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Infant Vocal Development during
the First 6 Months: Speech
Quality and Melodic Complexity
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The early development of infant non-distress vocalizations was
investigated in this study. Thirteen infants, from 4 to 24 weeks
of age, and their mothers were observed weekly in a face-to-face
interaction situation. The speech quality (syllabic versus vocalic)
and melodic complexity (simple versus complex) of infant vocal-
izations were coded independently. Based on speech quality and
melodic complexity, four types of infant non-distress vocaliza-
tions were categorized: simple and complex syllabic (speech-
like) vocalizations as well as simple and complex vocalic
(non-speech-like) vocalizations. Results showed that complex
syllabic sounds were of longer duration and complex vocalic
sounds were less frequent than the other types of vocalizations.
Curvilinear developmental trends were found in the rate of
simple vocalic sounds and in the mean duration of complex
syllabic sounds. Furthermore, before 4 months of age, vocalic
sounds were more likely to be associated with simple melodic
contours, after which syllabic sounds were more likely to be
associated with complex melodic contours. A dynamic systems
perspective on the early development of infant vocalization is
discussed. Copyright © 2000 John Wiley & Sons, Ltd.

Key words: dynamic systems theory; infant vocalization; non-linear
development

Early infant vocalization is viewed as a precursor to interpersonal communica-
tive skills and language development (Bateson, 1975; Stark, 1978). Because of
dramatic changes in infant vocalization during the first year, the development of
various types of infant vocalizations such as cries (Prescott, 1975), laughter
(Nwokah et al., 1994), grunts (McCune et al., 1996), and non-distress vocaliza-
tions (e.g. Stark, 1978) have been examined extensively. Numerous stage-like
models have also been formulated to identify and describe the emergence of
qualitatively different vocalizations and the achievement of developmental
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milestones (cf. Vihman, 1996). Empirical studies demonstrate that vocal devel-
opment in infancy follows an orderly sequence (e.g. Koopmans-van Beinum and
van der Stelt, 1986; Stark et al., 1993). On closer examination, however, research
further shows that earlier forms of vocal behavior do not simply disappear as
new ones emerge (Stark et al., 1993). This indicates that early infant vocal
development may not be a series of stepwise jumps. Rather, it may be a
continuous, but non-linear, process.

The principle of self-organization from a dynamic systems perspective may
best explain the continuity and non-linearity in early vocal development. The
dynamic systems approach argues that vocal production is the outcome of
coordinations among articulatory, respiratory, and anatomical elements (Kent,
1984; Thelen, 1991). Owing to the constraints imposed by the configuration of
these elements, the vocal system retains its invariance or continuity over time.
When changes occur in internal (e.g. maturation of vocal tract) or external (e.g.
social environment) conditions, elements of the vocal system reassemble them-
selves. A new configuration of these elements results in a non-linear shift in the
vocal system. This phase shift does not necessarily lead to progressions (e.g.
increment in occurrence and/or enhancement in quality) but sometimes regres-
sions (e.g. attenuation in occurrence and/or degeneration in quality) of the
system. Despite the theoretical recognition of continuities in early vocal devel-
opment (Stark, 1978), inherent in the traditional stage-like developmental mod-
els of infant vocal production is the underlying assumption of linear progression
(versus regression) and stepwise discontinuities (versus continuities). Very little
research effort has been made to examine the continuity and non-linearity of
vocal development in early infancy. Guided by a dynamic systems perspective
of development, this study examined developmental changes in the quantitative
parameters (e.g. duration, melodic contours, and fundamental frequency) of
infants” non-distress vocalizations with various sound qualities and prosodic
patterns.

Speech quality (i.e. segmental sound quality) and melodic complexity (i.e.
suprasegmental prosodic features) are two primary characteristics of early
non-distress vocalizations. With respect to speech quality, the perceived speech-
likeness in infant vocalizations by adult listeners is the main concern. A
vocalization, for example, is classified as speech-like when it contains vowel- or
consonant-like qualities (Maskarinec et al., 1981). A metaphonological model,
proposed by Oller (Oller, 1986; Oller and Lynch, 1992), further suggests that the
evaluation of vocal quality in early infancy is based on the degree to which
vocalizations approximate the infrastructural characteristics of adult speech. As
a result, in the first few months of life, two types of infant vocalizations with
different speech quality can be identified: (1) a fully-resonant vowel sound with
normal phonation, and (2) a quasi-vowel sound characterized by a nasal
anti-resonance with low pitch.

Based on the resonance pattern (oral or nasal), the sound location (anterior or
posterior area of the mouth), and the perceived effort in sound making (relaxed
or forced), Bloom (1988, 1989, 1993) classified infant non-distress vocalizations
into syllabic and vocalic sounds. Compared with vocalic sounds, syllabic sounds
are vocalizations with more speech-like quality. Using non-distress vocalizations
sampled from 3-month-old Canadian and Japanese infants, acoustic analysis
demonstrated that syllabic sounds were longer in duration and that vocalic
sounds were more nasal (Bloom, 1988; Masataka and Bloom, 1994; Masataka,
1995). A number of experimental studies have shown that young infants exhibit
more vocalic than syllabic sounds when the adult partner becomes unresponsive
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or non-contingent (Bloom et al., 1987; Legerstee, 1991). An increase in the
production of syllabic sounds was found when interacting with a responsive
and contingent adult partner, which suggests that the speech quality in infant
non-distress vocalizations varies consistently with the quality of social interac-
tion (Bloom et al., 1987; Bloom, 1988; Legerstee, 1991).

The developmental pattern of infant non-distress vocalizations during the
first 6 months of life has been examined in a number of longitudinal studies.
Several of these studies were designed to document the pre-speech develop-
ment of normal developing infants in comparison with babies born with
abnormalities (e.g. prematurity, Down Syndrome, deafness, etc.). Some of
these studies aimed to describe the effects of physical and social contexts on
the acoustic features (e.g. duration, melodic contours, and fundamental fre-
quency) of infant vocalizations over time. Developmental change in the dura-
tion and the rate of infant vocalizations with different speech qualities,
however, has not been systematically examined. Despite longitudinal designs,
vocal samples in these studies were collected from various contexts and vari-
ous methods were used in measuring the length or rate of infant vocaliza-
tions. In general, the mean duration of overall infant vocalizations (typically
shorter than 400 ms and ranging from 220 to 800 ms) increases over time
(Laufer and Horii, 1976; Delack, 1978; Laufer, 1980), whereas the overall rate
shows an inverted-U pattern (Tipps et al.,, 1981; Berger and Cunningham,
1983; Legerstee, 1991). Nevertheless, the developmental patterns found in
most of these studies were not subjected to rigorous statistical testing. Only
one study applied a linear modeling test. The methods used, and the results
found, in these studies are summarized in Table 1.

With regard to prosodic features of infants’ non-distress vocalizations,
melodic contours are of primary interest. Infants can imitate (Kessen et al.,
1979), discriminate (Trehub et al., 1984), and produce (Papousek and Pa-
pousek, 1981) a variety of melodic patterns before they can speak. It has been
suggested that early vocal development is primarily manifested in melodic
contours during the first 6 months (Tonkova-Yampol’'skaya, 1973). D’Odorico
(1984) reported that 4-9-month-old infants exhibited vocal sounds with differ-
ent melodic patterns for different communicative functions. Request sounds,
for example, were characterized by flat (level) as well as rising pitch con-
tours, call sounds were more likely to show a rising contour pattern, and
discomfort sounds tended to have flat or falling pitch contours. Delack and
Fowlow (1978) found an association between melodic contours and the con-
texts in which the vocalization occurred. The rise—fall contour was more
likely to occur when infants were interacting with their mothers, whereas the
rise and fall-rise contours were more likely to occur when infants were
alone. Bloom (1988, 1989, 1993) also reported that speech-like syllabic sounds
exhibited by 3-month-old infants showed more variable pitch patterns than
non-speech-like vocalic sounds. Nevertheless, it is not known whether there
are developmental changes in the mean duration and rate of infants’ non-
distress vocalizations with different melodic contours. Furthermore, it is not
clear whether there are developmental changes in the association between
speech quality and melodic complexity of infant non-distress vocalization
during the first 6 months of life.

The speech quality and melodic pattern of infant non-distress vocalizations
can be assessed by objective and perceptual methods. Objective methods in-
clude articulatory and phonatory methods (Koopmans-van Beinum and van
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der Stelt, 1986), as well as phonetic and acoustic analysis (Nakazima, 1975;
Stark, 1980, 1981; Roug et al., 1989). These analyses are extremely labor inten-
sive, and specialized training of the coders is usually required. Typically,
vocal samples from a few infants are collected for analysis. Auditory percep-
tual assessments by human observers, on the other hand, provide subjective
evaluations of speech parameters. Inferences about speech production pro-
cesses and attributions of traits or underlying emotional states in the vocal
sounds can be made (Scherer, 1982). Furthermore, metaphonological charac-
teristics such as smoothness and timing of transitions (Oller, 1978, 1980; Oller
and Lynch, 1992) of a vocalization can only be evaluated by perceptual analy-
sis.

Recent evidence suggests that adult listeners can reliably perceive the
speech quality of infant vocal sounds (Oller and Lynch, 1992) and infer in-
fants’ communicative messages (Papousek, 1992). Bloom and her colleagues
(Bloom, 1993; Beaumont and Bloom, 1993; Bloom et al., 1993) further demon-
strated that both parents and non-parents were more favorable to infants who
produced speech-like syllabic sounds. Such infants were perceived as more
attractive, friendly, and sociable than those who exhibited less speech-like
vocalic sounds. Infants who produced syllabic sounds were also perceived as
more intentional in their efforts to vocalize (Bloom, 1993; Beaumont and
Bloom, 1993). Mothers were also verbally more responsive to speech-like syl-
labic than to non-speech-like vocalic sounds (Masataka and Bloom, 1994).
These results suggest that it is the subjective perception, rather than the
objective acoustic or phonetic identification of infant vocal signals, that is
more meaningful and ecologically valid for an adult partner of an infant
during social interaction.

The present study was designed to investigate developmental changes in
infant non-distress vocalizations during social interaction during the first 6
months using perceptual analysis. The first goal of the study was to examine
developmental changes in quantitative parameters (such as duration and rate)
of infants’ non-distress vocalizations, varying in speech quality and melodic
complexity and produced during mother—infant interaction during the first 6
months. Based on previous empirical work on infant vocal development, we
expected that there would be developmental changes in the duration and rate
of infants’” non-distress vocalizations. Based on previous findings on the dura-
tion and rate of infant overall vocalization, it was predicted that, regardless
of the speech quality and melodic complexity, a linear increment in the
duration of non-distress vocalizations and a non-linear developmental trajec-
tory with the rate of non-distress vocalizations would be found. The second
goal of this study was to examine the pattern of association between speech
quality and melodic complexity in infants’ non-distress vocalizations during
the first 6 months of life. Even though research suggests developmental
changes in both speech quality and melodic contours, there is no evidence
to suggest that the pattern of association between the two would change
over time. Therefore, based on Bloom’s studies with 3-month-old infants,
we predicted that speech-like sounds would be more likely to exhibit
complex melodic contours, whereas non-speech-like sounds would be more
likely to manifest simple melodic contours over the course of the first 6
months of life.

Copyright © 2000 John Wiley & Sons, Ltd. Inf. Child Dev. 9: 1-16 (2000)



6 H.-C. Hsu et al.

METHOD

Subjects

Thirteen mother—infant dyads participated in a 2-year longitudinal study on
infant communication development. All the infants were fullterm with no major
birth complications, were from intact families, and passed a hearing test at 6
months of age. Twelve mother—infant dyads were Caucasian, and one was
African-American. Six of the infants were first-born; eight were male and five
were female. Nine of the mothers had a Bachelor degree, two had some college
education, and two had their high school diploma. Seven of the mothers were
employed full-time, two were employed part-time, and four were homemakers.
Because of the missing data for two infants during the first month, only 11
subjects were included in the Analysis of Variance (ANOVA) procedure (see
below).

Procedure

Infants and their mothers were videotaped in a laboratory room beginning
when the infants were between 4 and 9 weeks of age (M = 5.3 weeks). Infants
and their mothers were videotaped weekly during the first year, and then
biweekly during the second year, under four conditions (including lap, floor,
high chair, and table conditions; for details see Nwokah et al., 1994). The
mothers were instructed to play with their infants as they normally would at
home. Only the face-to-face interaction data from the lap sessions during the
first 6 months were included in the current study. Mothers were seated on a
straight-back chair and held their infants in their laps. No toys were provided in
this condition. Sessions lasted approximately 5 min, except when the infant
became too fussy to continue (nine out of total 213 sessions). The average
session duration was 287 s (range = 80—300 s). The average number of sessions
collected from each dyed was 16 (range = 9-20).

Three remote-controlled cameras were used to film the play sessions. One
camera was focused on the mother’s upper body and the side of the infant, and
the other two cameras were both focused on the infant’s face and body. The
outputs from the two cameras which had the best views of the mother and the
infant were passed through a special effects generator to produce a split-screen
image with a timer (accurate to 0.01 s) superimposed on the screen. A micro-
phone (Shute 5755B), hung from the ceiling about 12 in. above the mother’s
head, transmitted the audio signals to an amplifier (Shure M267) for recording.

Coding

The primary coder was a professionally trained vocalist and an experienced
mother majoring in psychology. The onset and offset times of a non-distress or
non-vegetative vocalization were coded from the video. The coder listened to
the sound until a non-distress vocalization was made by the infant. The coder
then stopped the tape and recorded the onset time. The procedure was repeated
several times to obtain the offset time of a vocalization and to recheck the
recorded times. In line with previous studies (e.g. Stark, 1978; Oller et al., 1994),
vegetative sounds (such as wheezes, sneezes, coughs, hiccups, and clicking
sounds), effort and grunting sounds, negative vocalizations (such as whimper-
ing, fusses, and cries), and laughs were excluded.! No babbling (i.e. sequences
of consonant-like and vowel-like sound; MacNeilage and Davis, 1992) was

Copyright © 2000 John Wiley & Sons, Ltd. Inf. Child Dev. 9: 1-16 (2000)
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observed in the collected samples. A vocalization was identified as a discrete
sound occurring within one respiration that is intuitively defined, consistent
with the procedure outlined in previous research (Maskarinec et al., 1981; Oller
and Lynch, 1992). If the sound was segmented by an interruption of phonation
(i.e. a perceivable silence), then two separate sounds were recorded. A reliability
coder independently coded 16% of the total sessions for the duration and the
rate of infant vocalizations. The mean differences of the duration of vocaliza-
tions (syllabic =0.05 s and vocalic =0.07 s) between the two coders were
computed. The intraclass correlations were also computed for the duration
(syllabic =0.93 and vocalic =0.90) and rate per minute (syllabic =0.87 and
vocalic = 0.76) of infant vocalizations.

Following the determination of the onset and offset times of vocalizations, the
primary coder replayed the video segments and judged the quality and the
melodic complexity of the vocalization. A total of 1692 infant non-distress
vocalizations were coded. In order to achieve more reliable estimates, the data
were collapsed into five monthly periods: (1) 2nd month: 4-8 weeks; (2) 3rd
month: 9-12 weeks; (3) 4th month: 13-16 weeks; (4) 5th month: 17-20 weeks;
and (5) 6th month: 21-24 weeks. An independent coder for speech quality
coded a total of 16% of the sessions. The two categories of speech quality and
the two categories of melodic complexity of these vocalizations were decided
separately. The coding procedures and reliability testing are reported in the
following sections.

Speech quality

The quality of infant vocalization was evaluated and determined by the per-
ceived speech-likeness in the sound. All the vocalizations were categorized as
either syllabic or vocalic according to Bloom’s (1988, 1989, 1993) definitions and
classification. Syllabic sounds were defined as those uttered in the anterior area of
the mouth containing greater oral resonance and were perceived as more
relaxed and speech-like. Vocalic sounds were defined as those produced in the
posterior area of the mouth containing greater nasal resonance and lacking
projection, and were perceived as more forced and less speech-like. A third
coder coded 16% of the session for reliability checks on the coding of speech
quality. The reliabilities were calculated at monthly period: Kappas were 0.99,
0.73, 0.82, 0.90, 0.69, and percentages of agreement were 99%, 78%, 86%, 90%,
and 88%, respectively.

Melodic contours

Like previous studies on the meaning of vocalizations in naturalistic social
communication (e.g. Marcos, 1987), the melodic contours of infant vocalizations
were coded perceptually in this study. Melodic complexity was judged based on
a classification system used by Papousek and Papousek (1989): flat, rising,
falling, bi-level U-shape, inverted-U shape, and sinusoidal. Because of low
frequencies with some of the melodic patterns, the categories were further
collapsed in order to simplify the data analysis. The first three melodic patterns
(flat, rising, falling) were collapsed as simple patterns, and the last four (U-shape,
inverted-U shape, bi-level, and sinusoidal) were collapsed as complex patterns.
Fourteen per cent of the sessions were coded by a fourth coder for reliability
checks on the coding of melodic contour. The reliabilities were also computed at
monthly period: Kappas were 0.67, 0.62, 0.58, 0.65, and 0.61, and percentages of
agreement were 79%, 71%, 69%, 74%, and 75%, respectively.

Copyright © 2000 John Wiley & Sons, Ltd. Inf. Child Dev. 9: 1-16 (2000)
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RESULTS

Developmental changes in quantitative parameters

To examine developmental changes in the quantitative parameters of infant
non-distress vocalizations, the mean duration (s) and the rate per minute of
infant vocalization were derived at monthly level and used as dependent
variables in the two separate 2 (speech quality: syllabic versus vocalic) x 2
(melodic complexity: simple versus complex) x 5 (monthly period) repeated-
measures ANOVAs. Because the observations for two infants did not begin until
they were 9 weeks old, as a result of casewise deletion, the sample size for the
repeated-measures ANOVA was 11 instead of 13. Owing to the small sample
size, the Greenhouse—Geisser adjustment for the significance test was
employed.

Mean duration

Results from the repeated-measures ANOVA showed that there were significant
main effects of speech quality and melodic complexity. The two-way interaction
effects of speech quality x melodic complexity and speech quality x monthly
period were also significant. The mean duration of syllabic sounds were longer
than those of vocalic sounds (F(1,10) =13.21, p < 0.005), whereas vocalizations
with complex melodic contours were longer than those with simple ones
(F(1,10) =14.92, p <0.004). Post hoc comparisons of the means showed that
complex syllabic sounds were significantly longer than the other three types of
vocalization at 3, 4, and 6 months (F(1,10) = 6.66-18.69, p < 0.002-0.02) (see
Table 2), but not at 2 and 5 months.

To further detect developmental trends, polynomial analyses were performed.
The results demonstrated that the mean duration of complex syllabic sounds

Table 2. Means and S.D.s (in parentheses) of infant non-distress vocalization by
monthly periods: mean duration and rate per minute

Variables Vocalization Monthly periods

types
2 3 4 5 6

Mean duration (s) Simple 0.26 (0.23) 0.41 (0.27) 0.48 (0.30) 0.34 (0.18) 0.34 (0.21)
syllabic
Complex 0.31 (0.51) 0.70 (0.60) 0.91 (0.52) 0.55 (0.43) 0.72 (0.37)
syllabic
Simple 0.40 (0.23) 0.41 (0.20) 0.38 (0.21) 0.35 (0.24) 0.33 (0.26)
vocalic
Complex 0.41 (0.33) 0.38 (0.34) 0.53 (0.47) 0.40 (0.45) 0.41 (0.81)
vocalic

Rate per minute Simple 0.37 (0.56) 0.51 (0.59) 0.56 (0.55) 0.63 (0.71) 0.43 (0.54)
syllabic
Complex 0.45 (0.90) 0.57 (0.50) 0.63 (0.69) 0.60 (1.06) 0.49 (0.47)
syllabic
Simple 0.42 (0.43) 0.60 (0.45) 0.68 (0.65) 0.33 (0.22) 0.31 (0.25)
vocalic
Complex 0.21 (0.34) 0.23 (0.27) 0.25 (0.22) 0.21 (0.30) 0.09 (0.10)
vocalic

Copyright © 2000 John Wiley & Sons, Ltd. Inf. Child Dev. 9: 1-16 (2000)
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exhibited a significant non-linear cubic (F(1,10)=7.31, p <0.03) and quartic
trend (F(1,10) =5.33, p < 0.05) (see Figure 1(a)). The mean duration reached its
peak at the 4th month and declined at the 5th month. After the decline, there
was a slight increase at the 6th month. No significant developmental changes in
the mean duration were found for the other three types of non-distress infant
vocalization.

Rate per minute

Results from the repeated-measures ANOVA revealed that there were signifi-
cant main effects of speech quality and melodic complexity. The two-way
interaction effect of speech quality x melodic complexity was also significant.
Infants produced significantly more syllabic than vocalic sounds (F(1,10) =7.17,
p <0.03) and significantly more vocalizations with simple melodic contours
compared with those with complex ones (F(1,10)=6.89, p <0.03). Post hoc
comparisons showed that complex vocalic sounds were significantly less fre-
quent than the other three types of vocalizations at 2, 3, 4, 5, and 6 months of
age (F(1,10) =5.16-21.6, p < 0.001-0.05) (see Table 2).

Polynomial analyses were also performed to detect developmental trends. The
results showed that the rate of simple vocalic sound exhibited a significant
non-linear quadratic trend (F(1,10) = 5.70, p < 0.04) (see Figure 1(b)). The rate of
infant simple vocalic sounds reached its peak at the 4th month, and then
declined. No significant developmental changes were found for the rate of the
other three types of non-distress infant vocalization.

In summary, infant vocalizations with different types of speech quality and
melodic complexity were significantly different in their quantitative parameters,
including mean duration and rate per minute. Complex syllabic sounds were
the longest in duration, whereas complex vocalic sounds were the least frequent.
Non-linear developmental changes involving both progression and regression
were also found in the mean duration of complex syllabic sounds and the rate
of simple vocalic sounds.

Developmental changes in association between speech quality and melodic
complexity

To examine developmental changes in the association between speech quality
and melodic complexity across time, a 2 (speech quality: syllabic versus vo-
calic) x 2 (melodic complexity: simple versus complex) x 5 (monthly period)
multidimensional contingency table was formulated based on the rate of infant
vocalization collapsed across all the infants. A log-linear analysis was then
performed. The results revealed that the best fitting model included the three
main factors and two two-way interaction terms: speech quality x melodic
complexity and speech quality x monthly period (G*(8) =9.63, p =2.92).

To identify the specific patterns in the cross-tabulation, a follow-up Config-
ural Frequency Analysis (CFA; Lienert and Krauth, 1975; von Eye, 1990) was
performed. CFA is a method for the analysis of the individual cells formed by
the cross-tabulation in a multidimensional contingency table. CFA compares
observed with expected frequencies in order to test the strength of the associa-
tion. The results of the analysis revealed that, before 4 months, there was an
association of vocalic sounds with simple melodic contours and a dissociation of
syllabic sounds from simple melodic contours. However, after 4 months of age,
an association was found between syllabic sounds and complex melodic con-
tours, whereas the dissociation pattern was found between vocalic sounds and
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Figure 1. Developmental changes in infant non-distress vocalizations: (a) mean duration

and (b) rate per minute.

complex melodic contours (see Table 3). The results suggested that there was a
developmental change in the relation between speech quality and melodic
complexity. A transitional period was found around the 4th month, before
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which vocalic sounds were more likely to be associated with simple melodic
contours, and after which syllabic sounds were more likely to be associated with
complex melodic contours.

DISCUSSION

This study examined developmental changes in infants’ non-distress vocaliza-
tions during social interaction during the first 6 months of life. Results showed
that there were significant differences in the mean duration and the rate per
minute of infant non-distress vocalizations depending on their speech-like
sound quality and complexity of the melodic contours. Syllabic (speech-like)
sounds were found to be significantly longer and more frequent than vocalic
(nonspeech-like) sounds. Infant vocalizations with complex melodic contours
were longer but less frequent than those with simple melodic contours.

Specifically, complex syllabic sounds were the longest in duration, whereas
complex vocalic sounds were the least frequent (rate per minute). These results
replicate previous research findings which showed that, compared with vocalic
sounds, syllabic sounds were longer and had more variable melodic intonations
(Bloom, 1988, 1989, 1993; Masataka, 1995).

This study also found that the growth of infants’” non-distress vocalizations
during the first 6 months is characterized by non-linear developmental trajecto-
ries. While both cubic and quartic developmental trends (a dip after the peak
and then a slight rebound) were found in the mean duration of complex syllabic
sounds, a quadratic pattern (an inverted-U shape) was found in the rate of
simple vocalic sounds. Regressive transitions in both types of vocalizations
occurred around the 4th month. Previous findings have shown that the mean
duration of infant vocalization increases over time (Delack, 1978; Laufer and
Horii, 1976; Stark, 1989), which was not replicated in our study. The discrepancy
may be because of the fact that different methods were used in previous studies
including: (1) no differentiations were made for the types of non-distress
vocalizations; (2) vocalizations analyzed in previous studies were collected from
a variety of situational contexts (e.g. when alone, during social interaction, and
during interaction with objects, etc.); (3) the duration of vocalization was
derived spectrographically from the acoustic analysis during which vocaliza-
tions with short duration ( <200 ms) were deleted; (4) only vocalizations with

Table 3. Frequency cross-tabulation of infant non-distress vocalization by speech qual-
ity by melodic complexity aggregated by monthly period

Melodic Speech Monthly periods Total
contour  quality
2 3 4 5 6
Simple  Syllabic 64 (88.47)~ 106 (137.51)~ 109 (139.23)~ 124 (127.57) 86 (87.45) 489
Vocalic 82 (57.15)* 123 (88.82)* 129 (89.93)* 74 (82.40) 58 (56.48) 466
Complex Syllabic 74 (68.28) 124 (106.12) 123 (107.44) 125 (98.45)* 93 (67.48)* 539
Vocalic 38 (44.10) 48 (68.55) 45 (69.40)~ 49 (63 59) 18 (43.59)~ 198
Total 258 401 406 372 255 1692

Expected values are in parentheses.
Bonferroni adjustment was applied (p <0.0025). ‘—": z<3.03; “+": z>3.03.
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longer duration were analyzed; and (5) visual inspections as opposed to
statistical tests were employed to demonstrate the pattern of developmental
change. Nevertheless, despite methodological differences in data collection as
well as classification and measurement of vocalization, the present study con-
firmed previous reports that the amount of infant vocalization produced in the
context of social interaction accelerated first and dropped subsequently (Tipps et
al., 1981; Berger and Cunningham, 1983; Legerstee, 1991). The results from the
current study suggest that the decline in the rate is primarily because of a
reduction in the number of simple vocalic sounds.

The dissipation of simple vocalic sounds and the reduction in the duration of
complex syllabic sounds after the 4th month demarcate a transitional period in
infant early vocal development. Developmental reorganization in the relation
between speech quality and melodic complexity found in this study further
demonstrate the occurrence of a developmental shift in the infant vocal system.
Before 4 months of age, vocalic sounds were associated with simple melodic
contours, whereas after 4 months of age, syllabic sounds were associated with
complex melodic contours. The onset of the transition around the 4th month
coincides with the milestones depicted in stage models, e.g. the expansion stage
in Oller’s (1980) model, the vocal play stage in Stark’s (1980, 1986) model, or the
velar stage in Roug et al.’s (1989) model. Implied by structural stage theories,
vocal development is a progressive invariant sequence characterized by abrupt
qualitative augmentation (cf. Flavell, 1971). Nevertheless, results from the
present study suggest that regressive growth may also characterize early vocal
development. The non-linear developmental changes in the quantitative
parameters of infant nondistress vocalization highlight that early vocal develop-
ment is not merely progressive additions or accumulations. Rather, it also
involves regressions (Vihman, 1996).

A question that needs further explanation is why the developmental transi-
tion occurs around the 4th month of life. A biological or neuromotor matura-
tional theory is traditionally utilized to explain early vocal development. Early
vocal production is conceived as an interaction of anatomical structures, and
motor control of speech articulatory movement, which determine the input-
output relation between articulatory movement and acoustic properties of
vocalizations (Kent, 1981). Specific acoustic properties in vocal output are
generated by certain speech articulatory movements (coordination between
tongue, lips, and soft palate, etc.; Kent, 1981), which set boundaries for acous-
tic features in the vocal signals. Significant changes in the anatomical-
physiological structure of the infant’s vocal tract occur at around 4-6 months.
There is a noticeable separation between the oral and the nasal cavities (Sasaki
et al., 1977, cited in Kent and Murray, 1982). As the anatomical systems mature,
an increment in the control of speech articulatory movements allows the infant
to produce non-nasal sounds (Kent, 1981). When speech motor movements by
infants are well coordinated in their speed and timing, the acoustic features of
the vocal output emulate more mature speech (such as syllabic sounds), which
is characterized by longer duration with more prosodic fluctuations (Lieberman,
1986). The maturing anatomical structure and increasing neural-motor coordina-
tion ability are expected to enhance the production of speech-like (syllabic)
sounds—becoming longer in duration and more complicated in melodic pat-
terns over time.

Furthermore, according to the maturational model, while the exhibition of
vocalic (non-speech-like) sounds is expected to decline over time, the production
of syllabic (speech-like) sounds should increase. As implicated by the matura-
tional model, the rate of simple vocalic sounds reaches its peak at around 4
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months, and then decreases. However, the rate of syllabic sounds did not
increase as this model suggested. In addition, the hypothesized elongation in
the mean duration of syllabic sounds as the vocal production system matures
was not observed in the present study. In fact, the mean duration of complex
syllabic sounds was found to decrease around the 4th month. An alternative
model is needed to explain the observed phenomena.

A dynamic systems perspective has been employed to explain various do-
mains of early development such as motor skills (e.g. Thelen and Ulrich, 1991),
facial expressions (e.g. Cameras, 1992), and communicative actions (e.g. Fogel
and Thelen, 1987). This theoretical framework may provide useful insights into
the regressive patterns found in infant early vocal development. According to a
dynamic systems perspective, a vocal system consists of multiple components
with high dimensionality. The coordination of over 70 muscles and many
different body parts, ranging from the diaphragm to the lips, is required to
produce an utterance. Infant vocalizations are the outcome of the emergent
coordination of these different components (cf. Kent, 1984; Thelen, 1991), which
not only drives but also constrains the development of the vocal system. During
the process of self-organization in a complex system like vocal production, we
might expect that only a small number of ‘preferential linkages’ (Fogel and
Thelen, 1987) or “attractor states” (Thelen and Ulrich, 1991) would be formed. As
a result, only certain combinations of speech quality and melodic contour would
occur. The changing patterns of association and dissociation between speech
quality and melodic complexity found in this study may be the attractor states
generated by the constraints of immature anatomical and neurophysiological
structures. Because attractors are not rigidly structured, but are dynamically
stable with flexibility, the preferential pattern of infant vocalization dissolves as
the constraining conditions change over time. Therefore, a plausible interpreta-
tion for the regression may be that the progression is inhibited by the changes
in the articulatory—acoustic relation. For certain articulatory configurations, a
small change in articulatory characteristics may result in a large change in the
acoustic properties in the vocal output (Kent, 1981). It can be speculated that
before the acquisition of appropriate speed and precise sequencing of speech
motor control, when infants produce complex syllabic sounds, the duration of
the vocalization may become shorter before it is elongated. The driving force (or
control parameters) of the 4-month shift, of course, is not limited to the
anatomic and neurophysiological changes. The plausible contributing factors
also include the developmental changes in infants’” communicative, expressive,
social, cognitive, perceptual, and motor repertories.?

According to the results of the present study, infants become more efficient in
producing sounds with speech-quality by reducing non-speech-like sounds,
which is demonstrated by the decrement in the rate of vocalic sounds with
simple melodic contour after 4 months of age. From a dynamic systems
perspective, regressive behaviors may be a necessary precursor for a system to
move to the next level of development. In other words, regressions may be the
surface effect of some underlining restructuring processes (cf. van Geert, 1994).

The reliability and validity of stage models of infant vocal development have
been questioned by a number of researchers (e.g. Kent, 1984; Kent and Murray,
1982). The findings of our study also challenge the stage model account of
development and further suggest that: (1) early vocal development may be a
continuous quantitative changing process as opposed to a discontinuous quali-
tative stepwise shift; (2) the process may not be characterized by a linear
increment but by a non-linear pattern involving both progressive and regressive
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changes; and (3) the change may be typified by the reorganization of dynami-
cally stable patterns as opposed to the unfolding of invariant successively
ascending sequences (cf. Stark, 1989). The construct of stage may be better used
as a metaphor to convey the ideas of developmental change but is not suitable
for use as a strategy to investigate the processes of a developing system (cf.
Brainerd, 1978).

Because of the relatively small sample size and the limitation of vocal
sampling from only one context (i.e. mother—infant social interaction), we
caution the readers about the generalizability of the results of this study.
Furthermore, large individual differences are typically observed in early vocal
development; the current study did not address this issue. Further empirical
investigations of the individual differences in both the quantitative and the
qualitative aspects of early vocal development are needed. Moreover, even
though it has been speculated that the reorganization in infant vocal system is
associated with the onset of early social interaction (Stark, 1989), the relation
between speech quality and melodic complexity of infant non-distress vocaliza-
tions and the quality of face-to-face interaction were not examined in this study.
The importance of context on early development is emphasized by a dynamic
systems approach (cf. Thelen and Ulrich, 1991). The quality and the quantity of
vocal development in the context of a changing mother—infant communication
system warrant further examination.

Notes

1. See Stark (1975) for a comprehensive analysis of infant cry, discomfort, and
vegetative vocalizations.
2. Thanks to an anonymous reviewer for the suggestions.
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