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In every language so far examined, high vowels such as [i] and [u] tend to have higher fundamental
frequencies (F0s) than low vowels such as [a]. This intrinsic FO effect ({F0) has been found in the
speech of children at various stages of development, except in the one previous study of babbling,
The present study is based on a larger set of uiterances from more subjects (six French- and six
English-learning infants), at the ages 6, 9, and 12 months. It is found, instead, that /F0 appears even
in babbling. There is no indication in these data of a developmental trend for the effect, and no
indication of a difference due to the target language. These results support the claim that IF0 is an

automatic consequence of producing vowels.

PACS numbers: 43.70.Ep, 43.70.Fq

INTRODUCTION

The relationship between vowel height and fundamental

frequency (FO) has been noted for at least 60 years {Taylor,

1933). High vowels such as [i] and [u] tend to have higher
F(’s than low vowels such as [a] and [&]. The mechanism
for this “intrinsic F0”’ (IF0) or “intrinsic pitch” has been
the subject of great dispute (see the reviews in Chala and
Eukel, 1987, Sapir, 1989; Fischer-Jérgensen, 1990), but the
consistency of the effect is not in question ( Whalen and
Levitt, in press). Every language that has been examined for
IFOQ (31 are listed in that work) has been found to have it,
and these languages represent 11 of the world’s 29 major
language families. IFQ has been found not only in languages
such as English (Peterson and Barney, 1952) and French (Di-
Cristo, 1982) that use FO primarily for stress and intonation,
but also in tone languages such as Mandarin (Shi and Zhang,
1987) that use FO changes to distinguish words. JF0 seems
to be insensitive to the size of the vowel inventory as well,
since both small (e.g., Japanese with 5 vowels) and large
(e.g., German with 14) systems show similar effects (Whalen
and Levitt, in press).

With such universality, /F0 has typically been assumed
to be an automatic consequence of vowel articulation. In-
deed, the theories reviewed in Sapir (1989) take this as a
given. Under that assumption, it is of great interest whether
the vowels of babbling will show this effect, since the bab-
bling child presumably has no vowel categories per se, but
simply vocalic articulations. If the child’s vocal apparatus
already has the interconnections that produce the IF0 effect
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in adults, then we should see IFQ in babbling. If there are
significant anatomical or coordinative differences between
infants and adults, perhaps IF0 will not appear in babbling,

Only one study that we have found has examined this
question (Bauer, 1988). Bauer examined three infants at 9
and 13 months. There were 201 vowels measured at 13
months and an unreported number for the earlier age. Vowels
were put into one of four broad classifications: high front,
high back, low front, or low back. Bauer found no effect of
height, but did find an effect of front/back. He attributed this
to the high position of the larynx in the infant (Crelin, 1987)..
This high position also leads to a more vertical orientation,
which might lead to more influence of the tongue pulling in
the front/back dimension.

As a note of caution, though, the number of subjects and
the number of tokens in Bauer’s study were both rather
small. The size of the study can greatly affect the outcome,
as can be seen in a similar failure to find a vowel height
effect, this time in running speech, Umeda (1981) measured
approximately 200 vowels from two speakers in spontaneous
conversation. She found no evidence of IF0 and concluded
that it was not present in running speech. However, there are
a great many factors that influence F( in speech, and these
were not controlled for in her study. To counteract this vari-
ability, it is necessary either to increase the number of obser-
vations, ot t0 control the context. When factors such as sen-
tence focus and segmental environment are propetly
controlled, even running speech shows the effect (Ladd and
Silverman, 1984; Shadle, 1985). We.can presume, then, that
a larger sample of unrestricted text would show the effect,
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TABLE L. Average FO values for high versus low vowels for five studies that include children. Adult values for
English (Peterson and Barney, 1952) and French {DiCristo, 1982) are given for comparison. Age is in years. F()
is in hertz (Hz). The difference is given both as a Hz value and (in parentheses) as-a percentage of the /e value.

Study Age (yrs) N Sex FO for ifu FO for ajae Difference
DiCristo, 1982 adult 1 fem 239 226 13(5.8)
adult 3 male 133 124 9(7.3)
Peterson and Barney, 1952 adult 33 male 139 126 13(10.3)
adult 28 fem 233 211 22(10.4)
“child” 15 both 274 253 21(8.3)
Peterson, 1961 “child” 3 both 294 262 32(12.2)
Glaze et al., 1990 5-11 97 both 250 229 21(9.2)
Hillenbrand et af, ir: press 10-12 46 both 248 229 19(8.3)
Sorenson, 1989 6 3 male 290 258 32(12.4)
6 3 fem 324 301 23(7.6)
7 3 male 307 288 - 19(6.6)
7 3 fem 288 279 9(3.2)
8 3 male 267 255 12(4.7)
8 3 fem 286 264 22(8.3)
9 3 male 272 229 43(18.8)
9 3 fem 300 275 25(9.1)
10 3 male 263 243 20(8.2)
10 3 fem 273 279 —6(—2.1)
(average) 6-10 30 both 287 267 20(7.5)

And, of course, it is not possible with babbling to restrict the
Context, so an increase in sample size is our only alternative,
Thus the issue of IF0 in babbling cannot be considered to be
settled, and the present study attempts to increase our under-
standing of this issue. .

Although most researchers assume that IF0 is an auto-
matic consequence of vowel production, others hold that IF0
is'a deliberate enhancement of the speech signal by the
speaker (Diehl and Kluender, 1989; Diehi, 1991). This ac-
count assumes that the perception of vowel height is a func-
tion not only of F1 frequency but of the difference between
FO and F1 (Traunmiiller, 1981) and that spedkers intention-
ally increase their FO with high vowels to make this differ-
ence larger that it would otherwise have been. The universal-
ity of IF0, on this account, only argues for the usefulness of
this particular enhancement. In babbling, however, there is
no communicative intent and thus no distinctions to enhance.
So the enhancement account should predict that 7F0 will not
appear in babbling. Even Bauer’s (1988) finding, if it is cor-
rect, would bz inconsistent with the enhancement account,
since it implies an automatic (though different) mechanism
for IF0. If IFO were not found for babbling, the enhance-
ment account would seem to be supported, with the assump-
tion that JFO would be an enhancement acquired later in
development.

If IF0 is found for babbling, the most likely explanation
is that it is not only universal but automatic. For the enhance-
ment account to accommodate such a result, it would seem
that an imitative explanation would be necessary. That is,
since children hear this vowel height/F0 correlation in what-
ever adult language they hear, they include it in their bab-
bling. Enhancement per se should not be an issue, since there
are (presumably) no categories to enhance, but the imitation
might be complex enough to include small FO changes. This
issue will be addressed further in Sec. III.
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If enhancement is operative, we might expect there to be
a developmental trend toward increased usage of the en-
hancement. Previous studies of JF0 in older children, with
ages ranging from 5 to 11 years, show no indication of a
developmental trend in fF0Q. Table I presents results from
five published studies ( Peterson and Barney, 1952; Peterson,
1961; Sorenson, 1989; Glaze et al., 1990; Hillenbrand et al.,
in press). We have averaged the two high vowels [i] and [u]
and the two low vowels [a] and [&]. As can be scen in the
difference column of Table I, there is variability, especially
in the Sorenson values where the N was small (only 3 per
cell). But there is no indication of an overall trend toward
larger (or smaller) effects.

I£ IF0 is universal, then we would expect to find similar
patterns in the babbling of infants from any language envi-
ronment. If JFQ is deliberate enhancement, we might expect
that different languages would use the enhancement to dif-
ferent degrees. This difference might then appear as a differ-
ence in the babbling behavior of children in different lan-
guage communities. The present study takes a first step in
assessing the universality of IF0 in babbling by examining
infants in two language environments, English and French.
We have already found intonational differences between
these two language groups in an earlier study (Whalen er al.,
1991). That study included 10 of the 12 subjects analyzed
here. Since these children are using FO in different ways in
their babbling, it is certainly possible that they would treat
IF0 differently if they were producing /F0 deliberately.

IFQ in babbling, then, needs further examination. The
present study examines the babbling of 12 infants, 6 each in
English and French environments. The infants were recorded
in the home at 6, 9, and 12 months of age. We measured all
the vowels except for the central (e.g., [2]) and lower-mid
(e.g, [£] and [0]). This resulted in 7325 tokens to analyze.
With a larger set of resuits, we can more confidently address
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TABLE II, Number of tokens analyzed for the 12 subjects. Speaker JZ had no recordings at 9 and 12 months,

and MR had none at 12 months.

Language French English

Initials MS NM YC IZ EC MB MM VB MA AB CR NG
Sex M F F M M F M F M F M F
No, at 6 mo. 197 10 161 278 72 95 28 293 61 1250 80 130
No. at 9 mo. 105 33 353 37 83 38 123 30 708 130 337
No. at 12 mo. 147 29 850 m 48 205 226 647 136 234

the issue of whether JF0 is automatic or under the speaker’s
control.

. METHODS
A. Subjects

The speakers were 12 infants, 6 learning French as their
native language and 6 learning American English. The
French infants were all living in Paris or its environs. The
American infants lived in various cities on the northeast
coast of the United States.

B. Stimuli

The utterances for the present study were selected from
recordings made at weekly intervals by the parents of the
children. Each infant was recorded in the home on a cassette
tape recorder (Panasonic RQ 3145 or Marantz PMD 430)
using a high quality microphone (Realistic supercardioid
33992A). Individual recording sessions lasted approximately
10-20 min. The parents were asked to choose a time when
the child was likely to be alert and unlikely to cry. As far as
possible, the microphone was held 20 cm from the baby, If
necessary, the parent could attempt to induce babbling by
speaking to the child (stopping, of course, when the infant
began vocalizing). Additional comments about the session
were recorded by the parent on a form provided with each
tape,

All utterances from the 6-, 9-, and 12-month tapes were
digitized onto the Haskins Laboratories VAX computer sys-
tem. They were low-pass filtered at 9.6 kHz and sampled at
20 kHz, with preemphasis (Whalen et al., 1990). We ex-
cluded cries, whispers, and various vegetative sounds. If an
utterance contained a combination of speech and nonspeech,
we would try to transcribe the speech,

All the utterances were transcribed by the third author, a
native speaker of Mandarin Chinese. He is phonetically
trained, and has experience with a wide variety of languages.
Transcriptions were made from the digitized waveform, with
the help either of the Haskins Laboratories program HADES
(Rubin, 1995) or SIGNALYZE® (Keller, 1990). With these pro-
grams, the whole utterance could be heard repeatedly, as
could any selected portion of the utterance. The overall char-
acter of the waveform also gave indications of possible syl-
lables. The symbols of the International Phonetic Alphabet
were used, with the understanding that some of the utter-
ances would be very difficult to transcribe. We felt that ob-
taining a more detailed transcription was worth the effort
involved, since this allows us to make more comparisons
than Bauer’s (1988) four-way classification.
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Once the transcriptions were made, we selected the fol-
lowing vowels for analysis: high front ([i ¥ 1 Y]), midfront
({e ¢]), low front ([ a ]), high back ([u w u]), midback
([0 ¥]), and low back {[a v €]). (Strictly speaking, [® is low
central, but there were few enough members of this group
anyway, so we included it.) While we did want to have the
most accurate transcription possible, it was not possible to
analyze the results any more finely than this, primarily be-
cause of the small number of instances of many of the vow-
els. There were a handful of tokens that were nasalized; these
were simply included without any indication of the nasaliza-
tion. We also treated all vowels without regard to their con-
sonantal environment,

C. Analysis

- All fundamental frequencies were measured from the
speech waveform, by hand, using either HADES or
SIGNALYZE®. The following procedure was used: For each
syllable containing one of the vowels of interest, the main
period of vowel activity was delimited. Then a location 40%
of the way into this segment was found. In the best case, we
would then measure five pitch periods to the left of the point
and five to the right. The duration of this ten pitch period
segment was then translated into an average FO0 for that mea-
surement point. In some cases, the pitch periods immediately
around the 40% point were not measurable, either because
the waveform was noisy or low in amplitude, or otherwise
unclear. In those cases, the nearest ten measurable pitch pe-
riods within that syllable were chosen. Some tokens that had
been transcribed proved to be too noisy or too faint to mea-
sure, Table II presents the number of measured tokens for the
12 subjects at the three ages. Two of the subjects lacked
recordings at some of the months: JZ was missing the 9- and
12-month recordings, and MB was missing the 12-month
recording. Both were French subjects. Another French sub-
ject, YC, lacked 12-month recordings but had 11-month
ones. The 11-month recordings were used for the 12-month
data for her. Two other subjects had sparse data at 1 or 2
months, so these were supplemented with recordings from an
adjacent month. For English subject MA, 25.8% of the
6-month data was from the 6-month recordings, while the
remaining 74.2% came from the 7-month recordings. Also
for this subject, 37.7% of the 12-month data was from the
12-month recording, while the remaining 62.3% was from
the 11-month recordings. Finally, for French subject MB,
35.0% of the 6-month data came from the 6-month record-
ings, while the remaining 65.0% came from the 7-month
recordings.
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TABLE HI. FO values for the six vowel categories for the 12 subjects.

Front Back
Mean F0 N % of total Mean FO N % of total
High 405.7 519 71 381.8 302 4.1

Mid 364.6 5254 7.7

3599 89 1.2
Low 3322 808 11.0

330.6 353 4.8

All of the target vowels were measured, with an excep-
tion for one subject. American subject NG had a large cor-
pus, but the vast majority of her vowels were [e]. At six
months, [e] was approximately 45X as frequent as the next
vowel. At 9 months, the ratio was around 17 to 1. By 12
months, [e] outnumbered its nearest rival by 2 mere factor of
10. In order both to keep the representations of the vowels
relatively similar, and to cut down on the amount of work
required for this subject, only selected [e]’s were analyzed
for her. For each age, a number of [e]'s was counted out (45,
17, or 10, for the three ages). The utterance containing that
[e] was analyzed for all its [eI’s. Thus if there was only one
[e], then that would be the only one analyzed. If that uiter-
ance happened to have several [e]’s, all of them were ana-
lyzed. In this way, [e] was still the most frequent vowel, but
only by an overall factor of 2.3,

The distribution of these vowels is similar to those found
in previous studies. In one cross-language study (Boysson-
Bardies et al., 1989), back vowels were found to be rela-
tively rare (6.6% of the utterances in French and English),
though the low back vowels were the most common of those.
In the present study, by contrast, the high back vowels ac-
counted for a higher proportion of the back vowels than was
the case for the other study. (The proportion of front vowels
overall would be higher if we had not excluded many of
NG’s [e] vowels.) Our proportions are more in agreement
with Buhr’s (1980) one English-learning infant. The sclec-
tion criteria used here were too different to allow a direct
comparison with the de Boysson-Bardies ef al. (1989) study,
but the distribution of vowels analyzed here is at least quali-
tatively similar to that found in other studies.

FOs larger than 700 Hz were excluded from the analysis.
These represented 4.3% of the 7651 tokens measured. Such
extreme values, while common in babbling, distort the
means for those cells with small N’s. It is also possible that a
different phonation type is involved in such high F0’s, which
would be a second reason to exclude these values. The se-
lection process resulted in 7325 tokens being measured for
the 12 subjects.

Il. RESULTS

Means for the six vowel types for the 12 subjects are
given in Table III. Also given are the number of tokens that
went into each value. Table IV gives the size of the JFQ
effect, both for height and front/back. The front/back differ-
ence is given as the front vowel mean minus the back vowel
mean. In this way, any difference that matches the results of
Bauer (1988) will be positive in value, while contrary results
will be negative. As can be seen, there is a positive differ-
ence for height for 10 of the 12 subjects. For front/back, only
5 of the 12 subjects match Bauer’s results,

For an analysis of variance, we operated on the means
for each of the six cells for the 12 subjects. An analysis that
used each observation was attempted, but the enormousty
large degree of freedom for the error term meant that almost
any difference, however trivial, appeared significant. Using
the means also gives the subjects with fewer productions a
stronger say in the analysis. Since the differences among
speakers, not tokens, are of primary importance, this result is
to be desired.

The analysis, then, included the grouping variable lan-
guage (English or French), and two within factors, height
and front/back (with 3 and 2 levels, respectively). Three of
the subjects (MM, NM, and MB}) have missing cells, due to
the lack of any instances of the mid back vowel category,
Rather than reject these subjects from the analysis, these
cells were replaced with the means of the five other cells for
these subjects. This is a conservative approach to data re-
placement, since it will tend to minimize differences that
actually exist. Language was not a significant main effect
[F(1,10)<1, n.s.], indicating that the babblers had roughly
equivalent overall FO’s. Height was a significant factor
[F(2,20)=16.62, p<<0.001], while the interaction with lan-
guage was not [F(2,20)=2.09, n.s.]. Front/back was also not
a significant factor [F(1,10)<1, n.s.}; neither was the inter-
action with language [F(1,10)<1, n.s.}. The two-way inter-
action of height and front/back was significant [F(2,20)
=4.48, p<<0.05], but the three-way interaction with language
was not [F(1,10)=1.09, n.s.].

For the analysis by age, it was necessary to restrict the
number of cells. By the time we break the results down into
the six categories and the three ages for the 12 subjects, 45 of
the 216 cells are empty. Most of these are for the low back
and mid back vowels. Therefore we analyzed the four other
cells, as a single factor of vowel quality with four levels, so
that only differences among the four cells can be tested, not
the front/back and high/low dimensions. Eighteen of the 45
empty cells come from the two subjects who lacked certain

TABLE 1V, Size of the high/low difference and the front/back difference in FO for the 12 subjects, The first and third rows are in hertz and the middle row

Is the high/low difference expressed as a percentage of the low vowel FO,

French English
Initials MS NM YC IZ EC MB MM VB MA AB CR NG
High—low 56.0 94.3 40.4 184 -9.3 —26.7 15.6 70.9 15.1 93.8 101.3 814
(as %) 16.8 23.9 12.6 51 -2.7 —6.4 37 21.0 4.2 27.0 358 26.0
Front—back -11.1 -19.5 -16.7 -13.9 19.3 -35.7 20.1 -28.7 —-154 343 7.0 54.9
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TABLE V. Mean FO’s for four of the six vowel categories for the ten
subjects that had measurements at each of the months analyzed. The mid-
back and low back categories were missing for many of the subjects for one
month or another. The last row shows the difference between the mean of
the two high vowel categories and the low vowels category,

Age in months 6 9 12
Mean#¥0 N MeanF0 N Mean FO N
High back 373.5 88 369.8 71 394.6 125
High from 402.3 115 4125 171 403.0 221
Midfront 3504 1757 3818 1311 3641 1838
Lowfront 313.6 227 336.7 190 336.9 327
Diff. between
Highs and low 74.3 545 61.9

months, as mentioned before: JZ had no 9- or 12-month data,
and MB had no 12-month data. These two subjects were
excluded from this analysis, so that the remaining subjects
had no missing cells. The ANOVA factors were vowel, with
four levels, language, with two levels {English and French),
and age, with three levels (6, 9, and 12 months).

In this analysis, as before, language was not a significant
factor [F(1,8)<1, n.s.]. It did not enter into any significant
interactions either. Age was not a sighificant main effect
[F(2,16)<1, n.5.], which is to be expected: Even though F(
lowers throughout development (see Tuble D), the time
elapsed here is too short to show this effect. Vowel is a
significant main effect [F(3,24)=8.22, p<0.001], again
showing the height effect. The critical interaction, age by
vowel, is not significant [F(6,48)=1.97, n.s.], giving no in-
dication of a difference in the effect over the six months
involved here (see Table V). Even if we analyze each month
separately (despite the lack of an interaction), the IF0 effect
Is present at cach age. The separate analyses are strong for
the 6-month [F(3,27)=9.61, p<(0.001) and 12-month
[F(3,27)=5.05, p<0.01] measurements, and somewhat less
robust for the 9-month [F(3,27)=2.94, p=0.0512]. There is
no evidence of change in IF0 over this time span.

Since we relied on our transcriptions to separate the
vowels into categories, we need to be sure that we can do
this independently of F0. In adult speech, it is certainly clear
that different vowels can be produced with a wide range of
F0’s without losing the vowel’s identity. With babbling,
however, it is not possible to ask the speaker to reproduce a
particular vowel. One way of avoiding the vowel identity
problem would be to correlate FO with F1. Since F1 is
lower with the high vowels and higher with the low vowels,
there should be a negative correlation between FO and F1
when IF0 is present. In the Peterson and Barney (1952) data,
in fact, there is such a correlation if we examine the three
speaker groups (the 33 adult males, the 28 adult females, and
the 15 children) separatcly. When we correlate each indi-
vidual production (there were two per vowel) for each vowel
for all the speakers, we obtain the following correlations:
males, r=—0.16 (p<0.001), females, r=—0.20 (p<0.001),
and children, r=-0.10 {(p<0.10). The correlation does not
reach significance for the children either because of greater
variability of their values or the smaller number of subjects.

When we examined our babbling data, however, there
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Wwas a positive correlation between F0 and F1, but this was
due to the fact that the formants were almost invariably ex-
cited by a single harmonic. With a mean FQ of 370 Hz, the
formants in our set of babbles are poorly represented. If a
harmonic happens to be at the center frequency of a formant,
the two nearest harmonics would be approximately 15 db
lower in amplitude even with a bandwidth of 100 Hz. [For
adults, bandwidths typically remain in the range 50-60 Hz
for formant values up to 2000 Hz (Dunn, 1961).] Harmonics
with such low amplitudes are too close to the background
level to contribute to the measurement of the formant. Occa-

sionally in our measurements, we found two harmonics of
equal amplitude, and it was possible to assume that the cen- _
ter frequency of the formant was between them. (With such

limited measurements of the formant frequencies, it was, of
course, impossible to measure the bandwidth with any con-

fidence.) The appearance of two harmonics was uncommon,

so the formant value was much more likely to be identical to

one of the harmonics, resulting in the positive correlation

between FO and formant frequency. '

As a final check on the possible misperception of F0 as
vowel quality, we examined the distribution of the vowel
categories by F0. If FO were the only factor, then the distri-
butions should be distinct. If any vowel can occur on any
FO, then the distributions should be greatly overlapped. Fig-
ure 1 shows a highly overlapped pattern. For that figure, the
number of tokens of a particular vowel in an F0 range ot
“bin” of approximately 16 Hz was counted. The top panel
shows the proportion of all the vowels in the six categories,
Because the midfront category is so disproportionately rep-
resented, it is hard to see the other distributions. Thus the
lower panel shows the same data with a ceiling on the mid-
fronts. As is clear, there are vowels of each category at every
level of FO. Certainly the distributions are different, since
that is what the IF0 effect consists of. But it is not the case
that a high FO was enough to cause a perception of a high
vowel. The identifiability of the vowels was apparent
throughout the FO range. Thus there is no evidence of any
large perceptual bias in the transcriptions.

It is impossible to rule out smaller perceptual biases
which might have influenced the results. Indeed, small ef-
fects of FO on the identification of ambiguons vowels have
been found in one study by Reinholt Petersen (1986). Using
synthetic vowels ranging from [u] to [0], he found that the
most ambiguous vowel received more [u] responses with a
high FO compared with the,low FO. The effects were quite
small and never enough to change the majority decision. In
addition, it was only possible to shift an ambiguous vowel
from one category to a neighboring category. The results of
Gottfried and Chew (1986), in which a wide range of FO’s
for sung vowels was used, also show extremely few in-
stances in which the height of the perceived vowel differs by
more than one level. Thus even if there were bias effects in
the present transcriptions, such biases would not account for
the FO difference between the low vowels and the high vow-
els. Despite the impossibility of completely ruling out smail
bias effects, then, the pattern of results strongly suggests that
the effects we have found are due to the vowel articulation
and not to the transcription.

Whalen et al.: Intrinsic FO of vowels in babbling 2537
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FIG. 1. Distribution of the six vowel categories by FO. Top panel: all
vowels analyzed. Lower panel: the same data truncated at 250 occurrences,
giving better resolution for the less well represented categories,

Il. DISCUSSION

Our analysis of the babbling of 12 infants, 6 each from
English- and French-learning sitvations, indicates that the jn-
trinsic FO (IF0) associated with vowels appears even in
babbling. There was no evidence of a change in the effect
across the three ages examined (6,9, and 12 months). There
was also no evidence of any difference between the two lan-
guages. These results are most compatible with the hypoth-
esis that JF'Q is an automatic consequence of vowel produc-
tion.

The previous study that examined this question (Bauer,
1988) did not find a height difference, but instead found 2
front/back difference. That author attributed the fact that in-
fants differ from adults to the relatively high position of the
larynx in the vocal tract of young children (Crelin, 1987).
However, we believe that his results differ from ours because
of the scope of the studies. Baucr examined three children,
and only 201 tokens at age 13 months. (He does not teport
the number of tokens for the 9- to 12-month pottion.) This is
too small a number to use for an unconstrained situation such
as babbling. If we could have infants give us multiple rep-
etitions with the same intonation, then a smaller number
would be enough. But infants are constantly exploring the
FO range as they babble, and the placement of vowels of
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different qualities is random in this distribution. Thus it is
very easy to have several utterances with high, even squealy
pitch with a low vowel. It takes a large sample for this to
average out. As can be seen in Table IV, there were two
subjects who showed higher F0’s for low vowels, and they
were two among those with the smallest number of tokens to
analyze.

The differences between front and back vowels were not
comsistent from subject to subject in the present study. This is
unlike Baver’s (1988) results but like the adult studies
{Whalen and Levitt, in press). Given that Bauer’s explana-
tion of the front/back effect as due to the high larynx position
is a plausible one, we need to explain why this high position
does not change the IFQ effect, In fact, the high position
seen in Crelin’s x-ray images is somewhat misieading, since
most of those were taken at rest. As Crelin himself notes
(1987: p. 96), the larynx is pulled down into a much more
adultlike position during speech (and screaming). That is,
infants must work to make their vocal tracts appear more
adultlike, and doing so seems to bring their larynx into the
same relationship with the tongue that adults have. Since
they show the same IFQ as adults, it seems likely that the
same mechanism is involved as well. One might still suppose
that different children might adopt different strategies, but
even the two subjects who showed a contrary effect for
height were inconsistent for front/back: Subject EC had the
difference that Bauer found, while MB went in the other
direction, So, as with the aduits, there is no consistent effect
of the front/back dimension on F0.

The present study also found no evidence of a develop-
mental change over the 6~-month span examined. This is con-
sistent with the universality of 7¥0 (Whalen and Levitt, in
press) and with the lack of any evidence of a developmental
change later in life (Table I). The overall percentage of dif-
ference found for the babblers was 13.9% (as calculated from
Table IIT). This is slightly higher than that found for other
studies (Table I), but a statistical artifact is probably the
cause. If we had transformed the measured F0’s into a semi-
tone scale before averaging, the effect of the very high F0’s
would have been reduced, and the difference between high
and low vowels would probably have been much more simi-
lar, too. Certainly, if there is any developmental trend, it is
for less JFO rather than more. This does not fit with the
enhancement hypothesis.

The present results are at odds with the one previous
study (Bauer, 1988) and call into question the explanation
given there. The difference is most likely due to the differ-
ence in sample size (200+ tokens versus the present
7000+). In addition, his developmental change was based on
& comparison of the size of two different F ratios, which is
not a reliable method of comparing results across data sets, It
is also risky to assume that the absence of a significant dif-
ference means that there is no effect. However, the measure-
ments here are sufficiently strong to show the 7F0 effect at
each of the three ages analyzed, so at least we know that the
effect is not absent at any of the ages. It seems likeliest that
there is no developmental change in 7£0.

These results also cast doubt on the description of /F0
as a deliberate enhancement of the speech signal (Diehl and
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Kluender, 1989; Diehl, 1991), for three reasons, First, while
infants may begin to perceive the vowel categories of their
target language at an early age (Kuhl er al., 1992), the evi-
dence from vowel productions in babbling shows only a ten-
dency toward the target language formant space (Boysson-
Bardies ez al., 1989) or intonation (Whalen er al., 1991}, not
toward specific categories. If the infants have no categories
to enhance, why should they use IF0? It is true that infants
will hear vowels with JF 0, since every language shows IF(
(Whalen and Levitt, in press). So if they are imitating what
they hear, then they might imitate /F0 differences. Infants do
not imitate just the native vowel categories, though. They
produce some non-native vowels and seldom if ever produce
some of the native vowels. It is hard to see why they should
imitate the IF0 feature, nor indeed how they might abstract
away from the individual vowels to the more general prin-
ciple that vowel height is what is important. Second, the [F(
effect disappears at the lower portion of adult speakers’
ranges (Whalen and Levitt, in press), The explanation for
this phenomenon is likely to come from the different mecha-
nisms for raising and lowering FO. Unless the infants have
already understood this difference, the lack of IF0 at low
values would seem to add uncertainty to the generalization
that imitative /F0 would have to be based on. Finally, the
task of detecting JF0 in the course of running speech would
seem especially difficult in the case of learners of a tone
language, since they certainly hear a great deal of FO varia-
tion that is important (the tones) that is completely unrelated
to JF0. However, IF0 also occurs in tone languages like
Mandarin (Shi and Zhang, 1987). We might expect that in-
fants who are learning Mandarin as their native language
would fail to use IF0 if any babblers would, Given the im-
portance of tone in Mandarin and its independence from
{F0, Mandarin-learning infants might not easily produce
IF0 if it had to be learned, On the other hand, if IF0 is
automatic, then even the Mandarin-learning infants would
show IFQ. This remains to be tested.

The present study shows IF0 in babbling. The effect is
independent of which of the two target languages (French or
English) were involved. There does not scem to be a devel-
opmental trend for the 6- to 12-month range examined. So,
despite the fact that vowels can be produced with a wide
range of FOs, it appears that IF0 is an automatic conse-
quence of vowel articulation.
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