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EFFECTS OF VOICE QUALITY AND FACE INFORMATION ON INFANTS’ SPEECH 

PERCEPTION IN NOISE 

Jessica Versele 

Abstract 

A recent study by Polka, Rvachew, and Molnar (2008) found that 6- to 8-month-old infants do 

not discriminate a simple native consonant-vowel contrast when familiarized to it in the presence 

of distraction noise (i.e., recordings of crickets and birds chirping), even when testing was 

conducted in quiet.  Because the distraction noise did not overlap with the phonemes’ 

frequencies, failure to encode the familiarization phoneme could be due more to a disruption in 

infant attention than to direct masking effects. Given that infants learn speech under natural 

conditions involving noise and distraction, it is important to identify factors that may ‘protect’ 

their speech perception under non-ideal listening conditions.  The current study investigated 

three possible factors: speech register, face information, and speaker gender.  Six-month-old 

infants watched a video of a female speaker producing a native phoneme in either an adult-

directed or infant-directed manner accompanied by the same background noise as in Polka et al. 

(2008). After habituation, infants were tested with alternating trials of the familiar phoneme and 

a novel phoneme in quiet.  Phoneme discrimination was measured by recording infants’ heart 

rate and looking times during familiar and novel trials. Discrimination was poor in infants who 

viewed a female speaker using adult-directed speech but was significantly improved (as seen in 

both dependent measures of attention) when the female speaker used infant-directed speech. 

Results indicate that common factors in the typical environment of infants can promote speech 

perception abilities in noise. 
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Effects of Voice Quality and Face Information on Infants’ Speech Perception in Noise 

Chapter 1 – Introduction 

1.1 – Overview 

Correctly perceiving speech in the presence of noise is challenging for infants.  For 

example, although 7- to 11-month-olds successfully discriminated two phonemes in the presence 

of extraneous sound, they performed at significantly lower levels than did the adult control group 

(Nozza, Rossman, Bond & Miller, 1990).  Extraneous noise pulls attention away from relevant 

speech, so to successfully perceive speech in the presence of other sounds, infants must 1) resist 

sources of competition for their attention, 2) distinguish relevant from irrelevant sounds, and 3) 

successfully segment one acoustic stream (e.g., speech directed toward them) from other 

concurrent streams.  Most experimental studies of infant speech perception, however, occur in 

highly-controlled, quiet laboratory settings.  While such studies contribute to our understanding 

of this research area, their quiet testing conditions may underestimate how infants learn language 

in the real world.   

 Despite the challenge that background noise poses, infants are commonly in noisy 

settings.  Accurate speech discrimination in noisy conditions is difficult for infants, yet it clearly 

is not impossible.  Sixty-six percent of parents in one study (Barker & Newman, 2004) reported 

that when they talk to their infants, other family members are frequently talking at the same time. 

Almost all infants will eventually develop the skills necessary to become proficient listeners, 

even in the midst of background noise.  Little is known, however, about how this process 

develops.  Because infants learn speech under natural conditions involving noise and distraction, 

it is important to identify factors that may support their speech perception under non-ideal 

listening conditions.  Certain factors have been identified that seem to enhance infant attention 

and thus may help facilitate speech perception in the presence of noise.  The current experiment 
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investigated three such factors described below that may influence infants’ ability to accurately 

perceive speech in noise: speech register, face information, and speaker gender.  Before 

discussing supporting research that justifies the focus on these potential protective factors, it will 

be useful to present some information on infants’ limitations in perceiving sound and speech in 

noise. 

1.2 – Masking Effects and Infant Perception 

 When discussing speech perception in the midst of background noise, the relevant sound 

source is commonly called the target signal and the irrelevant sound source is called the masking 

signal.  Masking signals can affect one’s perception of the target signal through both energetic 

masking and informational masking.  Energetic masking occurs when the frequency envelopes of 

both the masking and target signals overlap, with the degree of masking increasing with the 

extent of this overlap.  Although energetic masking makes it difficult for all listeners to perceive 

speech, it poses a special challenge for infants, who typically require auditory input at a higher 

intensity to correctly distinguish speech differences in noisy and quiet environments (e.g., Nozza, 

Rossman, & Bond, 1990).  This difference in frequency required by infants as compared to 

adults is called excess masking.  

Informational masking, in contrast, refers to the disruption in attention that can occur 

when background noise is present, regardless of whether the masking and target signals overlap 

in frequency distributions.  Thus, the source of the perceptual difficulty is not acoustic masking, 

but rather perceptual distraction.  To counter the negative effects of informational masking, one 

must have the ability to separate out and group relevant sounds from irrelevant sounds. 

 Werner and Bargones (1991) explored the possibility that informational masking results 

from infants’ underdeveloped attention capabilities.  Six-month-olds and adults were presented 

with a pure tone either in quiet or paired continuously or discontinuously with another sound 
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expected to have informational masking effects.  Whereas adult participants successfully 

detected the pure tone, the presence of the masking signal adversely impacted infants’ ability to 

do so.  Although the masking signal did not affect the pure tone’s spectral information, infants 

nevertheless needed a greater signal level to detect the tone when it was paired with the masking 

signal. Infants, unlike adults, have difficulty maintaining signal processing by focusing their 

attention on relevant sound when irrelevant sound with informational masking effects is present.   

The signal-to-noise ratio is another cue that appears to enhance infants’ attention to a 

particular voice in the presence of vocal competition.  The signal-to-noise ratio refers to the 

decibel level of the target signal relevant to the masking signal. In one study, 7.5- month-olds 

listened to a male and female speaker talking simultaneously; the female speaker (the target 

signal) repeated the same two words in an infant-directed voice while the male speaker (the 

masking signal) spoke fluently in an adult-directed voice (Newman & Jusczyk, 1996).  Infants 

then heard sentences containing either familiar or novel words with no background noise (i.e., 

they were tested in quiet).  The infants attended more to sentences with familiar words only if the 

signal-to-noise ratio was stronger by at least 5 decibels during familiarization, but not if it was 

the same. In a similar vein, Newman (2005) reported that infants could identify their own name 

from a fluid multi-talker word stream, but only under certain conditions.  Five-month-olds failed 

to recognize their own names unless the masking signal was 10 decibels below the target signal 

and could not perform at a level above chance if the signal-to-noise ratio was the same until they 

were at least 12 months of age.   

Research indicates that synchronized visual information greatly aids infants’ ability to 

segregate and segment a speech stream in the presence of distracting noise. In a series of studies, 

Hollich, Newman, and Jusczyk (2005) demonstrated that synchronized audio-visual information 

significantly enhanced 7.5-month-olds’ ability to segregate and separate two streams of speech at 
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signal-to noise ratios 10 decibels below those previously demonstrated. Infants only succeeded at 

this task if the familiarization stimulus was audiovisually synchronous and presented in a typical 

infant-directed speech register.  The infants did not succeed when it was asynchronous or of a 

static face paired with audio. Infants succeeded even when the familiarization stimulus was novel 

(i.e., a synchronized oscilloscope pattern that closely corresponded to the auditory stimuli), 

indicating that the advantage that infants gain from audio-visual synchrony does not appear to 

depend specifically on synchronous face information but on synchronous audiovisual 

information in general.  

In sum, the effects of both energetic and informational masking make speech perception 

in noise challenging for infants. Infants require a higher signal level to counter the effects of 

energetic masking and the difficulties associated with informational masking are most likely 

caused by their limited ability to maintain attention to one sound in the presence of others.  The 

signal-to-noise ratio and the synchrony of audiovisual information are two factors that appear to 

influence this ability. As in the study mentioned above (Hollich et al., 2005), another factor that 

may compensate for infants’ limitations in perceiving sound in noise is the speech register and its 

effects on infant attention.  

1.3 – Speech Register and Infant Attention 

 Two important concepts when discussing infant speech perception are adult-directed 

speech and infant-directed speech.  When speaking to other adults, adults tend to use adult-

directed (AD) speech, or everyday speech.  When speaking to infants and young children, 

however, they commonly modify prosodic aspects of their speech, resulting in infant-directed 

(ID) speech.  Typically, ID speech has elongated vowels, is slower, occurs at a higher pitch, and 

contains more expansive pitch contours than does AD speech (Burnham, Kitamura, & Vollmer-

Conna, 2002; Fernald & Kuhl, 1987, Kuhl, Andruski, Chistovich, Chistovich, Kozhevnikova,  
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Ryskina, Stolyarova, Sundberg, & Lacerda, 1997).  The use of ID speech when talking to infants 

appears to be largely universal.  For example, in one study of 60 parents from France, Italy, 

Germany, Japan, England, and America, both mothers and fathers spoke to their infants in ID 

speech significantly more often than in AD speech (Fernald, Taeschner, Dunn, Papousek, 

Boysson-Bardies, & Fukui, 1989).   

 ID speech is pertinent to speech perception because it attracts and enhances infants’ 

attention more than does AD speech.  In one study, infants as young as a few days old preferred 

ID over AD speech (Cooper & Aslin, 1990).  Newborns and one-month-olds who looked at a 

black and white checkerboard heard either ID or AD speech until they broke their gaze. All 

subjects looked significantly longer at the checkerboard when they heard ID speech, indicating 

that preference for ID speech is present soon after birth.  Four-month-olds who heard ID speech 

when they looked to one side and AD speech when they looked to the other side looked 

significantly longer at the side producing ID speech (Fernald, 1985). Similarly, infants who 

watched a movie of either a man or a woman speaking in either ID or AD speech looked at the 

screen longer when the speaker was talking in ID speech, regardless of the speaker’s gender 

(Werker & McLeod, 1989).  It is interesting that the use of ID speech alone was powerful 

enough to override the speaker’s gender as infants typically prefer to look at women longer than 

men (Quinn, Yahr, Kuhn, Slater, & Pascalis, 2002).  Because adults often use ID speech when 

talking to infants and because infants attend more to ID speech, the boost in attention that ID 

speech provides may help infants absorb relevant information about language.  Interestingly, ID 

speech also facilitates language learning in adults as well in infants.  Native English-speaking 

adults who heard novel words spoken in ID speech learned them easier than did adults who heard 

the same words spoken in AD speech (Golinkoff & Alioto, 1995). 



6 

 

 Several studies have explored specific characteristics of ID speech that may be 

responsible for eliciting infant attention.  Both ID and AD speech differ in terms of three key 

prosodic characteristics: pitch, amplitude, and duration.  Fernald and Kuhl (1987) argue that the 

pitch contours of ID speech are what specifically elicit infants’ attention.  Using a head turn 

procedure, they determined that 4-month-olds preferred to listen to synthesized tones with pitch 

contours characteristic of ID speech as opposed to those characteristic of AD speech, but showed 

no preference for synthesized tones with amplitude or duration characteristic of either ID or AD 

speech. These findings, however, have not been successfully replicated. In a series of studies  

involving 1-month-olds, Cooper and Aslin (1994) found no evidence of a preference for the pitch 

contours of ID speech, leading them to conclude that pitch by itself does not fully account for 

infants’ preference for ID speech and that additional acoustic features play an important role in 

eliciting this preference. 

 Additional studies have focused on the hyperarticulation of phonetic characteristics (e.g., 

vowels).  One study theorized that hyperarticulation serves a vital role in infant language 

perception; when vowels are hyperarticulated, their acoustic distance from other vowels is 

increased, making each individual vowel more distinct and perhaps more salient to the infant 

(Kuhl et al., 1997). Indeed, the degree of hyperarticulation present in the speech of female adults 

positively and significantly correlates with infants’ speech discrimination performance on a 

head-turn task (Liu, Kuhl, & Tsao, 2003).  A recent study examining similarities and differences 

between infant- and pet-directed speech found that, while the two speech registers are largely 

similar in terms of pitch and affect, one key difference exists: mothers hyperarticulated when 

talking to their infants, but not to their pets (Burnham, Kitamura, & Vollmer-Conna, 2002).  

Vowel hyperarticulation, therefore, is not a natural product of ID speech, but is an intuitive, 

unconscious adjustment on the part of the speaker for the benefit of the listener.  The didactic 



7 

 

benefits of hyperarticulation are not present solely in ID speech; speech directed towards 

foreigners learning English is also hyperarticulated but does not share the pitch and affect 

characteristic of ID speech (Uther, Knoll, & Burnham, 2007).  The similarity and differences of 

infant-directed speech relative to foreigner-directed speech seems logical considering that 

foreigners learning English have similar linguistic needs as infants but dissimilar attentional or 

emotional needs. 

 The intonation patterns of infant-directed speech also seem to enhance language learning 

and may serve as a protective factor when background noise is present.  Infants in a recent study 

who heard sentences containing nonsense words spoken in either AD or ID speech distinguished 

individual words only after exposure to ID speech (Thiessen, Hill, & Saffran, 2005). The ability 

to segment words from a word stream is a necessary part of language learning and seems to be 

another way that ID speech proves useful to infants in their quest to learn and understand 

language.   

 Brand, Baldwin, and Ashburn (2002) have proposed that adults modify not only their 

speech register but also their actions when interacting with infants.  Infant-directed speech has 

also been called motherese, and these authors propose calling infant-directed modifications of 

action motionese.  Specifically, Brand et al. found that mothers exhibited exaggerated 

movements, a higher level of interactivity and repetition, as well as more time encouraging joint 

attention.    

1.4 – Faces and Infant Attention 

 Infants seem to prefer faces over non-faces.  Several studies have found this preference in 

newborns (e.g., Goren, Sarty, & Wu, 1975), leading some researchers to conclude that this 

preference may be innate (e.g., Mondloch, Lewis, Budreau, Maurer, Dannemiller, Stephens, & 

Kleiner-Gathercoal, 1999).  Infants as young as 1 to 3 days old can discriminate an intact image 
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of a face and a scrambled image of a face (Easterbrook, Kisilevsky, Muir, & Laplante, 2002) and 

at 6 and 12 weeks of age prefer to look at face stimuli over non-face stimuli (Mondloch et al., 

1999).  One study particularly relevant to the current experiment determined that attention to 

stimuli depended on both the stimulus type and the infant’s age. Fourteen- to 52-week-old 

infants viewed both static (non-moving, one-dimensional) and dynamic (moving, three-

dimensional) images of faces, Sesame Street material, and geometric patterns until they had 

either accumulated 20 seconds of consecutive looking time at each image or had not looked at it 

for two minutes (Courage, Reynolds, & Richards, 2006). Attention was measured via heart rate 

and look duration.  Younger infants preferred to look at static geometric images, but older infants 

preferred to look at dynamic Sesame Street and facial images. Infants looked significantly longer 

at Sesame Street and face stimuli than geometric stimuli and spent significantly more time in 

sustained attention when viewing these stimuli.  According to Richards and Casey (1991), 

information is processed primarily during the sustained attention phase of heart rate.  Thus, if the 

findings from Courage et al. (2006) apply to infants in general, human faces enhance infants’ 

information-processing abilities. 

 Because faces contain a variety of information about language, infants’ attraction to them 

likely has benefits regarding speech perception.  Many of the articulators involved in speech 

production are observable on the face, such that speech is not only heard, it is also seen.  

Information about speech that is present on a speaker’s face and in their head movements is 

called visual speech/ prosody.  Many articulatory organs are involved in speech production 

besides simply the lips; organs including the vocal tract, teeth, lips, jaw, and tongue all play an 

important role.  Even movement of the cheeks and head can augment speech perception in 

adults.  Munhall (1998), for example, determined that the upper cheek and lower facial areas 

provide phonetic information about speech and, more recently, Munhall, Jones, Callan, Kuratate, 
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and Vatikiotis-Bateson (2004) found that a speaker’s naturally-occurring head movements 

significantly increased speech intelligibility in adults as compared to distorted or absent head 

movements.  The McGurk Effect (McGurk & McDonald, 1976) provides evidence of this 

bimodal process and illustrates that perception of auditory information can be compromised 

when the bimodal components of speech conflict.  The McGurk effect occurs when an auditory 

syllable (e.g., /ba/) is paired with a visual syllable (e.g., /ga/); listeners typically report hearing a 

syllable occurring in neither modality (e.g., /da/). 

 Several studies indicate that infants are sensitive to the information available in visual 

prosody, specifically, that they are capable of integrating face and voice information.  Two-and-

one-half to 4-month-old infants who watched a video of a speaker repeating nursery rhymes with 

either audiovisual synchrony or asynchrony (i.e., the audio was delayed by 400 ms) looked 

significantly longer at the audiovisual synchronous video (Dodd, 1979).  Additionally, 4-month-

olds can correctly match lip movement with corresponding vowel sounds (Kuhl & Meltzoff, 

1982).  Blossom and Morgan (2006) demonstrated that 11-month-olds can discriminate a 

synchronous video from an asynchronous video, even when the speaker’s mouth is obscured.  

Four-and-one-half-month-olds are sensitive to the McGurk effect (Burnham & Dodd, 2004), as 

are 5-month-olds (Rosenblum, Schmuckler, & Johnson, 1997).  Interestingly, Desjardins and 

Werker (2004) found that female infants, but not male infants, showed evidence of audiovisual 

integration when habituated to congruent audiovisual stimuli and tested on incongruent stimuli, 

and male infants, but not female infants, showed evidence of integration when habituated to 

incongruent audiovisual stimuli and tested with congruent stimuli.  These findings, they argue, 

indicate that infants’ ability to integrate audiovisual information is weaker and less consistent 

than that of adults’ and further depends on the stimulus combinations.   
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 Greater visual speech/prosody is likely present on the faces of people talking in ID 

speech because of the exaggerated facial movements corresponding with that specific speech 

register. Visual speech/prosody may be especially crucial in noisy environments and can act as 

an additional source of information when auditory information is compromised.  Because both 

faces and ID speech attract infant attention, when both elements are combined, infants likely 

have a more optimal environment for gathering information about language. 

1.5 – Speaker Effects (Familiarity/gender) and Infant Perception 

 Infants may also be more accurate at identifying relevant from irrelevant sounds if one of 

the talkers is familiar to them. Seven-and-one-half-month-olds in one study were familiarized to 

either their mother or an unknown female repeating the same two words in ID speech voice 

while an unknown female spoke in a steady stream in the background (Barker & Newman, 

2004). They then heard sentences containing either the familiar words or novel words.  Infants 

listened significantly longer to sentences containing words said by their mothers but not to 

sentences containing words said by the unknown female speaker.  It appears that infants can 

separate the simultaneous speech of two speakers when one is familiar and the other is 

unfamiliar, but not when both are unfamiliar. 

A previously-mentioned study by Newman and Jusczyk (1996) supports the idea that 

infants can more accurately identify individual words in a fluent word stream when speakers’ 

voices are dissimilar. Seven-and-one-half-month-olds who heard two dissimilar speakers talk 

simultaneously successfully completed a word recognition task when the signal-to-noise ratio 

was stronger by at least 5 dB.  These authors theorized that both the signal-to-noise ratio and the 

dissimilar voices (a male adult-directed voice versus a female infant-directed voice) likely helped 

infants attend to and process relevant speech sounds.   
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 An additional series of studies examined infants’ ability to generalize words learned by 

one speaker to another speaker whose voice sounded either notably similar or different. Houston 

and Jusczyk (2000) investigated if 7.5-month-olds who were familiarized to isolated words 

spoken by one person could recognize the same words read in a passage by a different person.  If 

infants encode talker-specific information into words, such a task will likely prove difficult, but 

if they do not encode talker-specific information, they will likely recognize familiar words when 

spoken by a different speaker. When the two speakers’ voices were similar (i.e., when both the 

speakers were of the same gender), infants could generalize words across different speakers.  

However, when their voices were dissimilar (i.e., when the speakers were of different genders), 

infants could not generalize across speakers until they were 10.5 months of age.  Researchers 

hypothesized that the younger infants’ inability to generalize across, but not within, genders was 

due to the distinctive voices of males versus females.  Likely due to their increased word 

segmentation abilities, the older infants in their study did not encode talker-specific information 

into their representations of words.  For 7.5-month-olds, however, speaker similarity matters in 

terms of the ability to generalize words.  

 Speaker gender also affects infants’ attention, as infants in general prefer to look at 

female faces over male faces.  Quinn et al. (2002) confirmed this preference through a visual 

preference paradigm; when infants’ primary caregiver was female, they preferred to look at 

female faces, but when their primary caregiver was male, they preferred to look at male faces, 

indicating that experience plays a large role in this preference. Quinn et al. conducted their study 

on 3- and 4-month olds; a series of studies have successfully replicated these results with 6-, 7-, 

9-, and 10-month-olds (Quinn, 2002). Infants seem to be more adept at forming a schema of 

female faces than male faces.  Cross-modal studies requiring infants to match a voice with a 

static image of a face suggest that infants can perform this task with female faces and female 
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voices at 9 months of age but not with male faces and voices until 18 months of age (Poulin-

Dubois, Serbin, Kenyon, & Derbyshire, 1994; Poulin-Dubois, Serbin, & Derbyshire, 1998).  

Interestingly, however, when the image was dynamic rather than static, infants could 

successfully complete this task with both male and female faces (Patterson & Werker, 2002). 

Perhaps when experimental conditions more closely simulate real-life experiences, infants can 

more easily make classifications based on gender.  

 In sum, identifying factors that help infants perceive language in noise will illuminate 

how this ability develops and also how it may be limited.  Infant-directed speech is pertinent to 

speech perception because it attracts and bolsters infants’ attention. Through enhancing attention 

as well as providing visual information about speech, faces additionally facilitate infants’ speech 

perception abilities.  Particularly relevant to the proposed study, the visual prosody available on 

faces may be especially important in environments when auditory information is compromised 

by providing an additional source of information. The gender of a face also affects infants’ 

attention and perception abilities as infants tend to prefer females.   

 1.6 – Preliminary Data and Purpose of the Current Study 

The logic and design of the current experiments are directly tied to a recently published 

study (Polka, Rvachew, & Molnar, 2008).  In this published work, 6-month-old infants watched 

a checkerboard while listening to either /bu/ or /gu/ spoken in male adult-directed speech. Once 

habituation occurred, they were presented with four alternating trials of the new phoneme and 

the habituation phoneme. Infants participated in one of three conditions: 1) habituation occurred 

in quiet and testing occurred in quiet, 2) habituation occurred with distractor noise (i.e., 

recordings of cricket and bird sounds) and testing occurred with distractor noise, or 3) 

habituation occurred with distractor noise and testing occurred in quiet. Only infants who were 

habituated in quiet and tested in quiet looked longer on novel trials; infants in the other two 
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conditions did not increase attention to the new phoneme. Because the distracter noise was 

filtered so as to not overlap the frequencies of the phonemes (i.e., informational masking), 

infants’ lack of discrimination between the familiarization and novel phonemes was not due to 

energetic masking.  Rather, the failure to discriminate most likely resulted from the disruption in 

attention caused by informational masking.  Because the infants watched a static checkerboard 

while listening to male, AD speech, the context during habituation provided no additional 

sources of information that may have protected their ability to initiate and maintain attention to 

the phonemes in spite of the distracter.  

 An initial experiment in our laboratory, modeled closely on the recent study by Polka et 

al. (2008), investigated if the addition of a dynamic female face would enhance infants’ speech 

processing during noise.  Six-month-olds were habituated to a video of a female speaker 

producing a native phoneme (e.g., /baba/) in an adult-directed manner, accompanied by the same 

background noise as in Polka et al.  After habituation, infants were tested in quiet with 

alternating trials of the familiar phoneme (/baba/; 3 trials) and a novel phoneme (e.g., /gaga/; 3 

trials) spoken in adult-directed speech.  Phoneme discrimination was measured by infants’ 

looking times during the novel trials.  The results based on 25 infants (12 females) indicate that 

as a group, infants did not significantly recover their attention to the novel phoneme during test, 

even in quiet.  These results indicate that a female face when accompanied by adult-directed 

speech was not sufficient to enhance infants’ speech perception in noise.   

The current study further addressed this issue by employing a female, ID speaker during 

habituation, accompanied by the same distracter noise as in Polka et al. (2008) and our 

preliminary study (presented above).  Phoneme discrimination was measured by recording 

looking time during a habituation sequence, and then during trials that contained familiar (same 

as during habituation) or novel presentations of phonemes. Looking time is a particularly 
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appropriate measure for this study, as infants’ tendency to look longer at novel stimuli than 

familiar stimuli is well-documented. It was predicted that a dynamic, adult female speaking in an 

infant-directed manner would 1) enhance infants’ speech processing during noise, resulting in a 

significant increase in attention during novel trials, and 2) contribute to more uniform individual 

performance on this task as compared to the pilot study, thus leading to a decrease in participant 

variance.  
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Chapter 2 – Method 

2.1 – Participants 

Twenty one 6-month-old infants (8 females) participated in this experiment. Data from 

preterm infants were excluded from analyses, as were data from infants who were primarily 

exposed to languages other than English in the home. Infants were on average 26 weeks old (SD 

= 1 week) and came from highly educated homes (14% of mothers had a high school diploma, 

43% had a college degree, and 43% had an advanced degree). Ninety-five percent were 

Caucasian. None had been diagnosed with developmental delays. 

 Parents completed two questionnaires, one contained questions about their child’s basic 

temperament and another requested basic demographic and infant health information.  Parents 

additionally received two copies of a consent form; parents kept one copy and the other was filed 

in the Lab’s records. 

2.2 – Phoneme Events and Dependent Measures 

 A digital movie was produced of a native female speaker of English (head and 

shoulders only) producing multiple tokens of /ga/ and /ba/ as though she was speaking to an 

infant.  The audio track on the video was composed of both a target signal and a masking signal. 

The target signal contained five /baba/ and five /gaga/ syllables, given that these phonemes occur 

frequently in the English language and are easily discriminated in quiet (Polka, Rvachew, & 

Molnar, 2008). The duration of one /baba/ token was .84 seconds and the duration of one /gaga/ 

token was .85 seconds. Three /baba/ and three /gaga/ tokens were concatenated in a string with 

1.35 seconds between each token; the total length of one complete segment for /baba/ tokens was 

5.43 seconds and the total length of one complete segment for /gaga/ tokens was 5.29 seconds. 

The average pitch across three /baba/ tokens was 285.9 Hz (minimum: 143.98 Hz, maximum: 

471.3 Hz) and the average pitch across three/gaga/ tokens was 254.19 Hz (minimum: 147.2 Hz, 
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maximum: 489.1 Hz). The recorded intensity of three /baba/ tokens was 73.09 dB and of 

three/gaga/ tokens was 70.9 dB; however, both tokens were presented to infants at 72 dB.   Both 

target signal sound tracks (baba and gaga) were low-pass filtered at 5000 Hz using Adobe 

Audition software so as not to overlap the frequency spectrum of the distracter signal (insuring 

that performance was not affected by energetic masking). The masking signal, a recording of 

bird and cricket sounds from Polka et al. (2008), was high-pass filtered to preserve only energy 

above 5,000 Hz and played randomly with respect to the target signal. That is, the two signals 

did not consistently onset and offset at the same time. 

A visual habituation procedure was used to test infants’ discrimination of the phoneme 

contrast. This procedure is based on infants’ tendency to look longer at novel stimuli than 

familiar stimuli.  If a visual-auditory stimulus is repeatedly shown to infants, they will eventually 

habituate to it (i.e., the time they spend looking at it will decrease.)  If a novel stimulus is then 

presented alternately with the familiar stimulus, infants who have successfully habituated 

typically look longer at the novel stimulus. Because it is possible, however, to look at a stimulus 

without processing any information (e.g., Richards & Casey, 1991), measuring heart rate 

provides an additional means to gauge infant attention. Changes in heart rate can reflect attention 

or inattention, and, particularly relevant to the current study, can be used as a means of assessing 

sustained attention. Richards and Casey (1991) have defined four stages of heart rate change 

indicative of attention processing: pre-attention, stimulus orienting, sustained attention, and 

attention termination. During pre-attention, infants are not yet engaged with a stimulus and their 

heart rate represents a baseline state. During stimulus orientation, they experience a large 

deceleration in heart rate as they begin to orient to the stimulus. During sustained attention, they 

actively process the stimulus and show resistance to bids for their attention; heart rate is 

significantly decreased from baseline. During attention termination, infants still look at the 
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stimulus but are no longer processing information. Heart rate at this stage begins a return to 

baseline.  

2.3 – Procedure    

 After completing required paperwork, each caregiver and infant was led to the testing 

room and sat, with their infant in their lap, in front of a 32 inch LCD television screen 

surrounded by a black curtain. Two loudspeakers were placed behind the curtain on either side of 

the screen and a remotely-controlled pan video camera (Panasonic WV-CS574) was mounted 

five inches above the screen to project the infant’s face to a screen in the coding room for online 

coding. All testing sessions were recorded by channeling the output of the video camera to a 

digital CD recorder (Sony). Three disposable pediatric electrodes (CardioSens/K) were placed on 

the infant’s chest; two were positioned above the infant’s left and right sternum, with the third 

electrode positioned on the infant’s lower right side (below the rib cage; this was the referent 

electrode). Electrode leads were connected to an input box (James Long Company).  After each 

video session, heart rate files were visually reviewed and edited by the experimenter; any 

segments with undetectable or missing beats were removed. Interbeat intervals were calculated 

in three second increments by custom software (James Long Company).  

 Prior to the start of the study, caregivers were instructed to not interfere with their child’s 

actions during the video (i.e., to not “help” their child pay attention.). A trained coder, unaware 

of the sound being presented to the infant, coded gaze direction and length in the coding room. 

The coder began the video by pressing down on the space bar of a computer (Dell) connected to 

the monitor in the testing room. Brightly-colored geometric shapes appeared on the screen to 

initiate attention. When infants looked at the screen for three seconds, the digital movie began 

with a female speaker, accompanied by an audio soundtrack of background noise and her voice 

repeating either /baba/ or /gaga/ (counterbalanced between infants) in infant-directed speech. 
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When infants looked away from the screen for more than one second, the video stopped and the 

trial ended. Geometric shapes again appeared on the screen and a new habituation trial began 

once infants looked at the screen for three seconds. Habituation criterion was met when looking 

time on two consecutive trials fell below 50% of the mean of the first two trials. After 

habituation, all infants received the following test sequence: a novel trial with the new phoneme, 

a familiar trial with the habituation phoneme, a novel trial, a familiar trial, a novel trial, and a 

familiar trial.  All test trials were conducted in quiet. Phoneme discrimination was measured by 

recording infants’ heart rate and their looking times on novel and familiar trials. Upon 

completion of the study, caregivers received a certificate thanking the infant for contributing to 

science.  
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Chapter 3 – Results 

To assess coding reliability, one trained coder reviewed 25% of the videotaped sessions 

and coded each trial in a session. Pairwise Pearson’s correlations were used to assess inter-rater 

reliability and ranged from .88 to 1.00 across individual participants.  

3.1 – Analysis of Attention via Looking Time 

To analyze phoneme discrimination, a 2 x 2 mixed ANOVA was conducted with the 

habituation phoneme (/baba/ versus /gaga/) as the between-subjects factor and trial type (novel 

versus familiar) as the within-subjects factor.  A main effect of trial type was found; as expected, 

infants listened significantly longer to novel trials (M = 21.61, SD = 15.35) than familiar trials 

(M = 13.13, SD = 7.05), F(1, 20) = 5.22, p < .05, partial η2 = .215. No significant differences 

were found between infants habituated to /baba/ versus /gaga/, F(1, 20) = .376, p > .05. The 

Habituation Phoneme x Trial Type interaction was not significant, F(1,20) = 1.80, p > .05. 

To assess performance on individual test trials, paired sample t-tests examined looking 

time on the trials when infants met habituation criterion (henceforth referred to as prechange 

trials) and novel and familiar trials. As expected, there was a significant difference between 

prechange trials (M = 10.37, SD = 4.18) and the first novel trial (M = 28.02, SD = 23.81), t(19) = 

-3.59, p < .01 and between prechange trials and the second novel trial (M = 17.95, SD = 14.56), 

t(20) = -2.43, p < .05. There was no significant difference, however, between prechange trials 

and the last novel trial (M = 13.45, SD = 12.05), t(19) = 1.04, p > .05. Although there was no 

significant difference in looking time on the first novel trial and the first familiar trial (M = 18.3, 

SD = 15.89), t(19) = 1.97, p =.06, the data approach significance. Looking time on the second 

novel trial and the second familiar trial differed significantly (M = 12.26, SD = 7.0), t(19) = 2.21, 

p < .05, but did not on the third novel trial and the third familiar trial (M = 11.17, SD = 7.0), 

t(19) = .73, p > .05. As expected, there were no significant differences in looking time on 
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prechange trials and familiar trials, indicating that infants did not recover their attention (i.e., 

increase their looking time) to familiar trials. See Figures 1, 2, and 3 for looking times on 

prechange versus novel trials, prechange versus familiar trials, and novel versus familiar trials, 

respectively. 

In Polka et al. (2008), preference ratios were calculated for each infant to better examine 

individual performance by dividing looking time on novel trials by total looking time on both 

novel and familiar trials. Because individual infants often vary considerably in their average 

looking times, preference ratio analysis provides an effective way to examine individual 

variability. A ratio above .50 indicates a preference for novel trials, at .50 indicates equal 

attention to both types of trials, and below .50 indicates a preference for familiar trials. The 

average preference ratio score for infants in Polka et al. (2008) who were habituated and tested in 

quiet was .71, whereas the average score for infants who were habituated with the distracter and 

tested in quiet was .55. Preference ratio scores were calculated for infants in the current study as 

well as those in the pilot study. The mean preference ratio for infants in the current experiment 

was .59 (SD = .13) as compared to .52 (SD = .14) in the pilot study.  

To test the hypothesis that habituation to a female ID face and voice contributed to more 

uniform individual performance, preference ratios for infants in the pilot study and in the current 

study who scored above .5 and below .5 were tested against .5 to see if they were significantly 

different. Ratios for infants in the pilot study who scored above .5 (M = .61, SD = .10) were 

significantly different from .5, t (14) = 4.07, p < .01, indicating that as a group these infants 

looked significantly longer at novel trials. Ratios for infants in the pilot study who scored below 

.5 (M = .40, SD = .06) were also significantly different from .5, t (9) = -5.34, p < .01, indicating 

that these infants looked significantly longer at familiar trials. Only ratios for infants who scored 

above .5 in the current study (M = .64, SD = .11), however, were significantly different from .5, 
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t(15) = 5.16, p < .01, indicating that while these infants looked significantly longer at novel 

trials, those with ratios below .5 showed no preference for either type of trial (see Figure 4.) Thus 

the hypothesis that habituation to a female ID face and voice would contribute to more uniform 

individual performance was supported. 

A regression analysis was conducted to explore the predictive relationship between 

preference ratio score and two possible factors affecting phoneme discrimination, sibling status 

and age. Infants who experience more noise in the home may be better prepared to cope with 

auditory distractions; because infants with siblings are, in theory, exposed to more noise in the 

household than those with no siblings, sibling status was selected as one possible factor.  Age 

was also examined as a possible factor, as older infants have potentially had more practice at 

developing the skills necessary to selectively attend to language in noise. These predictions, 

however, were not supported by the data. The R
2
 change was not significant at .026, F (2, 18) = 

.788, MSresidual =  .019, p > .05, indicating that these factors are not significant predictors of 

variance of preference ratios. Because the variance associated with the ratios may have been too 

highly constrained, another regression analysis was conducted with looking time at novel trials 

as the dependent variable. The R
2
 change was also not significant at .167, F (2, 18) = 1.81, 

MSresidual =  218.18, p > .05. Because overall looking time on the second novel trial was the only 

one to differ significantly from looking times on prechange trials, a regression analysis was 

conducted with looking time at the second novel trial as the dependent variable. Again, the R
2
 

change was not significant at .01, F (2, 18) = .095, MSresidual =  233.18, p > .05. 

3.2 – Analysis of Attention via Heart Rate 

 According to Richards’ model of attention (e.g., Richards, 2004), infants engage in 

sustained attention, where they are optimally engaged in processing events, following a large 

deceleration in heart rate. Such sustained attention typically occurs within a few seconds after 
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stimulus onset. Because this deceleration is indicative of focused attention, it was predicted that 

infants’ heart rate would be significantly lower during novel trials as compared to familiar trials. 

The effect of trial type (novel and familiar) on heart rate epoch (0-3 seconds (stimulus orienting 

or SO) and 3-9 seconds (sustained attention or SA)) was examined using a 2 x 2 within-subjects 

ANOVA. No significant main effects were found, but a significant interaction between these 

factors was found, F(1, 13) = 23.59, p < .05, partial η2 = .65. Although there were no significant 

differences in heart rate during the 0-3 second epoch as a function of trial type, infants had 

significantly lower levels of heart rate (i.e., more sustained attention) during novel trials (M = 

465.35, SD = 44.13), but not familiar trials (M = 455.91, SD = 38.33), in the 3-9 second epoch. 

See Figure 5. 

To explore changes in heart rate as a function of trial type in infants in the pilot study, 

who were habituated to female, adult-directed speech, a 2 x 2 within subjects ANOVA (specify 

the factors in the ANOVA)  was conducted. In contrast to the analysis discussed above, no main 

effects were found, and there was no significant interaction between these trial type and HR 

epoch, F(1,13) = 2.68, p > .05. 
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Chapter 4 – Discussion 

Given that infants learn language in real world settings involving noise and distraction, 

certain factors must enhance and/or protect their ability to selectively attend in perceptually 

challenging environments. The current study was designed to explore three possible factors: 

speech register, a dynamic face, and speaker gender. Ample research suggests that infants in 

general prefer to look at faces over non faces (e.g., Mondloch et al., 1999), prefer infant-directed 

speech over adult-directed speech (e.g., Cooper & Aslin, 1990), and prefer to look at females 

rather than males (Quinn et al., 2002). Because selectively attending to speech in the presence of 

noise is challenging for infants, these factors were chosen to help provide an optimal context for 

eliciting their attention. Six-month-olds were habituated to a native phoneme in the presence of 

background noise and were then tested in phoneme discrimination in quiet. During the pilot 

study, the native phoneme was spoken in adult-directed speech, and during the current study, it 

was spoken in infant-directed speech.  Discrimination was poor in infants who viewed a female 

face using adult-directed speech but was significantly improved when the female face used 

infant-directed speech. Evidence for increased processing of a common native phoneme contrast 

was found in two separate measures of attention: increased looking time and decreased heart rate 

activity during the novel phoneme following habituation. According to Richards’ model of 

attention (e.g., Richards & Casey, 1991), a deceleration in heart rate occurs right before infants 

are optimally engaged in processing information. This indicates that infants were in an optimal 

state to process the speech event only when exposed to a female face talking in an infant-directed 

manner. 

Taken together, these studies confirm that common factors in the typical environment of 

infants can promote speech perception abilities in noise. It appears that while dynamic female 

faces alone do not help infants successfully perceive speech during challenging conditions (as 
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evidenced by the results of the pilot study), dynamic female faces when paired with infant 

directed speech do.  Given that infants prefer ID speech (e.g., Cooper & Aslin, 1990) and that 

this speech register attracts and enhances their attention more than AD speech (e.g., Fernald, 

1985), the boost in attention that it provides likely helps them absorb relevant information about 

language in difficult listening environments. 

A question that still remains is whether the pairing of a dynamic face with infant-directed 

speech is a necessary component of speech discrimination in noise, or whether infant-directed 

speech alone is sufficient. To further tease apart factors that enhance infants’ ability to 

selectively attend to a speaker amid noise, future research could match a static object with the 

same female infant-directed voice used in the current study. By investigating infant performance 

on a similar language perception task, it will be possible to examine if both infant-directed 

speech and a female face are necessary to elicit sufficient attention for successful phoneme 

discrimination, or if infant-directed speech is, by itself, sufficient. In this vein, Jusczyk (1997) 

has argued that infants may have a natural attraction to speech over other sounds, and research 

has confirmed that infants attend more to speech than to non-speech sounds with speech-like 

spectral properties (Vouloumanos & Werker, 2004). Because informational masking poses such 

a challenge for infants, however, it is quite possible that ID speech alone may fail to protect 

speech perception in noise. Newman and Jusczyk (1996), for example, found that infants could 

only segment ID female speech from a distracter when the target signal was 5 and 10 dB more 

intense. A natural attraction to speech, particularly ID speech, may not be a sufficient factor to 

protect speech perception in noisy conditions.  

Because external factors can enhance infants’ selective attention, it is likely that internal 

factors may aid in this process as well. Perhaps infants who performed at a chance or below 

chance level may not have yet developed the ability to selectively attend to one sound amid 
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many. Two potential factors that may differentially affect the ability to process speech in noise 

were examined, sibling status and age. Some infants, despite the presence of a dynamic, female 

face and infant-directed speech, did not successfully discriminate the phoneme change; it was 

predicted that these infants would be more likely to be only children and to be younger.  

Infants with siblings are presumably exposed to more noise in the household than those 

with no siblings, and thus have had more potential opportunities to develop the skills necessary 

to selectively attend to speech in noise. Because of this experience, they may be better prepared 

than their counterparts with no siblings to successfully handle auditory competitions for their 

attention.  This supposition, however, was not borne out by the data; participants with siblings 

did not perform significantly better than those without siblings. Age was also examined as a 

possible factor that may impact phoneme discrimination in noise, as older infants have in theory 

had more practice at developing the skills necessary to selectively attend to language in noise 

and research indicates they are better than younger infants at segmenting speech sounds from 

fluid speech (Jusczyk & Aslin 1995). Again, age was not a significant predictor of discrimination 

ability. Infants who were between five-and-a-half and six months of age did not perform 

significantly different from infants who were between six and six-and-a-half months of age. 

Thus, neither of the factors predicted to impact speech perception proved to explain the 

performance of infants who successfully discriminated between phonemes and those who did 

not. As much is still unknown about this area, it is important to supplement our understanding of 

possible factors that aid infants’ speech perception in noise. Might infants whose caregivers 

consistently have the television or radio playing in the house, for example, have enhanced 

selective attention abilities? An important step for future research is to identify further factors 

that promote and support optimal perceptual learning in infants in cognitively demanding 

situations.    
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Because of the attention-eliciting effect of infant-directed speech (e.g., Cooper & Aslin, 

1990; Fernald, 1985), it was expected that participants who were habituated to this speech 

register would differ significantly as compared to those in the pilot study in terms of their total 

looking time during habituation, total number of trials needed to meet habituation criterion, total 

looking time on the last two habituation trials, and looking time on the longest habituation trial. 

However, no significant differences in these measures were found. Infants from the current study 

and pilot study did differ, however, in terms of variance. As expected, infants in the current study 

were more uniform with respect to discrimination performance than infants in the pilot study. 

Habituation to a female, infant-directed face and voice allowed for more efficient, accurate 

speech processing in a challenging environment. 

It is important to note several limitations of this study. Infants in this sample, for 

example, were primarily Caucasian and from upper middle class, highly educated parents; such 

demographics are not representative of the general population. Additionally, caution must be 

exercised when comparing the pilot study to the current study, as the female face used in the 

pilot study and in the current study were not the same. It is possible that some factor related only 

to the second face was at least partially responsible for differentially affecting performance. 

Furthermore, because the distractor noise was digitally altered to have no spectral overlap with 

speech, it may not be representative of typically-occurring sounds that infants are likely to hear, 

as real life listening situations frequently involve multiple overlapping sounds, often at the same 

frequency. Because correctly perceiving a target signal when the masking signal occurs at the 

same frequency is a more challenging task for infants (e.g., Newman, 2005), it would be 

informative to alter the spectral properties of the distractor to overlap with the target sound. 

Perhaps if the target and masking signals overlapped in frequency, the presence of a dynamic 

female face and ID speech would no longer be sufficient factors to ensure success on such a task.  
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Attending to and perceiving speech in noise poses a cognitive challenge for infants. 

Although several studies have explored their ability to successfully manage auditory 

competitions for attention, further research is needed to explore factors that help protect attention 

and processing during challenging listening conditions. The present study confirms the 

importance of three such factors: speech register, a dynamic face, and speaker gender. Studies 

exploring additional factors that differentially affect discrimination performance would provide a 

more complete understanding of how infants learn language. 
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Figure Captions 

Figure 1. Mean Looking Time on Prechange and Novel Trials. 

Figure 2. Mean Looking Time on Prechange and Familiar Trials.  

Figure 3. Mean Looking Times on Novel and Familiar Trials. 

Figure 4. Preference Ratios for Infants Habituation to AD versus ID speech. 

Figure 5. Infants’ Heart Rate in the Current Study During Novel Trials as Compared to Familiar 

Trials. 
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Mean Looking Time on Prechange and Familiar Trials.  
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Mean Looking Times on Novel and Familiar Trials. 

 

 



 

 

 

Figure 4.  Preference Ratios for I

Dividing Total Novel Looking Time by Total Novel and Familiar Looking T

triangles indicate the preference ratio for each infant.
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Infants Habituation to AD versus ID speech Computed by 

el Looking Time by Total Novel and Familiar Looking Time. 
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Figure 5. Infants’ Heart Rate in the Current Study During Novel Trials as Compared to Familiar 

Trials in the 0-3 (Orienting) and 3-9 (Sustained Attention) Second Epochs. 


