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Mothers’ Speech to Hearing-Impaired Infants with Cochlear Implants:
Some Preliminary Findings

Abstract. Caregivers typically speak to their normal-hearing (NH) infants using a
distinct style known as infant-directed (ID) speech. With the recent expansion of
cochlear implant (CI) criteria to include infants, it is critical to assess the changes in
mothers' speech to infants as they acquire auditory skills via Cls, compared to mothers'
speech to NH infants. To establish mothers' vocal style when speaking to their NH and
implanted infants, we digitally recorded mothers speaking to their 4- to 10-month-old
NH infants and mothers speaking to their 17- to 37-month-old hearing-impaired infants
who use a Cl. For the implanted infants, the average duration of implant use (i.e.,
“hearing age”) was 11 months. We also recorded mothers’ adult-directed (AD) speech.
We analyzed the recordings in terms of the acoustic features known to characterize ID
speech. The results were similar to those of previous studies. These preliminary findings
suggest that mothers speak to NH and implanted infants in similar styles despite the
chronological age difference in the two infant populations. That is, mothers’ speech to
infants is mfluenced by the child’s “hearing age” rather than chronological age.

Introduction

Caregivers across cultures speak to their infants and children in a distinct style compared to how
they speak to adults. Infant-directed (ID) speech is characterized by higher pitch, increased pitch range,
shorter utterances, and longer pauses compared to adult-directed (AD) speech (Bergeson & Trehub,
2002; Fernald, 1991, 1992; Fernald & Simon, 1984; Papousek, Papousek, & Bornstein, 1985). Both
mothers and fathers change their speaking style when talking to infants (Fernald, Taeschner, Dunn,
Papousek, de Boysson-Bardies & Fukui, 1989). Moreover, ID speech styles are similar across many
languages such as French, Italian, German, Japanese, Mandarin, Swedish, and Russian (Fernald &
Simon, 1984; Grieser & Kuhl, 1988; Jacobson, Boersma, Fields, & Olson, 1983; Kuhl, Andruski,
Chistovich, Chistovich, Kozhevnikova, Ryskina, Stolyarova,, Sundberg, & Lacerda., 1997).

Infants also show attentional and affective preferences for this style of speech. Very young
mfants will look longer at a visual stimulus in response to ID speech compared to AD speech (Cooper &
Aslin, 1990, 1994; Fernald, 1985; Pegg, Werker, & McLeod, 1992). Infants also produce appropriate

affective signals such as smiling in response to female ID speech rather than AD speech (Fernald, 1993;
Werker & McLeod, 1989).

In turn, maternal speech is sensitive or responsive to several infant factors, including age
(Kitamura & Burnham, 2003; Stern, Spieker, Barnett, & MacKain, 1983), linguistic skill (Burnham,
Kitamura, & Vollmer-Conna, 2002; Fernald & Mazzie, 1991; Kuhl et al., 1997; Ratner, 1984), and
affective or social context (Burnham, Kitamura, Vollmer-Conna, 2002; Trainor, Austin, & Desjardins,
2000). Caregivers’ simulations of ID speech in the absence of their infants are easily differentiated from
mfant-present speech (Jacobson et al., 1983). Thus, the affective and cognitive characteristics of infants
themselves contribute greatly to caregivers’ communication style, even though the caregivers may not be
consciously aware of fine-tuning their performances.

If we assume that infants’ response to ID speech encourages caregivers’ continued use of this

vocal register, it would be important to determine if caregivers with hearing-impaired infants decrease
their use of ID speech when they discover their infants are not responding to the auditory information.
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Previous researchers have shown that when NH mothers first learn of their child’s hearing loss they tend
to increasc their use of vocal exaggeration, but over time such vocal exaggeration decreases (Wedell-
Monnig & Lumley, 1980). NH mothers who have hearing-impaired children tend to be more controlling
and less responsive than NH mothers who have NH children (Cheskin, 1981; Goss, 1970; Henggeler &
Cooper, 1983), and tend to repeat utterances rather than expand on them when speaking to hearing-
impaired children compared to when speaking to NH children (Cross, Nienhuys, & Kirkman, 1985;
Nienhuys, Cross, & Horsborough, 1984). Interestingly, mothers’ speech to hearing-impaired children was
also more similar to speech directed to NH children of the same linguistic age than to NH children of the
same chronological age (Cross et al., 1985; Nienhuys et al., 1984). Finally, NH mothers tend to produce
fewer and less complex verbal utterances but more nonverbal attention-getting behaviors in interactions
with hearing-impaired infants and children compared to interactions with NH infants and children

(Goldin-Meadow & Saltzman, 2000; Koester, Brooks, & Karkowski, 1998; Koester, Karkowski, & Traci,
1998).

It also appears that hearing-impaired infants and children behave differently than NH infants and
children when interacting with their NH mothers. Koester (1995) found that 9-month-old infants with
hearing loss did not actively elicit their mothers’ attention by means of smiling, greeting, or reaching, in
contrast to NH 9-month-olds. Instead, the hearing-impaired infants displayed more self-comforting and
repetitious motor behaviors than NH infants. Other studies have found that hearing-impaired children are
more passive and less responsive than NH children when interacting with their NH mothers (Henggeler
& Cooper, 1983; Wedell-Monnig & Lumley, 1980). These studies suggest that hearing loss does have an
effect on infants’ and children’s interactions with their caregivers.

The findings from these studies are both clinically and theoretically important because maternal
responsiveness and sensitivity to their infants and children, particularly those with hearing loss, has been
linked to the development of cognitive and linguistic skills (Hart & Risley, 1995; Kaplan, Bachorowski,
Smoski, & Hudenko, 2002; Liu, Kuhl, & Tsao, 2003; Meadow-Orlans & Spencer, 1996, Pressman, Pipp-
Siegel, Yoshinaga-Itano, & Deas, 1999; Spencer & Meadow-Orlans, 1996). For example, NH children
who heard more parental utterances between the ages of 11 and 18 months were more likely to have
much better language skills at ages 3 and § years than those children who heard fewer parental utterances
during infancy (Hart & Risley, 1995). Moreover, Liu and colleagues (2003) found that maternal vowel
clarity was positively correlated with 6- to 8-month old and 10- to 12-month old NH infants’ speech
discrimination abilities. NH 4-month-old infants display better learning skills in response to ID speech of
nondepressed mothers compared to the much less exaggerated ID speech of depressed mothers (Kaplan
et al., 2002). Finally, maternal sensitivity and responsiveness predicts language gain and representational
play in hearing-impaired children (Pressman et al., 1999; Spencer & Meadow-Orlans, 1996).

With the recent FDA expansion of CI criteria to include profoundly deaf infants, it is critical to
assess the changes in mothers' speech and singing to infants as they acquire auditory skills via Cls,
compared to mothers' speech and singing to NH infants. Despite the growing support for effects of early
experience on the speech perception skills in hearing-impaired infants and children with Cls (e.g.,
Houston, Ying, Pisoni, & Kirk, 2003; Miyamoto, Kirk, Robbins, Todd, Riley, & Pisoni, 1997, Svirsky,
Robbins, Kirk, Pisoni, & Miyamoto, 2000), there has been very little research on the nature of the input
these infants and children receive on a daily basis from their caregivers. Detailed investigation of
caregivers’ communicative interactions with their hearing-impaired infants who use Cls is needed to
determine the optimal input for the development of language and other complex cognitive abilities.

To our knowledge, there has been only one published study on the early linguistic experience of
hearing-impaired children with Cls. In a recent study from our laboratory, Stallings, Kirk, Chin, and Gao
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(2000) found that parents’ familiarity with uncommon words was positively correlated with the
vocabulary and language skills of their hearing-impaired children with Cls. However, no research has
assessed the acoustic characteristics, such as pitch level, in caregivers’ speech and singing to hearing-
mmpaired infants and children with Cls. The purpose of the current study was to determine whether NH
mothers of NH infants and mothers of hearing-impaired infants with CIs use similar ID vocal styles.

Method

Participant Characteristics

NH mothers of implanted infants (N=6) were recruited from the clinical population at the Indiana
University School of Medicine, Department of Otolaryngology — Head and Neck Surgery, and NH
mothers of NH infants (N=6) were recruited from the local community. Table 1 shows demographic data
across individual infants. The mean age of the CI infants was 26.9 months, the mean age at stimulation
was 15.6 months, and the mean duration of CI use (i.e., “hearing age”) was 11.4 months. Mean age of the
NH infants was 7.6 months. All mothers were reimbursed $10 per visit.

Hearing Gender Chronological Age “Hearing Age”
Status {months) (months)
NH116 F 10.30 10.30
NH141 F 8.45 8.45
NH147 F 8.49 8.49
NH151 F 9.90 9.90
NH170 M 4.05 4.05
NH171 F 4.51 4.51
CI03 F 23.85 11.64
Cl108 F 37.07 17.99
CI10 M 23.00 12.63
CI12 M 23.16 6.18
CI16 M 17.5 3.51
CI21 F 37.04 16.12

Table 1. Infant demographic information. Note that chronological age of
normal-hearing infants is the same as their “hearing age.”

Procedure

We digitally recorded mothers speaking to their infants or an experimenter in a double-walled
copper-shielded sound booth (IAC). In the ID speech condition, we asked mothers to sit with their child
on a blanket or a chair, whichever option was most comfortable for them. We also provided the same
group of quiet toys for all mother-child dyads. Mothers were instructed to speak to their child as they
normally would at home. In the AD speech condition, an experimenter conducted a short interview with
each mother. The order of ID and AD performances was counterbalanced across mothers. Mothers’
speech was recorded by a hypercardioid microphone (Audio-Technica ES933/H), powered by a phantom
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power source. The microphone was linked to an amplifier (DSC 240) and a digital/audio tape recorder

(Sony DTC-690). We also videotaped the recording sessions using a digital camera (Sony DCR-TRV
120/TRV 320).

Acoustic features known to characterize maternal ID speech were analyzed using Praat speech
analysis software (Boersma & Weenink, 1996): average fundamental frequency (Hz), minimum
fundamental frequency (Hz), maximum fundamental frequency (Hz), utterance duration (s), and duration
of pauses between utterances (s). All features were measured for each utterance in a two-minute speech
sample in both ID and AD conditions and then averaged across utterances. An utterance was defined in
this study as a complete sentence or a complete thought.

Results

Figure 1 shows the average pitch results in NH mothers’ speech to NH infants, hearing-impaired
infants with Cls, and a NH adult. In terms of average pitch level, a 2 (speech type: ID vs. AD) x 2 (NH
infant vs. hearing-impaired infant with CI) repeated measures ANOV A revealed a significant main effect
of speech type (F(1, 10) = 65.19, p < .0001). There was no effect of hearing status, and no interaction
between speech type and hearing status. Pitch was higher in mothers’ speech to infants than to an adult
experimenter, regardless of their infant’s hearing status.

Average Pitch

F[A,_J AD speech
| £3X7 ID speech

400 -

200 4

100 4

Infant Hearing Status

Figure 1. Average pitch in normal-hearing mothers’ speech to normal-hearing infants, hearing-

impatred infants with cochlear implants, and a normal-hearing adult. Error bars represent standard
error,

Figures 2 and 3 show the mimimum and maximum pitch results in NH mothers’ speech to NH
infants, hearing-impaired infants with Cls, and a NH adult. We found a significant main effect of speech
type (minimum pitch: £ (1, 10) = 67.12, p <.0001; maximum pitch: F(1, 10) = 37.67, p < .0001). Again
we found no effect of hearing status and no interaction between speech type and hearing status. Both

minimum and maximum pitch levels were higher in mothers’ ID speech compared to mothers’ AD
speech, regardless of infant hearing status.

239



BERGESON AND MCCUNE
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Figure 2. Minimum pitch averaged across normal-hearing mothers’ speech to normal-hearing

infants, hearing-impaired infants with cochlear implants, and a normal-hearing adult. Error bars
represent standard error.
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Figure 3. Maximum pitch averaged across normal-hearing mothers’ speech to normal-hearing

infants, hearing-impaired infants with cochlear implants, and a normal-hearing adult. Error bars
represent standard error.

Figures 4 and 5 show the average utterance durations and the average duration of pauses between
utterances in NH mothers’ speech to NH infants, hearing-impaired infants with Cls, and a NH adult. We
performed 2 (speech type: ID vs. AD) x 2 (NH infant vs. hearing-impaired infant with CI) repeated
measures ANOV As on the measures of utterance duration and pause duration. One NH mother/NH infant
dyad was excluded from this analysis due to experimenter error. We found a significant main effect of
speech type for both utterance duration (# (1, 10) = 39.90, p <.0001) and pause duration (& (1, 9) = 9.76,
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p = .01). There was no main effect of hearing status for either duration measure. Although there was no
sigmificant interaction between speech type and hearing status for utterance duration, this interaction
approached significance for the measure of pause duration (F (1, 9) =4.20, p = .07). Mothers’ utterances
were shorter in duration when speaking to their infant than to an adult experimenter, regardless of infant
hearmg status. On the other hand, pauses between utterances were longer when directed to nfants than

adults, and this difference was much more pronounced in mothers of NH infants compared to mothers of
hearing-impaired infants with Cls.
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Figure 4. Utterance duration averaged across normal-hearing mothers’ speech to normal-hearing

infants, hearing-impaired infants with cochlear implants, and a normal-hearing adult. Error bars
represent standard error.
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Figure 5. Pause duration averaged across normal-hearing mothers’ speech to normal-hearing
infants, hearing-impaired infants with cochlear implants, and a normal-hearing adult. Error bars
represent standard error.
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Discussion

As expected from previous literature, the results of the present study revealed that the average,
minimum, and maximum pitch levels were higher in ID speech than AD speech, and utterances were
shorter in duration in ID speech than AD speech, regardless of infant hearing status. Average pause
duration was longer in ID speech compared to AD speech when directed to NH infants, but not when
directed to CI infants. These preliminary findings suggest that mothers speak to NH and CI infants in
similar styles despite the chronological age difference in the two infant populations. That is, mothers’
speech to infants 1s influenced by “hearing age” rather than chronological age.

These results are both clinically and theoretically significant. Not only has ID speech quality
been linked to infants’” development of language and other cognitive skills (Kaplan et al., 2002; Liu et al,,
2003; Pressman et al., 1999; Spencer & Meadow-Orlans, 1996), but recent studies have also shown that
very ecarly auditory and audiovisual experiences and activities have significant effects on hearing-
impaired children’s development of speech perception and language skills (e.g., Bergeson, Pisoni, &
Davis, 2003; Yoshinaga-Itano, Sedey, Coulter, & Mehl, 1998). These studies simply group hearing-
impaired children with Cls into broad categories such as Oral Communication (i.e., auditory/verbal
communication) versus Total Communication (i.e., simultaneously signed and spoken English) and
Early-implanted versus Late-implanted. Although differences in speech and language performance across
these groups are informative and clinically useful, there is still a great deal of variability within these
broad categories and it 1s unclear exactly what types of specific experiences and activities children in
each group are receiving. Thus, it is extremely important to investigate other factors that may underlie
this variability. Further studies of mothers’ vocal communication styles while interacting with their
hearing-impaired infants and children with CIs should contribute greatly to understanding the large
variability in speech and language outcome measures. Our findings could also be used to develop the

optimal speech therapy tools to increase speech perception and language performance in hearing-
impaired infants and children who receive Cls.
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