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Infant-Directed Speech Enhances
Attention to Speech in Deaf Infants

With Cochlear Implants

Yuanyuan Wang,a Tonya R. Bergeson,b and Derek M. Houstona
Purpose: Both theoretical models of infant language
acquisition and empirical studies posit important roles
for attention to speech in early language development.
However, deaf infants with cochlear implants (CIs) show
reduced attention to speech as compared with their peers
with normal hearing (NH; Horn, Davis, Pisoni, & Miyamoto,
2005; Houston, Pisoni, Kirk, Ying, & Miyamoto, 2003), which
may affect their acquisition of spoken language. The main
purpose of this study was to determine (a) whether infant-
directed speech (IDS) enhances attention to speech in infants
with CIs, as compared with adult-directed speech (ADS), and
(b) whether the degree to which infants with CIs pay
attention to IDS is associated with later language outcomes.
Method: We tested 46 infants—12 prelingually deaf
infants who received CIs before 24 months of age and had
12 months of hearing experience (CI group), 22 hearing
experience–matched infants with NH (NH-HEM group), and
12 chronological age–matched infants with NH (NH-CAM
group)—on their listening preference in 3 randomized
blocks: IDS versus silence, ADS versus silence, and IDS
versus ADS. We administered the Preschool Language
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Scale–Fourth Edition (PLS-4; Zimmerman, Steiner, & Pond,
2002) approximately 18 months after implantation to assess
receptive and expressive language skills of infants with CIs.
Results: In the IDS versus silence block, all 3 groups looked
significantly longer to IDS than to silence. In the ADS
versus silence block, both the NH-HEM and NH-CAM
groups looked significantly longer to ADS relative to silence;
however, the CI group did not show any preference. In the
IDS versus ADS block, whereas both the CI and NH-HEM
groups preferred IDS over ADS, the NH-CAM group looked
equally long to IDS and ADS. IDS preference quotient
among infants with CIs in the IDS versus ADS block was
associated with PLS-4 Auditory Comprehension and PLS-4
Expressive Communication measures.
Conclusions: Two major findings emerge: (a) IDS enhances
attention to speech in deaf infants with CIs; (b) the
degree of IDS preference over ADS relates to language
development in infants with CIs. These results support a
focus on input in developing intervention strategies to
mitigate the effects of hearing loss on language development
in infants with hearing loss.
Cochlear implantation provides children with
severe-to-profound hearing loss access to speech
and unprecedented opportunities for the acquisition

of spoken language (Geers, Tobey, Moog, & Brenner, 2008;
Houston & Bergeson, 2014; Houston et al., 2012). How-
ever, deaf children who received cochlear implants (CIs),
even those implanted at very early ages, often lag behind
their peers with normal hearing (NH) in a range of speech
and language standardized tests (Conway et al., 2011;
Geers, Strube, Tobey, Pisoni, & Moog, 2011; Holt, Beer,
Kronenberger, Pisoni, & Lalonde, 2012; Houston &
Bergeson, 2014). In addition, there is a considerable
amount of variability in spoken language outcomes after
cochlear implantation (Niparko et al., 2010). This may
not be surprising because the acoustic signal transmitted
to the auditory nerve by CIs is greatly impoverished and
underspecified relative to the speech signal received by nor-
mally functioning cochlea (Zeng, 2004).

However, the degraded quality of speech may not
be the only factor that leads to poor language outcomes
in CI users. Recently, a growing body of evidence suggests
that early auditory deprivation followed by degraded
auditory input affects the development of the auditory
neural pathway as well as other higher level cortical areas,
which may have cascading effects for infants with CIs, who
are processing already impoverished auditory input (Geers
Disclosure: The authors have declared that no competing interests existed at the time
of publication.
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et al., 2011; Holt et al., 2012; Pisoni & Geers, 2000). Indeed,
recent studies suggest that deaf infants with CIs show dif-
ferences in a range of cognitive skills as compared with
their peers with NH, such as visual memory, procedural
learning, and executive function (Conway et al., 2011;
Conway, Karpicke, & Pisoni, 2007; Houston & Bergeson,
2014; Pisoni, 2000).

Attention to Speech
One fundamental cognitive skill that is critical to the

acquisition of spoken language is the ability to pay attention
to speech (Glenn, Cunningham, & Joyce, 1981; Houston &
Bergeson, 2014; Houston, Pisoni, Kirk, Ying, & Miyamoto,
2003; Vouloumanos & Werker, 2004, 2007). This ability
may be especially important for infants with CIs to acquire
spoken language because it has been shown that the pro-
cessing of degraded speech depends critically on attention
(Wild et al., 2012). However, previous studies suggest that
infants with CIs show reduced attention to speech as com-
pared with children with NH (Horn, Houston, & Miyamoto,
2007; Houston & Bergeson, 2014; Houston et al., 2003).
For example, using the visual habituation paradigm, Houston
et al. (2003) tested infants’ attention to repetitions of a sound,
such as hop hop hop or ahhh versus silence. They found that
deaf infants with 6 months of CI experience showed reduced
looking time to sound versus silence than did 6-month-old
infants with NH. Using a similar paradigm, Horn et al.
(2007) found that deaf infants both pre- and post-CI showed
significantly reduced overall looking times to the speech
stimuli than their chronological age–matched peers with NH
in a speech discrimination test.

Reduced attention to speech in infants with CIs makes
access to linguistically relevant units difficult; however, to
become a successful language learner, the infant must be
able to distinguish and attend to meaningful signals, speech
in particular, among a range of sounds in the environment.
To date, research has shown that attention to speech is
innate or at least developed very early from infants’ experi-
ence with the auditory input. For example, typically devel-
oping infants with NH prefer speech over filtered speech
(Spence & DeCasper, 1987), noise (Butterfield & Siperstein,
1970), synthetic sinusoidal waves (Vouloumanos & Werker,
2004, 2007), silence (Houston et al., 2003), and even other
naturally occurring sounds (Shultz & Vouloumanos, 2010).
Recent theoretical models of infant language acquisition
posit important roles for attention to speech in early
language development. For example, according to the
Word Recognition and Phonetic Structure Acquisition
model, infants innately attend more to some aspects of the
speech signal than others. What they attend to is important
for encoding acoustic details into memory (Jusczyk, 1993).
Although there is no direct evidence supporting the relation-
ship between attention and speech processing in infants,
data from adults provide some insights into our under-
standing of this relationship. For example, under condi-
tions when attentional resources are depleted, adults’ ability
to segment words from a stream of speech based on statistical
3322 Journal of Speech, Language, and Hearing Research • Vol. 60 •
regularities is seriously compromised (Toro, Sinnett, &
Soto-Faraco, 2005). In addition, using functional magnetic
resonance imaging, Wild et al. (2012) assessed the degree to
which spoken sentences were processed under distraction.
They found that frontal regions were only engaged when
listeners were attending to speech and that these regions ex-
hibited elevated responses to degraded speech. These find-
ings suggest that attention enhances the processing of
degraded speech by engaging higher order mechanisms that
modulate perceptual auditory processing.

Nevertheless, empirical studies indeed have revealed
a relationship between attention to speech and language
outcomes in children. For example, attention to speech over
sinusoidal waves in infancy predicts later expressive vocabu-
lary in both typically developing children and children with
autism spectrum disorder (Kuhl, Coffey‐Corina, Padden,
& Dawson, 2005; Molfese, 2000; Vouloumanos & Curtin,
2014). Given these findings, it is likely that reduced atten-
tion to speech in infants with CIs may affect the encoding
of already impoverished acoustic–phonetic information into
memory. This, in turn, may lead to deleterious effects on
other aspects of language acquisition, such as sound dis-
crimination, speech segmentation, and word learning, which
are strong predictors of language outcomes. Nevertheless, it
should be noted that the auditory stimuli in both Houston
et al. (2003) and Horn et al. (2007) were nonwords, such as
ahhh, hop hop hop, or seepug; therefore, it could be that re-
duced attention to speech exhibited by infants with CIs is
tied to the specific qualities of the stimuli. Indeed, when pre-
sented with natural speech and nonspeech sounds, infants
with CIs, similar to their peers with NH, preferred listening
to child-directed speech over both white noise and time-
reversed speech (Segal & Kishon-Rabin, 2011). Therefore,
the first aim of this study was to expand previous studies
and examine whether attention to speech exhibited by in-
fants with CIs is modulated by different aspects of speech:
infant-directed speech (IDS) and adult-directed speech
(ADS), the speech styles that infants frequently encounter
in their everyday listening environment.

Preference for IDS
IDS differs from ADS in a range of acoustic–phonetic

properties, such as expanded vowel space, slower speaking
rate, higher pitch, wider pitch range, and longer pauses
(Albin & Echols, 1996; Bergeson, Miller, & McCune, 2006;
Burnham, Kitamura, & Vollmer-Conna, 2002; Cristia, 2010;
Dilley, Millett, McAuley, & Bergeson, 2014; Fernald, 1989;
Fernald & Simon, 1984; Grieser & Kuhl, 1988; Papoušek
& Hwang, 1991; Werker, Pegg, & McLeod, 1994). Several
studies have shown that IDS is very effective in engaging
and sustaining attention in young infants with NH (Fernald,
1985, 1989; Fernald & Simon, 1984; Kitamura, Thanavishuth,
Burnham, & Luksaneeyanawin, 2001; Kuhl et al., 1997;
Werker et al., 1994). For example, using a conditioned head-
turn procedure, Fernald (1985) found that 4-month-old
infants turned their heads more often in the direction
necessary to activate a recording of IDS than ADS. The
3321–3333 • November 2017



preference for IDS over ADS is very robust as it is present
even when speech samples are presented in a foreign lan-
guage (Werker et al., 1994), or in synthesized speech that
preserves prosodic information (Fernald & Kuhl, 1987).
This may not be surprising because engaging attention is
found to be mostly implemented by the exaggerated prosodic
properties, fundamental frequency (F0) in particular, of
IDS (Fernald & Mazzie, 1991; Kuhl & Meltzoff, 1984;
Mehler, Bertoncini, Barriere, & Jassik-Gerschenfeld, 1978).
For example, when presented with low-pass-filtered and
then resynthesized speech with different types of modulation,
4-month-old infants preferred speech with the F0 pattern of
IDS, but not with the amplitude or duration patterns of
IDS (Fernald & Kuhl, 1987).

The consequence of IDS modification and infant’s
preference for IDS may be profound because pieces of both
direct and indirect evidence suggest that IDS has important
effects on language development in infants with NH (Cristia
& Seidl, 2014; Drotar & Sturm, 1988; Liu, Kuhl, & Tsao,
2003; Song, Demuth, & Morgan, 2010; Trainor, Austin,
& Desjardins, 2000). For example, infants who experienced
a larger amount of IDS at home became more efficient in
word processing and had a larger expressive vocabulary by
24 months of age (Weisleder & Fernald, 2013). In addition,
Ma, Golinkoff, Houston, and Hirsh-Pasek (2011) showed
that 21-month-olds learned novel words only from IDS,
but not from ADS. From a theoretical perspective, it has
been suggested that the underlying mechanism of IDS to
promote language development is that it boosts attention
in general (Schachner & Hannon, 2011).

While much information about the role of IDS in
directing and sustaining attention is available to infants
with NH, there is a paucity of research on the perceptual
preference for IDS exhibited by infants with CIs. Although
it is tempting to assume that IDS may also enhance atten-
tion in infants with CIs, this is true only if the CI devices
would allow deaf infants access to the unique acoustic prop-
erties of IDS. In a recent study, Robertson, von Hapsburg,
and Hay (2013) compared whether infants with hearing im-
pairment prefer IDS over ADS, the same way as children
with NH do. Specifically, using a central fixation procedure,
they examined the listening preference for IDS over ADS on
nine 19.1-month-old infants with hearing impairment who
had approximately 7.7 months’ hearing experience using ei-
ther CIs or hearing aids (HAs), as well as two control groups
with NH: a younger NH control group with similar hearing
experience, as well as an older control group with similar
chronological age. The motivation to include the two con-
trol groups was twofold. First, research has demonstrated
that mothers adjust their speech style to the children with
CIs according to the perceived language level, rather than
the chronological age, of the child (Bergeson et al., 2006).
Therefore, there is reason to believe that children with CIs
may display preferences that are consistent with their hear-
ing experience, mirroring patterns of maternal input. Sec-
ond, there is a developmental change of IDS preference such
that older infants with NH who are over 13 months of age,
in general, do not prefer IDS over ADS (Cooper & Aslin,
Wang e
1990; Fernald, 1985). The results showed that infants with
hearing impairment, similar to the younger control group,
preferred listening to IDS over ADS. However, the older
control group did not show any preference.

These findings are promising because they suggest
that infants with hearing impairment may have sufficient
access to the acoustic signal to differentiate types of speech
in the ambient environment and develop a hearing age–
equivalent listening preference for IDS over ADS. How-
ever, note that, in this study, the participants were not
homogenous because five out of the nine infants with
hearing impairment were fitted with HAs, making it diffi-
cult to determine whether the IDS preference is present in
both CI and HA populations. There are reasons to suspect
that the type of assistive device worn (i.e., CIs or HAs) may
affect access to IDS significantly for the following reasons.
First, infants with HAs, in general, have a larger amount
of residual hearing before implantation and are fitted with
the devices earlier than infants with CIs. This leads to more
auditory experience with the ambient environment and
more opportunities for them to encode and process speech
sounds before they are fitted with devices. It is likely that
experience with speech and the allocation of cognitive
resources, specifically attention to speech, are linked.
Second, due to the differences in how CI and HA devices
process the auditory signal, the spectral information pro-
vided by CIs is less rich compared with the signal provided
by the hair cells in the cochlea in infants with NH and
HAs (Loizou, 2006). Therefore, the frequency resolution
for infants with CIs is poorer, which may cause the cues
of pitch properties to be less salient. These factors may
lead to reduced IDS sensitivity in infants with CIs if they
rely on pitch cues to distinguish between IDS and ADS.
However, it is also possible that deaf children with CIs
may develop other speech-processing strategies. For exam-
ple, they may rely on temporal or contextual cues that
can be transmitted via CI devices (Dorman, Dankowski,
McCandless, Parkin, & Smith, 1991; Zeng, Rebscher,
Harrison, Sun, & Feng, 2008) to cope with the impoverished
auditory signal and thus show similar IDS preference.

Current Study
Taken together, research in the past has established

that (a) infants with CIs show reduced attention to speech,
which may lead to delayed spoken language development,
and (b) IDS enhances attention to speech and facilitates
language development in young infants with NH, as com-
pared with ADS, across a variety of methods and cultures.
Against this background, the first aim of this study was to
examine whether attention to speech exhibited by infants
with CIs is modulated by speech style, IDS and ADS in
particular. Specifically, we would like to examine whether
IDS enhances attention to speech in infants with CIs, rel-
ative to ADS. To answer this question, we tested infants
with CIs and infants with NH on a preference test. We pre-
dict that if the CI devices would allow deaf infants access
to the special acoustic properties of IDS, then they would
t al.: IDS Enhances Attention to Speech in Infants With CIs 3323



show enhanced attention to IDS rather than ADS. The
second aim of this study was to examine to which extent
IDS preference in infants with CIs may be related to later
language outcomes. This question is of profound clinical
significance because it would allow us to identify those chil-
dren with CIs who may be at additional risk of language de-
lay. Therefore, we collected a measure of language outcome
for the CI group. We reasoned that if IDS enhances atten-
tion to speech in deaf infants with CIs, then it is possible to
observe an empirical association between IDS preference
and a measure of language development.
Method
Participants

Three groups of infants participated in this study: a
CI group, a hearing experience–matched control group with
NH (NH-HEM), and a chronological age–matched control
group with NH (NH-CAM). The CI group consisted of
12 prelingually deaf infants with approximately 12 months’
hearing experience (9 boys, 3 girls; mean chronological
age = 27.24 months, range = 21.97 33.17 months; mean
hearing age = 11.88 months, range = 10.26–13.38 months;
the CI group).1 The NH-HEM group consisted of 22 in-
fants with NH (10 boys, 12 girls; mean age = 11.68 months,
range = 10.10 13.39 months); these infants had the same
hearing age as the infants in the CI group and were matched
by group. The NH-CAM group consisted of 12 infants
with NH (7 boys, 5 girls; mean age = 27.55 months, range =
20.91–36.68 months), who were the same chronological age
as the infants in the CI group. The infants in the NH-CAM
group were matched to the CI group by pair, such that each
infant in the NH group was matched to an infant with CI
based on the chronological age.

The deaf infants received a CI prior to 24 months of
age (mean implantation age = 15.35 months, range = 9.80–
21.88 months). They were recruited from a CI program in
a university’s medical center in a Midwestern town. Addi-
tional demographic and audiological information for in-
fants with CIs is shown in Table 1. The infants with NH
were all healthy full-term with no known history of devel-
opmental delay or hearing impairment. Informed consent
was given to the caregivers prior to testing.

Stimuli
The study used both auditory and visual stimuli. The

auditory stimuli were natural speech samples of four sentences:
1Many of the infants were also tested at less than 3 months and
4–6 months after cochlear implantation. We decided to focus on the
data from the 12-month post-CI testing because pilot testing of infants
with NH revealed that 12-month-olds showed the expected preference
for IDS, whereas younger infants with NH did not. This may seem
surprising because previous studies showed that younger infants
normally prefer IDS over ADS; however, the differences may depend
on the characteristics of the particular IDS stimuli or the experimental
paradigm (see Newman & Hussain, 2006, for more discussion).
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Good morning! How are you today? What are you doing?
Let’s go for a walk. Four female adult native speakers of
American English produced the speech stimuli in a sound-
attenuated room. None of these speakers was the mother of
an infant who participated in this study. They were instructed
to produce the stimuli as if they were talking to an infant
(IDS) and as if they were talking to an adult (ADS), for a
total of eight passages (four IDS and four ADS passages,
which were used in the IDS and ADS trials, respectively).
Each speaker produced the passage several times, and one
IDS and one ADS passage from each speaker were selected
as experimental stimuli based on their acoustic clarity and
appropriateness as speech directed to infants or to adults.
They were then digitized at a sampling rate of 44.1 kHz.
The average F0, F0 range, and sentence durations for the
IDS and ADS speech stimuli for the four speakers are shown
in Table 2.

The visual stimuli consisted of an attention getter
(a small dynamic video display of a blue-and-white expand-
ing and shrinking wheel) and a visual display (a white-and-
red static checkerboard pattern).

Experimental Design
There were three test blocks: IDS versus silence, in

which infants received four IDS and four silent trials;
ADS vs. silence, in which infants received four ADS and
four silent trials; and IDS versus ADS, in which they received
four IDS and four ADS trials. During each of the four IDS/
ADS trials, one of the four speakers presented the IDS/
ADS passage who was not the speaker in the rest of the
three IDS/ADS trials. During the silent trials, no sound
was played. The presentation order of the eight trials within
each block was randomized across the participants, as well
as the order of the three blocks (six orders in total).

Apparatus and Procedure
Infants were tested using the central fixation procedure

(e.g., Best & McRoberts 2003; Houston et al., 2003). Each
infant was seated on the caregiver’s lap in front of a TV
monitor in the middle of a quiet and comfortable double-
walled sound booth by Industrial Acoustics Corp. The care-
givers wore headphones, which played continuous music
and speech babbles, and were therefore blind to the speech
stimuli. Speech stimuli were presented to the infants via
loudspeakers on the TV monitor at a comfortable level of
65 ± 5 dB SPL. A camera was located below the monitor to
record the infant’s behavior and feed the live video stream on
a display in the control room. The experimenter was seated
in the control room and watched the live video stream; she
or he observed the infant’s gaze direction and coded online
whether the infants were looking at the monitor or looking
away for each trial on the keyboard of aMacintosh computer.
All the orientation data were stored in a computer data file.

All trials began by presenting the attention getter at
the center of the monitor to draw infants’ attention. Once
the infant looked at the attention getter, the test trials were
3321–3333 • November 2017



Table 1. Demographic information for infants with cochlear implants (CIs).

Subject
ID Gender Age at CI Age at test

Hearing
age

Mean PTA
unaided (dB)

Com
mode

Degree
of HL

3307 M 9.87 21.97 12.07 92.50 OC Sev/Prof
CI35 F 16.74 28.96 12.23 114.00 OC Sev/Prof
CI53 M 11.94 23.93 11.97 120.00 OC Sev/Prof
3407 F 21.88 33.09 11.18 107.50 TC Sev/Prof
CI39 M 17.89 29.68 11.77 95.00 OC Sev/Prof
3098 M 10.26 23.68 13.38 119.00 OC Sev/Prof
4083 M 17.30 28.75 11.41 120.00 OC Sev/Prof
CI36 M 21.51 33.17 12.20 98.60 TC Sev/Prof
3259 F 15.99 29.11 13.08 120.00 TC Sev/Prof
4577 M 16.88 28.42 11.51 88.50 OC Sev/Prof
CI34 M 10.36 22.26 11.50 107.00 OC Sev/Prof
3374 M 13.62 23.91 10.26 109.40 Unknown Sev/Prof
M (SD) 15.61 (3.99) 27.24 (3.96) 11.88 (0.83) 107.63 (11.55)

Note. All ages are reported in months. PTA = pure-tone average before implantation (across the frequencies of 250, 500, 1000, 2000, and
4000 Hz); Com Mode = the type of communication program that the infant was following in speech-language therapy; HL = hearing loss;
OC = oral communication (exclusively spoken); TC = total communication (a combination of spoken language and Signed Exact English);
Sev/Prof = severe-to-profound.
initiated. During the test trials, the infant was presented
with the static checkerboard at the center of the monitor and
the speech stimuli. Each trial continued (i.e., the passage
would repeat) until the infant looked away for 1 s or more.
If the infant turned away from the monitor for less than 1 s,
that time was not included in the looking time, although
the monitor continued to display the checkerboard and the
loudspeaker to play auditory stimuli. The trial duration
was determined by the duration of the infant’s look to the
Table 2. Acoustic characteristics: Mean fundamental frequency (F0) in Hz,
(IDS) and adult-directed speech (ADS) stimuli for each speaker.

Speaker Measures Type 1

1 F0 IDS 288
ADS 176

F0 range IDS 172–521
ADS 161–225

Duration IDS 1.07
ADS 0.77

2 F0 IDS 284
ADS 176

F0 range IDS 143–523
ADS 155–242

Duration IDS 0.84
ADS 0.57

3 F0 IDS 311
ADS 210

F0 range IDS 139–442
ADS 191–246

Duration IDS 0.97
ADS 0.61

4 F0 IDS 274
ADS 224

F0 range IDS 163–525
ADS 191–311

Duration IDS 1.50
ADS 0.82

Wang e
checkerboard. The dependent measures were the average
looking times across trials to each type of auditory stimuli
within each block.
Language Skills
Approximately 20 months after implantation, the Pre-

school Language Scale–Fourth Edition (PLS-4; Zimmerman,
Steiner, & Pond, 2002) was administered on infants with
F0 range (Hz), and sentence durations (s) of infant-directed speech

Sentences

2 3 4

322 334 346
197 192 193

168–498 222–523 203–506
171–231 155–218 171–248
1.52 1.34 1.67
1.03 0.82 0.94
229 291 307
203 208 182

131–508 158–439 214–501
75–274 141–262 115–291
1.40 1.25 1.63
0.86 0.68 1.00
229 199 261
228 209 188

151–512 147–511 174–496
143–320 140–312 122–268
1.15 1.41 1.57
0.77 0.70 0.95
221 246 275
211 225 222

142–422 165–313 184–426
76–329 83–268 186–286
2.31 2.05 1.87
0.95 0.78 1.08

t al.: IDS Enhances Attention to Speech in Infants With CIs 3325



CIs by certified speech-language pathologists who had
extensive experience testing children with hearing loss. The
PLS-4 is a standardized individually administered test of
receptive and expressive language skills that is suitable for
use from birth to 6 years 11 months, and it is commonly
used with children with hearing loss (Fitzpatrick, Durieux-
Smith, Eriks-Brophy, Olds, & Gaines, 2007; Geers, Moog,
Biedenstein, Brenner, & Hayes, 2009). Auditory Comprehen-
sion (PLS-AC) and Expressive Communication (PLS-EC)
standard scores were obtained for nine out of the 12 children
with CIs at the mean age of 34.13 (SD = 5.42) months and
the mean device experience of 19.89 (SD = 3.07) months.
Results
Listening Preference

The means, standard deviations, and medians of the
looking times to each stimulus type in all the three groups,
namely, the CI, NH-HEM, and NH-CAM groups, are
reported in Table 3, separated by Hearing Status and Block.
We removed the data points whose difference values between
the two types of the stimuli within each block were more
than 2.5 SD. A repeated-measures analysis of variance
(RM ANOVA) on looking time with Hearing Status (CI,
NH-HEM, and NH-CAM), Gender (female, male), and
Order (six test orders) as between-subject factors and Block
(three blocks) and Type (IDS vs. silence, ADS vs. silence,
IDS vs. ADS) as within-subjects factors revealed no main
effects of or interactions with either Gender, F < 2.11,
p > .168, or Order, F < 2.11, p > .168. Therefore, we
removed these two factors from the model and reran the
RM ANOVA. Results demonstrated a marginally signifi-
cant three-way Block × Hearing Status × Type interaction,
F(3.55, 58.57, Huynh–Feldt corrected values) = 2.64, p = .049,
ηp

2 = .138. To explore the source of interaction, we reran
three new RM ANOVAs on looking time with Hearing
Status (CI, NH-HEM, and NH-CAM) as the between-
subjects factor and Type as the within-subject factor for
each block. In addition, we also conducted a nonparametric
Wilcoxon signed-rank test to compare looking times to
Table 3. Average, standard deviation, and median looking times (s) to diffe
their hearing experience–matched peers with normal hearing (NH-HEM), an
CAM), separated by hearing status and block (the IDS versus silence, ADS

Block Type

CI

Average SD Mdn

IDS versus silence IDS 8.85 4.79 11.10
Silence 5.29 2.85 4.15

ADS versus silence ADS 6.05 3.61 4.23
Silence 5.99 3.74 4.18

IDS versus ADS IDS 6.83 4.09 4.90
ADS 3.78 2.77 3.38

Note. IDS = infant-directed speech; ADS = adult-directed speech.
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different types of stimuli in order to corroborate our para-
metric analyses.
IDS Versus Silence
For the IDS versus silence block, the Hearing Status ×

Type interaction was not significant, F(2, 40) = 1.01, p = .373,
nor was the main effect of Hearing Status, F (1, 40) = 2.02,
p = .146. However, the main effect of Type was significant,
F(1, 40) = 28.14, p < .001, ηp

2 = .413, because the three
groups, in general, looked significantly longer to IDS (M =
9.08, SD = 5.89, Mdn = 8.40) than to silence (M = 4.82,
SD = 2.60, Mdn = 3.83). A Wilcoxon signed-rank test
also showed that looking time was significantly longer for
IDS compared with silence, Z = 4.25, p < .001. Infants’
looking times for the IDS and silence trials are presented in
Figure 1(a). These results suggest that the three groups, in
general, prefer IDS over silence.
ADS Versus Silence
For the ADS versus silence block, there was a significant

Hearing Status × Type interaction, F(1, 40) = 3.27, p = .048,
ηp

2 = .140. In addition, the main effect of Type was signifi-
cant, F(1, 40) = 13.23, p = .001, ηp

2 = .248, because children,
in general, looked longer to ADS than to silence. How-
ever, the main effect of Hearing Status was not significant,
F(1, 40) = 1.53, p = .228. To explore the source of Hearing
Status × Type interaction, we conducted post hoc paired-
samples t tests and the Wilcoxon signed-rank test for each
group to compare their preference for ADS and silence.
The comparisons were Bonferroni-adjusted at an alpha
level of 0.017 per test (.05/3). The results showed that the
CI group looked equally long to ADS and silence, t(10) =
0.07, p = .950, Z = 0.00, p = 1.00; however, both the
NH-HEM and NH-CAM groups looked significantly longer
to ADS than to silence, t(19) = 3.41, p = .001, Z = 3.06,
p = .002, and t(11) = 2.75, p = .019, Z = 2.43, p = .015,
respectively. Infants’ looking times for the ADS and silence
trials are presented in Figure 1(b). These results suggest that
whereas the two control groups with NH prefer ADS over
silence, the CI group does not show any preference.
rent types of stimuli for the children with cochlear implants (CIs),
d their chronological age–matched peers with normal hearing (NH-
versus silence, and IDS versus ADS blocks).

Hearing status

NH-HEM NH-CAM

Average SD Mdn Average SD Mdn

7.69 4.67 6.11 11.61 5.52 10.11
4.14 1.60 3.75 5.52 3.51 3.63
6.12 2.42 6.40 8.46 4.57 7.54
3.91 1.43 3.99 4.60 2.81 4.24
7.27 4.76 6.10 7.15 3.98 6.00
5.28 3.98 4.20 7.26 5.37 7.20
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Figure 1. Box plots for the looking times (s) in (a) the infant-directed
speech (IDS) versus silence block, (b) the adult-directed speech
(ADS) versus silence block, and (c) the IDS versus ADS block, for
three groups of children: children with cochlear implant (CIs), their
hearing experience–matched peers with normal hearing (NH-HEM),
and chronological age–matched peers with normal hearing (NH-CAM).

Wang e
IDS Versus ADS
For the IDS versus ADS block, there was a significant

Hearing Status × Type interaction, F(2, 39) = 3.48, p = .041,
ηp

2 = .151. In addition, the main effect of Type was signifi-
cant, F(1, 39) = 12.18, p = .001, ηp

2 = .238, because children,
in general, showed longer looking times to IDS (M = 7.12,
SD = 4.28, Mdn = 5.99) than to ADS (M = 5.45, SD = 0.66,
Mdn = 4.14). However, the main effect of Hearing Status
was not significant, F(1, 39) = .644, p = .531. To explore
the source of interaction, we conducted post hoc paired-
samples t tests and Wilcoxon signed-rank tests to compare
children’s preference for IDS over ADS for each group,
using the Bonferroni-adjusted alpha level of .017 per test
(.05/3). The results showed that both CI and NH-HEM
groups looked significantly longer for IDS, t(10) = 3.19,
p = .010, Z = 2.40, p = .016, compared with ADS trials,
t(18) = 3.44, p = .003, Z = 2.86, p = .004; however, the
NH-CAM group looked equally long during IDS and ADS
trials, t(11) = 1.12, p = .909, Z = −0.078, p = .937. Infants’
looking times for the IDS and ADS trials are presented in
Figure 1(c). These results suggest that the CI and NH-HEM
groups prefer IDS over ADS; however, the NH-CAM group
does not.

To determine which demographic factors contribute
to explaining the listening preference of infants with CIs
in this study, we computed correlational analyses between
listening preference, age at implantation, and residual hear-
ing (measured by pre-CI pure-tone average [PTA]). For this
set of analyses, we used listening preference quotients, spe-
cifically IDS preference quotient in the IDS versus ADS
block, calculated by (IDS − ADS)/(IDS + ADS), IDS pref-
erence quotient in the IDS versus silence block, calculated
by (IDS − Silence)/(IDS + Silence), and ADS preference in
the ADS versus silence block, calculated by (ADS − Silence)/
(ADS + Silence), to assess listening preference. For example,
the IDS preference quotient in the IDS versus ADS block was
calculated by dividing the average looking time differences
to IDS and ADS (IDS − ADS) by the total amount of
looking time to both IDS and ADS (IDS + ADS) for each
CI child. Positive numbers indicate a preference for the
expected speech type.

The Pearson bivariate correlations between preference
quotients and demographic variables that were continuous,
namely, age at implantation and residual hearing, revealed
a significantly negative correlation between preference
quotient in the IDS versus ADS block and residual hearing,
r(11) = −.744, p = .009; a marginally negative correlation
between preference quotient in the IDS versus silence block
and residual hearing, r(11) = −.603, p = .050. In addition, the
correlation between preference quotients in the IDS versus
silence block and the ADS versus silence block was significant,
r(10) = .748, p = .013. However, the bivariate relationship
between any of the other two measures was not significant,
r < .306, p > .360. To examine the effect of communication
mode—the communication program that the infant was
following in speech-language therapy after implantation—
on the listening preference for each block, three separate
independent-samples t tests were conducted. No group
t al.: IDS Enhances Attention to Speech in Infants With CIs 3327



difference was found, r < .29, p > .505.2 Taken together,
these results suggest that infants with a larger amount of
residual hearing showed stronger IDS preference in both the
IDS versus ADS and IDS versus silence blocks.
Attention to IDS and Language Outcomes
in Deaf Infants With CIs

The question we next turn to is whether individual
differences in speech preference are associated with lan-
guage outcomes in the CI group. To explore the relation-
ship between the preferences of children with CIs for different
types of stimuli and their later language outcomes, we first
ran bivariate correlations among listening preference quo-
tients, PLS-AC, and PLS-EC. Correlation values are shown
in Table 4. The IDS preference quotient in the IDS versus
ADS block correlated significantly with the measures of
PLS-AC, r(8) = .846, p = .008, and marginally significant
with the measure of PLS-EC, r(8) = .702, p = .052. How-
ever, the correlations between the IDS preference quotient
in the IDS versus silence block and the ADS preference
quotient in the ADS versus silence block and the language
outcome measures, though both in the positive direction,
did not reach statistical significance.
Discussion
The auditory environment of an infant includes

a broad range of auditory signals, among which speech
signal may be the most important source of information
for infants to acquire spoken language. Typically developing
infants are born with well-developed auditory systems
capable of detecting the differences between these signals
and showing a preference for speech sounds over nonspeech
sounds. Although deaf infants with CIs are also able to
distinguish between speech versus nonspeech sounds, they
show reduced attention to speech, in general, as compared
with their peers with NH (Horn et al., 2007; Houston &
Bergeson, 2014; Houston et al., 2003). The ability to pay
attention to speech may be especially important for their
spoken language acquisition because infants with CIs have
suboptimal perceptual access to the speech signal, whereas
the processing of degraded speech depends critically on
attention (Wild et al., 2012).

Therefore, the primary goal of this study was to exam-
ine whether IDS enhances attention to speech exhibited by
infants with CIs as compared with ADS. Although infants
frequently encounter both IDS and ADS in their everyday
listening environment, young infants with NH pay more
attention to IDS (Fernald & Mazzie, 1991; Kuhl & Meltzoff,
1984; Mehler et al., 1978). We found that deaf infants with
CIs, similar to their hearing experience–matched peers with
NH, showed increased attention to IDS relative to ADS
2Note that, given the small sample size (three out of the 12 infants
with CIs followed total communication mode), the results should be
interpreted with caution.
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or silence; however, they did not prefer ADS over silence;
whereas both the younger and older control groups showed
a preference for ADS over silence. These findings suggest
not only that IDS and ADS are discriminable to infants with
CIs but also that IDS enhances their attention to speech.

These results support and extend previous research
in several ways. First, the findings that infants with CIs did
not prefer ADS over silence is, in general, consistent with
the findings that infants with CIs showed reduced attention
to speech relative to their peers with NH (Horn et al.,
2007; Houston & Bergeson, 2014; Houston et al., 2003).
Second, our finding that infants with CIs showed prefer-
ence for IDS over silence is consistent with and extends
previous findings that infants with CIs preferred listening
to child-directed speech over both white noise and time-
reversed speech (Segal & Kishon-Rabin, 2011). Third, our
finding that the chronological age–matched control group
with NH showed a preference for IDS and ADS over si-
lence, but did not show preference for IDS over ADS, is in
line with the developmental change in infants’ IDS prefer-
ence, such that infants older than 13 months of age typi-
cally do not show IDS preference over ADS (Fernald, 1985;
McRoberts, McDonough, & Lakusta, 2009). Fourth, infants
with CIs displayed IDS preference similar to their hearing
experience–matched peers, rather than their chronological
age–matched peers. These may be largely related to the
nature of the input because caregivers seemed to adjust their
speech styles according to the hearing and developmental
status of their infants with hearing impairment, rather
than the chronological age (Bergeson et al., 2006; Wieland,
Burnham, Kondaurova, Bergeson, & Dilley, 2015). For
example, the increase in average and minimum pitch from
ADS to IDS in mothers’ speech to infants with CIs was more
similar to that in speech to the control infants with matched
hearing experience and distinct from control infants with
matched chronological age (Bergeson et al., 2006).

Why does IDS enhance attention to speech exhibited
by infants with CIs? One possibility is that infants with
CIs, similar to infants with NH, have increased motivation
to attend to IDS, either because IDS is innately reinforcing
to them or because it contains more arousing properties
than ADS. This possibility could only be true if the rele-
vant acoustic properties of the speech are readily trans-
mitted by the CI device, thus allowing infants with CIs to
detect the difference between IDS and ADS. Previous stud-
ies seem to suggest that the CI device allows infants with
CIs access to sufficient acoustic information to succeed in
a range of speech perception tasks. For example, Hebrew
12- to 33-month-old deaf infants, implanted under 2.5 years
of age, with 1–6 months of CI use, developed a bias for
the more common weak/strong stress pattern in Hebrew
(Segal, Houston, & Kishon-Rabin, 2016). In spite of the
findings that the IDS preference in young infants with NH
appears to be driven by changes in pitch (Fernald & Mazzie,
1991; Kuhl & Meltzoff, 1984; Mehler et al., 1978), the acous-
tic properties that drive the preference for IDS exhibited by
infants with CIs may be different from their peers with
NH. It is possible that deaf infants with CIs may develop
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Table 4. Correlations among preference quotients (IDS preference quotient in the IDS vs. silence block, ADS preference
quotient in the ADS vs. silence block, and IDS preference quotient in the IDS vs. ADS block) for children with cochlear
implants in each block and PLS-AC and PLS-EC standard scores at 18 months after cochlear implantation.

Measures

Preference quotient Language

IDS vs. silence ADS vs. silence IDS vs. ADS PLS-AC PLS-EC

Preference quotient
IDS vs. silence — .748* .745* .648† .586
ADS vs. silence — .315 .346 .371
IDS vs. ADS — .846** .702†

Language
PLS-AC — .954**
PLS-EC —

Note. IDS = infant-directed speech; ADS = adult-directed speech; PLS-AC = Preschool Language Scale–Auditory
Comprehension; PLS-EC = Preschool Language Scale–Expressive Communication.
†.5 < p < .10, two-tailed. *p < .05, two-tailed. **p < .01, two-tailed.
different cue-weighting and speech-processing strategies due
to early auditory deprivation and subsequent degraded speech
input. For example, in a recent study, Peng et al. (2017) ex-
amined acoustic cue processing in CI recipients in a lexical
tone recognition task. These CI recipients were prelingually
deaf native Mandarin speakers who were between 6.6 and
21.4 years old. They found that CI recipients rely less on
F0 contours, but more on durational patterns, than the NH
control group, to recognize lexical tones. Given that our
IDS stimuli were much slower than ADS stimuli in general
(refer to Table 1), it is possible that the infants with CIs in
our study relied on durational cues to distinguish between
IDS and ADS. Therefore, one direction for future work
would be to assess their weighting of each of the acoustic
cues in a broad range of speech perception tasks, in order
to illuminate our understanding of which cues are available
to infants with CIs and what are the most crucial cues for
them to process speech signals. Another possibility is that
IDS is easier for infants with CIs to detect because it un-
dergoes less degree of degradation or results in greater signal-
to-noise ratio when transmitted to the CIs, as compared
with ADS. Although no direct evidence is available to sup-
port this speculation, findings from infants’ perception of
IDS under noise conditions seem to support this argument
(Barker & Newman, 2000; Colombo, Frick, Ryther, Coldren,
& Mitchell, 1995; Fernald, 1984; Newman, 2003). For exam-
ple, Colombo and colleagues found that infants performed
better at detecting sweeping tones in noise when the tones re-
sembled IDS intonational patterns. In addition, parents in-
creased both pitch and pitch range when speaking to toddlers
in a noise condition (Newman, 2003). If this were the case,
then the IDS preference may be due to ease of perception.
Although we are not able to tease apart these two explana-
tions, the findings that IDS enhances attention to speech are
encouraging because they suggest that infants with CIs possess
basic auditory capacities for the discrimination of IDS and
ADS and show enhanced attention to IDS relative to ADS.

One caveat of the current study is that, although looking
time has long been used as the standard measure of infant
attention, longer looking time may not necessarily imply
Wang e
higher level of attention. Therefore, another important
future direction is to use more sophisticated behavioral, heart
rate, or neurophysiological means to measure infant atten-
tion in speech perception studies.

In addition, we also found that the unaided PTA
was associated with IDS preference; specifically, infants
with a larger amount of residual hearing showed enhanced
attention to IDS in both the IDS versus ADS and IDS
versus silence blocks than infants with less amount of re-
sidual hearing before cochlear implantation. However, age
at implantation was not correlated with listening prefer-
ences of infants with CIs. First of all, the finding that PTA
was correlated with IDS preference is not surprising be-
cause it is possible that infants with a larger amount of
residual hearing may have had more access to auditory
information before receiving CIs, and this experience may
be very helpful for them to develop IDS preference that
is more similar to their peers with NH. Although these
results should be interpreted with caution given the small
sample size, other studies have similarly demonstrated that
deaf infants with CIs, who had more residual hearing,
showed enhanced attention to speech (Houston & Bergeson,
2014) as well as better vowel discrimination abilities (Phan,
Houston, Ruffin, Ting, & Holt, 2016). Therefore, from a
clinical perspective, it may be very helpful for deaf infants
to receive HAs, prior to cochlear implantation, in order to
amplify the limited amount of residual hearing as soon as
they are diagnosed with hearing loss. Second, the finding
that age at implantation was not correlated with IDS pref-
erence may seem to be somewhat surprising at first, because
previous studies showed that infants implanted earlier con-
sistently show better performance in speech perception
tasks than infants who received CIs later (Fryauf-Bertschy,
Tyler, Kelsay, & Gantz, 1997; Kirk, Miyamoto, Ying,
Perdew, & Zuganelis, 2002; Miyamoto, Svirsky, & Robbins,
1997; Svirsky, Teoh, & Neuburger, 2004). For example,
Fryauf-Bertschy et al. (1997) found that deaf children who
received cochlear implantation prior to 5 years of age had
significantly better open-set word recognition skills than
those implanted after 5 years of age. However, it should be
t al.: IDS Enhances Attention to Speech in Infants With CIs 3329



noted that the infants in our study received CIs much ear-
lier; it seems that very early implantation may not play
a very important role in the speech perception ability of
deaf infants. This is consistent with other studies indicating
that age at implantation does not have an effect on speech
perception skills among children implanted before 2 years
of age (Horn et al., 2007; Phan et al., 2016). However,
this does not necessarily suggest that very early implanta-
tion may not have an effect on other processes related to
language development. For example, Houston, Stewart,
Moberly, Hollich, and Miyamoto (2012) found that tod-
dlers who had their CIs activated between 7 and 14 months
of age performed significantly better in a word-learning
task than those who had their CIs activated between 16 and
22 months of age. Their findings suggest that early access
to sound via a CI may facilitate the ability of deaf infants
to learn novel words. Future studies are encouraged to ex-
plore the effects of very early implantation on the other
processes related to language development and how these
processes may be interrelated in explaining variabilities in
language outcomes.

As the secondary goal, we examined the relationship
between IDS preference exhibited by infants with CIs
and later language outcomes. The findings showed that
the extent to which infants with CIs pay attention to IDS
in the IDS versus ADS block was correlated with later
receptive and expressive language outcomes, suggesting
that the attention to IDS in deaf infants may be helpful to
multiple processes that are related to language development.
Although a large body of literature demonstrates infants’
preference for IDS, to our knowledge, this is the first study
that explored how this preference might be related to later
language development.

Why is IDS preference over ADS related to receptive
and expressive language in the second year after cochlear
implantation? There are at least two possibilities. The first
possibility is that infants who showed enhanced attention
to IDS rather than ADS have had more experience with
IDS in their everyday listening environment, allowing them
more access to the acoustic cues that are relevant to numerous
dimensions of early language acquisition. Consequently, the
bias toward IDS may lead to better encoding, storage, and
retrieval of acoustic–phonetic and phonological informa-
tion into memory. This process, in turn, accelerates the seg-
mentation of words from continuous speech and eventually
bootstraps language learning at higher levels. The second
possibility is that the ability of infants with CIs to discrimi-
nate the two registers of speech varies with the function of
their cognitive abilities; specifically, those infants with CIs
with better encoding abilities may have been better able at
distinguishing between IDS and ADS and orienting to IDS
more. Indeed, listening preference for one stimulus over
another is considered to reveal higher levels of processing,
which requires not only discrimination (Kemler Nelson
et al., 1995). There is an emergent line of research show-
ing that higher level processing and encoding abilities gath-
ered during infancy have a measurable effect on concurrent
and subsequent language skills in children with NH and
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hearing impairment (Conway, Pisoni, Anaya, Karpicke,
& Henning, 2011; Fernald, Perfors, & Marchman, 2006;
Rose, Feldman, & Jankowski, 2009). However, these two
possibilities are not mutually exclusive, and there might be
a bidirectional relationship. The current study cannot tease
apart these two alternative explanations. Future studies
taking a multivariate approach to investigate the relation-
ship between infants’ speech perception abilities, IDS pref-
erence, and outcome measures would disentangle the
factors that contribute to language development.

It is worth mentioning that, in the real world, infants
hear speech in rich multimodal contexts and their experi-
ences with language are above and beyond receiving acous-
tic signals alone. That is, IDS is not detached from other
forms of infant-directed communication, but rather a part
of a multimodal communication system that is replete with
many interrelated social, emotional, tactile, and linguistic
cues. There is an emerging line of research that shows
that caregivers spontaneously perform multimodal behav-
ior as much as 75%–99% of the time during the interac-
tion with the infants (Gogate, Bahrick, & Watson, 2000;
Nomikou & Rohlfing, 2011). The use of multimodal com-
munication may not be incidental because a considerable
body of research suggests that the ways in which caregivers
interact with their infants play a key role in language devel-
opment in both infants with NH (Masur, Flynn, & Eichorst,
2005; Rowe & Goldin-Meadow, 2009; Seidl, Tincoff, Baker,
& Cristia, 2015) and deaf children (Niparko et al., 2010;
Pressman, Pipp-Siegel, Yoshinaga-Itano, & Deas, 1999).
Therefore, it could be that the infants who showed enhanced
attention to IDS may also be involved in high-quality care-
giver–infant interaction mediated by IDS at home. Future
studies examining the relationship between multimodal
parent–infant interaction and language development in deaf
children will illuminate our understanding of the mecha-
nisms that could explain why enhanced IDS preference is
associated with receptive and expressive language in deaf
infants with CIs.
Conclusions
In summary, the findings from this study suggest

that a period of auditory deprivation followed by degraded
auditory input may negatively affect the attention to speech
in deaf infants with CIs; in spite of this, infants with CIs are
able to discriminate IDS and ADS and show enhanced at-
tention to IDS. In addition, this study revealed a direct
link between IDS preference and language outcome. These
findings have important clinical implications because they
support a focus on linguistic input in developing intervention
strategies to mitigate the effects of hearing loss on language
development in infants with hearing impairment.
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