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ABSTRACT

Development of the incorporation of spectral and
temporal acoustical features in the perception of the
phonemic contrast between [r] and [1] sounds in the
initial prevocalic position was examined for 3 to 6 years
old English children. The integration of those features
was evaluated in oddity discrimination tasks. It was
found that the ability to integrate acoustical cues
improves significantly with age. Thus, it may be
suggested that the attainment of perceptual distinction
between phonemic contrasts (at least for [r] and [1]) is a
gradual and progressive development in the proficiency
of categorical perception.

1. INTRODUCTION
There is a growing consensus that multiple acoustical
cues are a critical component of perceptual distinction
between phonemic contrasts. For example, usage of
both the spectral and temporal information enables
English listeners to discriminate [r] and {1] sounds with
a high efficacy ([7]). Specifically, the difference in the
frequency onset of the third formant (F3) frequency
transition between [r] and [1] is used in the
discrimination of this contrast. For [r] the onset of F3
is close to the second formant (F2) and has a rising
transition. F3 of [I] is high relative to F2 and falls
slightly towards the F3 formant of the following vowel
(I5]). In addition to the spectral cue, the durations of
both the steady-state and the subsequent frequency
transition of the first formant (F1) are used by English
listeners in differentiation of prevocalic [r] and [1]. The
initial steady-state of F1 in [r] is of short duration, and
the frequency transition of F1 is much longer relative to
its steady-state. Unlike [r], the [1}'s steady-state duration
is usually significantly longer than that of [r], and the
frequency transition is shorter than both the steady-state
of [1] and the frequency transition of [r] ([21,[9]). It has
been shown that when spectral and temporal cues
facilitate each other the discrimination between
comparison pairs along the [r-1] continuum is enhanced
for English speakers ([9]). On the other hand, the
discrimination between comparison pairs along the [r-1]
continuum is suppressed when spectral and temporal
cues contrast each other. Moreover, discrimination
between comparison pairs based only on the spectral cue
(when the temporal cue corresponds to that typical for
fr] or [1]) is worse than that for two-cue facilitating and
1s better than that for two-cue conflicting comparison
pairs ([9]). Such an ordering of discrimination accuracy
on comparison pairs in the vicinity of the [r]
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phonemic boundary corresponds to perceptual
equivalence of the temporal and spectral cues. This
equivalence means that the effects of one can be traded
for the other. Thus, discrimination of [r] and [1] sounds
by English listeners is based on the integrated phonemic
percept. Moreover, a discrimination performance poorer
for conflicting two-cue comparison pairs than for
facilitating two-cue comparison pairs suggests that the
trading relation between those acoustical cues is the
result of a language-specific phonemic categorization
process ([8]).

There has been a great deal of controversy concerning
the perceptual development of the English [r-1] and [r-w]
contrasts (e.g., [1].[31.[41.[6]). Although it has become
increasingly apparent that there are developmentat
influences on the categorical perception of the [r] and {I]
phonemes, the exact nature of those influences has not
been determined. Specifically, it has not been
definitively specified whether the attainment of aduit
perceptual capabilities is a gradual process or whether it
occurs more abruptly. It can be hypothesized that
categorization of the [r-1] contrast and discrimination
between members of the [r] and [1] category should
improve with longer and/or more intensive exposure to
English. While discrimination by older English children
might be strongly based on similarity or dissimilarity
between percepts derived from the integrated information
of spectral and temporal cues, discrimination by
younger English children may rely to a lesser degree on
the perceptual configuration of acoustical cues and is
probably more influenced by the acoustical
dissimilarities. Thus, this study examined the
development of the incorporation of spectral and
temporal acoustical features in the perception of the
phonemic contrast between [r] and [1] sounds in the
initial prevocalic position for English children.

2. METHOD
2.1. Participants. Ninety six monolingual English
children, divided into four age groups, participated in
this study. Each age group consisted of twenty four
individuals with a varying number of males and females
in each group. The mean ages for 3, 4, 5, and 6 year old
age groups were 3.5 years, 4.6 years, 5.6 years, and 6.7
years, respectively. In addition, 24 University students
participatedin the study. All of the participants were
native speakers of Canadian English, had normal
peripheral hearing (10 dB HL or better for 250 Hz to
6000 Hz) and no known hearing impairments as
determined by pre-test audiogram results. All children
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were screened on the Peabody Picture Vocabulary Test-
Revised for their vocabulary proficiencies. Only children
with scores within normal for their age range were
included in the study.

2.2. Stimuli. Two continua of nine stimuli were
synthesized. Each series varied spectrally from F2 and
F3 onsets characteristic of 'rake' to those of 'lake’, but
had different temporal patterns. Out of these series,
oddity discrimination tasks were prepared. Four types of
stimuli comparisons were created: a) one cue spectral -
l-cue' (varying along the spectral dimension with a
fixed 'I-temporal' pattern); b) one cue spectral- 'T-cue’
(varying along the spectral dimension with a fixed '1-
temporal' pattern); c¢) two cue facilitating (the presence
of one cue with another enhances performance); d) two
cue conflicting (the presence of one cue with another
suppresses performance).

2.3. Procedure. A set of oddity discrimination tasks
differing in the relation between spectral and temporal
acoustical cues was administered to all children and
adults. The tasks were presented through loudspeakers at
approximately 70 dBA via a Macintosh Ilci computer in
the form of a game. Each test consisted of six
repetitions of six stimulus pairs presented in triads with
two stimuli the same and one different. All stimuli were
three steps apart on the spectral dimension. Feedback
was given after each trial. A short training session to
familiarize participants with the requirements of the test
was administered which consisted of four triads
composed of the endpoint stimuli of a particular
condition.

3. RESULTS

Individual data were transformed into percentage correct
scores for each condition. Phonemic boundaries for the
two series of stimuli ('r-cue’ and 'I-cue’) were determined
on the basis of an identification task performed by 10
English students. Phonemic boundaries were found to
correspond to stimuli used in middle comparison pairs
on all discrimination tasks.

A repeated measures analysis of variance (ANOVA)
with one between and 2 within variables (4 age groups
of children X (4 conditions X 6 comparison pairs)) was
performed. There were significant main effects for age
(F(3.44)=13.09, p<.0001), condition, (F(3,132)=21.54,
p<.0001), and for comparison pairs (F(5,220)=8.42,
p<.0001). The interactions between the type of group
and condition and/or comparison pairs were not
significant. The simple main effects were examined for
each combination of the groups. Six-year-old children
did not differ significantly from 5-year-old and 4-year-old
children, (p>.05). Also 5-year-old children did not differ
significantly from 4-year-old children, (p>.05).
However, the performance of 3-year-old children was
significantly different from 6-year-old children
- (F(1,22)=30.26, p<.0001), 5-year-old children
(F(1,22)=47.2, p<.0001), and 4-year-old children
(F(1,22)=12.53, p<.002).

Bonferroni adjustments were used in all ANOVAs and
post hoc analyses to control the Type 1 error rate.
Separate univariate ANOVAs with age group as a
between variable were performed on all conditions.
These analyses revealed that performances of the four
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groups were significantly different for the two cue
facilitating condition (F(3,44)=10.95, p<.0001) and one
cue r-condition (F(3,44)=6.2, p<.001). Tukey's HSD
showed that the performance of 3-year-olds was
significantly poorer for both conditions relative to other
age groups. Percentage correct performance was
significantly poorer for the two cue facilitating
condition for the 3-year-olds compared with the 6-year-
olds (p<.0001), 5-year-olds (p<.0001), and 4-year-olds
(p<.01); and for the one-cue r condition (p<.02; p<.002;
and p<.01 when compared with the 6, 5, and4-year-olds
respectively). There was no significant difference in
performance for the one cue l-condition and two cue
conflicting condition. Overall, the performance of older
children (6 and 5 years old) was better than that of the
younger children (3 and 4 years old).

The pooled discrimination functions for each of the four
groups of children are shown in Figures 1-4. The
average performance of 3 year old children is shown in
Figure 1. There were no significant main effects for
either stimulus condition or stimulus pairs; nor were
any of the interactions significant. Thus, this group of
children did not perceive the temporal and spectral
aspects of the signals equally and could not trade these
cues one for another. However, their performance on the
two-cue facilitating condition was better than for the
two-cue conflicting condition.

Performance of the 4-year-old children showed a rather
different pattern. The ordering of the discrimination
functions for these children was: two-cue facilitating >
one-cue 'r' = one-cue '1' > two-cue conflicting (Figure
2). There was a significant main effect only for
condition (F(3,33)=5.62, p<.002). In particular,
performance on the two cue facilitating condition was
significantly different from the two cue conflicting
condition (p< .0001).
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Figure 1. Discrimination functions for 3-years-old
children. The four curves correspond to the four
examined conditions between spectral and temporal
cues. Guessing level is presented as the dashed line.
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Figure 2. Discrimination functions for 4-year-old
children. The four curves correspond to the four
examined conditions between spectral and temporal
cues.

The performance of the 5-year-olds was similar to that
of 4-year-old children with an ordering of the
discrimination functions of: two-cue facilitating > one-
cue 'r' = one-cue 'I' > two-cue conflicting (Figure 3).
For this group there were significant main effects for
condition (F(3,33)=7.24, p<.001), as well as for
comparison pairs (F(5,55)=4.32, p<.002). Follow up
pairwise analyses showed that two-cue facilitating and
one-cue conditions were significantly different from the
two-cue conflicting condition (p< .001).
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Figure 3. Discrimination functions for 5-year-old
children. The four curves correspond to the four
examined conditions between spectral and temporal
cues.
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Figure 4. Discrimination functions for 6-year-old
children. The four curves correspond to the four
examined conditions between spectral and temporal
cues. Guessing level is presented as the dashed line.

The ordering of the functions for the 6 year olds was:
two-cue facilitating > one-cue 't' = one-cue 1' = two-cue
conflicting (Figure 4). Repeated measures ANOVA
showed that there were significant differences across the
four conditions (F(3,33)=12.37, p<.0001). The main
effect for comparison pairs was significant
(F(5,55)=4.971, p<.001). A follow up analysis showed
that all but three of the pairwise comparisons among
the various conditions were significant (p <.001). The
one-cue conditions did not differ significantly, nor did
the one-cue and the two cue conflicting conditions.
However, both the one-cue versus two-cue facilitating,
and the two-cue facilitating versus two-cue conflicting
were significantly different from each other.

The pooled discrimination functions for English adults
are shown in Figure 5. The ordering of the functions for
the English adult speakers was: two-cue facilitating >
one-cue 't' = one-cue 'l' > two-cue conflicting. Repeated
measures ANOVA showed that there were significant
differences across the four conditions for English adults
(F(3,12)=12.7, p<.0001). The main effect for
comparison pairs was significant (F(5,20)=9.771,
p<.0001). A follow up pairwise analysis showed that
the one-cue 'I' versus the two-cue facilitating; the one-
cue 'l' versus the two-cue conflicting; and the two-cue
facilitating versus the two-cue conflicting were
significantly different from each other (p <.01).
Comparing the performance of adults to all age groups
of children, it is apparent that on all conditions English
adults performed much better than any age group of
children. This suggests that the process of acquisition of
the [r-1] contrast is not yet completed at the age of 6
years. ' :
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Figure 5. Discrimination functions for adults. The four
curves correspond to the four examined conditions
between spectral and temporal cues.

4. DISCUSSION
It has been found that during the process of [r-I]
phonemic contrast acquisition English children did not
rely in the same manner on the available acoustical cues
needed for prevocalic [r] and [1] discrimination. There is
a significant change among children in the ability to
integrate spectral and temporal acoustical cues during
perceptual distinction of [r-1] contrast as a function of
age. Specifically, with increasing age, differences
between children's performances on different listening
conditions (differing on number and quality of
information provided) increase. The ordering of
discrimination performances on comparison pairs near
the phonemic boundary (two-cue facilitating> one-cue
('r' and 1> two-cue conflicting) by older children (6 and
5 years old) shows that spectral and temporal cues are
perceptually equivalent. These groups of children
demonstrated that for all conditions, discrimination
performance was much better for comparison pairs near
the phonemic boundary than for comparison pairs that
included stimuli from the same category. That is, the
discrimination accuracy of [r] and [1] sounds by these
groups did not rely on detection and classification of
acoustical differences only, but was based on the process
of attending to patterns of acoustical cues that
differentiate this phonemic contrast, and subsequently
comparing them to the multidimensional representation
of phonemic percept. The observation that the younger
children were not able to distinguish between categories
suggests that they have to develop phonemic templates
i.e., be able to integrate information from all acoustical
cues before they can consistently perceive them as being
distinct. Thus, with increasing age, children rely more
on phonemic similarities than on acoustic
dissimilarities, as they are showing improved
discrimination between the middle range of comparison
pairs compared to those closer to phonemic templates.
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Performances on the two cue facilitating condition were
orderedwith respect to age as follows: 6 years old > 5
years old > 4 years old >> 3 years old. Performances on
two cue conflicting condition were ordered with respect
to age: 6 years old = 5 years old > 4 years old = 3 years
old. According to Repp (1983), discrimination
performance being poorer for the conflicting rather than
facilitating two-cue condition suggests that the trading
relation between those acoustical cues is the result of a
language-specific phonemic categorization process and
as such, it is a gradual process. The observation that, as
a function of age, there is a significant improvement in
the ability to integrate acoustical cues lends further
support to the hypothesis that the attainment of
perceptual distinction between phonemic contrasts is a
developmental process. Furthermore, the movement
evidenced toward more adult-like phonological
categories as the children aged suggests that there is a
gradual progressive development in the proficiency of
categorical perception.
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