interpretation has changed in significant respects.

2a. The children’s productions provide evidence for the units of analysis that the
phonology needs to assume: distinctive features, syllables and, most strikingly
with Z, the notion ‘(syllable) onset’.

b. On a performance analysis, the conspiratorial ‘function’ of realisation rules is
an epiphenomenon. Conspiracies are formally unnecessary if there are ‘no
functional constraints beyond transparency’.

c. There is no rule ordering. This is strongly suggested by considerations of learn-
ability and necessitates a certain amount of reanalysis of some of the data in APh.

3. The union of the properties in (1) and (2) requires a model which combines the
best of several different theories. Central to such a model is an explicit state-
ment of the rules and representations it is necessary to postulate. Whether any
such unifying model is coherent and consistent is an interesting issue (see
figure 3 below).

5.1 Conceptual issues arising from the phonological
development of A and Z

5.1.1 Competence and performance (again)
The child’s developing phonology is rule-governed. The claim is not conten-
tious1 and is clearly corroborated, but this way of phrasing it is misleading if the

1 The claim at this level of generality is not intended to favour rule-based over constraint-based
systems: a more neutral locution might simply be ‘systematic’ or ‘pattern-implementing’. I return
below to the question whether ‘rule-governed’ is an appropriate locution for processes
implemented by a neural network.
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version of these words. In some sense then the acquisition of (segmental) phonol-
ogy is complete before the kind of longitudinal documentation given here and in
APh starts. If I am right that this stage is a matter of performance and the child’s
productions are not represented then neither monograph has much to say about the
acquisition of phonology as such. Moreover, none of the literature looking exclu-
sively at children’s output could havemuch to say about this. Rather, it is an account
of the various ways that children overcome the limitations of their performance
systems during physiological maturation. That wasn’t what I had thought I was
doing, and I feel suitably chastened. The conclusions in (23) are none the less worth
making explicit as they are not all obvious and some are certainly contentious.
Demonstrating that these claims about the acquisition of phonology are wrong will
be a sign of progress and, right or wrong, this account of productional development
casts light on some aspects of the human faculty of language.

23a. The child’s performance is rule-governed, hence largely predictable.
b. The child’s lexical representations are adult-like, established on the basis of an

acoustic transducer and subject to some perceptual filtering.
c. The child has no system of his own.
d. The child’s output, produced by a set of realisation rules or, more plausibly, a

neural network, is not ‘represented’.
e. By parity of argument the child probably does not represent the adult input

prior to transduction even though it forms the basis for the child to set up his
own (lexical) representation.

f. The network (or set of realisation rules) is not represented but is emergent or
‘architectural’, and provides the basis for the idiosyncratic and partly random
variation in different children’s pronunciation.

g. The network (or set of realisation rules) implements one or more of a limited
set of functional constraints or ‘conspiracies’: vowel and consonant harmony,
cluster reduction, systemic simplification, grammatical simplification and
template creation. As a corollary of (f) conspiracies are epiphenomenal and
do not need to be explicitly catered for by the theory.

h. The child’s developing phonology provides evidence for the units (e.g. dis-
tinctive features, syllable structure) and processes (e.g. syllable simplification,
segment simplification) licensed by phonological theory, and how these inter-
act (e.g. no rule ordering is necessary).

i. The child’s metalinguistic judgements are a rich source of evidence for his
competence and hence for the constructs of linguistic theory.

j. The conclusions pertaining to child phonology have suggestive implications
for adult phonology – e.g. with regard to the representation of the output.

k. There is provision for taking account of (statistical) frequency effects in all of
the acoustic transducer, the perceptual filter and the neural network.

l. If language is “a mirror of mind”, language acquisition polishes that mirror.
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