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Introduction

The acquisition of speech and language during infancy is a protracted developmental process. On
the perception/processing side, it consists of months of tuning to the sounds and sights of the native
language(s). The tuning is driven by learning and differentiation as well as by perceptual narrowing.
The former process results in the acquisition of novel speech and language skills, whereas the latter
process results in a decline in responsiveness to non-native categories of information (Lewkowicz,
2014; Lewkowicz & Ghazanfar, 2009; Maurer & Werker, 2014). On the production side, acquisition
of speech and language consists of the emergence of increasingly more complex and functionally flex-
ible vocalizations. This includes squeals, vowel-like sounds, and growls at around 3 or 4 months of age
(Oller et al., 2013), canonical babbling sounds at around 6 months (Oller, 2000), single words at the
start of the second year of life, and multiple words by 17-20 months (Fenson et al., 1994; Nelson,
1974).

What factors might contribute to the growth of speech perception and speech production capacity
during infancy? Studies of infant-adult interaction have found that infant perception and production
of speech is affected by the cues that infants’ interlocutors provide to them during social interactions
(Goldstein, King, & West, 2003; Goldstein & Schwade, 2008; Kuhl, 2007). Many such interactions con-
sist of face-to-face contact between infants and their interlocutors. This raises the possibility that
selective attention to different parts of a social partner’s face—especially the interlocutor’s mouth—
contributes to the acquisition of speech and language. Indeed, this possibility is supported by findings
indicating that infants begin to deploy their selective attention to a talker’s mouth sometime between
6 and 8 months of age (Hillairet de Boisferon, Tift, Minar, & Lewkowicz, 2016; Lewkowicz & Hansen-
Tift, 2012; Merin, Young, Ozonoff, & Rogers, 2007; Pons, Bosch, & Lewkowicz, 2015; Tenenbaum, Shah,
Sobel, Malle, & Morgan, 2013; Tenenbaum et al., 2015).

In one of the studies examining infant selective attention to talking faces, Lewkowicz and Hansen-
Tift (2012) investigated the relative amount of time that 4-, 6-, 8-, 10-, and 12-month-old monolin-
gual, English-learning infants and adults attend to a talker’s eyes and mouth and whether such selec-
tive attention is affected by language familiarity and/or manner of speech. To do so, they measured eye
gaze while participants watched videos during which an actor could be seen and heard uttering a
monologue either in the participants’ native language or in a non-native language spoken in either
an infant-directed (ID) or adult-directed (AD) manner. Findings indicated that, regardless of manner
of speech and language spoken, 4-month-olds attended more to the talker’s eyes, 6-month-olds
attended equally to the eyes and mouth, and 8- and 10-month-olds attended more to the mouth. Find-
ings also indicated that 12-month-olds did not attend more to the mouth in response to native speech
but that they attended more to the mouth in response to non-native speech. Finally, the findings
showed that adults attended more to the talker’s eyes regardless of language spoken. Lewkowicz
and Hansen-Tift (2012) drew three conclusions from these results. First, they concluded that the initial
attentional shift to the talker’s mouth by 8 and 10 months of age reflects the emergence of an endoge-
nous selective attention mechanism and noted that the shift occurs at around the same time that
canonical babbling begins emerging. Second, they concluded that the attentional shift enables infants
to gain direct access to synchronous, redundantly specified, and thus highly salient audiovisual (AV)
speech cues. Finally, they concluded that access to redundant AV speech cues is likely to facilitate
acquisition of initial native speech forms (i.e., native-language phonological representations as well
as motor speech forms) because multisensory speech cues are known to be perceptually more salient
than unisensory speech cues.

A study by Pons et al. (2015) provided additional evidence that multisensory redundancy plays a
role in infant selective attention to AV speech. These investigators compared monolingual and bilin-
gual infants’ response to talking faces and found that, overall, bilingual infants attended more to the
mouth than did monolingual infants. Specifically, they compared Spanish- and Catalan-learning
monolingual infants’ response to native and non-native AV speech with bilingual (Spanish-Catalan)
infants’ response to native (i.e., dominant) and non-native speech. Results paralleled the results
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reported by Lewkowicz and Hansen-Tift (2012). Specifically, Pons et al. found that monolingual and
bilingual infants shifted their attention from the eyes at 4 months of age to the mouth at 8 months
of age. They also found that at 12 months of age monolingual infants looked equally at the talker’s eyes
and mouth but that bilingual infants attended more to the talker’s mouth than to the eyes, that they
attended more to the mouth than did monolingual infants, and that they attended more to the mouth
regardless of whether the talker spoke in the native or non-native language.

Lewkowicz and Hansen-Tift’s (2012) conclusion that their findings reflect infant selective attention
to multisensory redundancy per se is consistent with a large body of findings documenting the power
of multisensory redundancy across different species and across the lifespan. Overall, this body of find-
ings demonstrates that multisensory, as opposed to unisensory, inputs increase perceptual salience
(Ernst & Biilthoff, 2004) and neural responsiveness (Musacchia & Schroeder, 2009; Stein & Stanford,
2008; Wallace & Stein, 2001), facilitate perceptual detection and discrimination (Barenholtz,
Mavica, & Lewkowicz, 2016; Partan & Marler, 1999; Rowe, 1999; Sumby & Pollack, 1954;
Summerfield, 1979; van Wassenhove, Grant, & Poeppel, 2005; Von Kriegstein & Giraud, 2006), and
enhance learning and memory (Bahrick & Lickliter, 2012; Barenholtz, Lewkowicz, Davidson, &
Mavica, 2014; Shams & Seitz, 2008; Thelen, Talsma, & Murray, 2015).

If multisensory redundancy plays a role in infant selective attention to talking faces during the first
year of life, might it continue to play such a role into the second year of life? The studies to date have
suggested that attention to a talker’s mouth facilitates phonological tuning but, of course, access to the
redundant AV speech cues inherent in a talker’s mouth is useful for much more than phonological tun-
ing. This is illustrated by findings that adults attend more to a talker’s mouth when speech is at a low
volume (Lansing & McConkie, 2003), when they need to perform phoneme discrimination while learn-
ing a second language (Hirata & Kelly, 2010), when they have access to facial motion conveying lin-
guistic information (V6, Smith, Mital, & Henderson, 2012), when auditory speech is degraded
(Sumby & Pollack, 1954), when speech is difficult to understand (Reisberg, McLean, & Goldfield,
1987), and when they need to perform a difficult language detection task (Barenholtz et al., 2016).

Given that adults rely on the highly salient redundant AV speech cues available in a talker’s mouth
to maximize processing of speech and language, it is theoretically possible that greater attention to a
talker’s mouth may help infants older than 12 months to acquire their first words. For this to be the
case, however, it would also need to be the case that infants’ attention to a talker’s mouth varies as a
function of the types of AV speech cues available and their specific developmental experience. Indeed,
two sets of findings indicate that this is the case. As indicated earlier, Lewkowicz and Hansen-Tift
(2012) found that 12-month-olds attend more to a talker’s mouth when the talker speaks in a non-
native language and Pons et al. (2015) found that bilingual 12-month-olds attend more to a talker’s
mouth than do monolingual 12-month-olds regardless of whether the AV speech is in their dominant
language or in a non-native language. These findings indicate that infants deploy their selective atten-
tion to a talker’s mouth as a function of language familiarity and developmental experience. If so, and
given that new words are unfamiliar to preverbal infants, it is theoretically reasonable to expect that
infants older than 12 months of age might redeploy their attention to a talker’s mouth when they
begin acquiring their first words.

Our general prediction leads to several specific predictions. First, we predicted that infants would
redeploy their selective attention to a talker’s mouth by 14 months of age—a time when the pace of
word learning begins to pick up—and that they would continue to focus on the talker’s mouth at
18 months of age when they find themselves in the midst of what has been called the lexical explosion
(Fenson et al., 1994; Nelson, 1974). Although this prediction is partly supported by findings from a
study by Chawarska, Macari, and Shic (2012) of infant selective attention during the second year of
life, unfortunately these investigators reported no statistical comparison of the difference between
looking at the eyes and mouth. Therefore, it is still not known whether infants attend more to a talker’s
mouth during the second year of life. Second, we predicted that infants would deploy greater attention
to a talker’s mouth when speaking in an ID manner than when speaking in an AD manner. This pre-
diction is based on the fact that ID speech elicits more infant attention (Papousek, Bornstein, Nuzzo,
Papousek, & Symmes, 1990). In addition, ID speech is easier to process because it consists of shorter
utterances, longer pauses, and better articulated sounds and because it has a higher overall pitch, a
slower cadence, and contains exaggerated intonation contours (Fernald, 1985; Fernald & Kuhl,
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1987; Liu, Kuhl, & Tsao, 2003; Trainor & Desjardins, 2002). Of particular importance with respect to
word acquisition during infancy, ID speech also is known to facilitate infant word segmentation
(Fernald & Mazzie, 1991; Thiessen, Hill, & Saffran, 2005), word recognition (Singh, Nestor, Parikh, &
Yull, 2009), and word learning (Ma, Golinkoff, Houston, & Hirsh-Pasek, 2011). Finally, we predicted
that there may be a positive relation between attention to a talker’s mouth at 18 months of age and
vocabulary size. This prediction is based on previously reported findings of a link between attention
to a talker’s mouth at an earlier age and productive vocabulary at a later age (Chawarska et al.,
2012; Tenenbaum et al., 2015; Young, Merin, Rogers, & Ozonoff, 2009). Here, we wondered whether
there is also a contemporaneous relationship between attention to a talker’s mouth and productive
vocabulary.

To test our predictions, we tracked eye gaze in 14- and 18-month-old infants while they watched
and heard a person talking. To determine whether early experience with a particular language and/or
the manner in which a person talks affect where infants deploy their selective attention, the talker
spoke in either a native language (English) or a non-native language (Spanish) and in either an ID
or AD manner. Finally, to determine whether selective attention to the talker’s mouth and productive
vocabulary are correlated, we used the MacArthur-Bates Communicative Development Inventory
(Fenson et al., 1994) to measure productive vocabulary.

Method
Participants

A total of 91 full-term healthy infants (62 boys), who had a birth weight >2500 g, an Apgar score
>7, a gestational age >37 weeks, no history of ear infections, and no motor, language, or other behav-
ioral delays according to parental report, contributed data in the current study. All infants were raised
in a mostly monolingual, English-speaking environment, defined as greater than 80% exposure to Eng-
lish according to parental report. The sample of 91 infants who contributed data in this study con-
sisted of two distinct age groups: a group of 14-month-olds (n =47; Mae = 60.1 weeks, SD =1.2)
and a group of 18-month-olds (n = 44; Mg = 78.3 weeks, SD = 1.5). We tested an additional 14 infants,
but they did not contribute data because of equipment failure (n = 4), experimental error (n = 1), fail-
ure to look at the face for a minimum of 4 s (n = 2), or fussing/inattentiveness (n = 7).

Apparatus and stimuli

Participants were tested in a sound-attenuated and dimly illuminated room and were seated
approximately 70 cm from a 19-in. computer monitor. Most of the infants sat in an infant seat, and
those who refused sat in their parent’s lap. We recorded point of gaze with an Applied Science Labo-
ratories Eye-Trac Model 6000 eye-tracker (Bedford, MA, USA) operating at a sampling rate of 60 Hz.
We used the corneal reflection technique and the participant’s left eye to monitor pupil movements.

To permit comparisons with earlier studies, the stimulus materials used here were the same four
multimedia movies presented in the Lewkowicz and Hansen-Tift (2012) study. During each of the
movies, infants could see and hear the face of one of two monolingual female actors reciting a pre-
pared monologue in her native language. The duration of each movie was 50 s. The actor spoke in Eng-
lish in two of the movies and in Spanish in the other two movies. In addition, the actor spoke in either
an ID or AD manner in each language. When the actor spoke in an ID manner, she spoke in a prosod-
ically exaggerated fashion that was characterized by a slow tempo, high pitch excursions, and contin-
uous smiling. When the actor spoke in an AD fashion, she spoke in the way that adults usually speak to
one another.

Procedure

Calibration was attempted first, and data were kept if an infant was successfully calibrated to at
least five calibration points (the four corners and center of the monitor). During the calibration phase,
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infants saw a looming/sounding round object sequentially pop up at nine locations determined by a 3
x 3 grid across the screen. If insufficient data were collected to complete the calibration, the missing
calibration points were repeated up to three times. Once calibration was completed, the experiment
continued with the presentation of one of the four movies (i.e., each infant was given a single 50-s test
trial). The English-language movie was presented to 23 infants at 14 months of age and 21 infants at
18 months of age. The Spanish-language movie was presented to 24 infants at 14 months of age and
23 infants at 18 months of age. For each language, participants were assigned randomly to the ID or
AD version of the monologue. Thus, language and manner of speech were between-participants
variables.

The eye-tracking data were collected using GazeTracker software. Fixations were defined as look-
ing at a circular area of 40 pixels in diameter for at least 100 ms. We created two principal areas of
interest (AOIs) corresponding to the actor’s eyes and mouth, as well as a face AOI (see Fig. 1). The
eye AOI was defined by an area demarcated by two horizontal lines, one above the eyebrows and
the other through the bridge of the nose, and two vertical lines, one at the edge of the actor’s hairline
on the left side of her face and the other at the edge of the actor’s hairline on the right side of her face.
The mouth AOI was defined by an area demarcated by two horizontal lines, one located between the
bottom of the nose and the top lip and the other running through the center of the chin, and two ver-
tical lines, each of which was located halfway between the right and left corners of the mouth and the
edge of the face on each side. Each AOI was intentionally bigger than the eyes and mouth so as to allow
for the slight head motions and mouth movements made by the actors when they talked, and each
was created in accordance with the specifications reported in Lewkowicz and Hansen-Tift (2012).
Finally, the face AOI encompassed the entire face.

To compare looking at the eyes with looking at the mouth, we computed proportion of total looking
time (PTLT) scores for each of these two AOIs for each participant by dividing the amount of time they
looked at each AOI by the total amount of time they looked at any portion of the face.

Although the principal aim of our study was to investigate the deployment of selective attention to
the eyes and mouth of a talker producing AV speech, we also took the opportunity to determine
whether 18-month-old infants’ relative distribution of attention to the eyes and mouth might be asso-
ciated with the development of expressive vocabulary. To this end, we asked the parents to complete
the MacArthur-Bates Communicative Development Inventory (CDI) Toddler form Part IA (“Words
Children Use”; 680 words) designed for use with children between 16 and 30 months of age.

Fig. 1. Still image of one of the faces presented in the study and an outline of the eye and mouth areas of interest.
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Results

We analyzed the PTLT scores with a mixed, repeated-measures analysis of variance (ANOVA), with
AOI (eyes or mouth) as a within-participant factor and age (14 or 18 months), language (English or
Spanish), and manner of speech (ID or AD) as between-participants factors. Partial eta-squared values
were calculated to determine effect size. According to Richardson (2011), partial eta-squared values of
approximately .01, .06, and .14 indicate small, medium, and large effects, respectively. The ANOVA
revealed that the main effect of language spoken was not significant, that the AOI x Language inter-
action also was not significant, (1, 83) = 1.80,p =.18, qf, =.02, and that language did not interact with
any of the other factors. The ANOVA yielded a significant main effect of AOI, F(1, 83) = 51.71, p <.001,
5 = .38, which was attributable to greater overall looking at the mouth (M = 37.7%, SD = 22.5) than at
the eyes (M = 16.0%, SD = 14.9). This main effect of AOI was, however, qualified by a significant AOI x
Manner-of-Speech interaction, F(1, 83) = 5.68, p =.019, 3 = .06, which was due to greater looking to
the mouth than to the eyes in the ID condition (Mmouth = 42.2%, SD = 24.1, Mgyes = 11.8%, SD = 10.8)
than in the AD condition (Mmouth = 33.6%, SD = 20.3, Mgyes = 20.0%, SD = 17.1). Moreover, regardless
of the differential looking across the two manner-of-speech conditions, planned comparisons showed
that infants looked more at the mouth than at the eyes in both the ID speech condition, F(1, 83) =
44.34, p <.001, 73 = .35, and the AD speech condition, F(1, 83) = 11.96, p <.001, 3 = .13.

In addition to the significant effects described above, the overall ANOVA indicated that there was a
significant AOI x Manner-of-Speech x Age interaction, F(1, 83) = 6.06, p =.016, 73 = .08. This interac-
tion can be seen in Fig. 2. To further investigate the source of this three-way interaction, we conducted
planned comparison analyses of the PTLT scores. These analyses indicated that the three-way interac-
tion was due to the fact that the two age groups distributed their looking to the mouth and eyes dif-
ferently in the ID and AD conditions. The 14-month-old infants looked more at the mouth than at the
eyes in the ID speech condition (Myouth = 45.1%, SD = 26.1, Mgyes = 10.0%, SD = 11.0), F(1, 83) = 27.66, p
<.001, ;7123 = .25, but not in AD speech condition (Mmouth = 26.8%, SD = 16.4%, Mgyes = 23.8%, SD = 19.0), F
(1, 83) < 1. In contrast, the 18-month-olds looked more at the mouth than at the eyes in both the ID
speech condition (Myieuth = 39.2%, SD = 22.1, Mgyes = 13.5%, SD = 10.6), F(1, 83) = 17.21, p<.001, 43 =
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Fig. 2. Mean proportion of total looking time (PTLT) difference scores (PTLT to eyes minus PTLT to the mouth) as a function of
age and manner of speech (collapsed over the two languages). Error bars represent standard errors of the mean, and asterisks
indicate statistical significance. AD, adult-directed manner; ID, infant-directed manner.
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.17, and the AD speech condition (Mmouth = 41.4%, SD = 21.9%, Mgyes = 15.7%, SD = 13.8%), F(1, 83) =
17.71, p<.001, 53 = .18.

We also conducted an analysis to determine whether attention generally was affected by any of the
factors of interest in the current study. To do so, we conducted a three-way ANOVA on the total
amount of attention to the face, with age, language, and manner of speech as the three between-
participants factors. This analysis indicated that the amount of attention devoted to the face differed
across the two age groups (M =24.4s, SD = 10 for the 14-month-olds and M =19 s, SD = 10.6 for the
18-month olds), F(1, 83) = 5.55, p =.021, 3 = .06. Neither manner of speech nor language affected
overall attention to the face, indicating that infants attended equally to the Spanish and English mono-
logues at both ages and that they did so regardless of whether they were recited in an ID or AD
manner.

Finally, we performed a chi-square test of independence to determine whether expressive vocab-
ulary scores depended on infant distribution of attention to a talker’s face. The analysis was conducted
on the expressive vocabulary scores obtained by the 18-month-olds (n = 41). Here, 2 participants for
whom parents did not complete the CDI questionnaire and 1 infant whose score was 3.6 standard
deviations away from the sample mean were removed. Based on their CDI scores, we classified the
remaining 18-month-olds into two expressive vocabulary groups: those who reached the 50-word
level (high level) and those who did not (low level). We chose the 50-word cutoff point based on stud-
ies showing that a marked acceleration in vocabulary can occur when infants have acquired at least 50
words (Fenson et al., 1994; Nelson, 1981). Infants were also classified based on their relative attention
to the eyes and mouth. For each infant, we computed an eyes-mouth index (EMI) by dividing the
amount of gaze to the eyes by the total amount of time the infant looked to either the eyes or the
mouth (i.e., Eyes/[Eyes + Mouth]). This measure has been previously used in this type of research
(Merin et al., 2007; Tenenbaum et al., 2015; Young et al., 2009). An EMI < .50 means that the infant
looked relatively more at the mouth, whereas an EMI > .50 means that the infant looked relatively
more at the eyes. Fig. 3 shows the relationship between the number of words produced at 18 months
of age and the EMI index. The chi-square test indicated that there was no statistically significant rela-
tionship between these two variables, y%(1, N=41) = 1.42, p =.23. The chi-square-based measure of
association indicated a relatively small association between the two variables (¢ = .19).
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Fig. 3. Scatter plot showing the relationship between the number of words produced as measured by the Communicative
Development Inventory (CDI) and the eyes—mouth index. The superimposed frames represent the four cells of the chi-square
contingency table.
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Discussion

The current study examined selective attention to talking faces in monolingual 14- and 18-month-
old English-learning infants. Based on the fact that infants acquire their initial lexicon during the sec-
ond year of life, and based on the fact that highly salient AV speech cues are located in a talker’s
mouth, we expected that infants at these two ages would deploy more of their selective attention
to a talker’s mouth than to the eyes. Our findings were consistent with our predictions. We found that
infants attended more to the talker’s mouth than to eyes, that they did so regardless of whether the
talker spoke in a native or non-native language, and that they did so in response to ID speech at 14
months of age and in response to both ID and AD speech at 18 months.

The current findings are interesting in the context of several previous studies that have investi-
gated developmental changes in monolingual and bilingual infants’ selective attention to a talker’s
eyes and mouth during the first year of life. In two of these studies, monolingual English-learning
infants’ selective attention to a talker’s face was measured while the talker could be seen and heard
speaking in either a native or non-native language and in either an ID or AD manner (Hillairet de
Boisferon et al., 2016; Lewkowicz & Hansen-Tift, 2012). In another one of these studies, monolingual
and bilingual Catalan- and/or Spanish-learning infants’ selective attention to a talker’s face was inves-
tigated (Pons et al., 2015). The findings from the studies of monolingual English-learning infants indi-
cated that, regardless of manner of speech, 4-month-olds attended more to the talker’s eyes, 8- and
10-month-olds attended more to the talker’s mouth regardless of language spoken, and that 12-
month-olds attended equally to the talker’s eyes and mouth when the talker spoke in the infants’
native language but that they attended more to the talker’'s mouth when the talker spoke in a non-
native language. The findings from the study examining monolingual and bilingual infants’ selective
attention to Catalan and/or Spanish showed that the monolingual infants exhibited the same atten-
tional shifts as the English-learning infants in the Lewkowicz and Hansen-Tift (2012) study. Finally,
these findings also showed that bilingual 4-month-olds attended equally to the talker's eyes and
mouth, bilingual 8-month-olds attended more to the talker’s mouth, and that bilingual 12-month-
olds attended more to the talker’s mouth regardless of whether the talker spoke in their dominant lan-
guage or in a non-native language.

As noted by Lewkowicz and Hansen-Tift (2012), the initial attentional shift to a talker’s mouth at 8
months of age is correlated with the emergence of two related behavioral skills. The first is endoge-
nous selective attention, which for the first time enables infants to voluntarily deploy their attention
to points of interest in their environment. The second is canonical babbling, which signals the onset of
an explicit interest in speech. Given the emergence of these two behavioral skills, Lewkowicz and
Hansen-Tift (2012) suggested that infants now begin taking advantage of the redundant, and thus
highly salient, AV speech cues located in a talker’s mouth to acquire both their native phonology
and the motor templates for producing native speech sounds. Extending this interpretation to bilin-
gual infants, Pons et al. (2015) suggested that the reason why bilingual infants deploy more attention
to a talker’s mouth at 12 months of age, and that they do so regardless of whether the talker speaks in
their dominant language or a non-native language, is because they rely on the greater salience of
redundant AV speech cues to identify distinct language-specific features and thus keep apart their
two languages.

The current findings from 14- and 18-month-old infants extend the previous findings from younger
infants’ selective attention to talking faces. They indicate that once infants enter the word acquisition
phase during the second year of life, they begin attending more to a talker’s mouth again. Interestingly,
like 8- and 10-month-olds who begin attending more to a talker’s mouth regardless of language spo-
ken, 14- and 18-month-olds also attend more to a talker’s mouth regardless of language spoken. Of
course, in the case of the older infants, the most likely reason for their greater deployment of attention
to the talker’s mouth is that now they are attempting to access redundant AV segmental cues that
define both the words that constitute fluent speech utterances and the motor templates that define
specific speech articulations. This conclusion is supported by findings that 18-month-olds’ lexical rep-
resentations are not just auditory but visual as well (Havy, Foroud, Fais, & Werker, 2017) and that
visual speech cues can facilitate speech segmentation in adults (Lusk & Mitchel, 2016).
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In addition to finding that 14- and 18-month-old infants attended more to a talker’s mouth than to
the eyes, we found that ID speech was generally more effective in eliciting attention to the talker’s
mouth. That is, we found that ID speech elicited more relative attention to the mouth than to the eyes
(42% vs. 12%) than did AD speech (34% vs. 20%). We also found that 14-month-olds attended more to
the mouth only when the talker spoke in ID speech but that 18-month-olds did so regardless of
whether the talker spoke in ID or AD speech. The results from the younger infants are not surprising
because studies suggest that ID speech is especially important when infants are acquiring new speech
production skills. For example, the more parents use ID speech when they communicate with their 11-
and 14-month-olds, the more their infants babble (Ramirez-Esparza, Garcia-Sierra, & Kuhl, 2014). Pre-
sumably, at 14 months of age, infants rely on the perceptual attributes associated with ID speech to
obtain the clearest information about the words that they are beginning to imitate. By this logic,
the fact that the 18-month-olds attended more to the talker’s mouth regardless of whether she spoke
in an ID or AD manner suggests that, by this age, infants have become sufficiently expert at extracting
relevant speech information and that they no longer need to rely exclusively on the greater salience of
ID speech. This interpretation is consistent with findings that 17- to 20-month-olds depend less on the
greater perceptual salience of ID speech because they are sensitive to the fine phonetic details that dis-
tinguish words (Werker & Fennell, 2004).

Finally, we failed to find a statistically significant link between infant selective attention to a talk-
er’s mouth and vocabulary size. This is interesting given that studies have found a link between speech
segmentation (Singh, Reznick, & Xuehua, 2012), vowel discrimination (Tsao, Liu, & Kuhl, 2004), and
matching of auditory and visual vowels (Altvater-Mackensen & Grossmann, 2016), respectively, and
subsequent language development. Of course, we did not assess these sorts of perceptual abilities
and subsequent language development. Therefore, the difference between the previous findings and
ours is not surprising because the previous studies measured different underlying processes than
we did. In addition, our failure to find a link between attention to the mouth and vocabulary size is
interesting in the context of findings from studies that have found a link between infant attention
to a talker’s mouth at 6 or 12 months of age and children’s vocabulary size between 18 and 24 months
(Tenenbaum et al., 2015; Young et al., 2009). One possible reason for our failure to find such a link is
that whereas the previous studies examined it over a relatively large age span, we assessed it contem-
poraneously and at an older age. This suggests that the relationship between attention to the mouth
during early infancy and later vocabulary might be stronger than the relationship between these two
variables at the same age during the second year of life.

Our failure to find a link between greater attention to a talker’s mouth and vocabulary size suggests
that infants do not coordinate the extraction of the redundant AV cues related to whole words and the
acquisition of those words at the same age. This is probably because these two skills are just emerging
and because infants have not yet mastered each skill sufficiently well to take advantage of the former
in the service of the latter. This interpretation is based on the assumption that, by the second year of
life, infants rely on attention to the mouth to detect cues that index whole words rather than pho-
nemes and that they use it to extract segmentation cues whenever they attempt to extract the words
and the motor articulation templates that are embedded in their interlocutors’ fluent AV speech. It
may be that it takes time before infants are able to take advantage of the information gained through
access to the redundant AV word cues when learning new words. Therefore, it may be that the benefits
of gaining access to redundant AV speech cues at 18 months of age might not be observed until later
(e.g., at 24 months) simply because it takes this long for infants to master the first skill and use it in the
service of the second skill.

One way of testing this interpretation is to test infants in a word-learning task while measuring
selective attention to the mouth. If our interpretation is correct, then selective attention to the
mouth should not be correlated with word learning at 18 months of age but it should be correlated
with word learning at 24 months. Crucially, it should be noted that, regardless of whether our
interpretation is correct with respect to the link between selective attention to the mouth and pro-
ductive vocabulary at 18 months, this does not invalidate the previously reported findings of a link
between attention to a talker’s mouth in infants younger than 18 months and their productive
vocabulary at later ages. In fact, when the previously reported positive link between attention to
the mouth and subsequent vocabulary size is considered together with our failure to find such a
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link, the most reasonable conclusion is that attention to the mouth may serve multiple functions
during early development. As suggested earlier, during the first year of life, attention to the mouth
is likely to facilitate phonological/phonetic tuning. In contrast, during the second year of life, atten-
tion to the mouth is likely to facilitate word learning. Crucially, it should be noted that no direct
empirical support for either of these conclusions has been published to date and, therefore, that
future studies should put them to test.

Despite the fact that the current study focused on infant selective attention to a talker’s mouth,
there is little doubt that a social partner’s eyes are equally important as a source of information.
For example, joint attention cues produced by adults during their social interactions with infants
are especially important. These cues can facilitate language learning (Corkum & Moore, 1995) and
can provide infants with contextual cues that can help them determine the relevant relationships
between linguistic tokens and their referents and the meaning of others’ language (Tomasello &
Farrar, 1986). Indeed, several studies have shown that joint attention skills (i.e., the ability to follow
the direction of a social partner’s gaze) emerge gradually between 6 and 18 months of age and that
they are a significant predictor of expressive and receptive vocabulary during the second year of life
(Morales et al., 2000; Mundy & Gomes, 1998). These findings, together with our findings of greater
attention to a talker’s mouth at 14 and 18 months of age, raise interesting questions for future studies
about the complex relationship between selective attention to joint attention cues in a talker’s eyes
and AV speech cues in a talker’s mouth. Indeed, when our findings are compared with those from
other studies, it becomes apparent that the types of cues available to infants in a particular study play
an important role in selective attention. For example, in our study, the actor looked directly into the
camera while reciting a monologue. In contrast, in other studies, either live actors have been involved
or an actor was presented in a video in which the actor specifically provided joint-attention cues by
looking to one side or the other (Tenenbaum et al., 2015). Given that the information conveyed by
the eyes in our stimulus materials was minimized, infants’ perception of the talker's communicative
intentions was most likely significantly reduced. As a result, unlike in the Tenenbaum et al. (2015)
study, where an actor explicitly provided joint attention cues, the actor did not provide such cues
in our study.

Together, our findings and those from the Tenenbaum et al. (2015) study suggest that our fail-
ure to find a link between looking to the mouth and vocabulary size may be due, in part, to the
fact that we did not provide joint attention cues. At the same time, however, there is no question
that attention to a talker’s mouth alone is involved in speech and language processing and that, in
some cases, it actually facilitates processing. This is evident in findings from adult studies
(Barenholtz et al.,, 2016; Rosenblum, 2008; Sumby & Pollack, 1954; Summerfield, 1979, 1992)
and, as noted earlier, in findings from infant studies showing that infants’ attention to a talker’s
mouth depends on their prior linguistic experience (i.e., either learning a single specific language
or learning more than one language). Thus, it is likely that attention to a talker’s mouth also con-
tributes to word acquisition. This is especially likely because greater attention to a talker’s mouth
provides infants with the opportunity to associate articulatory motions with speech sounds and to
imitate sounds and words. As noted earlier, however, it may be that the benefits of selective atten-
tion to redundant AV speech cues during the word-learning phase of language acquisition are not
evident contemporaneously because infants need to master one skill to use it together with the
other one.

In conclusion, the current findings indicate that monolingual English-learning infants redeploy
their attention to a talker’s mouth when they enter the word acquisition phase of language develop-
ment. Our findings also suggest that selective attention to a talker’s mouth during the second year of
life enables infants to acquire their first words by providing them with access to maximally salient AV
speech cues. Of course, our failure to find a contemporaneous link between attention to the mouth and
vocabulary size requires caution with respect to this conclusion. To confirm it, future studies would
need to demonstrate that this link holds between attention to the mouth during the first half of the
second year of life and vocabulary size at a later age. Given that we did not investigate this link,
and given that our sample size was relatively small, a test of this putative relationship awaits the
results of future studies.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found, in the online version, at https://doi.
org/10.1016/j.jecp.2018.03.009.
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