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ABSTRACT

Reports that infants imitate the vocal pitch characteristes of adult
caregivers (e.g. Lewis, 1936/1951) include Lieberman’s (1967; Lieber.
man, Ryalls & Rabson, 1982) claim that infants differentially adjuse their
vocal pitch or fundamental frequency (fy) towards that of their care-
givers, resulting in higher mean pitch when interacting with mothers
than when interacting with fathers. However, a recent cross-sectional
study of infants ac ages 0;8 to 9;9 and 1;0 failed to find evidence of
differential pitch adjustment toward male and female caregivers (Siegel,
Cooper, Morgan & Brennesie-Sarshad, 1990). A more sensidve test of
Lieberman's claims would be to use a longitudinal design, with spon-
taneous recording sessions repeated over many months. The current
study presents data from a longitudinal case study of an infant recorded
tages 0;3, 937, 9;10, 1;3 and 1; 5 interacting with each of her parents
in spontaneous play sessions and in isolated play. The infant in our
study did not demonstrate significant adjustment of her vocal pitch in
the direction of either parent. However, we did find evidence for
consistent adjustment by the parents, in accord with the literature on
infant-directed speech and mother—infant dyadic interactions, which

(*] A subset of these data were presented in a preliminary report at the Inrernational
Conference on Infant Saudies (Best & McRoberts, 1983). The research was supported by
INIH grants HD-o1gg4 to Haskins Laboratoties and DC-00421 10 the second author. We
thank Debra Wilkenfeld, Eliza Goodell and Sandra Chiang for help with acoustic
analyses, Address for correspondence: Gerald McRoberes, Deparunent of Paychology,
Lehigh Univensity, 19 Memorial Drive East, Bethlehem, PA 18ars, USL
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suggest that the parents adjusted their behaviour to suit the infane more
than vice versa.

INTRODUCTION

During social exchanges aduits often modify various aspects of their voeal
and non-vocal behaviour in ways that increase the interactants’ similarity on
those dimensions. These mutual adjustments occur on non-content para-
meters of speech such as speech rate {Streer, 1984), vocal intensity (Natale,
1975), pause duration (Welkowitz & Feldstein, 1976; Capella & Planalp,
1981) and vocalization duration (Matarazzo & Wiens, 1972). Speach ac.
commodation theory holds that communicators are motivated to adjust these
and other aspecrs of their spesch styles as a means of expressing artitudes and
intentions (Street & Giles, 1982). The mutual modification of voeal and non- -
vocal behaviours in mother~infant interactiony (Beebe, Stern & Jaffe, 1975,
Beebe, Jaffe, Feldstein, Mays & \Alson. 1985; Cohen & Tronick, 1988)
demonstrates that the tendency to adapt behaviours during communicative
interactions begins very early in life, and suggests thac some form of mutual
entrainment might occur between mothers and infants during early social
interactions. Often cited as evidence of the early tendency toward com-
municative accommodation are claims by Jakobson (1968), Crystal (1973),
Helfrich (r979) and Lieberman, Ryalls & Rabson (1982) that infants
converge their vocal pitch or mean fundamencal frequency (f,) toward thart of
adults during vocal interactions (e.g. Narale, 1975; Street & Giles, 1982;
Street & Cappella, 1989). Unfortunately, these reports of mean £, con.
vergence have been either anecdotal or based on small numbers of recordings
of one or a few infants. The claim for infant f, convergence has not been
supported in a recent controlled experiment with a larger sample of infants
(Siegel, Cooper, Morgan & Brennesie-Sarshad, 1990). The present study
provides an in-depth longitudinal case study of vocal interaction between an
infant and both parents to evaluate more systematically the clim for pitch
convergence in infancy.

It has been claimed for many years that infants are especially attentive to
intonation and register properties of speech (e.g. Lewis, 1936/1951). Recent
experimental studies have confirmed that some aspects of intonation,
especially the wide pitch excursions common in infant-directed speech, are
important in eliciting and maintaining infant attention (Fernald, 1984;
Fernald & Kuhl, 1987). However, some reports in the literature go beyond
suggesting that intonation has a heightened perceprual salience for infants,
Claims have been made that infants spontaneously imitate, or at least accom-
modate their own voice pitch to the pitch or pitch contours of their adule
caregivers (e.g. Lewis, 1936/1951; Licberman, 1967, 1984; Trevarthen,
1974; Papousek & Papousek, 1981). These claims have been made largely
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on the basis of comparisons involving small numbers of infants and utrar.
ances. For example, Lewis (1936/1951) reported thae infants imijrate aduje
pitch patterns in the first months of life, Lieberman (1984) reported an
infant age o; 1'14 matching absofuce pitch and pirch contours produced by its
mother in a single brief recording session. Lieberman (1967) and Trevarthen
(1974) have also described individual parent-infant dyads in which vocal
imitation occurred, Mora recently, Papousel & Papousek (1981) reported
that an infane aged o;2 ‘indistinctly matched a pitch or short intonation
contours’, and by age o;10 the infant imitated speech-like ‘intonation
contours. Atageo; g 1°14, this infant was noted to correctly hum melodies and
rhythms of songs. Crystal (1973) described an infant aged ;0 who used
different registers when speaking for differenc scuffed -animals,

These studies, though suggestive, fail 1o take into account imporrant

accommodation. First, basic experimencal design concerns must be
addressed to ensure that iz js the adult’s vocalization thar js being imitared and
not vice versa, The casual observations of mother-infant interactions in
natural settings that have been reported {e.g. Licberman, 1967) are not
adequate to'clarify who is imitating whom. One solution to this problem is to
present tped or digitized models to infanes in carefully controlied experi-
mental settings. An alternative solution is to compare across experimental
conditions to identify whose behaviour is changing during interaction, An.
other concern identified by Meltzoff & Moore (1983) is some control for
spontaneous, non-imitative production of the target response. This js

of the repores noted above took any of these concerns into account, we must
consider these reports to be unsubstantiated until studies using appropriate
experimental methodologies and controls have been done.

To examine these claims experimentally, Siegel, et al, (1990) attempted to
cotroborate the specific claim by Lieberman (1967) that infants differentially

recorded children at 0;8 o o :9 (Experiment 1) or at 1;0 (Experiment 2)
interacting with their Parents. Acoustic analysis of the fy of the infants and
their parents was performed, Comparisons were made between each adults
f, when speaking to their infant or to the experimenter and of the infanes’ £,
when vocalizing with each of the pacents. Although the results indicazed that
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both parents raised their mean f, when speaking to their infant, there was no
evidence thar the (NFANTS systematicaily used £, differentially with che two
parents. ;

The failure of Siegel et al. to find anv evidence of f; accommodation,
however, could be due to the artificial nacure of their recording sessions,
Although made in the infane's home, the recording sessions were quite short
(5-to min in each condition) and did not involve spontaneous play sessions,
but rather were interactions arranged specifically for the purpose of the
study. This is a particular concern for two reasons. This short time may not
have provided enough utterances to establish a reliable baseline for the
infants’ f,, especially in the case of the infant-alone condition (Siegel et al. do
not report the number of utterances in this condition). Insuffcient data to
establish a true baseline for the infancs’ fo when alone could lead to incorrect
conclusions regarding the degres to which infants adjusr their f, to their
interactional parmers. Furthermore, the presence of the experimenter during
the recording sessions may haveinfluenced the behaviour of both the parents
and the infants. ’ .
~ Another potential problem is the age of the infants in the Siegel ez al,

study. Although the infants were of the same age as those reported by
Lieberman (1967), other reports have suggested that pitch matching be-
haviour occurs at much younger ages (e.g. Lewis, 1936/1951; Papousek &
Papousek, 1981). And Piaget (19 §1) reports quasi-imitative vocal behaviour
as early as stage 2 sensorimotor development (ages 051 to 0;4). According to
Piages, infants at this stage are more likely to repeat one of their own habitual
responses if someone mimics the baby immediately beforshand. Genuine
initation of within-repertoire vocalizations is stated to begin at stage 3 (ages
0;4 to 0;8).

The present study addresses these issues through a longitudinal case study.
The advantages of following a single infant longitudinally are numerous, By
having the parents record weekly in the infant’s home we were able to capture
spontaneous interactions with her parents and spontaneous non-social play
(infant vocalizing alone). We were able to record longer sessions (1 5~20 min),
increasing the likelihood of observing some focrm of pitch accommodation or
imitation, should it occur only after an interaction has been ongoing for some
time. Finally, because we recorded across a wide range of ages (0;2 to 1;6),

- we could look for developmental changes in the vocal interactions between
the infant and parent vis-a-vis the emergence of different patterns of
organization in her spontaneous vocalizadons (see Oller, 1980; Stark, 1980).
Specifically, we examined f, accommodation at specific stages in the infane’s
vocal development, with each stage representing the month in which the
infant first began producing the utterance types of interest. These stages are
described in terms of Oller’s (1980) vocalization categories when relevane: (1)
vocal play (e;3; Oller’s Expansion Stage), characterized by fully-resonant
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nuclei (FRN’s), marginal babbling (MB), and sounds such as raspberries,
squeals, growls and vells; (2) reduplicacad babbling (0;7; Oller's Canonical
Babbling Stage) characterized by combinations of FRN's and consonant-like
sounds combined inro both reduplicated and non-reduplicated syllables; (3)
variegated babbling (o; ro; Oller's Variegated Babbling Stage) characrerized
by varied consonantal and vocalic types within multisyllabic strings; {4)
single words (1;3); (5) two-word syntactic combinations (1;5). The latrer
two periods were included here, although they had not been tapped in prior
studies, because we felt it was important to be able to examine any effect of
language development on fy accommodation by the infant.

A secondary issue not addressed by the Siegel ot al, study involves the
pitch adjustments of the parents. While it is clear that both mothers and
fathers increase their pitch when speaking to an infant relative to another
adult (e.g. Fernald, Tzeschner, Dunn, Papousek, de Boysson-Bardies &
Fukui, 1989), the relative degree of adjusument by mothers and fathers and ics
developmental course have not béen well studied, For example, in order to
compare whether both parents adjust similariy in terms of their normal pitch
ange, it is important to have an appropriate baseline for comparison. The
typical baseline used in previous studies has besn the parents’ pitch when
speaking to the experimenter (e.g. Siegel ez al., 1990; cf. Fernald ez af., 1089).
However, rather than 1 brief conversarion with an unknown experimenter, a
more appropriate baseline would be a lively, spontaneous conversation
between the parents. This would be more likely to capeure the natural pitch
range of happy talk within a close relationship, comparable to the type of
mother—infant interaction that has besn examined in previous studies of
dyadic communicarive development in infancy. The present study provides
just a parent—parent conversational baseline.

"METHOD
Subjects
The subjects were 2 female infant (the second author’s first born daughter)
between the ages of 0;2 and 16, and her parents, .

Recording sessions

Weekly tape recordings were made of the infant's vocalizations in spon-
taneous play interactions with each of her parents separately, and in isolated
vocal play sessions, Each session lasted for 1 3-zomin. Also, for the
adult-adult baseline a single conversation between the two parents of
approximately 20 min duration was recorded when the infant was age o;12.
This lively conversation involved a variety of topics ranging from joking
about a media blooper by a current political figure to an amusing anecdote
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about a mutual sequaintance. All sessions were recorded at the infant’s home
on a Sony TCD-3m casserte recorder with an Audio Technics unidirectional
microphone (approximately 2~3 feet from the vocalizing subjects),

For the present investigation, these weekiy recordings were sampled for
sessions when the infant was o 13:937,9510, t;3and 1; 3 in order to represent
her behaviour during important transitions in vocal development (see
intreduction). For the infant in isolation, the sampling included ail of her
nen-distress, non-vegetative, vocalic utterances. In the interactive play
sessions, sampling of both infant and adult vocalizations was taken from
those portions of each session during which vocal interactions occurred
between the infant and the parent. Thus, portions of sessions during which
the infant was silen: during long stretches of time were not sampled,
Utterances were identified based on complete breath groups (see Lieberman,
1967). A minimum of 25 utterances from each conversational partner was

“selected at each month. If the minimum number of utterances could not be
obtained from a single session, additional utterances wers sarnpled from the
following weel's session.! Utteran were excluded if the two conversational
partners’ spesch overlapped, background noise interfered with analysis, or if
voice quality precluded analysis (e.g. high degrees of creaky voice, or
whispered speech).

Acoustic analysis =~
Utterances selected for analysis were digitized at a rate of 10 KHz and stored
on disk using a Vax r1-780 computer at Haskins Laboratories. F undamental-
frequency analysis was performed using an autocorrelation algorithm which
estimated the f, value for each 10 millisecond window with 50% overlap
between successive windows (Interactive Laboratory Systems analysis pro-
gramme: Signal Technologies, Inc., 1989). The mean fy of each utterance
was computed by summing over all analysis windows with non-zero values
and dividing by the number of non-zero windows, The results of the zcoustic
analysis were verified for a randomly selected subset of utterances (5% of the
total) by displaying the waveforms on a high resolution computer display and
. directly measuring the period of each gloteal pulse. The correlation between
mean f; computed by this method and by the autocorrelation analysis was
090,

(r] There were two exceptions to the minimum of 25 utterances per speaker at each age. One
exception was for the infanc alone at age o;7, where only eight utterances were ineluded,
The infant was particularly quiet during this session, but produced the minimum number
of vocalizations during the interactive sessions of the same week. Rather than sample from
the next week jusc for the infane alone session, we accepted the small number of utterances
produced in this session. In the second exception, the mother produced only 23 analysable
utterances when the infane was 033. Since both the infant and the father produced the
minimum number of utterances at this week, we decided not 1o go to the next week juse
o 2dd two utterances for the mother.
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RESULTS

Unweighted and weighted means for each speaker in each age x interactional
condition (i.e. isolation, with mother and with father) are presented in Table
t. Unweighted means were computed for each ucterance in each age X

TABLE {. Weighted and unweighted mean £, for each speaker in each

condition
Infant age
Speaker/condition 933 a7 asta 1:3 13
Infant alone
Weighted mean 349 38 330 299 333
Unweighted mean 389 3 366 318 124
(29) 8 -{s8) {5z}  (79)
Infant w/mother ‘ W
Weighted mean 343 373 297 32t 379
Unweighted mean 141 401 T4z 153 320
(3@ (= G W) G7
Infane w/father
Weighted mean 340 %5 333 o7 i
Unweighted mean 348 395 383 319 338
. (25) (z5) (39 (35 (300
Mother wfinfant
Weighted mean 347 291 239 294 228
Unweighted mean It 339 262 285 274
. (230 o) (522 (370 (a1
Father w/infant
Weighted mean 120 16z 159 127 126
Unweighted mean 132 167 149 128 12z
{z9) (& (@ (23 G7
Mother w/father ;e
Weighted mean £33 4
Unweiglited 212
Father w/mother
Weighted mean 105
Unweighted . . 103

" () = the number of observations in each cell for the unweighted analysis.

interactional condition by averaging across all non-zero analysis frames and
dividing by the number of frames. Weighted means were computed by
multiplying the unweighted means for each utterance in each age x inter-
actional condition by its duration. The sum of these f,-duradon cross-
products was then divided by the mean duration of the utterances. This
resulted in a single mean weighted £, value for each cell in the age x condition -
and age X speaker matrices. The weighted means were calculated to cir-
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cumvent the possibilicy of biasing that might result from any correlation
between utterance duration and fy in the adults’ or infant’s vocalizations,® I
general, when differences are seen berween the two compurcations, the
unweighted means tend to be somewhat higher than the weightad means (i.e,
' are biased by the tendency of higher £, for brief utterances). Analyses of
variance were performed on each data set to compare: (1) the parents’ mean
fy when conversing with each other: (2) the parents’ mean fy at each age when
interacting with the infant; (3) infant mean fo at each age and interactiona]
condition. Only the results for the unweighted means are presented, since the
weighted means gave the same results in all but one case and interaction
terms (e.g. age X speaker) could not be tested with the weighted means
because there was only a single data point in each cell of the relevant marrix.

Parents’ mean f,

When conversing with each other, the mother and father had unweighted
mean f,'s of 212 and 105 Hz, regpectively. These are very close to mean £,
values reported for females and n:'m\es using adult-directed speech published
in other studies. For example, Fernald ez afi (1989) reported means for
American female and male parents of 206 and tos Hz, respectively, The
weighted mean f)'s of the mother and father were 211 and ros Hz,
respectively. That is, the parents showed no tendency toward a systematic
relation between f, and length of utterance in adult-adule speech. _

In order to verify that the parents’ mean f,’s differed when interacting with
the infant, a 5 (age) x 2 (speaker) ANOVA was performed on the parents’
unweighted mean f, data. This analysis revealed significant main effects of
age (F(4, 366) = 5-58; p < 0'0co1)® and speaker (F(1,366) = 26088; p <
oeoot), and a significant age x speaker interaction (F(4, 366) = z-40; <
005). Separate ANOVAs comparing the mean fo of the two speakers at each
age indicated that the speakers differed significantly at sach of the five ages
(all p's < o'0o1). Separate ANOVAs were performed comparing each
speaker’s mean f, across ages. This analysis on the mother’s mean f, indicated
a main effect of age (F(4,195) = 406; p < owo1), suggesting she used
somewhat higher f; when the infant was young (e.g. 0;3 and o;%) than later
in the infont’s development. However, pairwise comparisons (Scheffe’s F-
test) indicated no significant differences between ages. For the father, 2
significant main effect of age was also noted (F(4, 171) = 9'19; p < 0'001).
Pair-wise comparisons (Scheffe’s F-test) indicated that the mean f, age 037

(2] Specifically, for the infant, and to some degtee for the mother in [D speech only, longer
’ utterances showed some tendency toward lower mean fy than did shorter utterances.
Across ages and conditions, correlations berween duration and fy in the infant’s
vocalizations ranged from rm orta to r = —o32.
(3] Age was not significant in the weighted means analysis, probabiy because of the reduced
degrecs of freedom.
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(167 Hz) was higher than each of the means ac ages 033 (132 H2), 133
(149 Hz) and 1535 (128 Hz) (all p's < oror). Thus, the age x speaker in-
teraction appears to reflect the fact that the father's mean f, ditfered
nonlinearly as a function of che infant's age, while the mother’s mean f,
varied in a more linear fashion over age.

A final set of analyses assessed the minimum difference between the adult-
directed (AD) and infant-directed (ID) f, for each parent. Thus, t-tests were
used to compare the father's AD unweighted mean f, (105 Hz) with his ID
unweighted f, at 0;17 (122 Hz), and the mother’s AD unweighted mean f,
(212 Hz) with her 1D uaweighted mean at o;10 (262 Hz). These analyses
indicated that both comparisons were significant (p's < o-o1), indicating that
both parents significancly raised their f, when interacting with the infant even
at the ages for which they showed the smallest magnitude of mean f,
difference berween ID and AD speech.

Infanes' mean £, :

Differences in the infants’ unweighted mean f, across ages and conditions
were quite modest, ranging from 3:3 Hz at 1;3 wheft alone to 465 Hz ato;7
when alone. The infant’s mean f, was highest at 0;7 in each condition (the
same age at which the father's mean unweighted £, was highest). In order to
investigate the main quesdon of the study, whether the infant adjusted her f,
differentially when interacting with her parents, a g (age) x 3 {condition)
ANOVA was performed on the infant’s unweighted mean f,. This analysis
indicated a significant main effect for age (F(4, 320) = 6:83; p < ¢vot). The
effect of condition was not significant (p > ¢'20), nor was the age X condition
interaction (p > o'20). Pairwise comparisons of the infant’s mean £, a¢ each
age, collapsed across condition, indicated that the mean f, at 0;7 (407 Hz)
was greater tharn the means at 1;3 (330 Hz) and 1;3 (326 Hz), reflecting 2
general downward trend in the infant’s mean f, wich age, consistent with
other reports of age changes in infant £, (e.g. Kent & Murray, 1982; Murray
& Murray, 1980; Robb, Saxman & Grant, 1989).

In summary, these analyses indicate that both the mother and father
significantly increased their mean f, when interacting with the infant over
their adult-direct mean f,. The infant, on the other hand, did not signi-
ficantly alter her mean f, when interacting with her parents compared to her
mean {, when alone, nor did she use a different f, toward her mother than
toward her facher,

Time series of infant and adult utterances

One possible reason for the failure to find evidence of infanc f, ac.
commodation in our data and Siegel e al.’s data is thac the phenomenon
might only occur during specific parts of 4 session, such as when the infant
is most engaged in the social interaction. If this is the case, we may have
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Fig. 3. Time series piot of mother and infant and father and infant mean £, a¢ age 9; to.

obscured any evidenes of the effect by averaging episodes of high dvadic
engagement with episodes when the infant was less engaged. To investigate
this possibility, we selected portions of each session for a finer-grained
analysis. For each session, we chose a contiguous temporal regiont that
coneained the greatest degree of vocal exchange {operationalized as vocal
tun-taking) between the parent and infanc. We thus eliminaced regions
where only the infant or the parent vocalized uninterrupted for an extended
period. For these subsers, we then plotted the temporal sequence of the mean
f, of each speakers’ umerances. These data are presented in Figures 1-s.
Evidence for the presence of f, adjustment or imitation would be seen as a
tendency for the mean fy of the infant’s utterances to be Very near to the mean
fy of the preceding parent’s utterance, and to rise and fall in tandem with
changes in the adult f,- As can be seen in the figures, this rarely happerned,
even in the portions of the session involving the highest degree of turntaking.
Despite the low resolution of the figures, due to the wide fy range, changes
in the infant’s £, are almost always temporally offset from changes in the
parents’ £, Thus, although there is an occasional approximation of f; values
between the mother and the infant, there is no tendency for this to happen
more often for infant utterances that follow the mother’s utterances than for
those that precede ic.

The large range on the ordinates of Figs 1~5 was needed to accommodate
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the wide f, range of the infans. Unfm_:i‘:unatei}', this often makes it diffcult to
determine how simiiar the plotted mean f, values of the two speakers are,
especially in the mother-infant interactions. Therefore, Fig. 6 presents two

4501 _
4001 o . a *
350 " e ®

300 - ) At s s, o
2504 2,00 L a @
200 -
150

Mecan f,

450 + B » Infant
400 4 . . \\“ A )
350 1 -
o . ¢ . ot e .
250 1 : .

200 ot v r ; e — r oy
Y 10 20 30 0 50 60 70

Fig. 6. Time series plc;t of mother and infant mean £, at ages o; o (top) and 1;3 (bottom) with
increased £, resolurion.

of the mother-infant tme series plots with reduced range on the ordinate.
These higher resolution fgures make two points clear. Firse, many of the
points that appear te be quite close in mean f; in the original figures are in
fact 50—-100 Hz apart, and would thus be unlikely candidates for imitation or
accommodation. Secondly, when an infant vocalization follows one of the
mother’s vocalizations and is close in mean {,, there are often earlier infant
vocalizations in the same f, range. This is consistent with our interpretation
that it is the mother’s f, that is adjusted into the infant’s range, or that the two
speakers occasionally have coincidentaily similar £, values on adjacent
vocalizations. Both of these occurrences need to be distinguished from true
infant imitation or accommodation of adult mean f,,

Fy-ratios

One observation that comes from Figs 1~s is that there appears to be an
approximately constant ratio of infant to parent mean f, values overall. For
the infant and her mother, this appears to be nearly 1:1 for at least some ages
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- (e.g.9; 10 and 1;3) when most of the mother's and infant’s mean fy values are
in the same range. However, the father’s f, and the infanc’s fy seldom overlap.
Despite this, there 2ppears to be a tendency for the infant and her fathér to
also maintain a fxed relation between their mean f,- To quantify chis
tendency, we calculated ratios between che mean §, of the infant and each of
her parents (see Table 2). These ratios confirm the impression from the

TABLE 2. Parent/infant and barent{parent mean f, ratios

Infant age
Speakers ;3 a7 Q; 50 1;3 ;3
Mother w/infanc 0 2 13 2 "
Father w/infanc 26 F 7 3 23 =3
Mother w/father 9 4 11 2 't
Father w/moather t'r L5 T Y | 1 &

1

figures (aithough the ratios contain all of the utterances from each conditdion).
The ratio berween the infant and mother’s mean £, varies from 1o to '3
across ages, while for the infane and her father, the ratios range from 24 to
8. Since both the parents’ and the infant's mean f, change across ages, the
consistency of these ratio values is probably not simply an artiface. Rather,
these ratios probably reflect sither a mutual attempt to maintain a congistent
relation berween mean fy of the interactants, or an attempt pritnarily by the -
parents to do so. Evidence that bath parents systematically maintained 1
higher mean f, when interacting with the infant than during adult~adult
conversation is aiso provided in Table 2, which shows ratios between the
parents’ mean {, for the adult-adult interaction and for adult-infant inter-
actions at each age. These ratios suggest that the parents increased their
mean f, approximately equally, relative to their adult-adult levels, buc that
the infane did not systematically lower her f, toward either parents’ £, relative
to her mean £, produced in isolation.

DISCUSSION

The goal of this investigation was to explore reports that infants spon-
taneously imitate the vocal fy of their adult caregivers or accommodate their
own f, toward that of each parent, We found no evidence that the infant in
this study made differential changes in voice pitch when interacting with her
parents. Despite consistent differences in the mean fo between the two
parents of approximately one octave when interacting with the infant,
differences in the infant’s mean fs across conditions never exceeded 40 Hz
and followed no consistent pattern with respect to condition. This was true
for both weighted and unweighted f, measures. Thus, our analyses of mean
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f, provide no statistical support for the claim that infants spontaneously
sccommodate their f, differentially towards that of adult interactants, Racher,
we found strong evidence that the parents adjusted their picch to ac-
commodate to the infanc’s £,

Despite our failure to find mean f, differences that support the notion of
fs adjustment, we pursued two other approaches in our data, one a finer-
grained analysis, the ocher a more global analysis. Neither of these antalyses
provided support for the claim that the infant adjusted her mean f, towards
that of her parents. Our failure to find evidence for vocal f, accommodation
between an infant and her parents in a longitudinal study is compatible with
the findings of Siegel ez al. "(1990), who failed to find evidence for
accommodation in a cross-sectional study at just two ages.

One possible reason the lack of fo accommodation might have been that the
infanc in our study was not within the normal range of infant mean f, values.
However, this was not the case. For example; Kent & Murray (1982) repore
various acoustic measurements of\three groups of infants at ages0;3,0:6 and |
0;9. Mean £} values of individual infants ac these ages were typically between
350 and 500 Hz, With respect to mean fy across subjects, they report vaiues
of 445 Hz, 450 Hz,and 415 Hz atages0:3, 0;6 and 9; 9, respectively. Similar
values have been reported by Murray & Murray (1980). Qur infant’s mean
fy at ages 0;3, 0;7 and ©;10 when alone was 389, 465 and 366 Hz,
respectively, easily within the range of individual means reported by Kent &
Murray (1¢82). -

Robb, Saxman & Grant (198¢) report mean f, for seven infants recorded
longitudinally. These infants were recorded while interacting with a parent
or the experimenter, so the values should be very comparzble to our data
from interactional conditions. Data is presented for three infants at age 0;§
with a combined mean of 430 Hz and individual means ranging from
293-642 Hz. Atage o; 10, mean £, for the same three infants was 396 Hz, with
individual means ranging from 3j46—430 Hz. Robb et al. also reported data
for six infants at age 1;3 (mean = 423 Hz, range = 299~$33 Hz) and seven
infants at age 1;5 (mean = 320, range = 291-423 Hz)., From the data in
Table 1, it is clear that the infant in this study had mean f, values that are well .
within the range of individual variation reported by these studies.

Another possible reason for failure to find accommaodation of f, would be

if the infanc was generally reluctant to imitate speech. Based on informal
observations by her mother (author CB), she was willing and able to imitate
known lexical items and unknown/nonsense segmental strings upon request
by at least ages ;2 to 1;3. Moreover, ina separate study, a large corpus of
such imitations was recorded at ages 1;7 to 1;:to. Acoustic and phonetic
analysis confirms that these were indeed imitations (Best, 1994). Even more
directly relevant to the age range in the present study, other recordings of this
infant indicate imitation of vowels and CV's (presented as targets with
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~multiple repetitions in a controiled situation) by ages ©:3 w 039, an
observartion consistent with Piager’s claims thar voluntary imitation begins
by aboue age o:8 (Piager, 1951).

One positive finding from this study was a tendency for the infanc and her
parents to maineain an approximately constanc ratio between their respective
fy's across sessions. For the father and infant, this ratio was berween 2°4~2'8,
while for the mother and infant, this ratio was between t-o-r1'3, The tendency
to maintain these ratios occurred despite the fact that both infant and parent
mean f; changed significantly across sessions. Given the lack of infant f,
accommodation towards the mother’s versus the father's f, during inter-
actions, and the fact that these ratios vary more as a function of changes in
the parents’ mean f, than the infant's (Table 1; figs 1-3), it appears that the
telatively narrow range is the result of adjustments in the parencs’ mean £,
For example, the two largest racios for the father are ar 0;3 and 1;3
(ratios = 2-§ and 2'6, respectively). At these times, the father's mean f, was
132 and 122 while the infant’a‘n'-z:gan f was 341 and 338, respectively.

A major limitation of our study is that it involves 2 single subjecr. If our
result was the only data available besides Liebermnan and his colleagues
reports, we would need to be cauticus in our conclusions. However, given
our results and Siegel et al.’s results, svstematic experimental studies, both
cross-sectional and longitudinal, have failed to find evidence favouring
infants’ tendency to accommodate mezn fy differentially toward thar of male.
versus female adult conversational parmers. Thus, it would appear that
infants do not imitate or accommodate average f, of their parents. In spite of
these failures with mean f,, we do not rule out the possibility that other
aspects of vocal behaviour mighe be imitated by infants. [ndeed, Kuhl &
Meltzoff (1988) present data suggesting that infants imitate vowel and picch
contour targers presented in controlled laboratory situations.

How, then, can one account for earlier claims of such a phenomenon (e.g.
Lieberman, 1967)? The answer to this question may reside in the nature of
those reports, 'i.e._ the small number of observations, lack of systematic
comparisons of situational variables, and inadequate control of other potential
sources of influence, The data presented here suggest that the most likely
explanation is that the parents adjusted their vocal pitch into the range of
their infants’ vocal pitch and that the observations noted are coincidences
based on the natural variations of two speakers vocalizing within the same
pitch range. Alternatively, or in addition to this, it may be that the apparent
fy imitation by the infants observed in earlier reports was the result of
PARENTS' inadvertently ‘training’ pitch imitation by their infants, given
evidénce that such training can be easily accomplished by age 0;6 (Kessen,
Levine & Wendrich, 1979). Alternatively, the parents’ interaction styles may
have differed. For example, the mothers may have tended to cause higher
levels of excitement in their infancs than fathers did, thus AFFECTIVELY raising
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the infants’ vocal pitch level more to mothers than to fathers. In the lateer
situation, the infanes' higher pitch could not be considered imication.
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