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Contextual Effects in Infant Speech Perception

Abstract. Infants, aged 2 to 4 months, discriminated synthetic speech patterns that
varied in duration of the formant transitions, this variation provides information suf-
ficient to.signal the phonetic distinction between a stop consonant and a semivowel
in adult listeners. In addition, the discriminability of a given difference in transition
duration was a function of both the particular stimulus values and the total duration
of the syllable. This contextual effect occurred even though the information for sylla-
ble duration came after the transition information. The obtained pattern of dis-
continuous discriminability was in accord with perception that is relational and

categorical.

In this study of speech perception, we
found that young infants discriminated
small differences in the duration of for-
mant transitions, acoustic information
that is sufficient to signal a distinction be-
tween the syllable-initial stop consonant
[b] and the semivowel [w] in adult listen-
ers. Of greater importance was the find-
ing that for infants, as for adults, the dis-
criminability of two transitions depended
not only on the particular duration val-
ues but also on contextual information in
the form of syllable duration. This is, to
our knowledge, the first demonstration
that contextual factors can alter the in-
fants’ categorical discriminability func-
tion for acoustic information that will
soon be relevant for the detection of pho-
netic distinctions.

Research on the perception of speech

in prearticulate infants has shown the
presence of sophisticated processing
abilities. For example, infants as young
as a few months of age are capable of dis-
tinguishing small differences in the
acoustic dimensions that underlie adult
phonetic distinctions based on voicing
(, 2), place of articulation (3), and man-
ner of articulation (¢). In addition, in-
fants discriminate speech patterns much
more readily when they signal different
adult phonetic categories than when they
signal variants of the same adult cate-
gory (I, 5). This discontinuity in the dis-
criminability function has been inter-
preted as evidence for categorical per-
ception in infants, a phenomenon that
has often, but by no means always, been
observed in adult studies of speech per-
ception (6). These data suggest that in-

Table 1. Mean response rates (number of high-amplitude responses per minute) as function of

conditions.

Group

RCSpOl’lSC measures

Postshift differ-

Preshift ence scores*
];ase- Minutes Minutes Minutes Minutes
line 1to7 6 and 7 1and 2 1to4
16-40 short ([b-w])t 25.6 41.1 47.9 +4.0 +4.6
40-64 short ([w-w]) 30.4 44.2 48.4 -2.5 -2.2
16-40 long ([b-b]) 28.4 40.6 50.3 -3.8 —-6.5
40-64 long ([b-w]) 27.9 40.1 46.4 +4.3 +3.8
Control 30.6 46.6 50.8 -4.6 -8.5

*Difference scores were obtained by subtractiqg the average response rate during the 6th and 7th minutes

before the shift from the first 2- or entire 4-minute response rate after the shift.

+The perceived con-

sonantal quality of the stimuli according to Miller and Liberman (8).
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fants have mechanisms for the process-
ing of speech that divide acoustic contin-
ua into highly discriminable regions that
will form the basis for adult phonetic cat-
egories.

Recent studies with adults have dem-
onstrated that perception of phonetic
elements involves more than the cate-
gorization of information along acoustic
dimensions. For instance, there are
““top-down’’ or cognitive influences on
speech processing at the phonetic level
(7). In addition, contextual factors can
influence the perception of phonetic seg-
ments even when they occur several

" hundreds of milliseconds before or after

the target information (8, 9). In one study
of contextual effects, Miller and Liber-
man (8) investigated the influence of an
after-occurring contextual factor, syl-
lable duration, on the locus of the pho-
netic boundary between the stop con-
sonant [b] and the semivowel [w]. The
stop-semivowel distinction is signaled by
duration of the formant transitions, with
shorter transitions identified as a stop
and longer transitions as a semivowel.
They found that the phonetic boundary
along a continuum of transition duration
increased systematically as syllable du-
ration was increased by lengthening the
vocalic portion of the syllable (/0). With
very short syllables, 80 msec in duration,
speech patterns with initial transitions
longer than 32 msec were perceived as
the semivowel, whereas transitions as
long as 47 msec were required for the
same percept when the syllable duration
was increased to 296 msec. Thus, there
are values of transition duration that are
ambiguous. Resolution of this ambiguity
requires, in the absence of other infor-
mation, that perception and ultimate
classification of transition duration take
into account the contextual factor of syl-
lable duration, and thus be relative and
not absolute.

We investigated whether the ability to
make relative judgments concerning
transition duration is within the speech-
processing capability of young infants.
Our experimental design capitalized on
findings that infants are much more
likely to discriminate speech patterns if
sounds exemplify different phonetic cat-
egories than if they are variations of the
same category (I, 5). We selected our
stimuli from two [ba-wa] continua that
differed from each other only in total du-
ration of the individual syllables, being
80 msec in one instance and 296 msec in
the other. Within each continuum, sylla-
bles differed in duration of the formant
transitions. We selected two pairs of syl-
lables from each continuum, the stimuli
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of one pair having transitions 16 and 40
msec long, and the stimuli of the other 40
and 64 msec. According to the results of
Miller and Liberman (8), whether the
two stimuli of a given pair were per-
ceived as having the same or different
initial consonants depended on the syl-
lable duration. Specifically, stimuli hav-
ing transition durations of 16 and 40
msec were perceived as [ba] and [wa],
respectively, when the syllables were
short but were both perceived as [ba]
when the syllables were long. On the
other hand, stimuli with transition dura-
tions of 40 and 64 msec were both per-
ceived as [wa] when the syllables were
short but were heard as [ba] and [wa],
respectively, when the syllables were
long. Thus, if infants were to perceive
the transitions in a relative manner and
were also to show greater discrimina-
bility for phonetically different stimuli,
we would expect the 16-40 pair to be bet-
ter discriminated when the syllables
were short and the 40-64 pair to be better
discriminated when the syllables were
long.

Our experimental procedure was a
modification of the high-amplitude suck-
ing methodology that has frequently
been used in studies of infant speech per-
ception. In essence, after obtaining a
baseline rate of high-amplitude sucking,
the presentation of a synthetic speech
pattern was made contingent on the in-
fant’s producing a criterial response.
Each response yielded a 1-second pre-
sentation of the speech pattern plus si-
lence, with the restriction that responses
that occurred before the conclusion of
one stimulus presentation reset the timer
controlling stimulus feedback. This con-
tingency was available for 7 minutes for
all subjects, after which time the stimu-
lus was changed by switching channels
on the tape deck (/1). The new stimulus
was presented for 4 minutes under the
same contingency schedule.

The stimuli [which were prepared on
the parallel resonance synthesizer at the
Haskins Laboratories (8)] were three-
formant patterns either 80 or 296 msec
long, with transition durations of 16, 40,
or 64 msec (/2). The initial transition pe-
riod was followed by steady-state for-
mants of various duration, appropriate
for the vowel [a].

Eighty infants were assigned randomly
to four experimental groups (16-40 short,
40-64 short, 16-40 long, and 40-64 long)
and one control group (/3). The 16 in-
fants assigned to each experimental
group received the appropriate stimulus
pair, with the order of stimulus presenta-
tion counterbalanced across infants.
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Each of the 16 control infants received
a single stimulus, recorded on both tracks
of the tape and selected randomly from
the six possible stimuli. Evidence of dis-
crimination was inferred from different
response rates during the 4-minute post-
shift period for the experimental and
control subjects.

The groups did not differ appreciably
before the change in stimulation (Table
1). None of the differences even ap-
proached significance at the .05 level.
With regard to the postshift data, two
questions are of primary concern. (i) Do
the postshift scores for the experimental
groups differ? and (ii) Which groups
show reliable evidence of discrimina-
tion? To answer the first question, we
performed a two-way analysis of vari-
ance, stimulus pair by stimulus dura-
tion, on two response measures: the
average response rate for the initial two
postshift minutes minus the average re-
sponse rate for the 6th and 7th minutes of
the preshift period and the average re-
sponse rate for the entire 4-minute post-
shift period minus the same preshift
score. For both measures there were no
significant main effects (P > .10) but a
significant interaction (P < .025), be-
cause the response rates of groups 16-40
short and 40-64 long were higher than
those of groups 40-64 short and 16-40
long. As for which groups showed evi-
dence of discrimination, comparisons
with the control subjects revealed re-
liable differences only for groups 16-40
short and 40-64 long (P < .05, one-tailed
tests), that is, for the two groups that re-
ceived exemplars from different adult
categories. In summary, not only can in-
fants discriminate differences in duration
of formant transitions, but they do soin a
relational and categorical manner (/4).

The categorical perception indicates
that the mechanisms for the analysis of
transition duration in infants are similar
in their manner of operation to mecha-
nisms for the analysis of other acoustic
cues for speech, for example, voice on-
set time (/, 5). In addition, the evidence
for relational processing, showing that
perception is influenced by later events,
indicates that the infant, like the adult,
processes speech in other than a tempo-
rally determined, linear fashion. This
ability should be especially beneficial for
the infant who must come to know the
acoustic cues for speech in a relatively
brief period of time, despite the fact that
the cues for any particular segment are
often smeared across units as large or
larger than a syllable. That the mecha-
nisms of speech perception are as highly
developed in the young infant as these

and other data indicate is perhaps not
surprising when the importance of
speech and language for human develop-
ment is considered.
PETER D. EiMaAs

W. S. Hunter Laboratory of Psychology,
Brown University,
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