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Abstract

INFANT BABBLING AND AMBIENT LANGUAGE

by

Daisy Edmondson

Advisor: Professor Gerald Turkewitz

This dissertation was intended to explore the question of whether infants begin
to incorporate aspects of the adult target language to which they are exposed into their
own vocalizations prior to the emergence of first words and, if so, whether adult
listeners are sensitive to such changes. A further question was which specific aspects of
the ambient language emerge earliest in babbling, the phonetic or the prosodic.

In each of eight experiments, English-speaking adult judges were asked to
listen to tape-recorded samples of vocalizations of infants and to pick out which infants
they believed were from English-speaking homes. Samples were used from 8-month-
old Arabic, Chinese, French, and American English-environment infants.

Samples were selected on the basis of duration of utterance alone; there were
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no other restrictions on the characteristics of the samples. As a result, samples differed
on a number of attributes, including consonant number. In the first study, which
contrasted English and Arabic, easy discrimination was found. However, the English
and Arabic samples differed widely with respect to number of consonants. Subsequent
studies were designed to examine the possibility that consonant number served as the
basis for discrimination. Limited support was found for this explanation: Some samples
that did not differ significantly with regard to consonant number were discriminated,
while others that did differ significantly were not. The possible role of segmental and
nonsegmental information in discriminating between the vocalizations of infants from
different language backgrounds was assessed by low-pass filtering or scrambling some
samples. The filtered samples were discriminated as easily as the full-spectrum versions,
while scrambled samples paired with their unscrambled counterparts were not
discriminated. The findings that the discriminability of some samples was affected by the
context (i.e., that a sample might be more easily discriminated when contrasted with
French than with Arabic) and that the masking of specific segmental information through
low-pass filtering affected judges’ ability to correctly label the samples seem to require

an explanation that takes into account the influence of the ambient language.
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CHAPTER 1
Introduction
The studies that will be described here were intended to explore the question of
whether infants begin to incorporate aspects of the adult target language to which they
are exposed into their own vocalizations prior to the emergence of first words and, if
so, whether adult listeners are sensitive to such changes. A further question was which
specific aspects of the ambient language emerge earliest in babbling, the phonetic or the

prosodic.

Infants’ Sensitivity to Their Environment

That infants are responsive to various kinds of sensory input from their
environment is certainly not news. Indeed, William James’s (1890) characterization of
the newborn’s world as a "blooming, buzzing confusion" has made him a kind of
whipping boy for researchers working in the area of infant perceptual development.
From birth, infants respond to different tastes in much the same way as adults do
(Steiner, 1979; Crook, 1978). Their sense of smell, too, is well enough developed that,
within the first week of life, they can discriminate between their own mother’s smell and
that of another mother (MacFarlane, 1975). Touch may be the earliest-developing
sensory system: Even a fetus in the third month of gestation is able to respond
reflexively to some kinds of stimulation (Hooker, 1969). Vision, on the other hand, is

probably the least developed of the senses at birth. Even so, infants do respond to
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visual stimuli, and the visual system develops quite rapidly over the first half-year or so
of life (see Aslin, 1987, for a review).

1t is the developing auditory system that is of most interest here, however.
Unlike vision--which really cannot begin to operate fully till after birth--audition can and
does begin to function prenatally, with consistent responses to acoustic stimuli observed
in fetuses starting at 28 weeks (for a review, see Turkewitz, 1988, and Querleu,
Renard, Versyp, Paris-Delrue, & Crépin, 1988). Of greatest importance to this set of
studies is the work that has been done in the area of infants' responsiveness to speech

stimuli and especially the evidence with regard to the influence of the ambient language

The Influence of Language Environment: Perception

There is now abundant evidence that the ambient language influences infants'
perceptual abilities very early on--perhaps even prenatally. Even within the first days of
life, newborns can recognize familiar voices (DeCasper & Fifer, 1980), stories
(DeCasper & Spence, 1986), and melodies (Cooper & Aslin, 1989). This ability to
discriminate between the known and the unknown extends as well to familiar and
unfamiliar languages. Mehler et al. (1988) tested 4-day-old French and 2-month-old
American infants and found that both groups showed evidence of distinguishing
utterances in their native language from those in another language, while neither group
appeared able to distinguish between utterances from two languages that were both

foreign to them. These results were replicated with 2-day-old infants from Spanish- and
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English-speaking environments (Moon, Cooper, & Fifer, 1993). Further, in the Mehler
et al. study, infants were found to maintain their preference for the native language even
when the samples were low-pass filtered, which removes most of the specific phonetic
information while preserving the prosodic aspects of the speech. Since other research
has shown that it is precisely this information--the prosodic and not the phonetic--that is
primarily transmitted to the fetus in utero (Querleu et al., 1988), it appears probable
that newborns’ preference for their native language, based as it appears to be on
prosody, has its roots in prenatal experience. Moreover, the fact that the exposure to
the stories and melodies in the studies previously cited (Cooper & Aslin, 1989;
DeCasper & Spence, 1986) was solely prenatal and the testing for preference
postnatal, supports the hypothesis that experience begins to influence perception even
before birth.

Later in the first year of life, infants develop a greater sensitivity to various
language-specific aspects of the speech to which they are exposed. One notable
example of a shift from broad-based to language-specific phonetic processing has been
identified by Werker (Werker & Tees, 1984; Werker & Lalonde, 1988), who found a
decline in infants’ ability to discriminate between native and non-native phonetic
contrasts occurring around 9-10 months of age.

Other developments that denote an increasing awareness of the target language
become evident within the same time frame. Work by Jusczyk and his colleagues has

established that 9-month-olds but not 6-month-olds are sensitive to the predominant
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English strong/weak stress pattern in speech (Jusczyk, Cutler, & Redanz, 1993), the
constraints on ordering of phonetic elements within words (Jusczyk, Friederici,
Wessels, Svenkerud, & Jusczyk, 1993), and the frequency with Which certain phonetic
patterns appear in English words (Jusczyk, Luce, & Charles-Luce, 1994). Additionally,
there is evidence that 9- but not 6-month-olds prefer to listen to speech samples in
which pauses have been inserted at points that correspond to major phrasal units
(Jusczyk et al., 1992) and that 9-month-olds prefer as well when pauses are inserted at
native rather than non-native phrasal boundaries (Jusczyk, 1989). Sensitivity to native
as opposed to non-native clausal boundaries, on the other hand, seems to emerge
earlier--around 6 months (Hirsh-Pasek et al., 1987; Jusczyk, Kemler Nelson, Hirsh-
Pasek, & Schomberg, 1994)--while a similar sensitivity to word boundaries is not
apparent till about 11 months (Kemler Nelson, 1989). It is interesting to note that in the
Hirsh-Pasek et al. study, the sentences were spoken in motherese. In a follow-up
study, Kemler Nelson, Hirsh-Pasek, Jusczyk, and Wright Cassidy (1989) confirmed
that the preference for pauses at native clause boundaries was present only when the
sentences were presented in infant-directed speech, not in adult-directed speech.

Taken together, these studies support the idea that speech perception is
reorganized in ways that are highly predictable from the ambient language. Further, 6 to
9 months of age stands out in these studies as a significant turning point in the

development of speech perception.
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Vocal Development in Infancy

Before going on to explore the influence of ambient language on speech
production in infancy, it is necessary first briefly to consider what is currently known of
normal vocal production in the first year of life.

One early view of babbling, of which Jakobson (194 1/1968) was a major
champion, was that babbling was not, in fact, a precursor of language but rather a
completely separate development, both structurally and functionally. During the
babbling period, babies were thought to produce all the sounds of the world’s
languages. This stage was sometimes followed, according to this view, by a silent
period during which babbling ceased; following the silent period, first words would
emerge, which marked the beginning of true language.

There is now abundant evidence that this view of the relationship between
babbling and language is mistaken. Locke (1983), reviewing data on babbling collected
by different researchers in a variety of language groups, noted that, rather than
representing an "astonishing . . . diversity of sound productions,” as Jakobson (p. 21)
claimed, a list of just 11 consonants accounted for 90% of all consonants produced by
babies exposed to American English; similar consonant repertoires were reported for
infants in non-English language environments. Moreover, study after study has now
demonstrated that there is a clear continuity between babbling and word production.
The notion of a silent period has not been borne out by research; rather, infants

continue to babble even after they have begun to produce words (Vihman, Macken,
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Miller, Simmons, & Miller, 1985; Vihman & Miller, 1988). There is also continuity in
the sounds used in babbling and in words. Locke (1989) has shown that the same
consonants used most frequently in babbling account for 99% of the sounds used in the
first 50 words. Other studies have also confirmed a close relationship between sounds
in the babbling repertoire and in early words for individual infants (Vihman et al., 1985;
Vihman & Miller, 1988).

One reason why it would not be reasonable to expect endless variety in the
sounds infants use, either in babbling or in early words, is that infants are operating
under certain constraints that limit the sounds they are capable of producing. Kent
(1992) points out, as others have before him (e.g., Lieberman, Crelin, & Klatt, 1972),
that an infant’s vocal tract is more similar to that of a nonhuman primate than to an adult
human’s. The infant’s vocal tract, for example, is smaller overall than an adult’; it is also
broader, the pharynx is set higher, and it lacks teeth. The tongue is larger relative to the
size of the mouth, and motor control of the tongue is immature. Remodelipg of the vocal
tract, however, begins early in the first year of life, particularly around 2 to 4 months of
age, such that by 6 months, it begins more closely to approximate the adult’s vocal tract
(Sasaki, Levine, Laitman, & Crelin, 1977). Some of the factors that have been
implicated in this remodeling include growth-related changes in the relative size and
position of various structures within the vocal tract, as well as the eruption of dentition
and molding of the palate in response to mechanical pressure exerted by the tongue

during crying, sucking, and swallowing (Thelen, 1991).
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Do these anatomical changes, in turn, produce changes in vocal production?
Although, as Kent (1992) maintains, it is not at all clear that relaxation of organic
constraints is sufficient to produce changes in babbling, it is certainly a necessary
factor. In dynamic-systems terms, growth and change of the vocal apparatus may
destabilize the system and bring about a phase shift, wherein a new attractor state
draws the subcomponents into a different stable configuration which permits the
emergence of novel behaviors (Thelen, 1991). In the case of infant speech around the
middle of the first year of life, the novel behaviors would be new categories of sound,
with perhaps the most significant being the onset of what has been called variously
canonical babbling (Oller, 1980), reduplicated babbling (Stark, 1980), reduplicated
articulatory movements (Koopmans-van Beinum & van der Stelt, 1986), and
reduplicated consonant babbling (Roug, Landberg, & Lundberg, 1989).

Detailed descriptions of vocal production over the first year have revealed that
development in this domain is stagelike in nature. Whether the ambient language is
English (Oller, 1980; Stark, 1980), Swedish (Roug et al., 1989), or Dutch
(Koopmans-van Beinum & van der Stelt, 1986), infants apparently proceed through
roughly the same stages at roughly the same ages. However, it is important to keep in
mind that while the description of stages in vocal development that follows may hold
true for the languages listed above, these are all Northern European, and therefore
phonologically related, languages, as K. Nelson (personal communication, October 25,

1994) points out. The course of vocal development in other types of languages has not
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been carefully charted. Briefly, the stages that have been identified for these Northern
European languages--using Oller’s (1980) terminology--are as follows:.

Phonation Stage (0-1 month): This period is dominated by what Oller calls
quasi-resonant nuclei (QRN), which involve normal phonation (as opposed to breathy

voice, for example) but limited resonance.

GOO Stage (2-3 months): Glottal stops appear in this stage, in combination

with QRNs, producing a sort of primitive syllable type. These syllables lack the fully
resonant nuclei (FRN) and regular timing of mature syllables, however.

Expansion Stage (4-6 months): Marginal babbling, combinations of FRNs

and consonant-like elements, occurs in this stage. These syllables, however, still lack
the regular syllable timing characteristics of later canonical babbling and tend not to be
reduplicated. Raspberries, squeals, and growls are also explored by the infant in this

period.

Canonical Stage (7-10 months): During this stage, infants begin to produce

syllables containing a FRN and a consonant-like element "in a timing relationship that
conforms to mature natural language restrictions” (Oller, 1980, p. 98). Usually, these
syllables occur in reduplicated strings, in which the same syllable is repeated (for
example, bababa or mamama). The onset of this stage is generally sudden.

Variegated Babbling Stage (11-12 months): During this stage, infants begin

to produce strings of syllables within which the consonant and/or vocalic elements are

varied (for example, daba or babi). The existence of a separate variegated stage has

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9
been disputed, however. Oller (1980), Stark (1980), Koopmans-van Beinum and van
der Stelt (1986), and Roug et al. (1989) all described such a stage. However, Mitchell
and Kent (1990) found phonetically varied multisyllables at or near the onset of
reduplicated babbling.

Although authors differ with regard to some of the details, such as specific ages
of onset, there is, overall, very good agreement regarding the major events and their
sequence. Table 1 summarizes the four models referred to previously and shows how
closely they correspond to one another.

The emergence of mature- syllables, as the table shows, is a milestone identified
by each of these four investigators. This finding of an abrupt onset of reduplicated
babbling sometime between 6 and 10 months has been confirmed in other studies as
well--in American English babies (Ramsay, 1984), in Swedish babies (Holmgren,
Lindblom, Aurelius, Jalling, & Zetterstrom, 1986), and in Russian babies (Bel'tyukov &
Salakhova, 1973, cited in Locke & Pearson, 1992). Perhaps significantly, the
appearance of this pattern in speech production coincides with the appearance more
generally of what Thelen (1981) calls rhythmic stereotypies--repetitive movement
sequences involving the legs, arms, fingers, hands, and other body parts. Ramsay
(1984) has also found that a relationship appears to exist between the onset of babbling
and of one-handed reaching. These findings suggest that babbling may reflect an

underlying general
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Table 1

Stages of Infant Vocal Development

10

Agein Oller Stark K-V B.etal. | Rouget al.
Months 1980 1980 1986 1989
1 phonation reflexive uninterrupted
2 800 phonation
3 stage cooing & glottal
4 laughter interrupted stage
5 expansion phonation velar
6 S[age vowel variation
7 play in vocalic
canonical phonatory stage
8
babbling domain
9 reduplicated
stage
10 babbling reduplicated
. consonant
reduplicated babbling
12 variegated non-
articulatory stage
babbling reduplicated
13 variegated
movements
babbling
14 babbling
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movement toward rhythmicity, as well as changes in left-hemisphere functioning. The onset

of babbling, therefore, in addition to signalling a reorganization in the domain of speech
production, may also be a part of a more pervasive developmental reorganization.

One of the defining features of canonical babbling is its "speechiness": Once a baby

enters the canonical babbling stage, parents begin to view the baby’s vocal productions as

"talking" (Oller, 1980). Although the effects of the ambient language on perception are

clearly evident some time earlier, as the foregoing review has shown, itis only after this

"speechiness” is established that it becomes possible to explore the extent to which the

infant’s vocal productions approximate those of the adults in the child’s environment.

The Influence of Language Environment: Production

One way in which the influence of the ambient language is presented, as Vihman
and Boysson-Bardies (1994) note, is in the loss of certain sounds that are not
supported in the adult language. For example, Vihman (1992) reported a frequent use
of [h] in the babbling of French infants around 10 months of age--comparable to that
.of the English infants--although the sound is hardly ever used in adult French. By the
time these same infants reached the 25-word point, however, the use of the sound had
dropped dramatically among the French infants, while the level of use dropped only
slightly among the English infants. Another example from Vihman’s (1993) work is the
case of a French child who produced 41% of her vocalizations with a final consonant,

in contrast to the other French children in the study, who produced a mean of only 6%
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with a final consonant. Over time, this child’s production of final consonants dropped to
1%--a decline that is probably attributable to the fact that French is not a language that
contains a high percentage of consonant-final words (only 26%, in comparison with
English’s 61%).

The other way in which ambient-language effects can be sought, according to
Vihman and Boysson-Bardies (1994), is in the presence, rather than absence, of certain
features. There are three types of effects that have been studied: effects on prosody, on
vowel space, and on place of articulation of consonants. In each case, studies have
shown a general movement toward the target language, beginning within the canonical
babbling stage.

Given the salience to infants of the distinctive prosody of infant-directed speech,
which is demonstrated from birth in a preference for infant-directed over adult-directed
speech (Cooper & Aslin, 1989), it is not unreasonable to expect that changes in
prosody might be the first manifestation of the influence of the ambient language.
Indeed, there are numerous indications in the literature that this is the case. Many of the
cross-language studies of prosody that have been done to date have looked at children
over one year of age (e.g., Boysson-Bardies, Bacri, Sagart, & Poizat, 1981; Boysson-
Bardies, Sagart, & Bacri, 1981; Hallé, Boysson-Bardies, & Vihman, 1991; Vihman,
DePaolis, & Davis, 1998), but even in younger children, differences have been
detected. Intonational patterns in reduplicated multisyllabic vocalizations have been

compared in English- and French-learning infants of 6-12 months and have been found

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



13

to differ in proportion of rising vs. falling pitch contours (Whalen, Levitt, & Wang,
1991)--a pattern that corresponds to the major prosodic difference between the two
adult languages (Delattre, 1961, cited in Vihman & Boysson-Bardies, 1994).
Differences in final-syllable lengthening, timing of non-final syllables, and number of
syllables per utterance have also been found in contrasting the vocalizations of French
and English infants between 4 and 17 months (Levitt & Wang, 1991). Again, these
differences reflect prosodic differences between the two adult languages as well (see
Levitt & Wang, 1991, for a review).

A number of studies have used adult discrimination as a measure of whether
and to what degree infants’ vocalizations differ as a function of language environment.
These studies have shown mixed results. Tervoort, for example, in an unpublished study
(cited in Boysson-Bardies, Sagart, & Durand, 1984), reported that Dutch adults could
identify the vocalizations of Dutch infants starting around 6 months. Weir (1966),
contrasting vocalizations from American and Chinese 5- to 7-month-old infants, also
found that discrimination was possible. Atkinson, MacWhinney, and Stoel (1968), on
the other hand, were unable to replicate Weir’s results, using her original samples.
Likewise, Olney and Scholnick (1976) did not find discrimination between babbling
samples of American and Chinese infants of 6, 12, and 18 months--although, as
Boysson-Bardies et al. point out, the design of this study presented several
methodological problems, among them: 1) adult imitations of infant vocalizations were

included; 2) the Chinese infants used were growing up in the United States and might,
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therefore, have been exposed to English; and 3) shorter vocalizations were spliced
together to make up the 15 second samples. Nor was Kuehn (1985) able to find
evidence that American or Chinese adults could discriminate between vocalizations of
American and Chinese infants prior to a year of age, although they did show the ability
to do so starting at one year.

Perhaps the most extensive of the studies to use an adult-discrimination
paradigm to look at cross-linguistic differences in infant vocal production was
conducted by Bénédicte de Boysson-Bardies and her colleagues (Boysson-Bardies et
al., 1984). It is this study that served as the inspiration for the experiments that make up
this dissertation, which will be described in the chapters that follow.

In their first experiment, Boysson-Bardies et al. (1984) asked 40 native
French-speakers to listen to pairs of babbling samples that had been collected from 8-
and 10-month-old Arabic, Cantonese Chinese, and French infants. These three
languages were chosen because they are "strongly contrasted along the dimensions of
laryngeal and supralaryngeal settings ... and that of prosody” (p. 4). Thirty-two samples,
each 15 seconds long, were selected. The criteria used for selection of sequences were:
1) duration of at least 15 seconds; and 2) pauses no longer than 1,500 milliseconds.
Five of the samples were composed of two shorter sequences spliced together,
separated by a pause of less than 1,500 milliseconds. Altogether, eight samples were
selected from four 8-month-old French infants and eight from four 10-month-old

French infants. For the Arabic and Chinese infants, four samples were selected from
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two children from each language group at each age. The adults were told that one
sample in each pair came from a French infant and the other from a non-French infant.
They were asked to identify which one was the French infant. The results showed that
these adult judges were very good at identifying the French infants at both ages when
French was paired with Arabic (a mean of 75.8% correct identifications for the 8-
month-olds and 74.4% at 10 months). For the French-Cantonese pairings, however,
the results were less clear: For the 8-month samples, the judges did rather well (69.4%
correct); for the 10-month samples, performance was much worse (31.9%).

In a second experiment, three groups of native French-speaking adults were
employed as judges. Those in Group 1 were not told the origin of the non-French
samples; those in Group 2 were told the origin of the non-French babies; and those in
Group 3, who were trained phoneticians, were also told the origin of the non-French
samples. In this experiment, samples from three ages--6, 8, and 10 months--were used,
but only the French-Arabic pairing was tested, as new 6-month-old Cantonese samples
could not be obtained at the time. The same sample-selection criteria as in Experiment
1 were used for selection of the samples from 6- and 8-month-olds; for the 10-month-
olds in Experiment 2, however, only sequences containing highly articulated productions
of reduplicated babbling were used. The only group of judges who exceeded chance in
distinguishing among the 6-month-old infants were the phoneticians (68% correct),
while all three groups performed at significantly better than chance levels with the 8-

moenth-olds (74% for Group 1; 67.5% for Group 2; 72.2% for Group 3). The surprise
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came in that no group was able to classify the samples at above-chance levels at 10
months (53.3%, 49%, and 56.9% correct for the three groups, respectively). The
authors concluded that this inability to classify the 10-month samples was due to the
fact that these consisted primarily of "sequences of isolated or reduplicated syllables
[that were] generally poor in intonational patterns” (p. 9). The success at 8 months,
therefore, was attributed to the nonsegmental cues in the infants’ babbling.

From these results, Boysson-Bardies inferred that a general tendency exists for
babbling to incorporate some of the distinctive prosodic features of the adult language.
This led her next to turn her attention to vowel formants, as it is vowels rather than
consonants that carry much of the suprasegmental information in speech (Polka &
Werker, in press). Once again, she zind her colleagues (Boysson-Bardies, Hallég,
Sagart, & Durand, 1989) looked at infants from French, Chinese, and Arabic language
environments, but this time they added an English group as well. All infants were
recorded once, at 10 months of age. Previously, researchers had been unable to find
any statistically significant differences between the vowels used by infants from different
language groups when phonetic transcriptions were used (e.g., Oller & Eilers, 1982).
However, the acoustic analyses used in this study uncovered significant differences
among the groups, with the English babies producing relatively more front vowels, the
French infants more mid central vowels, and the Chinese and Arabic babies more low
central ones.

More recently, Boysson-Bardies and Vihman (1991) have explored differences
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in consonantal place and manner categories for French, English, Japanese, and Swedish
infants, between the ages of approximately 10 and 17 months. Again, as mentioned
above, previous analysis had found that the babbling repertoires of infants from different
linguistic environments were virtually identical (Locke, 1983). In this study, however,
the distribution of consonant tokens, rather than trypes, was the measurement of
interest. Looked at this way, differences emerged in both categories, and these
differences mirrored those found in the target languages. For example, even as early as
10 months, the English and French infants used many more labials in their babbling than
did the Japanese and Swedish infants; the French and Japanese infants used more
nasals than the infants from other language groups; and the babbling of the Swedish and
French infants contained more liquids than did the babbling of English and Japanese
infants. (Not all of these differences were statistically significant, however.)

In summary, then, the notion of "babbling drift" proposed by Brown more than
40 years ago (Brown, 1958) has received considerable support from subsequent
research. Moreover, there is independent evidence that perception, too, "drifts" in the
direction of the target language, as shown in the earlier review. Intuitively, it seems that
a relationship must exist between perception and production in this period prior to the
emergence of first words, but it is not clear, in detail, what that relationship might be.
We know from work with deaf infants that they enter the canonical babbling stage later
than do hearing infants (Lynch, Oller, & Steffens, 1989; Oller & Eilers, 1988; Oller,

Eilers, Bull, & Carney, 1985; see also Kent, Osberger, Netsell, & Hustedde, 1987).
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We also know that there are distinct differences in the consonantal repertoires of
hearing and non-hearing infants, with the non-hearing infants having smaller repertoires
that decrease over time and fewer multisyllabic utterances containing true consonants
(Stoel-Gammon & Otomo, 1986). Hearing-impaired infants also apparently show very
high proportions of labials in their repertoires after 15 months of age, possibly because
of visual cuing (Smith, 1982). Such differences indicate that perception is essential to
vocal development. The findings of the studies of Boysson-Bardies and her colleagues,
described above, also suggest a leading role for perception, in that infants must perceive
the sounds of the adult language in order to attempt to match them. Just what might be
the reciprocal influence, if any, of production on perception is something about which
there is speculation but little evidence one way or the other. One missed opportunity to
look directly at a perception-production relationship is embodied in a study by Locke
and Pearson (1990) of an infant who was tracheostomized between 5 and 20 months.
Following decannulation, her vocal development was found to be markedly delayed,
which indicates that maturation alone cannot account for babbling onset. It would have
been interesting to know whether there were any effects in the perceptual realm, but no

testing of this type was done.

The Present Research

At the outset, it was stated that the studies reported here were done with two

goals in mind: First, to attempt to find out how early on infants begin to incorporate
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elements of the adult target language into their babbling; and, second, to ascertain
whether the earliest-appearing elements would be prosodic or phonetic ones. More
specifically, these studies aimed to replicate and extend Boysson-Bardies et al.’s (1984)
findings with regard to the ability of adult judges to discriminate between infants of
differing language backgrounds and to explore the possible bases upon which such a
discrimination might be made.

The question might be asked, Why use the adult-discrimination paradigm when
acoustic analyses of infants’ vocalizations have yielded direct evidence of movement
toward the ambient language? The answer is that, while direct analyses of babbling may
provide information about what infants are actually doing, it is quite possible that adult
listeners may pick up on these changes later or perhaps earlier than they can be
detected by acoustic analysis. The point at which these changes are detectable by adult
listeners is important in that--as with the emergence of canonical syllables, which, as
described above, leads parents to view their infants’ vocalizations as "talking" (Oller,
1980)--the discernible "drift" of an infant’s babbling toward the target language is likely
to lead parents to respond differently as well.

The following eight experiments, which will be described in detail in the
chapters that follow, were conducted:

Experiment 1: American English-speaking judges were tested on their ability to
discriminate between the vocalizations of American infants being raised in English-

speaking households and Arabic-environment infants in an effort to extend Boysson-
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Bardies et al.’s (1984) findings.

Experiment 2: English-speaking judges were tested on their ability to
discriminate between American and Chinese infants, again to extend the earlier findings.

Experiment 3: The original set of English samples was contrasted with a new set
from same-age infants to see if number of consonants in the samples might influence
discrimination.

Experiment 4: The new set of English samples was contrasted with Arabic,
again to see what role consonants might play in discrimination.

Experiment 5: The new set of English samples was paired with Chinese, with
the same purpose in mind.

Experiment 6: The original set of English samples was contrasted with French
samples that contained fewer consonants to see if a consonants-only explanation would
hold.

Experiment 7: The original English and Chinese samples were low-pass filtered
to attempt to isolate the contribution of specific segmental information to
discriminability.

Experiment 8: The original English samples were scrambled and then paired
with their unscrambled counterparts to attempt to isolate the contribution of

nonsegmental information to discriminability.
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CHAPTER 2
Method & Results

Experiment |: English-Arabic Discrimination Task

The purpose of this first study was to extend Boysson-Bardies et al.’s (1984)
findings by testing English-speaking judges’ ability to discriminate between the babbling
of infants from English and Arabic environments. Unlike that earlier study, where 6- and
10-month-old infants were also included, only 8-month-old infants were used in this
and the studies that follow, as that was the age at which Boysson-Bardies et al. (1984)
got the clearest evidence of discrimination.

Participants

Fifty American English-speaking judges (9 male, 41 female) were recruited by
word-of-mouth. Although virtually all had studied a second language in school, anyone
who identified a language other than English as his/her first language was excluded.
None of the participants had studicd Arabic, and none had any known hearing
impairments. Fifteen of the judges were parents, 13 were not, and 22 did not provide
this information; 28 had some phonetic training. Twenty-three of these were students in
a phonology class, which accounts for the high number of participants with phonetic
training in this study as compared with the others that follow. Although participants in
this study were not asked to list their age nor whether or not they had received any
musical training--two items that were added to the response sheet in later studies--in

the case of 6 of the 50 participants I was able to find out the age and in 9 the
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information about musical training at a later date. The mean age of those for whom this
information was available was 50.5 years (range = 39-70); 8 of the 9 participants
asked did have some musical training.

Materials

Tape recordings of four normally developing 72-month-old infants from
English-speaking homes were made as part of another study of early phonetic
inventories (Petinou, Schwartz, Mody, & Gravel, in press). Each infant's vocalizations
were digitally recorded in a sound-treated test booth using a Telex Wireless clip-on
microphone. Sessions lasted approximately 20 minutes, during which time infants were
encouraged to vocalize during semi-structured play activities. The four infants used in
the present study were selected by one of the researchers of the phonetic-inventory
study from among the eight normally developing infants participating in that study.

From these recordings, every babbling segment that was approximately 10
seconds in length was identified. Initially, 15 second segments were sought--in line with
those used by Boysson-Bardies et al. (1984). However, very few segments met that
criterion, so the criterion was changed to broaden the pool from which segments could
be chosen. Four samples were then selected randomly from among those that met the
10-second criterion. Because of differences among the infants with regard to vocal
productivity, it turned out that the four samples came from just two of the four infants--
two samples from each. The sex of the infants was not known during selection.

The Arabic samples were selected from tapes provided by Bénédicte de

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



23
Boysson-Bardies. These recording were of the same infants used in her earlier study
(Boysson-Bardies et al., 1984), though the segments selected for use in the current
experiment were not identical to those selected for use in the Boysson-Bardies et al.
study as the criteria differed somewhat. (See pages 14-15, Chapter 1, for further
details on the selection criteria used by Boysson-Bardies et al.) Infants’ vocalizations
were recorded in their homes with a Sony 510/2 tape recorder and an MD 441N
Sennheiser microphone. Sessions lasted approximately 30 minutes. In that study, only
two 8-month-old Arabic infants were recorded; therefore, two babbling samples of
approximately 10 seconds in length were chosen at random from each of the two
infants. Again, the infants’ sex was not known during selection.

The eight samples--four English, four Arabic--were then used to prepare three
audio tapes. The samples were combined on the tapes in three different random orders
(see Appendix A). Silences of approximately 10 seconds were inserted between
samples. Two Marantz tape recorders (Model PMD222), connected by an audio
cable, were used to create the tapes.

Procedure

The task the judges were asked to perform was to identify which of the
samples on the tape they were listening to derived from American infants and which
from non-American infants. Participants were told the approximate age of the infants on
the tape. Further, they were told that some of the infants were growing up in households

where English was spoken and some were growing up in households where some
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language other than English was spoken. The other language was not identified.
Participants were permitted to listen to the tape as many times as they chose, with
twice being the minimum. (Those tested in the classroom situation, described below,
were only able to listen to the tape twice.) The full text of the instructions given to
participants can be found in Appendix A, along with the written consent form each was
given to read and sign prior to testing.

Most participants were tested individually in a quiet room, listening to the tape
on a portable tape player (Aiwa HS-T19) with mini-headphones (Aiwa A081). Some
(n =23), however, were tested in a classroom situation with the samples played
directly from a tape recorder. These were the 23 students from the phonology class.
Eight judges were tested on order A, 32 on order B, and 10 on order C. The reason
for this inequality is that the 23 participants who were tested in the classroom setting
(the phonology students) all, of necessity, heard the same tape, order B.

Responses were recorded on a sheet provided for this purpose (see Appendix
A). On the same response sheet, information on other background variables was also
requested. For "language background,” participants were asked to list any languages
they had studied, for how long, and at what level (i.e., in junior high, high school, or
college). Judges were instructed to answer "yes" to "phonetic training" if they had ever
had a course in speech science, phonetics, phonology, or a related area. For "children,"
judges were asked to answer yes or no. Participants’ sex was also recorded. Visual

examination of the data did not indicate that any of these background factors—nor any
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of the others added in later studies—contributed to the outcome of this and subsequent
studies. Further analyses were not performed, as there were too few data points and
too many variables for such analyses to be valuable.

Professor Marilyn Vihman, then at Southeastern Louisiana University, collected
the data from the 23 phonology students; Toni Wisti, an undergraduate at Hunter
College, also provided some assistance with data collection.

Results

For each participant, a score between O and 8 correct was possible. A correct
response was defined as correctly identifying a sample as English or non-English. In this
study, however, it was the potential discriminability of samples from the two language
backgrounds that was of principal interest, more than the ability to correctly identify
which samples were English. In terms of pure discrimination, the judge who correctly
identifies all eight samples is equal to the judge who is wrong on all eight: Both are
identifying two distinct groups; one merely has the labels reversed. The binomial
probability of either case is identical. Therefore, a decision was made to collapse the
response categories as follows: the number of judges getting O or 8 correct were
combined, as were the judges getting 1 or 7 correct, 2 or 6 correct, and 3 or 5 correct;
those performing at chance constituted a category unto themselves. Because of the very
small number of cases that would be expected in some of these categories by chance,
the categories were then further collapsed to the following three: the first containing the

number of judges receiving a score of 0, I, 7, or 8; the second consisting of those who
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received scores of 2, 3, 5, or 6; and the third, those who got a score of 4. The
observed and expected frequencies--from a table of binomial probabilities--of cases
falling into each of these three categories is shown in Table 2.

It is clear from looking at the distribution of scores that far more judges scored
in the first category than would be expected by chance, while far fewer scored 2, 3, 4,
5, or 6 correct than expected, a result that was statistically significant as well as
immediately apparent, ¥* (2) = 105.27, p <.001. Not only were the judges in this study
clearly discriminating the two language groups from each other; they got the labels right,
as well: As Figure 1 illustrates, more than half of the judges correctly identified the
origin (i.e., English or not) of six (75%) or more of the babbling samples.

The possibility that some individual babbling samples might be easier to
discriminate than others was checked by performing a chi-square on the frequencies
with which samples were correctly identified as English or not by the 50 judges (shown
in Figure 2). The results displayed no evidence that some samples were easier to
categorize by language group, ¥* (7) = 4.99. There was evidence of an order effect:

The mean number correct for order A was 3.87, for order B it was 5.59, and for

order C 3.6; a one-way ANOVA performed on these means was significant (F [2, 47]
= 3.69, p <.05; Figure 3). Additionally, female participants scored significantly higher
than did males: the mean number correct for female judges was 5.41, while for males it
was 2.66 (r [48] = 3.39, p < .001, two-tailed). Phonetically-trained judges scored

higher than did non-phonetically- trained ones, though the difference was not
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Table 2

Observed and Expected Frequencies of Scores (Number Correct) on the English-

Arabic Discrimination Task (N = 50)

0,1,7,0r8 2,3,5,0or6 4
Observed 22 22 6
Expected 3.51 32.82 13.67
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25 1

% of Judges
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Number Correct

Figure 1. Ability of judges to discriminate between English and Arabic babbling
samples (N = 50).
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Number Correc!

E-A1 E-A2 E-B1 E-B2 A-Al1 A-A2 A-B1 A-B2
Sample

Figure 2. Number of times the origin of each sample in Experiment 1 was correctly
identified (N = 50).
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Figure 3. Mean number correct by order of presentation in Experiment 1.
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statistically significant (M = 5.3 for the phonetically-trained judges, M = 4.5 for the

other judges; ¢ [48] = 1.03).

Discussion

Overall, these results support Boysson-Bardies et al.’s (1984) finding that
babbling differs by target language. However, closer scrutiny of the samples used raises
a question as to the basis for the discrimination. Boysson-Bardies et al. (1984)
concluded that language-specific prosodic differences were what made the infants’
babbling discriminable. When the samples used in the present study were examined for
evidence of canonical babbling, however, another potentially important difference
emerged: While all of the English samples contained abundant consonant sounds, none
of the Arabic samples contained a single consonant (Table 3). At this point, therefore, it
was unclear whether the judges’ discrimination was made on the basis of language-
specific properties of the babbling or merely on the basis of the presence or absence of
consonants in the samples.

One way to answer this question might have been to contrast the English
samples with different Arabic samples--samples containing more consonant sounds.
The assumption here is that the difference between the samples was not truly a
language-specific one. There is no a priori reason to believe that there would, in
general, be fewer consonants in Arabic-environment infants’ babbling than in the

babbling of English-environment infants. Of course, this is a question that can only be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 3

Number of Consonants in Each English and Arabic Babbling Sample--Experiment |

E-Al | E-A2 | E-BI E-B2 | A-Al | A-A2 | A-Bl | A-B2
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answered through a closer study of the course of phonological development in Arabic-
exposed infants, something that is beyond the scope of the current investigation.

In the absence of additional Arabic samples, a new study was
undertaken-Experiment 2, which is described in the next chapter. In this study, the
same English samples used in Experiment | were contrasted with babbling samples

~ from infants of another language group.

Two additional concerns that needed to be addressed in the next study were
the order effect and gender difference in performance noted in Experiment 1. It is
possible that both of these can be accounted for by the subgroup of 23 students from
the phonology class. All of these students—who performed above the mean, as noted
previously--were tested on order B, which, as can be seen in Figure 3, had the highest
mean performance of the three orders (M = 5.59, as compared with 3.87 for order A
and 3.6 for order C). Moreover, all of these 23 students were female, which boosted
the mean of the female judges over that of the males, of which there were very few to
begin with. Notwithstanding the likelihood that this subgroup of phonology students was
responsible for these unexpected results, a decision was made to test equal numbers of
male and female judges in Experiment 2, as well as to attempt to balance the number of

people tested on each of the three orders.
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CHAPTER 3
Method & Results

Experiment 2: English-Chinese Discrimination Task

This experiment was designed to clarify whether the order and gender effects
noted in Experiment | were genuine or merely artifacts of the uneven subject groups
and to take another look at the role that consonants might be playing in the
discrimination of samples. Additionally, as in Experiment 1, this study sought to further
expand upon Boysson-Bardies et al.’s (1984) results, this time by testing English-
speaking judges’ ability to distinguish between American and Chinese (Cantonese-
background) 8-month-olds’ babbling.

Participants

Thirty-two American English-speaking judges (16 male, 16 female) were
recruited by word-of-mouth. None had participated in Experiment 1. Indeed, no judge
in any of the eight studies participated in more than one experiment. As in Experiment 1,
nearly all had studied a second language, but none had studied Chinese; none had a
known hearing impairment; and none identified a language other than English as his/her
first language. Seven were parents, and none had any phonetic training. Information on
age and musical training was not collected from participants in this study.

Materials
The same American babbling samples were used in this experiment as were

used in Experiment |.
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The Chinese samples were selected in the same manner as described in
Experiment 1. Once more, these saumples came from tapes provided by Bénédicte de
Boysson-Bardies and were the same infants used in her earlier study (Boysson-Bardies
et al., 1984). Again, since only two Cantonese-background 8-month-olds, of unknown
sex, were available, two babbling samples of approximately 10 seconds in length were
chosen at random from each. These four samples were then re-recorded with the
English samples onto tapes as described in Experiment |, using the same three random
orders (see Appendix A).

Procedure

The procedure was identical to that described in Experiment 1, with the
exception that, in this experiment, a/l participants were tested individually in a quiet
room, listening to the tape on a portable tape player with mini-headphones, the make
and model of which are not available. Twelve judges were tested on order A, 8 on
order B, and 12 on order C.

All of the testing for this study was done by Marie Granthe, an undergraduate at
Hunter College.

Results

The same analyses were performed on the data in this experiment as were
employed in Experiment 1. The observed and expected frequencies of scores are
displayed in Table 4 and a graph of the distribution in Figure 4. As in the previous

experiment, the difference between observed and expected frequencies was statistically
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Table 4

Observed and Expected Frequencies of Scores (Number Correct) on the English-
Chinese Discrimination Task (N = 32)

0,1,7,0or8 2,3,5,0or6 4
Observed 13 17 2
Expected 2.25 21 8.75
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% of Judges

0 1 2 3 4
Number Correct

Figure 4. Ability of judges to discriminate between English and Chinese babbling
samples (N = 32).
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significant (x? [2] = 67.25, p <.001), and nearly half of the judges scored 6 (75%) or
better on the task.

With these samples, as with those used in Experiment 1, there was no evidence
that some were easier to categorize than others (y* [7] = 3.49; Figure 5). In contrast to
the earlier study, however, there was neither evidence of an order effect (for order A M
=442, fororder BM =4.13, for order C M = 5.58; F [2,29] = 1.15; Figure 6), nor
of a gender difference (for males M = 4.38, for females M =5.19; ¢ [30] = 0.96).

An ANOVA was performed comparing the mean number of consonants across
language groups. The results were significant (F [4,15] = 12.49, p < .01). Protected ¢-
tests were then done to discover which language pairs diftered significantly from each
other. The mean number of consonants was found to be significantly greater in the
English than in the Chinese samples (¢ [6] = 4.8, p < .001, two-tailed). The full results
of this analysis are given in Appendix B.

Discussion

It appears that, once again, Boysson-Bardies et al.’s (1984) findings are
supported. It still is not clear, however, that language-specific prosodic differences are
responsible for these results: Even though the Chinese, in contrast to the Arabic,
samples did contain consonants, they contained far fewer than did the English samples
(Table 5). In fact, this difference was statistically significant, as noted above. This does
not rule out, therefore, the possibility that the quantity of consonants--not just their

presence or absence--in the samples may have been responsible for the discrimination
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Figure 5. Number of times the origin of each sample in Experiment 2 was correctly
identified (N = 32).
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Figure 6. Mean number correct by order of presentation in Experiment 2.
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Table 5

Number of Consonants in Each English and Chinese Babbling Sample--Experiment 2

E-Al | E-A2 | E-B1 | E-B2 | C-Al | C-A2 | C-Bl | C-B2
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found in both Experiment | and Experiment 2. The two other questions this study was
meant to address, on the other hand--regarding a possible sex difference in
performance and an order effect--do appear to have been answered in the negative.

In the study that follows, a further attempt was made to explore the role that
number of consonants might play by holding language background constant while

manipulating quantity of consonants in the samples.
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CHAPTER 4
Method & Results

Experiment 3: English 1-English 2 Discrimination Task

In this study, the possibility that the quantity of consonants in the babbling
samples was responsible for the results of the previous experiments was examined by
selecting a new set of babbling samples from 8-month-old American infants and pairing
them with the English samples used in Experiments 1 and 2.

Participants

Thirty-three American English-speaking judges (4 male, 29 female) were
recruited through the participant pool at a local college. The student body of the college
from which participants were recruited is approximately 73% female and 27% male. As
students signed up for the studies of their choice, there was no practical way to balance
for sex in this or any of the studies that follow, all of which made use of the participant
pool. The participants’ mean age was 19.1 years (range = 17-25). All met the criteria
of having no known hearing impairment and of identifying English as their first language.
Three had children, 14 had studied music, all were born in the United States, and none
had any phonetic training.

Materials

The four American babbling samples that were used in the two previous studies

were used again in this study. Hereafter, they will be referred to collectively as "English

l."
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Two additional 8-month-old American infants from English-speaking
households were audiotaped at home in a free-play session with their mothers. A
Marantz tape recorder (Model PMD22) with a Shure microphone (Model SM18B)
was used to record the infants’ vocalizations. Four samples were then selected
randomly from among those that met the criterion of being 10 seconds in length, in a
manner identical to that used to select the English | samples. These new English
saniples will be called "English 2," to differentiate them from the English samples used
previously. The English | and English 2 samples were then recorded, as previously
described, in the same three random orders that are shown in Appendix A.

Procedure

The procedure was identical to that described previously, with all participants
tested individually in a quiet room listening to the tape on a portable tape player with
mini-headphones (Panasonic RQ-P40 [# = 28] or Aiwa TX656 with Aiwa HP-M 16
headphones [n = 5]). Instructions were unchanged: As in Experiments 1 and 2,
participants were told that some of the infants they would be hearing were growing up
in non-English-speaking households, though this was not true in this case. Fourteen
judges were tested on order A, 12 on order B, and 7 on order C. Inequalities in these
groups resulted from exclusion from analysis of data from judges who did not meet the
language criterion but who were tested anyway. A revised response sheet was used in
this study and in all subsequent studies (see Appendix A). In addition to the information

recorded before, starting with this study the following information was recorded as well:
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age, musical training, place of birth, headphone position (normal or reversed),
equipment used, and number of times participants listened to the tape.
Results

In this study, identifying English | as “English” and English 2 as “non-English”
were defined as “correct” responses. The data were analyzed in the same way the data
in the previous experiments had been, with the same result: The difference between the
observed and expected frequencies of scores (shown in Table 6) was, once again,
statistically significant (%* [2] = 10.95, p < .01) and nearly half of the judges scored 6
(75%) or better on the task (Figure 7). No differences were found in the discriminability
of the samples (x* [7] = 3.03; Figure 8), nor was there an order effect (order A M =
5.21, order B M =5.33, order C M = 5.86; F {2, 30] = 0.41; Figure 9). A gender
eftect, on the other hand, was evident in this experiment (for males M = 6.75, for
females M =5.2;1[31] = 2.01, p < .05, two-tailed). In view of the fact that there were
only four male participants in this study, this result is suspect. There was a significant
difference in the mean number of consonants in the two sample sets (1 [6] =4.24,p <
.001, two-tailed; see Appendix B).

Discussion

These results show that the English 1 samples and the English 2 samples were
discriminated from each other and that, moreover, participants most often judged
English 1 to be "English" and English 2 to be "not English.” In Table 7, the number of

consonants per sample is shown, and it can be readily seen that English 1 contains far
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Observed and Expected Frequencies of Scores (Number Correct) on the English 1-

English 2 Discrimination Task (N =32

0,1,7,0or8 2,3,5,or6 4
Observed 10 16 7
Expected 2.25 21 8.75
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Figure 7. Ability of judges to discriminate between English 1 and English 2 babbling
samples (N = 33).
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Figure 8. Number of times the origin of each sample in Experiment 3 was “correctly
identified (N = 33).

l“Correctly,” in this case, means identifying English 1 as “English” and English 2 as “not
English.”
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Figure 9. Mean number correct by order of presentation in Experiment 3.
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Table 7

Number of Consonants in Each English 1 and English 2 Babbling Sample--Experiment
3

E-Al | E-A2 | E-BI E-B2 | E2-Al | E2-A2 | E2-B1 | E2-B2
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more consonants than does English 2, a difference that is statistically significant.

Since all the samples--both English | and English 2--were derived from 8-
month-old American infants living in English-speaking households, a marked prosodic
difference between the two sets of samples would not be expected. It seems, therefore,
that the difference in number of consonants between English | and English 2--which
appears to be a function of sampling-- is the most likely explanation for the judges’
ability to discriminate between them. The next two studies were designed to further
explore the possibility that the discrimination found in the previous studies resulted from
differences in the number of consonants rather than from language-specific differences

in the babbling.
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CHAPTERS
Method & Results

Experiment 4: English 2-Arabic Discrimination Task &

Experiment 5: English 2-Chinese Discrimination Task

In these next two experiments, the English 2 samples were paired with the
Arabic samples that were used in Experiment 1 and with the Chinese samples that were
used in Experiment 2 to see if the discrimination that was found in those studies could
be replicated with a set of English samples containing fewer consonants.
Participants

For Experiment 4, 39 participants (6 male, 33 female) were recruited through
the participant pool at a local college. Their mean age was 22.9 years (range = 14-49);
six judges did not supply this information. All met the criteria of having no known
hearing impairment and of identifying English as their first language. Six had children, 19
had studied music (this information is missing for one participant), all were born in the
United States, and none had any phonetic training.

For Experiment 5, an additional 39 judges (14 males, 25 females) were
recruited from the participant pool. Their mean age was 21.7 years (range = 17—40).
All met the hearing and first-language criteria. Five were parents, 20 had studied music,
all were U.S.-born, and none had phonetic training.
Materials

In Experiment 4, the English 2 samples from Experiment 3 were paired with the
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Arabic samples from Experiment 1; in Experiment 5, English 2 was paired with the
Chinese samples used in Experiment 2. As no order effect was expected, the stimuli in
each of these two experiments were presented in only one order: order B for the
English 2-Arabic pairing and order A for the English 2-Chinese pairing (see Appendix
A).
Procedure

The procedure remained unchanged in both of these experiments, with all
testing done individually in a quiet room using a portable tape player with mini-
headphones (Panasonic RQ-P40).

Results

A chi-square analysis was again performed using observed and expected
frequencies of scores, collapsed into three categories, as shown in Tables 8 and 9. The
distributions of scores for each study are shown in Figures 10 and 11.

For Experiment 4, judges were apparently able to discriminate between the
English 2 samples and the Arabic (% [2] = 10.95, p < .01). No differences were found
in the ease with which different samples were discriminated (x* [7] = 10.38; Figure 12),
and no gender differences were found either (for males M =4.16, for females M =
4.03; 1 [37] =-0.15).

In Experiment 5, on the other hand, the English 2 samples were seemingly not
discriminable from the Chinese (* [2] = 3.93). However, as in Experiment 4, no

differences in discriminability were found among samples (x* [7] = 6.88; Figure 13),
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Table 8

Observed and Expected Frequencies of Scores (Number Correct) on the English 2-
Arabic Discrimination Task (N = 39)

0,1,7,0r8 2,3,5,0r6 4
Observed 8 21 10
Expected 2.74 25.6 10.66

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



55

Table 9

Observed and Expected Frequencies of Scores (Number Correct) on the English 2-

Chinese Discrimination Task (N =39

0,1,7,0or8 2,3,5,0or6 4
Observed 3 20 16
Expected 2.74 25.6 10.66
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Figure 10. Ability of judges to discriminate between English 2 and Arabic babbling
samples (N = 39).
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Figure 11. Ability of judges to discriminate between English 2 and Chinese babbling
samples (N = 39).
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Figure 12. Number of times the origin of each sample in Experiment 4 was correctly
identified (N = 39).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



59

25

Number Correct

T T ) L T T T T

E-A1 E-A2 E-B1 E-B2 C-Al1 C-A2 C-B1 C-B2

Sample

Figure 13. Number of times the origin of each sample in Experiment 5 was correctly
identified (N = 39).
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and no gender differences were found either (for males M = 3.78, for females M =
3.68; 1 [37] = 0.08). No significant differences were found between language groups in
the mean number of consonants (for the English 2-Arabic contrast, ¢ [6] = 0.44; for
the English 2-Chinese contrast, ¢t [6] = -0.73; see Appendix B).
Discussion
The surprise here was that the samples in Experiment 4 were discriminable,
despite the fact that the difference in the number of consonants was not statistically
significant (Table 10). The difference in the number of consonants in the English 2
samples in contrast with the Chinese samples was also not significant (Table 11), but, in
this case, the samples were not discriminated. This latter result makes sense if number
of consonants is the crucial factor in discriminating the samples; the result in Experiment
4 does not make sense, in this context. However, since the difference in Experiment 4
was between nothing (M = 0 for the Arabic samples) and something (M =0.75 for
the English 2), perhaps the difference was great enough to account for discrimination
even though it was not statistically significant.
To shed further light on this question, the next study contrasts samples that are
significantly different from each other in number of consonants and should, therefore, be
discriminable from each other, if, indeed, the quantity of consonants is the decisive

factor.
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Table 10

Number of Consonants in Each English 2 and Arabic Babbling Sample--Experiment 4

E2-Al1 | E2-A2 | E2-Bl | E2-B2 | A-Al | A-A2 | A-B1 | A-B2
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Table 11

Number of Consonants in Each English 2 and Chinese Babbling Sample--Experiment 5

E2-Al | E2-A2 | E2-B!l | E2-B2 | C-Al | C-A2 | C-Bl | C-B2
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CHAPTER 6
Method & Results

Experiiment 6: English [-French Discrimination Task

In this study, the original English samples (English 1) were paired with French
babbling samples from which they differed significantly in terms of number of
consonants. The prediction was that judges would be able to discriminate the two sets
of samples, if consonant quantity was, in fact, what judges were relying upon to make
such discriminations.

Participants

Ninety-nine judges (23 males, 76 females) were recruited through the
participant pool at a local college. Their mean age was 25.5 years (range = 17-60), and
all reported having no hearing problems; 14 had children, 46 had studied music, 16
were born outside of the United States, and one had some phonetic training. Thirty-two
of these had either studied French or spoke French as a first language.

Materials

Samples from three language groups were used for this study: all four original
English (English 1) samples; four French samples (which will be described below); and
two of the Arabic samples used in Experiments | and 4 (samples A-A2 and A-B2,
selected at random). The two Arabic samples were inserted randomly into each of the
three original orders. The purpose of this change was to attempt to measure attention to

the task. The concern was that, since the judges were compelled to participate in
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research as a course requirement, they might not give the task their full att.ention. As the
Arabic samples had been quite easy overall for judges to identify as non-English, the
thought was that anyone who did not correctly identify either of the two Arabic samples
that were inserted into the English 1-French tapes might not be making a good effort
and should therefore be dropped from the study.

The French samples, which were once again selected from tapes used by
Boysson-Bardies et al. (1984), were chosen at random according to the criteria used in
the previous studies. In this study, however, four 8-month-old infants were available,
not two as with the Arabic and Chinese tapes. The four samples, therefore, ended up
being from four different infants. Three orders (see Appendix A) were once again used,
insiead of only one as in Experiment 4 and 5.

Procedure

All testing was done individually in a quiet room using a portable tape player
with mini-headphones (Panasonic RQ-P40 [n = 67], Sony CFD-540 with Radio
Shack Nova 41 headphones [1# = 19], Aiwa HS-T19 with Sony MDR-013
headphones [n = 11], or Sony WM-EX 102 [ = 2]). Thirty-eight judges heard tape
A; 34 heard tape B; and 27 heard tape C.

Results

The difference between the mean score of the total group (N =99, M =4.05)

and the mean of those judges who incorrectly identified both Arabic samples (n = 12,

M = 3.42) did not turn out to be significant (t [97] = 0.5). Therefore, the scores of this
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latter group are included in the analyses.

Tables 12, 13, and 14 show the observed and expected frequencies of scores
for three groups: the total number of judges in this study (N = 99); the non-French-
exposed judges only (n = 48); and the French-exposed judges only (n = 32). The
distributions for each of these groups are shown graphically in Figures 14, 15, and 16.
For none of the groups was there evidence of discrimination: ¥ (2) = 4.62 for the total
group; x* (2) = 0.89 for the English-speaking only group; and ¢* (2) = 2.27 for the
French-exposed group.

Neither order (order A M = 3.82, order B M =4.06, order CM =4.07; F [2,
96] = 0.27; Figure 17) nor sex (for males M = 4.17, for females M = 3.9; ¢ [97] =
0.71) made a difference in this study; there was an indication, however, that samples
differed with regard to how easy they were to correctly categorize (¥ [7] = 24.15, p <
.005; Figure 18). This difference seems to have been accounted for by two samples: E-
Al, which was correctly identified by 73 of the 99 judges, and F-A, which was
correctly identified by only 29; the mean number of judges correctly identifying any one
sample was 49. The two sample sets differed significantly from each other in terms of
mean number of consonants (¢ [6] = 3.49, p < .005, two-tailed; see Appendix B).

Discussion

The results of this experiment ran contrary to expectations, in several

particulars. First, the apparent lack of discrimination between the English and French

samples was surprising given that the difference between the mean number of
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66

Observed and Expected Frequencies of Scores (Number Correct) on the English-

French Discrimination Task: Total Group (N = 99)

0,1,7,0or8 2,3,5,0or6 4
Observed 12 65 22
Expected 6.95 64.98 27.06
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Table 13

Observed and Expected Freguencies of Scores (Number Correct) on the English-
French Discrimination Task: English-Only Group (11 = 48)

0,1,7,0or8 2,3,5,0r6 4
Observed 5 31 12
Expected 3.37 31.51 13.12
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Table 14

Observed and Expected Frequencies of Scores (Number Correct) on the English-
French Discrimination Task: French-Exposed Group (11 = 32)

0,1,7,0r8 2,3,5,0or6 4
Observed 4 22 6
Expected 2.25 2 8.75
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Figure 14. Ability of judges to discriminate between English and French babbling
samples (N = 99).
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Figure 15. Ability of judges to discriminate between English and French babbling
samples: English-only group (n = 48).
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Figure 16. Ability of judges to discriminate between English and French babbling
samples: French-exposed group (n = 32).
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Figure 17. Mean number correct by order of presentation in Experiment 6.
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Figure 18. Number of times the origin of each sample in Experiment 6 was correctly
identified (N = 99).
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consonants in the samples was statistically significant (Table 15). Second, not all
samples were discriminated with the same degree of ease. Specifically, sample E-Al
was much easier to identify than were the others in this study and sample F-A much
harder. Several things make these findings especially interesting. Sample E-Al had
been used in three earlier studies. As Table 16 shows, in each of those previous studies,
E-A1l had been correctly identified by a proportion of judges that did not differ by a
very large margin from the mean proportion correct. In Experiment 6, however, the
difference between the proportion of judges who correctly identified E-A1 and the
mean proportion of judges correctly identifying any other given sample was quite large.
The proportion of judges correctly identifying sample F-A, on the other hand, was quite
smalil--almost as far below the mean as E-A1 was above it. This might seem to indicate
that samples with six consonants—which both E-A1 and F-A had-were judged by
listeners to be English. However, another French sample also contained 6 consonants,
and it was not identified more frequently as English than were other French samples.

Taken together, these results do not seem to support the conclusion that
number of consonants is the best or only explanation for the discrimination found in
Experiments 1 and 2. Indeed, if that were the case, the samples used in this study
should have been distinguished from each other. It is curious that E-Al should be so
much easier to categorize in this context--contrasted with French--than in other
contexts. This implies that the samples do in fact contain language-specific cues that

may aid in discrimination.
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Table 15

Number of Consonants in Each English and French Babbling Sample--Experiment 56

E-Al | E-A2 | E-BI E-B2 F-A F-B F-C F-D
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Table 16

Proportion of Correct Identifications of Sample E-A1 Across Experiments 1. 2. 3. and

6 (N=99)

proportion correct | mean proportion | difference

identifications of | correct

E-Al identifications of al\l

samples

Experiment 1 54 62 8
Experiment 2 66 60 6
Experiment 3 52 67 IS5
Experiment 6 74 49 _ 25
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In the final two studies, an attempt was made to eliminate some possible cues in
an effort to discover which ones might be responsible for discrimination when it does

occur.
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CHAPTER 7
Method & Results

Experiment 7 : Low-Pass-Filtered Babbling Discrimination Task

To see if specific consonants played a role in the discrimination of the English
and non-English infants’ vocalizations, low-pass-filtered versions of the English 1 and
Chinese samples--which had been shown to be discriminable in their unfiltered forms in
Experiment 2--were paired in this study. Low-pass filtering at 400 Hertz eliminates
most of the information necessary to identify a specific consonant (Kent & Read,
1992), although the perception of a consonantal element remains.

Participants

Forty-eight subjects (6 males, 42 females) were recruited through the
participant pool of a local college. Their mean age was 19.7 (range = 17-35), and all
reported having no hearing problems. Thirteen had children, 17 had studied music,
seven were born outside of the United States, and three had some phonetic training. All
were native English-speakers, and none had studied Chinese as a second language.
Materials

The three tapes used in Experiment 2 were low-pass filtered at 400 Hz using a
Stanford Research Systems dual channel filter (Model SR650), with an attenuation
slope of 115dB/octave.

Procedure

All testing was done individually in a quiet room using a portable tape player
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with mini-headphones (Panasonic RQ-P40 [n = 37] or Sony WM-EX102 [n = 11]).
Six judges heard tape A; 31 heard tape B; and 11 heard tape C. Initially, the plan was
to use only one order--order B--as in Experiments 4 and 5. Later, orders A and C
were added, which is why the groups are of such unequal numbers.
Results
Many more judges scored 0, 1, 7, or 8 and far fewer 2-6 than would be
expected by chance (x* [2] = 68.38, p < .001; Table 17). The distribution this time
looked a little different from those in other studies where the two language groups had
been discriminated, however (Figure 19): In this study, equal numbers of judges scored
at the two extremes (9 judges scored O-1 and 9 scored 7-8), in contrast to previous
studies where scores had clustered toward the higher end. There were no differences
by sample (x* [7] = 4.22; Figure 20), by order (order A M = 5.66, order BM = 3.48,
order CM =4.72; F [2,45] = 2.72; Figure 21), or by sex (for males M = 4.83, for
females M = 3.93; 1 [46] = 0.85).
Discussion
Despite the filtering, the English 1 and Chinese samples were still discriminated.
Indeed, filtering the samples does not seem to have made the task appreciably harder
than was the original task: x* (2) = 67.25, p <.001, for the full-spectrum samples used
in Experiment 2; and x* (2) = 68.38, p < .001, for the filtered samples in Experiment 7.
However, while discrimination overall was as good as in Experiment 2, labeling was

inferior: In Experiment 2, 56 % scored above chance, while in this experiment, only
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Table 17

Observed and Expected Frequencies of Scores (Number Correct) on the Low-Pass-
Filtered Babbling Discrimination Task (N = 48)

0,1,7,0r8 2,3,5,0or6 4
Observed 18 22 8
Expected 3.37 315 13.12
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Figure 19. Ability of judges to discriminate between filtered English and filtered Chinese
babbling samples (N = 48).
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Figure 20. Number of times the origin of each sample in Experiment 7 was correctly
identified (N = 48).
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Figure 21. Mean number correct by order of presentation in Experiment 7.
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46% did. The relationship between speech type (i.e., filtered or not) and score on the
task was not statistically significant, however (° [8] = 8.14).

It seems that specific consonantal information is not essential for discrimination
of the vocalizations of infants from different language backgrounds--or, at least, not for
this particular pairing. These results do not rule cut, however, the possibility that
absolute number of consonants plays a significant role in judges’ ability to discriminate
some of the sample sets used in these studies. Language-specific prosodic differences
between the vocalizations of infants from different language environments are also not
ruled out as an explanation.

The final experiment is designed to look at what happens to the discriminability
of samples when prosody is disrupted but the actual sounds, as well as the number of

consonants, remain unchanged.
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CHAPTER 8
Method & Results

Experiment 8: Scrambied Babbling-Natural Babbling Discrimination Task

In this eighth study, English 1 samples that had been scrambled (i.e., the sounds
within the samples were rearranged) were contrasted with the original English |
samples. The purpose of this manipulation was to see if disrupting the language-specific
prosody of the speech, without altering its phonetic content, would make such samples
discriminable from unaltered samples. If so, a prosodic-differences hypothesis would be
supported, rather than a number-of-consonants one.

Participants

Fifty-four students (14 males, 40 females), with a mean age of 19.5 (range =
17-26), were recruited through the participant pool of a local college. All reported
normal hearing and English as their first language. Four had children, 22 had studied
music, 16 were born outside of the United States, and one had some phonetic training.
Materials

The four English 1 samples were used again in this study, in two forms: in their
natural form and in a scrambled form. The scrambled samples were created in a
computer program called WaveStudio 2.0 on an IBM Aptiva 530 (Model 2144-66P)
equipped with a Sound Blaster 16 audio card. In this program, it is possible to view the
wave form of a sound file and cut and paste segments to different locations within the

sample.
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The four English 1 samples were first digitized at 22 kHz, using this same
program. Segments suitable for rearranging were identified visually on the displayed
wave form and then played out through the compl._lter’s speakers to make sure that the
cuts didnt come in the middle of a sound. The segments were then reordered
completely randomly within the same time envelope so that the overall length of the
scrambled samples remained the same as the natural samples from which they derived.
Finally, the natural and scrambled samples were recorded from the computer through a
Marantz tape recorder (Model PMD22) onto an audiotape, in the same three orders
that were used in all previous studies (see Appendix A).
Procedure

All testing was done individually in a quiet room using a portable tape player
with mini-headphones (Sony WM-EX 102 [n = 52] or Panasonic RQ-P40 [n = 37]).
Twenty judges heard tape A; 12 heard tape B; and 22 heard tape C. The inequality of
these groups resulted from a disproportionate number of participants who heard tape B
being disqualified because of bilingualism. As in Experiment 3, instructions to
participants remained unchanged, even though in this experiment, as in that one, all
samples, in fact, derived from American infants.

Results

Identifying English 1 as "English" and Scrambled English | as "not English" were

considered to be the correct responses in this study. Observed and expected

frequencies of scores, shown in Table 18, were not significantly different: x* (2) = 2.28.
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Table 18

Observed and Expected Frequencies of Scores (Number Correct) on the Scrambled
Babbling-Natural Babbling Discrimination Task (N = 54)

0,1,7,0or8 2,3,5,0or6 4
Observed | 37 16
Expected 3.79 35.45 14.76
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The distribution (Figure 22) was, in fact, very close to a normal one, the only difference
being that somewhat fewer judges were able to discriminate--as defined by a score of
0-1 or 7-8--between the scrambled and natural samples tﬁan would be expected by
chance.

Order was not a significant factor (order A M = 4.2, order B M = 3.58, order
CM=3.9;F[2,51]=0.81; Figure 23), nor was sex (for males M = 4.21, for females
M = 3.85; 1 [52] = 0.92). As in Experiment 7, however, there was a difference in this
experiment in the discriminability of samples G [7]1 = 17.79, p < .025, two-tailed;
Figure 24. Again, E-A1 appears to be primarily responsible for the difference, with 40
of the 54 judges correctly identifying it as English, when the mean for all the samples
was only 26.6. The scrambled counterpart to this sample, E-Al-S, with only 15 judges
correctly identifying it, may also have contributed to the statistically significant difference
found.

Discussion

Despite the reordering of the sounds within the samples, the English 1 and
Scrambled English | samples were not discriminated. If judges rely upon prosody alone
as their guidepost, these two sample sets should have been discriminated. The fact that
they were not indicates that discrimination, when it does occur, may be made on some
basis other than prosodic differences. Alternatively, prosody may not have been
sufficiently disrupted in this instance to affect discrimination one way or the other, a

point that will be returned to in the General Discussion. Furthermore, a difference in the
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Figure 22. Ability of judges to discriminate between English and scrambled English
babbling samples (N = 54).
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Figure 23. Mean number correct by order of presentation in Experiment 8.
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Number Correct

E-A1 E-A2 E-B1 E-B2 E-Als E-A2s E-Bls E-B2s

Sample

Figure 24. Number of times the origin of each sample in Experiment 8 was “correctly”"
identified (N = 48).

“Correctly,” in this case, means identifying the unscrambled samples as “English” and
the scrambled samples as “not English.”
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number of consonants has still not been ruled out as a possible basis for discrimination,
though the recurring finding that some samples are discriminated more easily in some
contexts than in others continues to create a problem for a strict quantity-of-consonants

explanation.
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CHAPTER 9
General Discussion

Eight studies were undertaken to further understanding of the course of early
prosodic and phonetic development. Specifically, these studies were designed to extend
Boysson-Bardies et al.’s (1984) work and to discover what might be the basis or bases
for adult listeners’ ability to discriminate between babbling samples of infants from their
own and from another language group. The results of the present studies will first be
summarized individually and will then be discussed collectively to see what support, if
any, the data offer for several different possible explanations for the discriminability of
the vocalization samples. In a final section, unanswered questions will be considered,

along with suggested future directions.

Summary of the Results of Experiments 1 through 8

Experiment 1-English I contrasted with Arabic: English 1 samples and

Arabic samples were easily discriminated by the judges. Moreover, they got the labels
right as well: More than half of the judges correctly identified 75% or more of the
samples (i.e., scored 6 or better on the task). There was no indication that some
samples were easier/harder to identify than others, but an order effect and a sex
difference were found, possibly because of unequal groups. The number of consonants
in the samples differed significantly by language, which could account for the

discrimination.
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Experiment 2-English I contrasted with Chinese: English 1 and Chinese

samples were also discriminated, but with only about half the listeners achieving a score
of 6 or above. As equal numbers of males and females were tested this time and nearly
equal numbers of participants were tested on each order, neither an order effect nor a

sex difference was found in this experiment. Again, samples did not differ with regard to
ease of discrimination. However, since consonant quantity once again varied as a
function of language group, it remained possible that discrimination was made on that
basis alone.

Experiment 3—English 1 contrasted with English 2: Judges were able to

distinguish between one set of English samples (English 1) and another set of samples
from same-age English-environment infants (English 2) whose babbling contained
significantly fewer consonants than did the first group. Interestingly, they reliably labeled
the English 1 samples as “English” and the English 2 samples as “non-English.” No
difference was found in the discriminability of the samples, nor was there an order
effect. A sex difference was found, but with only 4 males tested out of a total of 32
participants, this result was suspect. Since the infants were all the same age and were all
from Englisﬁ-speaking homes, the number of consonants in the samples seems to be the
most likely explanation for their discriminability.

Experiment 4—English 2 contrasted with Arabic and Experiment

S—FEnglish 2 contrasted with Chinese: In both cases, the number of consonants in the

samples did not differ significantly as a function of language group. Nevertheless,
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whereas English 2 and Chinese were not discriminated, English 2 and Arabic were.
Only one order was used in these studies; no differences were found by sex or by
sample.

Experiment 6-English 1 contrasted with French: These samples were not

discriminated, despite the fact that they differed significantly from each other in terms of
number of consonants. Neither order nor sex differences were found, but this time
differences in the discriminability of the samples were found: sample E-A 1, which had
been used in three other studies, was much easier to discriminate in this context, while
F-A seemed to be harder than the other samples to discriminate.

Experiment 7— filtered English 1 contrasted with filtered Chinese: Low-

pass-filtered versions of the English | and Chinese samples were discriminated just as
easily as were the full-spectrum originals. Labeling, however, was inferior, with 56%
scoring above chance with the full-spectrum samples and only 46% doing so with the
filtered versions, but the relationship between speech type and score on the task was
not statistically significant. No order, sample, or sex differences were found.

Experiment 8—English | contrasted with scrambled English 1. Scrambled

and natural versions of the English 1 samples wer‘e not discriminated from each other.
Neither sex nor order was a factor. Once again, however, sample E-A1 was easier to
categorize in this context than it had been in some others, while its scrambled
counterpart seemed to be particularly difficult to categorize.

In many but not all instances, then, adult English-speaking judges do appear to
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be able to distinguish between 8-month-old infants from different language
backgrounds. Two exceptions found here were the English 1-French pairing and the
English 2-Chinese pairing. Background factors such as age, sex, musical training,
phonetic training, participant’s country of origin, equipment used, headphone position,
having children or not, and number of times the tapes were heard had no detectable
effect on performance. Order did not appear to have an effect on the task, except in
Experiment 1 where group sizes were very lopsided and order was confounded with
phonetic training. In general, samples did not differ with regard to the ease or difficulty
with which they were categorized. The few exceptions to this rule will be discussed in
later sections.

But while the question, "Is it possible to distinguish between the babbling of
infants from varying language backgrounds?" might be answered with a qualified “yes”-
-notwithstanding the two deviations mentioned above--the question of just what the
basis for the discrimination might be remains unanswered. Is the ability to discriminate
that has been shown here due to ambient-language effects on infant vocalizations at this
early stage? Or is there some other, possibly nonlinguistically-based, explanation for
these results? And if ambient language is playing a role in the discriminability of babbling
at this age, is its effect manifesting itself in the prosodic or the phonetic aspects of the
infants' speech? The data from the eight experiments conducted will be considered

below with reference to four different possible bases for discrimination.
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Quantity of Consonants

The first explanation I considered was that the judges were discriminating
samples based solely on the number of consonants each contained. (Table 19 shows
the outcomes of all eight experiments, as well as which pairings differed significantly
with regard to mean consonants per sample.)

For Experiments 1 and 2, this explanation made pertect sense. In Experiment
1, English | samples, with a mean consonant count per sample of 10.25, were paired
with Arabic samples, with a mean consonant count of 0. In Experiment 2, English 1,
with its many consonants, was contrasted with Chinese, with a mean consonant count
of only 2 per sample. These differences were statistically significant, with the protected
for the English-Arabic pairing equal to 5.86, p < .001, two-tailed, and the protected ¢
for the English-Chinese pairing 4.39, p < .01, two-tailed.

This inspired me to contrast English 1 with new English samples from same-age
infants (English 2), which is what was done in Experiment 3. Here, again, the difference
in the quantity of consonants in English | and English 2 was significant ( f[7] = 5.86,

p <.001, two-tailed), and the samples were discriminated. This further bolstered the
notion that the discriminability of the samples was not due to ambient-language effects;
rather, it was due to the number of consonants in the samples. Of course, it was
possible that the difference in the number of consonants in the samples was, in fact, an
ambient-language effect. There is, however, no evidence supporting such a difference in

babbling between infants of varying language backgrounds. Such an explanation,
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Summary of Results: Experiments | through 8

98

Scrambled English 1

Languages Contrasted | Significant Difference Discriminated?
in Consonants?

Exp. 1: English 1-Arabic yes yes

Exp. 2: English [-Chinese yes yes

Exp. 3: English 1-English yes yes

2

Exp. 4: English 2-Arabic no yes

Exp. 5: English 2-Chinesej no no

Exp. 6: English |-French yes no

Exp. 7: Filtered English 14 yes yes

Filtered Chinese

Exp. 8: English I- no no
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moreover, would not serve for the results of Experiment 3, where all infants were
growing up in English-speaking households. The more likely explanation, therefore, was
that the differences were due to sampling and not to language background.

The results of Experiments 4 and 5 did not entirely support this interpretation,
though. The quantity-of-consonants explanation would predict that neither the English
2-Arabic nor the English 2-Chinese pairing would be discriminated, as neither the
Arabic nor the Chinese sample sets differed significantly from English 2 in terms of
consonant number (/[7] = 0 for the English 2-Arabic pair; ¢[7] = 1.48 for the English 2-
Chinese pair). While this prediction was borne out for the English 2-Chinese contrast, it
was not for the English 2-Arabic one.

Experiment 6 dealt a further blow to the consonant-quantity model. This time,
the model would have predicted that English 1 and French, differing as they did in mean
consonants per sample (10.25 for the English; 4.25 for the French; #[7] = 2.51, p <
.05, two-tailed), would be discriminable. They were not. In addition, the fact that two
samples--one English, one French--differed from the others in terms of the ease with
which they were discriminated further undermined the consonant-quantity model.

The final two experiments did not directly address the question of consonant
number. In Experiment 7, the low-pass-filtered English 1 and Chinese samples were
discriminated just as easily as the unfiltered versions had been. The filtering did nothing
to change the number of consonants per sample, although it did remove most of the

information necessary to identify the specific consonants. Labeling, on the other hand,
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was affected by filtering, with the judges performing better on the unfiltered than on the
filtered versions. This result will be discussed again later with reference to other
possible explanations. Of interest here, though, is the indication that listeners are doing
more than merely counting consonants in coming to a decision regarding the origin of
babbling samples. Otherwise, labeling would be expected to be as accurate for the
filtered as for the unfiltered samples, as the number of consonantal elements was
unchanged.

In Experiment 8, the number of consonants was identical, as indeed were the
actual consonants. Had the samples been discriminated, that would have been a
powerful argument against the quantity-of consonants model. As the samples were not
discriminated, it is not clear what role number of consonants or specific consonants may
have played.

In sum, there is evidence that number of consonants per sample may play a role
in judges’ ability to discriminate sets of babbling samples. But there is evidence as well
that this may not be the sole basis upon which discriminations are made. At this stage, it
is only possible to say that consonant quantity provides neither a necessary nor a
sufficient basis for discrimination, though it may help in some cases. Further studies,

which will be discussed in a later section, will be required to resolve this question.

Backeround Noise

Another possible explanation of the results of these experiments rests on the
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fact that the samples used were recorded by different people, under varying conditions,
using different equipment. Perhaps English | and Arabic, for example, were
discriminated by the judges not because of the number of consonants and not because
of any inherent differences due to ambient-language influences, but because the two
sets of samples differed with respect to background noise. '

Such a possibility cannot be completely ruled out on the basis of the results
from the current studies, although additional studies (to be discussed later) might shed
some light on this question. Nevertheless, since differences in background noise are
present in all sets--as indeed they exist to some degree between samples within the
same language set--the finding that not all language pairings were discriminated seems
to argue against such an explanation. Additionally, some differences in recording
quality, echoing, etc., between the English | and Chinese samples were masked by the

filtering done in Experiment 7, yet these samples were still discriminated as easily as

before.

Ambient Language Influence: Prosody

Boysson-Bardies et al. (1984) believed that the explanation of their findings lay
in infants’ incorporation of language-specific prosody into their babbling. The results of
the present studies are unclear with regard to the possible role of prosody in adult
judges’ ability to discriminate between the babbling of infants from a variety of language

environments.
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If prosodic differences are present in the babbling of 8-month-old infants to the
degree that discrimination on that basis would be possible, then discrimination would be
the expected result in Experiments 1, 2, 4, 5 and 6. However, the English 2-Chinese
pairing (Experiment 5) and the English 1-French pairing (Experiment 6) were not
discriminated. On the other hand, discrimination would not be the predicted result in
Experiment 3, as two sets of samples from 8-month-old American/English-environment
infants would not be expected to differ with regard to language-specific prosody.
English 1 and English 2 were discriminated, however.

Experiment 7 did not rule out prosody as a possible basis for discrimination, as
low-pass filtering exercises its effect primarily on the phonetic, not the prosodic,
aspects of the speech signal. But in Experiment 8, the disruption of normal prosody by
scrambling the samples did not yield the expected result of discrimination of the
samples.

All in all, the support for language-specific prosody as the basis for
discrimination is fairly weak a this point. Perhaps it plays a role, but, as with consonant
number, it does not seem to be a necessary or sufficient ingredient. Additional studies,

described later on, might provide some more definitive answers, however.

Ambient Language Influence: Phonetics

By 9-10 months, it has been reported that infants exhibit differences in the

frequency of occurrence of particular consonants in their babbling that reflect
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differences in the adult target languages (Boysson-Bardies & Vihman, 1991).These 9-
10-month-olds were the youngest infants included in this particular study, but it may be
that these differences are already in evidence to some extent prior to that age--perhaps
even by 8 months, the age of the infants used in the present eight studies. Even if the
differences at this earlier stage have not yet reached statistical significance, it may be
that they are detectable by adult judges, who can use them to make determinations
regarding the language background of the infants to whose vocalizations they are
listening.

If this is so, what support is there from the current work for a phonetic basis for
the results? The same experiments that caused problems for the prosodic-differences
explanation of the results create difficulties for the phonetic-differences explanation. As
above, if language-specific phonetic differgnces were present and discernible in the
samples, then discrimination should have been found in Experiments 1, 2, 4, 5, and 6;
instead, discrimination was found only in Experiments 1, 2, and 4. Discrimination should
not have been found in Experiment 3, as phonetic differences would not be expected
between English 1 and English 2; but this pairing was discriminated.

Experiments 7 and 8 do provide some hints of a significant role for phonetic
differences, however. In Experiment 8--where no phonetic differences between the
sample sets existed--no discrimination was found. This may not offer specific support
for a phonetic interpretation, but it does not refute it either. More interesting are the

results of Experiment 7. In this study, discrimination was just as good with the filtered
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as with the nonfiltered samples. This appears to argue against specific consonantal
information as a basis for discrimination. It is important to note, however, that labeling
was more accurate with the full-spectrum samples than with the filtered ones. In other
words, listeners were better able to correctly identify the origin of the samples when the
full-spectrum cues were available than when they had only the low-frequency
information available. This implies that, while it may be easy enough for listeners to
identify two distinct groups using low-frequency information alone, they need the high-
frequency information to correctly categorize the groups. As before, further studies that
will be outlined below may be able to clarify the role of high-frequency (consonantal)
information in discriminating the babbling of babies from different language

backgrounds.

How Is Discrimination Possible?

What, in conclusion, appears to be the basis for discrimination of the babbling
of infants from different language environments, when discrimination does occur? Is
there anything that the infants themselves are doing that aids discrimination? Or is
discrimination based solely on such factors—probably artifactual-as consonant number
and background noise?

Certainly factors related to sampling—which encompasses both the audiotaping
and the selection of the segments of infants’ vocalizations for use in the studies—-have the

potential to convey information to listeners, which they may, in turn, use in making
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judgments about the origin of the samples. But just because the information is there, can
we be sure that the judges are making use of it? And can we be sure that that is the
only information the judges are relying upon to make their determinations?

The results of the studies described here do not provide a clear-cut answer
to these questions, but they do provide some clues as to whether and how much
this nonlinguistic information is being used by listeners to arrive at their decisions.
With reference to the first question, it is hard to understand why, since background
noise is present in all cases, this information would not be used in some instances—
for example, in Experiments 5 and 6, where the pairings were not discriminated—but
would be used in others. Similarly, if consonant quantity is critical, how can we explain
the results of these same two experiments? It seems that, if these factors—that is,
differences in the tape recordings and differences in the mean number of consonants per
sample-were indeed the basis upon which the judges made their discriminations, how
would it be possible to explain those cases where the two sample sets were not
discriminated?

Several other findings seem to conflict with an explanation based solely on
consonant number or background noise. First, of all the background factors examined
(see Appendix B), only phonetic training appeared to have any influence on task
performance. If phonetic training makes a judge better at discriminating between infants
who are being exposed to different language environments, then it seems likely that the

difference between the samples is in the linguistic realm. However, this argument is not
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as strong as it might be for two reasons: First, phonetic training might attune listeners to
consonants and background noise, so they might, in fact, be better able to make use of
that information than naive judges would be; and, second, most of the phonetica.lly-
trained judges participated in Experiment 1, so it is hard to know whether the training
only benefitted them in that particular task or if the advantage would have been more
general.

Also problematic for the nonlinguistic-factors explanations are the findings of
differences in the ease or difficulty with which some samples are categorized. How can
the fact that sample E-A1, for example, is so much easier to discriminate in the context
of the English 1-French contrast than in any of the other pairings be explained on the
basis of consonant number or background noise?

All in all, then, it seems that, in order to explain the findings, it is necessary
to assume some kind of ambient-language effect on the infants’ vocalizations.

An explanation based on prosody or phonetics surely seems essential to understanding
the varying discriminability of samples in different contexts. The discovery in contrasting
Experiments 2 and 7 that listeners’ labeling was affected by the filtering but not

their overall ability to discriminate also seems to require an acknowledgment of
ambient-language influences—particularly in the phonetic sphere. However, some

of the same issues arise in considering a prosodic- or phonetic-factors explanation

that arose in relation to the sampling-factors explanations. Again, if we believe that

infants’ babbling is substantially influenced by the adult target language at this
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stage, how do we understand the results of Experiments 4 and 6? And Experiment 3

must also be viewed as an anomaly.

Future Directions
Although there are strong indications that some aspects of the ambient
language are making their way into infants’ speech even as early as 8 months of age,
there are still a good many unanswered questions and as many possible future studies.
Below are just a few of these possibilities that seem to me to represent the next logical
steps in this research program.

Collection of new babbling samples: The best way to address questions

about the role of acoustic differences between the samples would be to collect new
babbling samples under acoustically controlled conditions, followed by a strict sampling
procedure.

Filtered English 1 paired with filtered and scrambled English 1: 1t is

possible that the lack of discrin&ination found in Experiment 8 was due to the fact that
not only were there the same number of consonants in both sets, but the consonants
were identical, although reordered. Perhaps this overpowered any effect that the
reordering of the elements might have had on discrimination. If the samples were low-
pass filtered, most of the specific phonetic information would be removed, which might
then increase the salience of the prosodic disruption that the scrambling was meant to

achieve.
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More thoroughly scrambled English 1 paired with English I: Another

approach might be to scramble the samples more thoroughly. In Experiment 8, the
individual sounds were reordered within the original envelope. However, da-da-da
doesn’t sound that different when it is rearranged. Perhaps it would be useful to explore
other ways to tamper with the prosody of the samples that might have more dramatic

effects.

High-pass-filtered versions of English I and Chinese: To attempt to rule

out background noise as a factor in discrimination, high-pass-filtered versions of the
English 1-Chinese pairing (or any other pair that were discriminated) could be

prepared. Additionally, if high-pass-filtered samples were discriminated, that would
indicate that prosody might not be crucial to discrimination, as the lower frequencies
carry most of the prosodic information. Such an outcome would also imply that specific
consonants are in fact a determining factor in identifying the language background of an
infant even at this early age.

Acoustic analyses of the samples: It would be very informative to perform

acoustic analyses of the samples used in these eight studies. Of particular interest would
be those cases where the language sets were not discriminated, such as in Experiments
5 and 6.

The studies reported on in chapters 2-8 truly represent only the tip of the
iceberg, in that they are suggestive with regard to possible bases for discrimination but

do not provide definitive answers. The research program outlined above should begin
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to fill in some of the gaps left by Experiments | through 8, as well as by the previous
research done in this area, leading, perhaps, to some better, more focused questions, if

not to firmer conclusions.

A
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APPENDIX A

Orders of Presentation of Babbling Samples for Experiment 1

order A order B order C
E-A2 A-B1 -
A-B2 E-B2 E-B1
E-B1 E-Al A-A2
- A-A2 A-B1
A-A2 E-A2 E-A2
E-Al - -
A-Bl1 A-B2 A-B2
A-Al - E-Al
E-B2 E-B1l E-B2
- A-Al A-Al

Note: Each sample is designated by two letters and a number, as follows: The first
letter identifies the language environment of the infant ("E" for English; "A" for
Arabic); the second letter identifies which baby the sample came from ("A" for
baby A; "B" for baby B); the number identifies the specific sample from that baby
("1" for sample 1"; "2" for sample 2). Thus, sample E-A2 is sample number 2
from English baby A and sample A-B1 is sample number 1 from Arabic baby B.

Experiment 2: The same orders were used, with C-A1 used in place of A-Al, C-
A2 used in place of A-A2, and so on.

Experiment 3: The same orders were used, with E2-A1 taking the place of A-Al,
E2-A2 replacing A-A2, and so on.

Experiments 4& 5: In Experiment 4, order B was used, with E2 samples replacing
E1 samples, and the Arabic samples remaining the same; in Experiment 5, order
A was used, with E2 samples replacing and Chinese samples replacing the
Arabic, as in Experiment 2.

Experiment 6: The same orders were used in this study, with F-A (French sample

A) replacing A-Al, F-B replacing A-A2, F-C replacing A-B1, and F-D replacing
A-B2. In order A, A-A2 was inserted between the third and fourth samples and A-
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B2 was inserted following the eighth sample. In order B, A-A2 followed the fifth
sample and A-B2 followed the sixth sample. In order C, A-A2 was inserted at the
beginning and A-B2 was inserted between the fourth and fifth samples. The
symbol # above indicates where an insertion occurred.

Experiment 7: The same orders were used as in Experiment 2.
Experiment 8: The same orders were used, with E-A1-S ("S" designates a

scrambled sample) used instead of A-A1, E-A2-S used instead of A-A2, and so
on.
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Instructions to Participants

On this tape are recorded 8 short babbling samples from 8-month-old
infants. Each sample is approximately 10 seconds in length, and there are 10-
second silences between samples. Some of these infants are growing up in
households where English is spoken by their caregivers, and some are growing up
in households where some other language is spoken. Your task is to attempt to
identify which are the infants who are growing up in the English-environment
households and which are not.

Please listen to the tape once all the way through without writing anything
on the response sheet. You can then rewind the tape and listen as many more
times as you like. When you are ready, simply write "English" or "not English"
for each sample. You are not expected to try to identify what the language
background of the non-English infants is. Please do not leave any blanks; you
must write something for each sample. You will also need to answer the questions
printed at the top of the response sheet and, when you are through, write down

how many times you listened to the tape.
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(The form the participants signed was on CUNY Graduate Center letterhead and was

approved by the Committee on the Protection of Human Subjects at the CUNY
Graduate Center.)

CONSENT FORM

Title: Discrimination of the babbling of infants from different language environments

Principal Investigator: Daisy Edmondson, Ph.D. Program in Psychology
(Developmental), City University Graduate School

Purpose: The purpose of this study is to determine if participants can discriminate
between the babbling of infants from different language environments.

Procedure: You will be asked to listen to a tape recording of infants babbling. The
infants on the tape will come from homes in which different languages are spoken by the
parents. You will be asked to identify which samples come from the English-exposed
infants and which do not. You may listen to the tape as many times as you wish.

Rights of Participants: Participation is entirely voluntary, and you may withdraw your
consent and have the testing session discontinued at any time. Access to the data
collected will be restricted to authorized research staff. You will not be identified by
name in any future presentations or publications of this data. If you have any questions
regarding this research, please call Daisy Edmondson at 212-642-2556. If you have

any questions concerning your rights as a participant in this study, you can call the
Office of Sponsored Research, City University of New York, at 212-642-2059.

I agree to participate in the study described above:

Signature Date

Researcher’s Signature Date
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RESPONSE SHEET
Participant Number: Phonetic Training (Y/N):
Children/ages: Tape version:

Language background (first language other than English; other languages
spoken/studied--how fluent/how many years of study):

TRIAL 1

TRIAL 2

TRIAL 3

TRIAL 4

TRIAL 5

TRIAL 6

TRIAL 7

TRIAL 8
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Participant number:

Participant's age:

Musical training:
Race/ethnicity:

Language

background/experience:

RESPONSE SHEET

Sex:

Children:

Date:

115

Phonetic training:

trial 1

trial 2

trial 3

trial 4

trial 5

trial 6

trial 7

trial 8
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APPENDIX B

Differences in the Number of Consonants per Sample Set

Five different sets of babbling samples were used in these studies. The
mean number of consonants varied as a function of sample set i.e., the mean
number of consonants in the sample set designated as "English 1" was 10.75,
while the mean number of consonants in the French sample set was 4.25 (see
Table 20).

To see if the differences in the means of the five sample sets were
statistically significant, a one-way ANOVA was performed. The counts shown in
Table 20 were transformed as follows, prior to being used in the ANOV A: First,
the logs of each count were taken and 1 was added so that none of the counts
would equal zero; the resulting figures were then multiplied by 10 to make the
numbers larger and more manageable.

The transformed data are shown below in Table 21. The ANOVA yielded
significant results: F' (4,15) = 12.49, p < .01. This indicates that the differences in
consonant number by language group were significant.

Protected #-tests were then performed on all language pairs that were
tested in Experiments [ through 8. The results show that significant differences in
number of consonants existed between English 1 and Arabic, Chinese, French,
and English 2; the differences between English 2 and Arabic and between English

2 and Chinese were not significant (see Table 22).
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Table 20

Consonant Count per Speech Sample, by Language Group
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Engl Eng2 Arabic Chinese French
sample 1 6 l 0 5 6
sample 2 8 1 0 2 5
sample 3 15 0 0 0 0
sample 4 12 | 0 1 6
mean 10.25 0.75 0 2 4.25
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Table 21
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Log-Transformed Consonant Counts, Means. and Standard Deviations

| Engl Eng2 Arabic Chinese French
sample 1 1.78 1.69 1.78
sample 2 1.9 1.3 [.69
sample 3 2.18 l 1
sample 4 2.08 1 1.78
mean 1.98 1.25 1.56
s.d. 0.18 0.33 0.38
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Table 22

Differences Between Sets of Language Samples Tested in Experiments 1-8
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Language Pair Protected ¢ Value Two-Tailed
d.f.=7) Probability
Engl-Arabic 5.86 <.001
Engl-Chinese 4.39 <.005
Eng!l-French 2.51 <.05
Engl-Eng2 5.86 <.001
Eng2-Arabic 0 n.s.
Eng2-Chinese 1.48 n.s.
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