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Learning to Match Auditory and Visual Speech Cues: Social Influences on
Acquisition of Phonological Categories

Nicole Altvater-Mackensen and Tobias Grossmann
Max Planck Institute for Human Cognitive and Brain Sciences

Infants’ language exposure largely involves face-to-face interactions providing acoustic and visual speech cues
but also social cues that might foster language learning. Yet, both audiovisual speech information and social
information have so far received little attention in research on infants’ early language development. Using a
preferential looking paradigm, 44 German 6-month olds’ ability to detect mismatches between concurrently
presented auditory and visual native vowels was tested. Outcomes were related to mothers’ speech style and
interactive behavior assessed during free play with their infant, and to infant-specific factors assessed through
a questionnaire. Results show that mothers’ and infants’ social behavior modulated infants’ preference for
matching audiovisual speech. Moreover, infants’ audiovisual speech perception correlated with later vocabu-
lary size, suggesting a lasting effect on language development.

Within the 1st year of life, infants become attuned
to the phonological characteristics of their native
language and gain profound knowledge about its
sound system. This includes changes to the categor-
ical perception of speech sounds: Infants lose their
sensitivity to non-native sound contrasts while
refining their sensitivity to those sound contrasts
that are phonemic in their native language (e.g.,
Kuhl et al., 2006; Werker & Tees, 1999; see Saffran,
Werker, & Werner, 2006, for a review). This process
of perceptual narrowing occurs earlier for vowels
than for consonants (e.g., Polka & Werker, 1994)
and is modulated by various factors in the speech
input that infants receive, such as the statistical dis-
tribution and frequency of sounds (Anderson, Mor-
gan, & White, 2003; Maye, Werker, & Gerken, 2002)
and their acoustic characteristics (Narayan, Werker,
& Beddor, 2010; Polka & Bohn, 1996).

Yet, there is more to speech than just sounds.
Naturally, infants learn language in interactions
with their caregivers. This face-to-face interaction
provides further sources of information: First,
infants will not only receive acoustic information
but also visual input on the mouth gestures that are
associated with the production of a certain sound.
Second, caregivers might convey additional social

information that captures infants’ attention and fos-
ters learning (see Kuhl, 2007). Both audiovisual
speech cues and social information have so far
received relatively little attention in the research on
infants’ early language learning. The current study
therefore addresses the question of whether moth-
ers’ behavior influences infants’ perception of
audiovisual speech. In the following, we will briefly
summarize previous findings on infants’ perception
of audiovisual speech and on social factors that
influence phoneme learning before we describe the
specifics of the current study in more detail.

Audiovisual Speech Perception in Infants

In the first study that investigated bimodal
speech perception in infancy, Kuhl and Meltzoff
(1982) presented 4.5- to 5-month-olds with side-by-
side videos of a female articulating two vowels
while they heard one of the vowels spoken in syn-
chrony with the facial movements. Results showed
that infants prefer to look at the matching face, that
is, the video of the female mouthing the heard
sound, suggesting that the sensitivity to the corre-
spondence between auditory and visual speech cues
develops early in the 1st year of life. This finding
has later been replicated with a different vowel con-
trast (Kuhl & Meltzoff, 1988), with speakers of dif-
ferent gender (Patterson & Werker, 1999), and withThis research was supported by funding from the Max Planck
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infants as young as 2 months of age (Patterson &
Werker, 2003). Furthermore, findings by Bristow
et al. (2009) suggest that infants have cross-modal
representations of speech sounds that link visual
and auditory information. Using event-related
potentials, this study found that 2.5-month-olds
detect correspondences between an auditory sound
and a preceding auditory or visually presented
sound, and that brain responses were similar for
sounds that matched within and across modalities.
In addition to being able to detect links between
auditory and visual speech cues, infants have been
shown to integrate cross-modal information to cre-
ate a fused percept. Specifically, work by Burnham
and Dodd (2004) and Kushnerenko, Teinonen,
Volein, and Csibra (2008) suggest that infants expe-
rience the McGurk effect (McGurk & MacDonald,
1976), that is, perceive the merged sound /da/
when hearing /ba/ and seeing /ga/.

Despite this early sensitivity for audiovisual
speech cues, infants’ perception appears substan-
tially modulated by language experience. Pons,
Lewkowicz, Soto-Faraco, and Sebastian-Galles
(2009) showed that perceptual narrowing does not
only apply to the auditory but also to the audio-
visual domain. They tested English- and Spanish-
learning infants on the /b/–/v/ contrast, which is
phonemic in English but not in Spanish. In line
with the perceptual narrowing account, this study
showed that Spanish-learning infants succeeded at
audiovisual matching in this task at the age of
6 months but not at the age of 11 months, while
English-learning infants were able to correctly map
sound and visual gesture at both ages. This sug-
gests that infants’ sensitivity to the correspondence
of audiovisual cues that are not relevant to their
native language declines, concurring with earlier
findings by Weikum et al. (2007) showing that
infants lose their sensitivity to the visual differences
between languages in the course of native language
attunement.

Moreover, infants’ ability to match auditory and
visual speech cues does not necessarily extend to
all sound contrasts and integration of cross-modal
speech information might initially still be limited.
For example, Mugitani, Kobayashi, and Hiraki
(2008) found that Japanese 8-month-olds have diffi-
culties mapping noncanonical speech sounds like
whistles to the corresponding mouth gesture, and
findings by MacKain, Studdert-Kennedy, Spieker,
and Stern (1983) indicate that 5- to 6-month-olds do
not always consistently match longer sound
sequences like a heard disyllable to the appropriate
face articulating the disyllable. Furthermore, the

integration of auditory and visual speech cues does
not seem to be mandatory in young infants (see
Desjardins & Werker, 2004) and even toddlers and
children up to 9 years of age are still less likely to
experience the McGurk effect than adults, suggest-
ing that the processes leading to audiovisual inte-
gration of speech are not fully developed until late
childhood (Desjardins, Rogers, & Werker, 1997;
McGurk & MacDonald, 1976; Nath, Fava, & Beau-
champ, 2011).

Given that language experience shapes the per-
ception of audiovisual speech, the question arises
which factors are influencing this development.
Research on auditory speech perception suggests
that statistical and distributional information plays
a significant role (e.g., Maye et al., 2002). This infor-
mation presumably also modulates audiovisual
speech perception (see Pons et al., 2009; Teinonen,
Aslin, Alku, & Csibra, 2008). However, the learning
of audiovisual relations critically relies on the visi-
bility of the mouth gesture accompanying a sound.
Thus, face-to-face interactions are presumably
essential to the development of audiovisual speech
perception. This makes it especially important to
investigate whether there are any specific character-
istics of mother–infant interactions that foster learn-
ing of audiovisual speech categories.

Social Influences on Phoneme Learning

So far, no study has directly examined social
influences on infants’ audiovisual speech perception
and only few studies have investigated social influ-
ences on auditory phoneme learning. A relatively
well-investigated social cue is infant-directed speech
(IDS). IDS is a special speech style that is used to
converse with infants and that is characterized by
higher pitch, exaggerated pitch contours, slower
speaking rate, and shorter sentences (Fernald &
Simon, 1984; Fernald et al., 1989). This type of
speech seems to be highly engaging as infants pre-
fer to listen to infant-directed over adult-directed
speech (Cooper & Aslin, 1990) and even show a
lasting preference for persons that use IDS over per-
sons that use adult-directed speech (Schachner &
Hannon, 2011). Indeed, IDS seems to promote the
formation of native-language sound categories. For
instance, 6- to 8- and 10- to 12-month-old Chinese
infants with mothers who use more stretched vowel
spaces in their IDS are better able to discriminate
the native /tc!hi/-/c!i/ contrast (Liu, Kuhl, & Tsao,
2003). This suggests that more pronounced IDS
helps infants to focus on the relevant cues that
distinguish native phonemes.

2 Altvater-Mackensen and Grossmann



In addition to IDS, face-to-face interactions might
enhance language learning. Kuhl, Tsao, and Liu
(2003) exposed 9-month-old English-learning infants
to Mandarin Chinese. One group of infants received
the language input in face-to-face sessions from a
native language tutor while reading books, and two
other groups of infants were exposed to video- or
audio-taped versions of the live interactions. After
12 sessions, infants from the live-interaction group
had learned to discriminate a Mandarin Chinese
sound contrast, while the infants from the video
and audio groups were not sensitive to the
non-native sound difference. Kuhl et al. therefore
suggested that social information plays a crucial
role in triggering the learning of a language’s sound
system.

Similarly, contingent responding seems to foster
phoneme learning. Goldstein, King, and West
(2003) show that 8-month-olds rapidly restructure
their own babbling based on their mothers’
responses. Those mothers who respond contin-
gently to their infants’ babbling elicit more native-
like productions from their infants than mothers
who respond in a random, noncontingent way (see
also Goldstein & Schwade, 2008). Applying a simi-
lar line of reasoning to infant speech perception,
Elsabbagh et al. (2013) investigated whether the
contingency of mothers’ responses influences
perceptual reorganization. Their results show that
6-month-olds with mothers who show more contin-
gent responses to their infants’ actions are no longer
sensitive to non-native speech contrasts, while 6-
month-olds with less contingently behaving moth-
ers still showed non-native sound discrimination.
This suggests that contingent responding helps
infants to ignore irrelevant sound contrasts and to
focus on those sound differences that are important
in the native language.

Taken together, these studies indicate that the
characteristics of mothers’ speech and behavior
influence infants’ learning of phonemic categories
in speech perception and production. Although the
precise mechanisms that facilitate learning are still
unclear, it seems reasonable that enhanced auditory
cues that are characteristic for IDS highlight rele-
vant sound contrasts and thereby facilitate their
learning (but see Benders, 2013; McMurray,
Kovack-Lesh, Goodwin, & McEchron, 2013). Con-
tingent (vocal) responding and more specifically
being imitated, however, might help infants to asso-
ciate visual, acoustic, and articulatory information
to create multisensory representations of sounds
(see Ray & Heyes, 2011; we will come back to this
point in more detail in the Discussion).

Both IDS and contingent responding might also
aid learning more generally by increasing infants’
arousal and attention. If heightened attention facili-
tates learning, then infants who are more attentive
or easier to engage might also be better (language)
learners. To our knowledge, thus far there is no
work that directly tested this prediction. However,
Kuhl, Coffey-Corina, Padden, and Dawson (2005)
found that autistic children who are not engaged
by IDS are worse in discriminating (native) speech
sounds than autistic children who are engaged by
IDS. Work by Conboy, Brooks, Meltzoff, and Kuhl
(2008) further suggests that attention influences
phoneme learning. They found that 10-month-old
English-learning infants’ overall attention to and
their shared attention with a Spanish-speaking
tutor predicted their success in discriminating pho-
nemes in the non-native language. These findings
indicate that difficulties in perceiving speech con-
trasts might be related to difficulties in eliciting or
maintaining attention to (linguistic) stimuli more
generally.

The Current Study

The current study addresses the question of how
sensitive infants are to audiovisual speech contrasts
and how social factors influence phoneme learning.
More specifically, we asked whether mothers’ and
infants’ speech and behavior relates to infants’
audiovisual speech perception. To assess audiovi-
sual speech perception, we tested German 5.5- to 6-
month-olds’ ability to detect mismatches between
auditory and visually presented native vowels.
Infants were presented with different videos of a
female mouthing a vowel that was either congruent
or incongruent with the vowel they concurrently
heard, while their looking times (LTs) to the videos
were measured. If infants were sensitive to the con-
gruency between auditory and visual speech cues,
we expected them to look longer at matching than
mismatching videos (see Mugitani et al., 2008). To
ensure that infants were able to acoustically dis-
criminate the vowels, we also presented them with
an auditory discrimination task. Again, a preference
paradigm was used. We measured infants’ attention
to trials in which two vowels were presented in
alternation (alternating trials) and trials in which
one vowel was repeated (nonalternating trials). If
infants discriminated the vowels, we expected them
to listen longer to alternating trials than nonalter-
nating trials (see Best & Jones, 1998). We decided to
test infants aged 5.5–6 months because they are old
enough to have a sufficiently large attention span
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to complete the experiment, while they are still
young enough to be in the midst of native language
attunement (see Polka & Werker, 1994, that percep-
tual narrowing for vowels occurs between 4 and
10 months of age).

After the speech perception experiment, we vid-
eotaped the mothers while they freely played with
their infant to assess the infant directedness of
their speech and their interactive behavior (see
Henning, Striano, & Lieven, 2005), and we col-
lected questionnaire data to assess infant-specific
characteristics that might contribute to language
learning like infants’ ability to focus attention, their
perceptual sensitivity, and their vocal productivity.
Based on previous studies, we predicted that
mothers’ interactive style would be positively
related to infants’ performance in the language
task; that is, those infants with more reactive
mothers and with mothers who use more IDS
would be better at detecting audiovisual mis-
matches. We further hypothesized that infants who
are more sensitive to perceptual cues and more
attentive to their environment might also perform
better in the language task. To see whether any of
these variables have a lasting effect on language
development, we also assessed infants’ vocabulary
size 6 months after testing, that is, around their
first birthday (see Tsao, Liu, & Kuhl, 2004). Table 1
provides an overview of the assessed variables and
the results of the study.

Method

Participants

Forty-four German 6-month-olds (16 female)
from a monolingual language environment partici-
pated in the experiment (age range = 5 months 11
days [5;11] to 6;04, Mage = 5;23). All infants were
born full term with normal birth weight and had
no reported hearing or vision impairment. Seven
additional infants (four female) started to cry, and
one additional infant was tested but excluded from
analysis because his LTs were more than 2 SD
away from the mean. Infants were recruited via the
subject pool of the authors’ institute. Parents gave
informed consent to participate in the study and
received 7.50 euro and a toy for their infant for par-
ticipation.

Language Assessment

Stimuli

Visual stimuli for the discrimination task con-
sisted of the video of a moving colored toy water
wheel against a black background (Stager &
Werker, 1997). Video frames were 1,200 pixels wide
and 880 pixels high, resulting in a width of 32 cm
and a height of 24 cm on screen. The video was
accompanied by successive repetition of six differ-
ent tokens of /a/ in nonalternating trials, and three
tokens of each /a/ and /e/ or /a/ and /o/ in
alternating trials (see Best & Jones, 1998, for the use
of alternating and nonalternating trials to assess
sound discrimination in infants). Tokens were sepa-
rated by approximately 1.5 s of silence, leading to a
trial length of 15 s. All vowels were spoken by a
female native speaker of German using IDS (see
below for further details on the acoustic characteris-
tics of the stimuli).

Visual stimuli for the audiovisual matching task
consisted of videos showing a woman articulating
/a/, /e/, and /o/. Each video entailed six consecu-
tive utterances of the respective vowel. Each utter-
ance started and ended with the mouth completely
shut in neutral position. Visual stimuli were
hyperarticulated to mimic IDS. Each vowel articula-
tion was separated by approximately 3 s in which
the woman kept a friendly open face and smiled at
the infant, leading to a trial length of 30 s. The eye
gaze was always directed toward the infant. All
videos were zoomed and cropped so that they only
showed the woman’s head against a light gray
wall. Video frames were 1,024 pixels wide and
1,000 pixels high, resulting in a width of 27 cm and

Table 1
Overview of Assessed Variables and Their Influence on Audiovisual
(AV) Speech Perception at 6 Months and Vocabulary Size at
12 Months of Age

AV perception
at 6 months

Vocabulary size
at 12 months

Interactive behavior
Mother No No
Infant No No
Imitation Yes [R2 = .102] No

Mothers’ speech style
% of speech No No
% of vocal play Yes [R2 = .088] Yes [R2 = .114]
Pitch characteristics No No

Infant-specific factors
Duration of orientation Yes [R2 = .099] No
Perceptual sensitivity No No
Vocal productivity Yes [R2 = .109] Yes [R2 = .263]

Preference for matching AV
speech at 6 months

n.a. Yes [R2 = .130]

Note. Effect sizes of correlations are given in square brackets.
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a height of 26 cm on screen. Figure 1 shows an
example frame of the mouth position for each of
the fully articulated vowels.

Audio stimuli for the audiovisual matching task
consisted of six different tokens each of /a/, /e/,
and /o/, spoken in IDS. Stimuli were recorded from
the same woman who produced the visual stimuli
and the auditory stimuli of the discrimination task.
The length of the vowels was timed to match the
length of the mouthing in the videos. The final stim-
uli were created by dubbing the audio recordings of
the vowels onto the videos of the woman mouthing
the vowels. This ensured that both matching and
mismatching trials paired different auditory and
visual tokens. For matching trials, visual and audi-
tory vowels were the same; that is, seen /a/ was
accompanied by heard /a/, seen /e/ by heard /e/,
and seen /o/ by heard /o/. For mismatching trials,
visual and auditory vowels did not fit, that is, seen
/a/ was accompanied by heard /e/, seen /e/ by
heard /a/, seen /a/ by heard /o/, and seen /o/ by
heard /a/ (see Mugitani et al., 2008, for the use of
matching and mismatching trials to assess sensitivity
to audiovisual congruency in infants). Note that
visual and auditory stimuli used in matching and
mismatching trials were identical; only their pairing
changed across trial types.

Three additional familiarization trials were cre-
ated using different recordings of the same woman
uttering each vowel twice in a block of three repeti-
tions followed by an engaging smile and raise of her
eyebrows. All stimuli were digitally recorded in a
quiet room with a sampling rate of 24 frames per sec-
ond and 44.100 Hz. Vowels were matched in volume
(mean intensity: /a/ = 76.0 db, /e/ = 77.3 db, /o/
= 77.1 db), fundamental frequency (mean pitch:
/a/ = 191.5 Hz, /e/ = 196.8 Hz, /o/ = 199.8 Hz), and
length (mean duration: /a/ = 1.83 s, /e/ = 1.79 s,
/o/ = 1.84 s). Furthermore, /e/ and /o/ matched in

vowel height (mean F1: /a/ = 986.3 Hz, /e/ =
433.2 Hz, /o/ = 462.8 Hz) and differed similarly
from /a/ in vowel backness (mean F2: /a/ =
1597.8 Hz, /e/ = 2754.3 Hz, /o/ = 956.2 Hz).

Procedure

Infants were seated on their parent’s lap in a
quiet experimental room, facing a 52-cm-wide and
32.5-cm-high TV screen at a distance of 40 cm from
the screen. Parents wore headphones playing music
intermixed with speech during the experiment and
were instructed to interact as little as possible with
their infant. A camera mounted below the screen
recorded infants’ eye movements during the experi-
ment. Auditory stimuli were presented via loud-
speakers that were located behind the screen.
Stimuli were presented using the Presentation!

software (http://www.neurobs.com). Based on the
video image, the experimenter started a trial when
the infant was looking at the screen and continued
to indicate throughout the trial whether the infant
was looking at the screen or away by pressing a
button on a keyboard. Each trial lasted until the
infant was looking away for more than 2 consecu-
tive seconds or until completion. In between trials,
a flashing light was displayed in silence to reorient
infants toward the screen.

Each infant was first presented with the three
familiarization trials showing the woman uttering
/a/, /e/, and /o/, to familiarize infants with the
speaker and her characteristics. This was immedi-
ately followed by the discrimination task. Infants
were presented with a total of eight nonalternating
/a/ trials, four alternating /a/–/e/ trials, and four
alternating /a/–/o/ trials. Half of the alternating
trials started with /a/; the other half started with
/e/ or /o/, respectively. Trials were ordered so
that each nonalternating trial was followed by an

Figure 1. Example of the mouth position for fully articulated /a/, /e/, and /o/.
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alternating trial and so that /a/–/e/ and /a/–/o/
trials were evenly distributed across the 16 discrim-
ination trials.

The discrimination task was immediately fol-
lowed by the audiovisual matching task. Infants
were presented with nine matching trials, three
trials each for /a/, /e/, and /o/ and eight mis-
matching trials. Two mismatching trials each paired
visual /a/ with auditory /e/, visual /e/ with audi-
tory /a/, visual /a/ with auditory /o/, and visual
/o/ with auditory /a/. Trials were ordered so that
no more than two consecutive trials contained the
same auditory or visual stimulus and so that the
different vowels as well as matching and mismatch-
ing trials were evenly distributed across the 17
audiovisual trials. On average, the experiment took
approximately 10 min.

Data Analysis

Based on the online codings of the experiments,
we calculated the mean LT to alternating and non-
alternating trials in the discrimination task and to
matching and mismatching trials in the audiovi-
sual matching task for each infant. We then calcu-
lated difference scores assessing infants’ preference
for alternating over nonalternating trials in the dis-
crimination task (Pref.alt = LTalternating ! LTnon-
alternating) and infants’ preference for matching
over mismatching trials in the audiovisual match-
ing task (Pref.match = LTmatching ! LTmismatch-
ing).

To assess reliability of the online codings, data
from 15% of the infants were reassessed offline
using a digital video scoring system. A trained
coder indicated for each 40-ms frame of the video
whether the infant was looking at the screen or
away. The coder was blind to experiment phase
and trial type. The coding output was aligned with
information about the phase of the experiment and
the auditory stimulus presented. Mean LTs to the
different trial types and difference scores were cal-
culated as described above and compared to the
online codings. Reliability between online and off-
line codings was 99%, r = .994, p < .001.

Interaction Assessment

Procedure

After the infants had taken part in the experi-
ment, parents and infants were given a short break
before their interaction was recorded. Recordings
were made in the playing area of the laboratory.

Mother and infant were seated on a play mat and
provided with a choice of small toys and play
books. The mother was informed that the recording
was meant to assess infants’ natural reaction to
their parents’ voice and face, and was asked to play
with the infant like she would usually do at home.
No further instruction was given. Two cameras
mounted in the corners of the playing area
recorded separate videos of mother and infant
while they were freely playing. After the experi-
menter had started the recordings, she left the room
for the time of the recording. Each mother–infant
pair was recorded for approximately 5 min.

Data Analysis

The recordings of mothers and infants were
aligned to create a time-locked video of the interac-
tion of each mother–infant pair. Two coders
assessed each interaction based on a set of ques-
tions evaluating mothers and infants mutual atten-
tion, responsiveness, and engagement on a scale
from 1 (very low) to 5 (very high). After any dis-
agreement between coders (difference > 1 for any
individual score) was resolved by discussion, the
ratings of both coders were pooled to calculate a
mean interaction score for mother and infant. In
addition, mothers were classified as being imitators,
that is, mothers imitated their infants at least once
during the free-play session, or nonimitators, that
is, mothers did not imitate their infants at all.

To assess the infant directedness of mothers’
speech, the audio track of each interaction was
extracted from the video and annotated using the
Praat software (Boersma & Weenink, 2005; http://
www.praat.org). The start and end points of each
individual utterance was marked and it was classi-
fied as speech or vocal play. The category vocal
play included all utterances that were speech-like
yet did not contain actual words but rather resem-
bled babbling. Based on the annotations, the pro-
portion of time that mothers talked and used vocal
play during the free-play session was calculated.
Because not all speech utterances had measurable
pitch contours, we randomly selected a sample of
10 speech utterances per mother from which we
calculated the mean pitch and the mean pitch
range.

The final sample for the interaction analysis
included 42 infants (15 female, age range = 5;11–
6;04, Mage = 5;23). One infant had to be excluded
because the father rather than the mother visited
the laboratory with the infant, and during one
recording a technical failure occurred.
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Assessment of Infant-Specific Factors

At the end of each session, mothers were asked to
fill out a German version of the Revised Infant
Behaviour Questionnaire (Gartstein & Rothbart,
2003). The questionnaire assesses different dimen-
sions of infant temperament. Each dimension is cap-
tured by 12 questions on infants’ behavior during
daily routines and activities. The primary caregiver
rates the frequency of each behavior on a scale from
1 (never) to 7 (always). The following three dimen-
sions were included in the analysis: duration of ori-
entation (assessing the infant’s attention to a single
object or activity for extended periods of time) as a
measure of infants’ ability to focus attention, vocal
reactivity (assessing the amount of vocalization
exhibited by the infant during daily activities) as a
measure of infants’ vocal productivity, and percep-
tual sensitivity (assessing the detection of slight, low-
intensity stimuli from the external environment) as a
measure of infants’ sensitivity to perceptual input.

The final sample for the analysis of infant-
specific factors included 35 infants (15 female, age
range = 5;11–6;04, Mage = 5;23). Nine infants (four
female) had to be excluded because parents did not
send back the questionnaire within 3 weeks after
the experimental session.

Assessment of Later Vocabulary Size

Around the infants’ first birthday, that is,
approximately 6 months after the experimental ses-
sion, we assessed infants’ vocabulary size by means
of a standardized German questionnaire on child
development for 12-month-olds (Elternfragebogen
[ELFRA] 1; Grimm & Doil, 2000). Mothers were
asked to fill out a subpart of the questionnaire
assessing infants’ receptive and productive vocabu-
lary. The list contains a total of 164 words from 13
semantic classes, such as animals, body parts, and
activities. To estimate infants’ vocabulary size, we
calculated how many words mothers marked as
being understood by the infant.

The final sample for the vocabulary analysis
included 34 infants (12 female, age range = 5;11–
6;04, Mage = 5;23). Ten infants (four female) had to
be excluded because parents did not send back the
questionnaire.

Results

Forty-four infants contributed data from the lan-
guage tasks. For some infants, we did not obtain

interaction data (2), questionnaire data (9), or
vocabulary data (10; see the Method section for
more detail). Because we did not want to disregard
25% of the data, we separately investigated the
influence of mothers’ interactive behavior and
infant-specific factors on audiovisual speech percep-
tion and the factors influencing later vocabulary
development, including all infants who contributed
data for each specific data set. (Note that results are
similar when including only those 32 infants who
contributed data for all four parts, that is, language
tasks, interaction, and questionnaire data at
6 months and vocabulary data at 12 months.)

Infants’ Sensitivity to Audiovisual Mismatches

First, we examined whether infants were able to
detect mismatches in audiovisual speech. A one-
sample t test on the difference score between LTs to
matching and mismatching trials showed that
infants preferred matching trials, indicating that
they were sensitive to the congruency between
auditory and visually presented vowels, t(43) =
3.097, p = .003, d = 0.467. 32 of 44 infants looking
longer at matching than mismatching trials, exact
binomial p = .004. A one-sample t test on the differ-
ence score between LTs to alternating and nonalter-
nating trials confirmed that infants also acoustically
discriminated the vowels in the discrimination task,
t(43) = 6.368, p < .001, d = 0.960. 37 of 44 infants
looking longer at alternating than nonalternating
trials, exact binomial p < .001. Figure 2 displays the
mean difference in LT between alternating and non-
alternating trials in the discrimination task and
between matching and mismatching trials in the
audiovisual matching task.

Figure 2. Mean difference in looking time (LT) to alternating ver-
sus nonalternating trials in the discrimination task and matching
versus mismatching trials in the audiovisual matching task. Error
bars indicate " 1 SE.
**p < .01.
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Influence of Mothers’ Interactive Behavior and
Speech Style

To investigate the influence of interactive behav-
ior and speech style on infants’ sensitivity to audio-
visual mismatches, we correlated the difference
score from the audiovisual matching task with the
assessed interaction and speech variables. Pearson
correlations show that mothers’ imitation behavior,
r(42) = .319, p(one-tailed) = .020, R2 = .102, and the
amount of time that mothers used vocal play,
r(42) = .297, p(one-tailed) = .028, R2 = .088, were posi-
tively related to infants’ preference for matching
trials in the audiovisual speech perception task. The
amount of time that mothers talked, the mothers’
mean pitch and pitch range, and the mothers’ and
infants’ interaction scores were not related to

infants’ preference in the audiovisual matching task
(ps > .30). Note that we report one-tailed p values
for the correlations. Based on previous research, we
expected that imitation will have positive influences
on language development and specifically on the
learning of phonological categories (e.g., Ray &
Heyes, 2011, and references therein). The same
holds for the use of exaggerated facial and vocal
cues in mothers’ vocal play (e.g., Green, Nip,
Wilson, Mefferd, & Yunusova, 2010). Using the
more conventional two-tailed p value, the positive
correlation between mothers’ imitation behavior
and infants’ preference for matching trials would
remain significant (p = .04), while the correlation
between mothers’ use of vocal play and infants’
preference for matching trials would only approach
significance (p = .056). Yet, given the consistent dif-
ference between high- and low-vocal-play groups
reported in the following paragraph, we feel confi-
dent that mothers’ use of vocal play is positively
related to infants’ sensitivity to the matching
between auditory and visual speech cues. Figure 3
plots infants’ preference for matching trials as a
function of mothers’ vocal play (see Figure 4 for
differences in preference based on mothers’ imita-
tion behavior).

To further investigate the influence of mothers’
use of vocal play and imitation on infants’ perfor-
mance in the audiovisual matching task, we split
infants into subgroups based on mothers’ imitation
(yes/no) and vocal play (high/low) behavior. One-
sample t tests showed that infants whose mothers
imitated them had a preference for matching trials,
t(19) = 5.924, p < .001, d = 1.325, 18 of 20 infants
looking longer at matching than mismatching trials,
exact binomial p < .001. Those infants with mothers

Figure 3. Mean difference in looking time (LT) to matching ver-
sus mismatching trials in the audiovisual matching task plotted
against the percentage of time that mothers used vocal play dur-
ing the free-play session. The continuous line depicts the linear
regression line (R2 = .088); the dotted lines indicate the 95%
confidence interval.

Figure 4. Mean difference in looking time (LT) to matching versus mismatching trials in the audiovisual matching task dependent on
mothers’ imitation and vocal play behavior (vocal play groups formed by median split). Error bars indicate " 1 SE.
**p < .01.
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who did not imitate them showed no preference in
the audiovisual matching task, t(21) = 0.678,
p = .505, d = 0.145, 13 of 22 infants looking longer
at matching than mismatching trials, exact binomial
p = .523. A chi-square test further supported the
association between infants’ preference for match-
ing trials and mothers’ imitation, v2(1) = 5.177,
exact p = .035, odds ratio = 6.231. Similarly, only
infants whose mothers often used vocal play had a
preference for matching trials, t(20) = 4.042,
p = .001, d = 0.882, 19 of 21 infants looking longer
at matching than mismatching trials, exact binomial
p < .001. Those infants with mothers who only
occasionally used vocal play showed no preference
in the audiovisual matching task, t(20) = 0.909,
p = .374, d = 0.198, 12 of 21 infants looking longer
at matching than mismatching trials, exact binomial
p = .664. A chi-square test further supported the
association between infants’ preference for match-
ing trials and mothers’ use of vocal play,
v2(1) = 6.035, exact p = .032, odds ratio = 7.125.
Thus, only infants with mothers who imitated them
and often used vocal play showed sensitivity to the
congruency between auditory and visually pre-
sented vowels. Figure 4 plots infants’ preference for
matching trials depending on mothers’ imitation
and vocal play behavior.

Independent sample t tests confirmed that any
difference between groups was not caused by dif-
ferences in infants’ overall attention to the audio-
visual matching task (ps > .59). Separate one-sample
t tests on the difference scores from the discrimina-
tion task confirmed that all groups acoustically
discriminated the vowels (all ps < .01), ensuring that
any difficulties to detect audiovisual mismatches
cannot be attributed to difficulties in the acoustic
discrimination of the vowels. Note that none of the
assessed interaction and speech variables was related
to infants’ auditory speech perception (ps > .06). This
suggests that mothers’ interactive behavior and
speech style did not influence infants’ auditory
speech perception. Furthermore, mothers’ use of
vocal play and their imitation behavior was not
correlated (ps > .12), suggesting that imitating
mothers do not necessarily also use more vocal play,
or vice versa.

Influence of Infant-Specific Factors

To investigate the influence of infant-specific fac-
tors on infants’ sensitivity to audiovisual mis-
matches, we correlated infants’ duration of
orientation, perceptual sensitivity, and vocal pro-
ductivity scores from the questionnaire with their

preference for matching trials in the audiovisual
matching task. Pearson correlations show that
infants’ ability to focus their attention measured
by their duration of orientation, r(35) = .315,
p(one-tailed) = .033, R2 = .099, and their vocal produc-
tivity, r(35) = .331, p(one-tailed) = .026, R2 = .109, were
positively related to infants’ preference for match-
ing trials in audiovisual speech perception. Percep-
tual sensitivity scores, however, were not related to
infants’ preference in the audiovisual matching task
(p > .39). Again, we report one-tailed p values here
because we expected a positive influence of infants’
ability to focus attention on phoneme learning
(Conboy et al., 2005) and infants’ babbling on lan-
guage development (McCune & Vihman, 2001).
Note, however, that using the more conventional
two-tailed p value, the positive correlation between
infants’ ability to focus attention and their prefer-
ence for matching trials would only be marginally
significant (p = .066), and the correlation between
infants’ vocal productivity and their preference for
matching trials would also only be marginally sig-
nificant (p = .052). Yet, the consistent difference
between high- and low-vocal-productivity groups
as well as between high and low duration of orien-
tation groups reported in the following paragraph
supports the assumption that infants’ vocal produc-
tivity and infants’ ability to focus attention are posi-
tively related to their sensitivity in matching
auditory and visual speech cues. Figure 5 plots
infants’ preference for matching trials as a function
of their duration of orientation and vocal productiv-
ity scores, respectively.

To further investigate the influence of infants’
ability to focus their attention and their vocal pro-
ductivity on performance in the audiovisual match-
ing task, we split infants into subgroups based on
their duration of orientation (high/low) and vocal
productivity (high/low) scores. One-sample t tests
showed that only infants with high duration of ori-
entation scores had a preference for matching trials,
t(16) = 3.053, p = .008, d = 0.740, 14 of 17 infants
looking longer at matching than mismatching trials,
exact binomial p = .013. Those infants with low
duration of orientation scores showed no preference
in the audiovisual matching task, t(17) = 0.834,
p = .416, d = 0.197, 12 of 18 infants looking longer
at matching than mismatching trials, exact binomial
p = .238. Yet, a chi-square test did not support the
association between infants’ preference for match-
ing trials and their duration of orientation,
v2(1) = 1.126, exact p = .443, odds ratio = 2.333.
Similarly, only infants with high vocal productivity
scores had a preference for matching trials,
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t(17) = 4.339, p < .001, d = 1.023, 16 of 18 infants
looking longer at matching than mismatching trials,
exact binomial p = .001. Those infants with low
vocal productivity scores showed no preference in
the audiovisual matching task, t(16) = 0.449,
p = .660, d = 0.109, 10 of 17 infants looking longer
at matching than mismatching trials, exact binomial
p = .629. A chi-square test on the association
between infants’ preference for matching trials and
their vocal productivity was marginally significant,
v2(1) = 4.137, exact p = .060, odds ratio = 5.6. Thus,
infants who are well able to focus their attention
and often vocalize tend to be more sensitive to the
congruency between auditory and visually pre-
sented vowels. Figure 6 plots infants’ preference for
matching over mismatching trials depending on
their duration of orientation and vocal productivity
scores.

Independent sample t tests ensured that any dif-
ference between groups was not caused by differ-
ences in infants’ overall attention to the audiovisual
matching task (ps > .10). Separate one-sample t tests
on the difference scores from the discrimination task
confirmed that all groups acoustically discriminated
the vowels (all ps < .002), excluding any difficulties
in the acoustic discrimination of the vowels as a
source for difficulties to detect audiovisual mis-
matches. Note that none of the assessed infant-spe-
cific variables were related to infants’ preference for
alternating trials in the auditory discrimination task
(ps > .11), indicating that infants’ ability to focus
attention and their vocal productivity specifically
influenced audiovisual but not auditory speech per-
ception. Furthermore, infants’ vocal productivity did
not correlate with mothers’ use of vocal play or
imitation (ps > .28), suggesting that infants’ higher

Figure 5. Mean difference in looking time (LT) to matching versus mismatching trials in the audiovisual matching task plotted against
infants’ duration of orientation and vocal productivity scores. The continuous line depicts the linear regression line (duration of orienta-
tion: R2 = .099; vocal productivity: R2 = .109); the dotted lines indicate the 95% confidence interval.

Figure 6. Mean difference in looking time (LT) to matching versus mismatching trials in the audiovisual matching task dependent on
infants’ duration of orientation and vocal productivity scores (groups formed by median split). Error bars indicate " 1 SE.
**p < .01.
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vocal productivity does not necessarily lead to more
maternal vocalization and imitation, or vice versa.

Relation to Later Language Development

To explore whether any of the above-described
variables have a lasting effect on language develop-
ment, we investigated their influence on infants’
vocabulary size 6 months after testing, that is,
around their first birthday. Pearson correlations
show that infants’ preference for matching over mis-
matching trials in the audiovisual matching task,
r(33) = .360, p(one-tailed) = .020, R2 = .130, and their
vocal productivity, r(32) = .513, p(one-tailed) = .001,
R2 = .263, as well as the amount of vocal play that
mothers used during the free-play sessions,
r(32) = .338, p(one-tailed) = .029, R2 = .114, were

positively related to later vocabulary size. No further
variable—including their preference for alternating
trials in the auditory discrimination task—
was related to infants’ later vocabulary scores,
ps(one-tailed) > .09. Given that advanced development
in auditory speech discrimination in the 1st year of
life (Tsao et al., 2004), babbling characteristics
(McCune & Vihman, 2001), and the quality of moth-
ers’ language input (Cartmill et al., 2013) positively
relate to vocabulary development, we expected that
infants’ preference for matching trials as well as their
vocal productivity and mothers’ vocal play might
also positively relate to infants’ later vocabulary size.
We therefore report one-tailed p values. Note that
using the more conventional two-tailed p values, the
positive correlation between infants’ preference for
matching trials (p = .04) as well as infants’ vocal pro-
ductivity (p = .002) and their later vocabulary size
would still be significant, while the correlation
between mothers’ use of vocal play and infants’ later
vocabulary size would only be marginally significant
(p = .058). Figure 7 plots infants’ vocabulary size as
a function of the mean difference in LTs to matching
and mismatching trials in the audiovisual matching
task. Figure 8 plots infants’ vocabulary size as a
function of infants’ vocal productivity scores and the
amount of vocal play that mothers used during the
free-play sessions.

Discussion

The current study investigated potential social and
infant-specific factors that might contribute to early
audiovisual phoneme learning. Testing 5.5- to

Figure 7. Mean vocabulary size at 12 months of age (in words)
plotted against infants’ mean difference in looking time (LT) to
matching versus mismatching trials in the audiovisual matching
task. The continuous line depicts the linear regression line
(R2 = .130); the dotted lines indicate the 95% confidence interval.

Figure 8. Mean vocabulary size at 12 months of age (in words) plotted against infants’ vocal productivity scores and mothers’ vocal
play behavior. The continuous line depicts the linear regression line (vocal productivity: R2 = .263; vocal play: R2 = .114); the dotted
lines indicate the 95% confidence interval.
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6-month-olds, we found that mothers’ imitation
and vocal play behavior as well as infants’ vocal
productivity and their ability to focus attention
were positively related to their sensitivity for mis-
matches between auditory and visually presented
native vowels. Only those infants who often vocal-
ized during daily routines and were well able to
focus their attention, as well as those infants who
had mothers who imitated them and often used
vocal play showed a robust preference for matching
audiovisual speech. This suggests (a) that audiovi-
sual perception of native vowels is still developing
within the 1st year of life and (b) that infant-specific
factors as well as mothers’ behavior influences this
process. Furthermore, we found that infants’ prefer-
ence for congruent audiovisual speech and their
vocal productivity as well as mothers’ use of vocal
play at 6 months was positively related to infants’
vocabulary size at 12 months, suggesting a lasting
effect on language development. In the following,
we will discuss each of these findings in more
detail.

Individual Variation in Infants’ Audiovisual Speech
Perception

Our results show considerable individual varia-
tion, in that some infants showed a robust sensitiv-
ity to the congruency of audiovisual speech while
other infants seem to be insensitive to the congru-
ency between auditory and visually presented
native vowels. This finding challenges the assump-
tion that the ability to match auditory and visual
speech cues is innate or develops with little experi-
ence early in infancy (e.g., Kuhl & Meltzoff, 1982).
Earlier research has shown an astonishing ability to
match audiovisual speech cues in infants as young
as 2 months of age (Bristow et al., 2003; Patterson
& Werker, 2003). Yet, previous studies mainly used
the corner vowels /a/, /i/, and /u/, which are far-
thest apart in the vowel space. Given that some
infants had difficulties to detect mismatches in the
audiovisual cues associated with the more similar
vowels /a/, /e/, and /o/ used in the present
study, our results suggest that infants’ sensitivity to
audiovisual congruency might initially be limited to
maximally disparate vowels and further develop in
the 1st year of life.

Indeed, more recent work has shown that audio-
visual speech perception gets attuned to the native
language (Pons et al., 2009) and that integration of
auditory and visual speech cues might not be man-
datory in infants (Desjardins & Werker, 2004). Our
results extend these findings by showing individual

variation in the sensitivity to the congruency
between auditory and visual speech cues in infants,
and by suggesting that the perception of audiovi-
sual native sounds still develops in the 1st year of
life. This parallels results from auditory speech dis-
crimination finding that infants’ ability to discrimi-
nate native sound contrasts still improves in the
course of development (Kuhl et al., 2006). The find-
ing that mothers’ speech style as well as their inter-
active behavior modulate infants’ sensitivity to
audiovisual speech contrasts further concurs with
the results from auditory discrimination studies
(Elsabbagh et al., 2013; Liu et al., 2003).

Interestingly, infants did not show similar indi-
vidual variation in their ability to discriminate /a/,
/e/, and /o/ in auditory speech perception. Dis-
crimination of these sound contrasts was robust
across infants and not influenced by any of the
assessed mother- or infant-specific variables. This
might indicate that the relation between infants’
sensitivity to the congruency between auditory and
visual speech cues on the one hand and mothers’ as
well as infants’ behavior on the other hand is spe-
cific to audiovisual speech perception and does not
generalize to auditory speech perception. It is also
possible that robust auditory discrimination of the
specific contrasts /a/–/e/ and /a/–/o/ used in
the current study emerges relatively early in
infancy (see Kuhl, 1983, for evidence that English 6-
month-old infants correctly categorize /a/ and /ɔ/
across talkers of different age and gender) and can
therefore hardly be improved (and influenced by
social factors) in the further course of the 1st year
of life. In future work, it would thus be useful to
assess the influence of social factors by (a) looking
at younger infants at an age when auditory dis-
crimination still develops (Polka & Werker, 1994) or
(b) by using more difficult native sound contrasts
with infants of the same age as used in the current
study, such as the fricative contrast /f/–/S/ (e.g.,
Eilers, Wilson, & Moore, 1977).

The Influence of Mothers’ Speech Style: Vocal Play as
Exaggerated Input and Motivational Factor

Concerning the influence of mothers’ speech
style on infants’ audiovisual speech perception, we
found that the use of vocal play was positively
related to infants’ preference for congruent audiovi-
sual speech. Why might this rather specific infant-
directed style foster the learning of audiovisual
speech categories? Mothers’ vocal play assessed in
the current study very much resembled babbling.
Namely, it was more similar to the infants’ own
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productions than maternal speech and entailed
exaggerated acoustic and visual gestures that are
typically associated with IDS and actions (Brand,
Baldwin, & Ashburn, 2002; Chong, Werker, Russell,
& Carroll, 2003; Green et al., 2010; Newport, 1977).
Vocal play might thus capture infants’ attention
and arouse them, and its exaggerated cues might
provide an especially rich and salient input for
learning to associate acoustic and visual sound pat-
terns. This would comply with previous findings
that IDS facilitates language acquisition (e.g., Liu
et al., 2003; Ma, Michnick Golinkoff, Houston, &
Hirsh-Pasek, 2011; Thiessen, Hill, & Saffran, 2005)
and that lacking exposure to IDS might lead to
delayed language development (D’Odorico & Jacob,
2006).

Note, however, that another aspect of IDS, that
is, the use of high pitch contours and extended
pitch ranges, did not influence infants’ audiovisual
speech perception. This might indicate that pitch
characteristics have less impact on audiovisual
speech perception. Since audiovisual speech pro-
vides additional cues to a sound’s identity com-
pared to acoustic speech alone (see also Green
et al., 2010), infants might benefit less from exag-
gerated acoustic cues. However, our pitch measures
might also not have been sensitive enough to cap-
ture a potential influence of mothers’ speech charac-
teristics on infants’ audiovisual speech perception.
Previous studies measured the infant directedness
of mothers’ speech by examining the expansion of
mothers’ vowel space rather than her pitch charac-
teristics (Liu et al., 2003) or they compared infants’
performance in language tasks when being pre-
sented with infant- versus adult-directed speech
(e.g., Thiessen et al., 2005). Absolute measures of
mothers’ pitch and pitch range when interacting
with their infant might be less informative in inves-
tigating the influence of IDS.

The Influence of Mothers’ Interactive Behavior:
Imitation as a Cue to Associate Acoustic, Visual, and

Motoric Sound Patterns

Concerning the influence of mothers’ interactive
style on infants’ audiovisual speech perception, we
found that mothers’ imitation behavior was posi-
tively related to infants’ preference for audiovisual
matches. This agrees with earlier studies finding
that contingent social interactions foster language
learning (e.g., Elsabbagh et al., 2013; Goldstein
et al., 2003; Kuhl et al., 2003). Imitations are indeed
very contingent responses that timely mirror the
infants’ behavior (Ray & Heyes, 2011). This might

influence the learning of (audiovisual) speech cate-
gories in two ways: It might engage mother and
infant, and it might help to establish sensorimotor
links.

Previous research has shown that mothers enjoy
engaging in imitation games (Lewis, 1979; Pawbly,
1977; Uzgiris, Benson, Kruper, & Vasek, 1989). They
tend to perceive their infants’ actions as imitating
their own behavior even when it only matches at
chance level, and reward perceived imitations with
smiles and encouragement. Thus, being imitated
might render the imitated actions more salient
through the contingent mirroring as well as
through the positive emotional feedback. In the
case of imitated babbles, this might foster the asso-
ciation of articulatory, visual, and auditory charac-
teristics of speech sounds. When an infant produces
a sound, the sensorimotor experience allows the
coupling of the articulatory gesture and its corre-
sponding acoustic output; when the infant is imi-
tated, she will receive a mirrored response that
allows coupling the auditory sound with a visual
gesture. This might help to create sensorimotor
links and to establish multisensory phoneme cate-
gories (see also Westermann & Miranda, 2004). Imi-
tation might thus be a powerful mechanism to
boost early language learning (Ray & Heyes, 2011).

Note that the effect of mothers’ interactive
behavior on infants’ audiovisual speech perception
was specific to imitations. This might indicate a
special impact of imitations. It might, however,
also indicate that our measure of general respon-
siveness and attention to the infants’ interest was
not fine-grained enough to capture their influence.
For instance, Elsabbagh et al. (2013) found an
impact of individual differences in mothers’ behav-
ior on infants’ speech perception. Yet, their coding
of the interaction was more fine-grained, using a
standardized coding manual, and they assessed
non-native (rather than native) speech perception.
Their measures might thus have been more sensi-
tive to individual differences in mothers’ and
infants’ behavior than the measures in the current
study.

The Influence of Infant-Specific Factors: Vocal
Productivity and Developing Motor Representations

Next to mothers’ use of vocal play and imitation,
infants’ vocal productivity was positively related to
their sensitivity to audiovisual mismatches, suggest-
ing a potential role of articulatory experience on
audiovisual speech perception. This is in line with
earlier findings reporting a relation between speech
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production and perception in language develop-
ment. Desjardins et al. (1997) found that toddlers’
speech production abilities influence their integra-
tion of auditory and visual speech cues in percep-
tion, and Yeung and Werker (2013) report an
influence of concurrently performed mouth move-
ments on audiovisual speech perception in prever-
bal infants. Recent studies further suggest that
infants’ preference for specific sound patterns in
auditory speech perception is impacted by their
productive abilities, such as the production of the
corresponding sounds during babbling (DePaolis,
Vihman, & Keren-Portnoy, 2011; DePaolis, Vihman,
& Nakai, 2013; Majorano, Vihman, & DePaolis,
2014). Taken together, these studies support the
assumption that there is a link between motoric
and perceptual knowledge and fit the idea that
speech perception and production develop in con-
cert (see also Kuhl, 2000; Vihman, 1996). If infants’
own motoric knowledge indeed influences speech
perception, then higher vocal productivity might
lead to a more robust perception–production link
and help to create more mature audiovisual speech
categories (for a study relating productive abilities
to audiovisual speech perception in infants, see
Altvater-Mackensen & Grossmann, 2013).

Another infant-specific factor that influenced sen-
sitivity to audiovisual congruencies was infants’
ability to focus their attention, as measured by their
general attention span for objects and events.
Infants with higher scores were better able to detect
audiovisual mismatches, suggesting that the ability
to focus attention might serve as a lever for learn-
ing. This fits earlier findings on auditory speech
discrimination by Conboy, Brooks, Meltzoff, and
Kuhl (2008) that infants who are more focused on a
language tutor show better language learning.
However, the positive effects of focusing attention
—or being attentive to learning cues in the environ-
ment more generally—are most likely not specific
to language learning. Similarly, the other factors
that we found to positively influence audiovisual
speech perception, that is, mothers’ use of vocal
play and imitation and infants’ vocal productivity,
might eventually have the most impact on develop-
ment because they engage mother–infant interac-
tions and lead to higher arousal and attention to
the (speech) input provided (see also Kuhl, 2007).

Impact on Later Language Development

All findings discussed so far provide insights
into the factors influencing speech perception at the
verge of native language attunement. To further

explore which factors potentially have a lasting
effect on language development, we related them to
infants’ vocabulary size at the end of the 1st year of
life. Indeed, infants’ preference for matching audio-
visual speech, their vocal productivity, and moth-
ers’ use of vocal play was related to later language
growth. The finding that infants who show a robust
preference for matching audiovisual speech at
6 months of age have larger vocabularies at
12 months of age resembles the finding of Tsao
et al. (2004) that infants who show earlier native
language attunement in auditory speech perception
have larger vocabularies at toddler age. It suggests
that early mastering of the native phoneme system
—not only in auditory but also in audiovisual
speech perception—fosters further language devel-
opment.

Similarly, the finding that infants’ vocal produc-
tivity is related to later vocabulary development
concurs with earlier studies showing that infants’
development in babbling predicts vocabulary size
at 12 months of age (Majorano et al., 2014) and ref-
erential word use at 16 months of age (McCune &
Vihman, 2001). This might indicate an effect of pro-
duction experience on word learning. However, it
might also be a mediated effect, in that infants who
babble more will receive more positive feedback
and input from their mothers (see above), which
will in turn help phoneme learning. Earlier master-
ing of phoneme categories might then promote the
acquisition of words. In addition, infants who
vocalize more might not only be more “talkative”
in infancy but also in toddlerhood and might there-
fore receive more maternal feedback across devel-
opment.

The effect of maternal vocal play on later vocab-
ulary size is more difficult to explain (note that this
correlation was only marginally significant when
using two-tailed tests). It might simply be a side
effect of the fact that mothers’ vocal play enhances
the sensitivity to audiovisual congruencies and that
audiovisual sensitivity in turn fosters later language
learning. However, it might also reflect an effect of
mothers’ ability to tailor their (speech) input to their
infants’ capabilities and needs. Mothers who use
vocal play to engage with their infant might intui-
tively provide the most engaging and salient input
to their children not only at 6 months of age but
also at later stages of language development. This
is highly speculative but it points to a need for
future studies to investigate how mothers interact
with their infants at different stages of development
and to see how this influences their infants’ lan-
guage development.
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Conclusion

The current study examined audiovisual speech
perception in infants who are at the verge of per-
ceptual narrowing. We found that infants differed
in their ability to detect congruencies between
native auditory and visually presented vowels
depending on their vocal productivity and their
mothers’ interactive (speech) behavior. The findings
suggest that learning of audiovisual speech catego-
ries is modulated by characteristics of mothers’ and
infants’ mutual behavior, supporting the view that
language learning is not only a question of the sta-
tistical and acoustic properties of the input pro-
vided to infants but also crucially depends on the
social interaction in which the learning occurs.
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