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ABSTRACT 
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Infants with typical hearing show consistent patterns while scanning a speaker’s face, 

focusing on the eyes at 4 months and transitioning to equal looking time to the eyes and mouth 

by 12 months. This scanning of a speaker’s face in infancy assists in understanding of the 

speaker’s facial expressions and message. However, it is unknown how infant age or auditory 

status affects scanning of a speaker’s face. This study explored face scanning patterns in 6- and 

18-month-old infants with typical hearing and infants and toddlers with hearing loss to determine 

the effect of chronologic age, sensory modality, and auditory status on face scanning patterns.  

Participants include two groups of infants with typical hearing (6 and 18 months of age) to 

compare to infants and toddlers with hearing loss. Participants with hearing loss ranged from 11 

to 35 months and varied in device configuration and degree of hearing loss. Eye tracking 

technology was used to examine face scanning patterns to audiovisual and visual only stimuli. 

This study shows both 6- and 18-month-old infants with typical hearing spent more time viewing 

the speaker’s mouth while observing both audiovisual and visual only stimuli. Infants with 

hearing loss view a speaker’s mouth more than the eyes during audiovisual stimuli regardless of 
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chronologic age, duration of experience with auditory technology, or device configuration. 

However, in the visual only condition, older infants with hearing loss who use cochlear implants 

spent a greater proportion of time viewing a speaker’s eyes, while all younger participants 

attended longer to a speaker’s mouth. In conclusion, similar looking patterns between 6- and 18-

month old infants provide novel information on face scanning patterns and suggest a possible 

link among face scanning patterns, task complexity, and processing ability. Findings from the 

infants and toddlers with hearing loss help provide preliminary data to better understand early 

face scanning patterns and thus determine risk and protective factors associated with positive 

language development in this population.  
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CHAPTER 1 

INTRODUCTION 

 

Infants connect to their social world using information presented through sensory input 

from the auditory and/or visual pathways during interactions with a communication partner. 

Visual scanning of the human face, especially when paired with auditory stimuli, helps grow 

social, emotional and language skills. For example, face scanning allows infants to determine 

identity, detect emotional affect, and differentiate speech sounds (Quinn, Tanaka, Lee, Pascalis, 

& Slater, 2013). The way an infant develops social interaction skills may change with 

compromised input from a sensory modality, as in the case of reduced auditory input with 

hearing loss (HL). Numerous studies support differences in acquisition rate and patterns of 

language based on auditory status such that infants with HL, on average, have smaller 

vocabularies and slower expressive and receptive language development (Geers, Nicholas, & 

Sedey, 2003; Moeller, Tomblin, Yoshinaga-Itano, Connor, & Jerger, 2007; Wang, Bergeson, & 

Houston, 2017). These differences between infants with typical hearing (TH) and those with 

significant HL may relate to how an infant gathers information from the face of a communication 

partner. One way to assess the role of auditory input on facial scanning is to compare facial 

scanning patterns in infants with and without HL. This study aims (a) to examine the effect of 

chronologic age on proportion of looking time to a stimulus in TH infants; (b) to determine the 

relationship between face scanning and vocabulary size in infants with TH at 18 months of age; 

and (c) to discover the effect of sensory input condition (i.e., audiovisual stimuli vs. visual only 

stimuli) on face scanning patterns in infants with and without HL; and (d) explore the effect of 

auditory status (TH versus HL) on face scanning patterns in infants and toddlers with HL.  
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Development of Infants with TH 

Infants born with TH immediately experience the world with acoustic input, providing an 

auditory basis by which to meet language, social, and emotional milestones. This section 

presents how infants with TH develop language skills, face scanning, and social interactions as a 

foundation by which to compare to infants with HL.  

Speech and Language Development in Infants with TH 

Language skills of typically developing infants with TH emerge at an early age, 

beginning with prenatal attention to auditory cues. Infants with TH perceive suprasegmental 

properties of their mother’s voice while in the womb and recognize their mother’s voice 

compared to another’s female speaker’s voice within two days after birth (DeCasper & Spence, 

1986; DcCasper & Fifer, 1980). Attention to suprasegmental properties of speech in early 

infancy not only affords recognition of mother’s voice and native language, but also forms the 

foundation for segmentation of words from the speech stream – a crucial skill needed to acquire 

receptive language (Jusczyk, 1999). Infants with TH begin to segment words from conversation 

between 6 and 12 months and tend to prefer sounds that follow typical patterns of speech and 

prosodic characteristics consistent with their native language (Jusczyk, 1999). Infants with TH 

acquire receptive vocabulary relatively quickly through the first year of life, from 3 to 50 words 

between 8 and 12 months to approximately 200 words at 18 months (Sax & Weston, 2007). By 

24 months, typically developing infants understand between 500 and 900 words (Fenson et al., 

1996).  

An infant’s receptive vocabulary facilitates the growth of expressive language skills. 

Early expressive communication occurs in the form of cries, which can convey hunger, anger, or 
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discomfort (Solter, 2001). Between 2 and 4 months, infants with TH coo and produce vowel 

sounds during face-to-face interactions with caregivers. They continue with vocal play at 6 

months and transition to reduplicated babbling around 8 months, jargon around 10 months, and 

first word approximations close to 12 months (Stark, 1980). At 18 months of age, a toddler has 

approximately 50 words in their lexicon. The expressive language of infants and toddlers with 

typical hearing grows rapidly thereafter, experiencing a ‘vocabulary spurt’ around 21-22 months 

and producing between 120 and 300 words by 24 months (Rescorla, Alley, & Christine, 2001; 

Goldfield & Reznick, 1990). This quick lexical development likely taxes the infant’s cognitive 

system, which could affect other aspects of a child’s development. The development of 

vocabulary in infants and toddlers depends upon multiple factors (i.e., demographic, 

environmental, and audiologic) that will be discussed throughout the remainder of this section. 

Demographic characteristics (e.g., socioeconomic status and family interactions) serve as 

one factor that affects language development in typically developing infants and children with 

TH. Hart and Risley’s (1995) classic study of early language development highlights the 

influence of socioeconomic status (SES) on parental input of language and vocabulary growth in 

infants and toddlers. The authors grouped 42 families based on occupation: (a) families on 

welfare (i.e., low SES); (b) middle and lower SES groups (i.e., working class); and (c) higher 

SES groups (i.e., professionals). The mean vocabulary size of children from families on welfare 

(M = 525 words) was significantly smaller than the vocabulary size of children from the higher 

SES group (M = 1,116 words) and children from middle and lower SES families (M = 749 

words) at age 3 years. Hart and Risley (2003) assessed not only size of the child’s lexicon, but 

also amount of parental linguistic input during interactions. Families from higher SES groups 
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spoke more words to their children (M = 215,000 words per 100 hours) than both families from 

middle and lower SES groups (M = 125,000 words per 100 hours) and families on welfare (M = 

62,000 words per 100 hours). Thus, SES influences both language input from the family and the 

child’s overall vocabulary size such that children from higher SES backgrounds had larger 

vocabularies at 3 years of age (Hart & Risley, 2003).  

Language abilities at age 3 years have cascading effects on later language and literacy 

skills. Walker and colleagues (1994) followed up with 29 families from the original Hart and 

Risley (1992) study through third grade. Results revealed that vocabulary size at 3 years of age 

predicted receptive and expressive language, literacy, and academic achievements between 9 and 

10 years of age. Thus, children with smaller vocabularies as preschoolers (i.e., children from 

families on welfare) had lower language scores (measured using the Peabody Picture 

Vocabulary Test and the Test of Language Development) and lower academic achievements 

(measured using the Wide Range Achievement Test, Metropolitan Achievement Test, 

Comprehensive Test of Basic Skills, and classroom observation) between kindergarten and third 

grade. In contrast, children from higher SES groups continued to have significantly better 

language outcomes than children from families on welfare (Walker, Greenwood, Hart, & Carta, 

1994). These findings emphasize the effect of early language input and SES on a child’s 

language and literacy skills.  

Face Scanning in Typically Developing Infants with TH 

Language input does not account for all of the variability in language output in children 

with TH. Infants gather information from a speaker via message content (e.g., words) and facial 

expressions (e.g., emotion). Typically developing infants begin to recognize facial expressions 
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during the first year of life (Serrano, Iglesias, & Loeches, 1992; Nelson, Morse, & Leavitt, 

1979). Preschoolers successfully identify basic emotions (e.g., happy, sad, fear) via facial 

expressions by two years of age, followed by steady development of recognition of more 

complex emotions (e.g., angry, disgusted, surprised) (Batty & Taylor, 2006; Gray, Hosie, 

Russell, & Ormel, 2001; Herba, Landau, Russell, Ecker, & Phillips, 2006). The processing of a 

communication partner’s face assists in emotion identification and later language 

comprehension. 

Infants with TH show consistent patterns in scanning the face of a communication partner 

speaking their native language. Lewkowicz and Hansen-Tift (2012) investigated the effect of 

chronologic age on eye gaze patterns while viewing a communication partner’s face in 89 full-

term English-learning infants. Young infants (4-month-olds) primarily looked to a speaker’s eyes 

while viewing a communication partner’s face. However, 6-month-old infants begin to shift 

attention to the mouth with some transitions back to a speaker’s eyes, 8-month-old infants 

focused longer on the mouth region, and 12-month-old infants spent equal attention to the mouth 

and eye regions of a speaker’s face (Lewkowicz & Hansen-Tift, 2012; Pons, Bosch, & 

Lewkowicz, 2015). Looking patterns change not only as a function of chronologic age, but also 

as a function of the auditory signal. Infants hearing a nonnative language continued to look 

longer to the mouth at 12 months, presumably to assist in processing the foreign language (Pons 

et al., 2015; Kubicek et al., 2013). These findings show a shift of attention to regions of a 

speaker’s face based on chronologic age and auditory signal throughout the first year of life 

(Kubicek et al., 2013; Pons et al., 2015; Lewkowicz & Hansen-Tift, 2012; Tenenbaum, Shah, 

Sobel, Malle, & Morgan, 2013). These early patterns in face scanning may coincide with 
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previous literature by Smith and Thelen (1993) regarding development as a dynamic system. 

When an infant learns to walk, he experiences rate-limiting factors (i.e., body growth, muscle 

strength, and balance) that affect the ability to become completely mobile. It is possible that an 

infant also transitions through many stages of face scanning patterns before fully acquiring adult 

like capabilities contingent on various factors throughout development (Smith & Thelen, 1993). 

Research suggests facial scanning patterns also are affected by the type of sensory 

information provided in a stimulus (e.g., audio, visual). Shepard (2013) examined the effect of 

sensory input condition on face scanning patterns of 6-month-old infants looking at their 

mother’s face. Infants viewed stimuli in three conditions: (a) audiovisual, defined as auditory 

plus visual input (i.e., audiovisual video); (b) visual only, which includes visual input without 

auditory input (i.e., silent video); or (c) auditory only, or auditory input paired with a static image 

of a speaker’s face. Looking patterns differed by sensory input condition. First, infants exhibited 

longer attention to the audiovisual video (M = 7.62 seconds) than the visual only (M = 6.75 

seconds) or auditory only videos (M = 6.03 seconds), supporting a preference for dual-sensory 

input. Second, infants looked proportionately longer to a speaker’s mouth (i.e., longer proportion 

of total looking time, or PTLT) during the audiovisual (0.45 PTLT to the mouth; 0.25 PTLT to 

the eyes) and visual only (0.42 PTLT to the mouth; 0.27 PTLT to the eyes) conditions. However, 

the pattern shifted during the auditory only task, in which infants looked primarily to the eyes, 

not the mouth, of the static image (0.19 PTLT to the mouth; 0.35 PTLT to the eyes) (Shepard, 

2013). These results mirror previously published findings by Hunnius and Geuze (2004), 

suggesting infants increase attention to the mouth in the absence of auditory information.  
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Infants show a preference based on the sensory input from a speaker, but adults integrate 

facial scanning to support message interpretation as well. Lansing and McConkie (1999) 

examined the effect of attention to certain aspects of language (e.g., segmental versus 

suprasegmental) in 30 adults with TH (ages 19-28 years). Adults scanned the upper portion of a 

speaker’s face to gain information for intonation patterns and the lower portion of the speaker’s 

face for word identification (Lansing & McConkie, 1999). In sum, research shows that infants 

and adults gain information from both the eye and mouth regions of a speaker’s face, but the 

relative importance of that information depends on the sensory modality, developmental 

maturity, and type of message they receive. Furthermore, the facial preferences could persist in 

individuals with HL or other clinical populations where sensory input may be integrated in a 

different manner. 

Face scanning in Clinical Populations 

Face perception is assisted not only by a listener’s interpretation of sensory information 

(i.e., visual and auditory), but also a listener’s ability to process the social context of a message. 

For example, children and adults with autism spectrum disorder exhibit different visual face 

scanning patterns relative to typically developing peers (Sasson, 2006; Elsabbagh et al., 2014). 

Elsabbagh and colleagues (2014) studied the effect of early eye tracking on later expressive 

language skills in 104 infants, 54 of whom were at risk for autism spectrum disorder. Infants who 

looked longer to the mouth during a whole face eye tracking task (i.e., peek-a-boo stimulus, 

where eyes, mouth, and hands moved) at 7 months of age showed better expressive language 

scores at 36 months. Children in the at-risk group who spent a greater amount of time scanning a 

moving mouth in the mouth only condition (i.e., mouth movements while the rest of the face was 
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still) had poorer expressive language scores. They also exhibited more severe scores on the 

Autism Diagnostic Observation Schedule (Gotham, Risi, Pickles, & Lord, 2007) for emerging 

social and communication impairment at 36 months (Elsabbagh et al., 2014). Differences in face 

scanning persist in older children, adolescents, and young adults with autism spectrum disorder, 

suggesting these individuals use alternative strategies to process human faces relative to the 

general population (Hobson, Ouston, & Lee, 1988; Pelphrey et al., 2002).  

Social-emotional Development 

Social-emotional skills also can affect an individual’s ability to develop an appropriate 

language system. Young infants develop the ability to express and control different emotions 

within the first year of life (Thompson, 1994). For example, an infant may look to their parent to 

guide their reactions when encountering a new person or situation (Baldwin, 1995). In addition 

to emotional development, infants develop social contingency, a sense of connectedness to their 

caregivers, over the first 18 months of life, which serves as a precursor to language development 

(Rochat, 2001). First, infants demonstrate reciprocity with a communication partner starting as 

early as two months of age by expecting and eliciting a response during social interactions (e.g., 

when an infant cries, the parent responds; when an infant smiles, he or she expects a smile in 

response). During social reciprocity, typically developing infants fixate on a caregiver’s face for 

cues and interactions. At approximately 10-18 months, infants begin to engage in joint shared 

attention whereby they follow the gaze or point of a communication partner, indicating a shared 

point of reference between the dyad (Mundy & Newell, 2007; Mundy & Gomes, 1998). This 

interaction forms the understanding of object-word pairings. As a communication partner points 

to and verbally labels an object, an infant begins to pair specific sounds and sound sequences 
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with a specific object or similar objects. Infant interactions with an adult face (i.e., early face-to-

face interactions, gaze following, facial gestures, joint attention, and speech) provide the building 

blocks to language development at 24 months (Morales et al., 2000).  

Social interactions with communication partners facilitate growth in language abilities. 

These interactions between caregivers and infants typically are supported by the use of infant 

directed speech (IDS). Many adults communicate with infants using IDS, which utilizes shorter 

utterances, longer pauses, higher fundamental frequencies, and larger variation in the frequency 

range (Fernald, 1985; Fernald & Kuhl, 1987). IDS also acoustically highlights certain aspects of 

the signal based on intensity, frequency, and phrase location. In addition, American mothers 

speak to their children with more direct nouns to assist in early language development (Lee & 

Nakayama, 2000). The acoustic features of IDS assist in recruiting and maintaining an infant’s 

attention. Infants prefer to interact with caregivers who speak to them using IDS rather versus 

adult-directed speech, and show this preference soon after birth (Kim & Johnson, 2013; Fernald, 

1985; Cooper & Aslin, 1990; Fernald & Kuhl, 1987).  

The previous sections draw connections between a typically developing infant’s language 

acquisition, face scanning patterns, and social-emotional development. Together these factors 

influence an infant’s overall development. However, the ability of an infant to acquire these 

skills are supported by auditory perception. Children with HL may not have adequate access to 

auditory input, warranting further examination into the connection among facial scanning 

patterns, social emotional development, and language skills.  
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Development of infants with HL 

Face scanning occurs best with access to both vision and audition, as evidenced by face 

scanning patterns to audiovisual, visual only , and auditory only stimuli by infants with typical 

development and TH (Shepard, 2013). Children with HL may experience difficulties developing 

these skills due to inadequate access to auditory information and changes to the balance between 

hearing and vision, as shown in studies by Shepard and Bergeson (Shepard, 2013; Bergeson, 

Pisoni, & Davis, 2003). Differences in face scanning could have cascading effects on other areas 

of communication development such as vocabulary size, expressive and receptive language, and 

literacy skills (Geers et al., 2003; Moeller et al., 2007). No studies to date have examined how 

infants with HL develop early face scanning patterns.  

Permanent HL affects approximately 2-4 of every 1,000 infants screened at birth. Of 

infants diagnosed with HL, 1.37% have a mild HL, 1.6-2.3% have a moderate HL, and 0.57-

0.75% have a profound HL(National Center for Health Statistics, 1988). The presence of HL has 

a considerable impact on hearing acuity and clarity due to reduced intensity of input and damage 

to inner hair cells or the auditory nerve, respectively (Prieve, Schooling, Venediktov, & 

Franceschini, 2015). Auditory technology, such as a hearing aid (HA) or cochlear implant (CI), 

improves audibility and clarity of environmental and speech sounds to an individual with HL.  

Different types of auditory technology can provide remediation for the range of degrees 

of HL. A HA is an electronic device that provides an amplified and spectrally shaped acoustic 

stimulus to a listener’s damaged auditory system. The sound enters the microphone(s), undergoes 

processing and filtering, and transmits to an amplifier before an intensified signal enters the ear 

through the HA’s speaker. Appropriately fit HAs can benefit individuals with various degrees of 
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HL, providing access to naturalistic auditory signals in their daily environment. However, those 

with more severe degrees of HL may not receive sufficient access to environmental sounds 

and/or conversational speech with HAs, resulting in limited progress attaining communication 

milestones – even with appropriately fit HAs – making them candidates for cochlear 

implantation.  

A CI is a biomedical device that codes an acoustic signal for intensity, frequency, and 

duration. The external portion of CI, called a speech processor, sends the signal transdermally to 

the internal device, which includes an electrode array surgically implanted in the cochlea. CIs 

convert an acoustic signal to an electric signal, bypassing the damaged portion of the auditory 

system and directly stimulating the spiral ganglion cells of the auditory nerve (Nicholas & Geers, 

2013). Currently, the Food and Drug Administration’s (FDA) guidelines for cochlear 

implantation support CI as a suitable intervention for adults and children who receive little or no 

benefit from HAs (US FDA/CDRH, 2015). FDA guidelines state infants as young as 12 months 

with bilateral profound HL can receive a CI; however, clinical facilities often implant infants at 

younger ages or with less severe HL in “off-label” procedures (Nicholas & Geers, 2013). Off-

label implantation is performed due in part to research supporting benefits of implantation in 

infants younger than 12 months and with less severe HL who do not meet auditory milestones, 

even with full-time use of appropriately fit HAs and age-appropriate therapeutic intervention. 

This evidence may result in redefined FDA criteria regarding approved age at implantation 

(Lammers et al., 2015; Nicholas & Geers, 2013).  

Auditory technology may improve auditory access to a signal in children with severe to 

profound HL, but may not restore the sound quality of the signal fully. The amplified signal from 
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HAs and impoverished auditory signal from CIs increases risk for not only insufficient auditory 

development, but also delayed language acquisition (e.g., smaller vocabulary size) and 

subsequent deficits in literacy and academic achievement (e.g., verbal reasoning and narrative 

abilities) (Geers et al., 2003; Moeller et al., 2007). Early intervention for HL via auditory 

technology and speech-language therapy coincides with improved performance on language and 

literacy tasks. Children who receive auditory and language services at a younger age have 

stronger language skills from preschool age through school age (McConkey Robbins, Koch, 

Osberger, Zimmerman-Phillips, & Kishon-Rabin, 2004; Fulcher, Purcell, Baker, & Munro, 2012; 

Yoshinaga-Itano, 2003; Yoshinaga-Itano, Sedey, Wiggin, & Chung, 2017). Additionally, the 

type of auditory technology used by children with HL determines accessibility of auditory cues 

(Yoshinaga-Itano, Baca, & Sedey, 2010). Yoshinaga-Itano et al. (2010) found that children with 

severe to profound HL using bilateral CIs outperform age-matched peers using bilateral HAs on 

expressive and receptive language measures at 84 months of age. These findings are consistent 

with Boon and colleagues (2012), who determined children who utilize CIs with contralateral 

stimulation through either a HA or a second CI had better narrative skills than those without 

bilateral stimulation. From these studies, we see that children with severe to profound HL show 

more optimal language outcomes when they use bilateral stimulation provided by CIs. Early 

intervention (i.e., speech-language therapy and auditory technology) and appropriate auditory 

technology by infants and children with HL is important in facilitating speech, language, and 

literacy development. 

The aforementioned studies suggest children with HL acquire language differently (e.g., 

vocabulary, expressive and receptive language, and literacy achievement) than peers with TH 



 

13 

(Yoshinaga-Itano et al., 2010; McConkey Robbins et al., 2004; Fulcher, Purcell, Baker, & 

Munro, 2012; Yoshinaga-Itano, 2003; Geers, Nicholas, & Sedey, 2003; Moeller et al., 2007; 

Yoshinaga-Itano et al., 2017). The following sections expand on factors that contribute to 

language development in infants and children with HL.  

Conventional Variables Influencing Language Development in Infants and Children with 

HL 

Many conventional variables may influence patterns of language development in infants 

and children with HL. These variables include audiologic, environmental, demographic, and 

communication factors. Together these factors contribute to approximately 50% of the variance 

in language development in children with HL (Geers et al., 2003).  

Audiologic factors. Audiologic factors such as degree of HL, age of identification of HL, 

age at first device fitting, and consistent use of auditory technology predict language outcomes in 

children with HL (Boons et al., 2012; Wie, Falkenberg, Tvete, & Tomblin, 2007; Tomblin et al., 

2015; Yoshinaga-Itano et al., 2017). Children with more severe levels of HL (e.g., severe, 

severe-profound, and profound degrees of HL) have greater difficulty accessing sounds before 

intervention than those with lesser degrees of HL (e.g., mild, moderate, moderate-severe degrees 

of HL) or individuals with TH (Yoshinaga-Itano et al., 2010; Boons et al., 2012; Gantz, 

Woodworth, Knutson, Abbas, & Tyler, 1993). Differing degrees of HL correspond to 

dissimilarities in language acquisition. Children with more severe levels of HL often have 

smaller vocabulary size compared to age-matched peers with milder degrees of HL (Yoshinaga-

Itano et al., 2010; Boons et al., 2012; Gantz et al., 1993; Yoshinaga-Itano et al., 2017).  
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Age at identification of HL also can affect outcomes. Yoshinaga-Itano (1998) found that 

identification of HL by 6 months yields significantly better language outcomes than 

identification after 6 months, regardless of the chosen mode of communication, degree of HL, or 

SES. This study by Yoshinaga-Itano (1998) sparked legislation for universal newborn hearing 

screening programs, leading to the development of Early Hearing Detection and Intervention 

(EHDI) guidelines. The 1-3-6 guidelines recommend hearing screening by 1 month, 

identification of HL by 3 months, and enrollment in early intervention at 6 months (Joint 

Committee on Infant Hearing, 2007). In another study by Yoshinaga-Itano and colleagues 

(2017), families who followed the EHDI 1-3-6 guidelines showed significantly better vocabulary 

quotients measured by the MacArthur Bates Communicative Development Inventories (Fenson, 

Marchman, Thal, Dale, & Reznick, 2007). These findings converge on the importance of early 

intervention and implantation of auditory technology to better language outcomes.  

Earlier diagnosis of HL should occur in conjunction with timely technologic and 

therapeutic intervention. The earlier a child receives auditory technology, the better the outcome. 

For example, Geers et al. (2003) found children with profound HL who receive a CI by five 

years of age showed age appropriate language and literacy outcomes (e.g. verbal reasoning, 

narrative ability, etc.) compared to hearing peers at eight and nine years. Similarly, Johnson and 

Goswami (2010) evaluated the effect of early implantation (<39 months) on literacy outcomes in 

school aged children with profound HL. The study showed age of implantation significantly 

influenced vocabulary and literacy outcomes of children with HL. Children who were implanted 

later (after 3 years) had poorer literacy scores and those implanted early (before 3 years) had pre-

literacy and reading skills near normal limits for their age range (as measured by the Neale 
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Analysis of Reading Ability-Revised assessment (Neale, Whetton, Caspall, & McCulloch, 1997)). 

Early implanted children also had higher receptive language scores than the late implanted 

group, measured using the British Picture Vocabulary Scale assessment (Dunn-Loyd, Dunn, 

Whetton, & Burley, 1997) However, the speechreading skills of the late CI group were superior 

to the early CI group measured using the Test of Adult Speechreading (Mohammed, 

MacSweeney, & Campbell, 2003; Johnson & Goswami, 2010). This finding likely reflects the 

additional visual information gained from the longer duration of insufficient access to auditory 

stimuli in their early years. More recent studies show positive outcomes for children with severe 

to profound HL who received CIs prior to 12 months of age. Early implantation (i.e., <12 

months) had positive outcomes on speech perception, language acquisition, and articulation 

skills in children when assessed between 5 to 9 years (Dettman et al., 2016). The previous 

studies show the ability of a child with HL to develop language and literacy skills depends on 

age of identification, earlier identification yielding better outcomes. However, other factors also 

assist in this development.  

Consistent device use, defined in the literature as wearing auditory technology during all 

waking hours (8-12 hours per day), also can affect language outcomes. Children who 

consistently wear auditory technology have vocabulary scores similar to age-matched hearing 

peers, likely due to consistency of access to speech and language models in the daily 

environment (Greenberg, 1983; Niparko et al., 2010; Geers & Hayes, 2011; Geers et al., 2003; 

Nicholas & Geers, 2007; Wie et al., 2007). Wiseman and colleagues (2018) assessed daily device 

use via datalogging, an objective measure drawn from the CI speech processor itself, in 71 

pediatric implant users ranging in age from 0-18 years (M = 7.0 years, SD = 4.7). One-half of the 
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participants had inconsistent device use (<8 hours per day). Multiple factors were reported to 

affect fewer hours of device use, including chronologic age, additional disabilities, dynamic 

ranges, and demographic factors (i.e., maternal education and use of Medicaid) (Wiseman & 

Warner-Czyz, 2018). Other studies report a positive relationship between daily device use and 

communication outcomes. Emerging literature shows a connection between daily device use and 

communication outcomes such as speech perception (Wie, Falkenberg, Tvete, & Tomblin, 2007; 

Wiseman & Warner-Czyz, 2018) and language (Tomblin et al., 2015). For example, Wiseman et 

al. (2018) found a moderate to strong correlation between daily device use and speech perception 

outcomes in children with HL utilizing CIs. Tomblin and colleagues’ (2015) study of 414 young 

children (2-6 years) using HAs found children who wore their HAs for more hours per day had 

better expressive and receptive language outcomes and faster language growth (Tomblin et al., 

2015). In summary, these studies confirm the importance of early identification and intervention, 

where children who received identification and intervention at younger ages and have more 

consistent daily device use exhibit stronger language and literacy skills. 

Environmental and demographic factors. Environmental factors, such as 

socioeconomic status (SES), family involvement, and therapeutic approaches, also affect 

language acquisition in infants with HL, and are analogous to effects in infants with TH. Infants 

and children with HL from families with lower SES tend to receive less verbal input from their 

family, resulting in fewer opportunities for the development of vocabulary (Greenberg, 1983; 

Hart & Risley, 2003; Niparko et al., 2010; Geers & Hayes, 2011; Boons et al., 2012; Calderon, 

2000). This phenomenon persists regardless of the child’s auditory status (Moreno-Torres, 

Madrid-Canovas, & Blanco-Montanez, 2016; Hart & Risley, 2003).  



 

17 

In addition to SES, family involvement significantly affects infant communication 

outcomes. Calderon and colleagues (2000) assessed the effect of parental involvement on 

language and pre-literacy skills in 28 preschool-age children (45-88 months) with moderate-

severe to profound HL. Based on parent-child interactions, researchers coded parental 

involvement (i.e., maternal involvement through advocating and involving themselves in their 

child’s schooling and maternal communication by way of the Language Proficiency Profile-

Parent Version assessment). Maternal involvement and communication skill both positively 

correlated with early pre-literacy skills in children with HL. Children with involved mothers who 

spoke more to their children had better literacy outcomes. Similarly, children of mothers with 

better language proficiency exhibited better receptive and expressive language outcomes 

measured on the Preschool Language Scale-3 (Zimmerman, Steiner, & Pond, 1992; Calderon, 

2000). These findings converge with Moeller and colleagues (2000) such that high levels of 

family involvement positively correlate with better language outcomes, and lower levels of 

family involvement with significant delays in language abilities at five years of age in children 

with HL. In sum, larger vocabularies and better language outcomes coincide with family factors 

such as high-quality family involvement and higher SES in children with and without HL (Boons 

et al., 2012; Moeller, 2000; Calderon, 2000; Greenberg, 1983; Hart & Risley, 2003; Niparko et 

al., 2010; Geers & Hayes, 2011; Moreno-Torres et al., 2016).  

Education, Therapeutic, and Communication Factors. Educational, therapeutic, and 

communication approaches influence language development. Children with HL immersed in oral 

communication environments (i.e., verbal language only with no gestural communication, aside 

from natural gestures, or sign language) at school, in therapy, and/or at home exhibit better 
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language skills (e.g., vocabulary) than those enrolled in total communication classrooms (i.e., 

verbal communication paired with sign language) (Kirk, Miyamoto, Ying, Perdew, & Zuganelis, 

2000; Connor, Hieber, Arts, & Zwolan, 2000). A recent longitudinal study by Geers and 

colleagues (2017) assessed the effect of early sign exposure on language and literacy outcomes 

in pediatric CI users. Participants were grouped based on sign exposure: (a) no sign exposure, 

meaning no sign used in educational or home setting from 12 to 36 months post CI, (b) short-

term sign, defined as use of sign language at 12 months post CI but discontinued use by 24 and 

36 months post implant, and (c) long-term sign, referring to positive use of sign language at 12, 

24, and 36 months post implantation. They found that school age children with no sign exposure 

achieved standard scores within normal limits (i.e., standard score between 85 and 115, or ±1 

standard deviation from a mean score of 100) for language (M = 96.2) (measured using the 

Comprehensive Assessment of Spoken Language- CASL) and literacy assessments (M = 94.9) 

(measured on the Woodcock-Johnson Tests of Achievement). Infants in the short- and long-term 

sign language groups had significantly lower standard scores on the language assessment (M = 

83.8 and 76.4 respectively). Literacy outcomes for the short and long-term sign group resulted in 

scores on the lower end of the normal range (M = 88.39 and 86.0 respectively) (Geers et al., 

2017). These studies demonstrate the significance of mode of communication on early language 

development in children with HL.  

Researchers traditionally use audiologic, environmental, demographic, and 

communication factors to profile outcomes in young children with HL. However, even 

combined, these factors account for less than 50% of the variability in language outcomes in 

children with HL (Geers et al., 2003). Thus, additional factors must contribute to the vast 
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differences in receptive and expressive language in young children with HL. Research in infants 

from differing clinical populations (i.e., ASD) suggests an infant’s ability to process a speaker’s 

face enhances speech and language abilities (Elsabbagh et al., 2014). However, few studies to 

date assess how infants with HL scan a speaker’s face (Bergeson et al., 2003). No studies 

currently focus on the potential link between face scanning in infants and toddlers with HL and 

lexical acquisition. Infants and children with HL may rely on different language-learning 

strategies to process a communication partner’s message. This difference in language trajectories 

could relate to inadequate access to sound and/or a compromised auditory signal received from 

their auditory  

Sensory Input in Infants with HL 

Sensory modality of a stimulus affects the ability of a child with HL to process language 

and listening tasks (Bergeson et al., 2003; Bergeson, Houston, & Miyamoto, 2010). Bergeson 

and colleagues (2003) studied the effect of audiovisual, auditory only, and visual only stimuli 

conditions on speech perception performance by children diagnosed with a profound HL by three 

years of age who received at least one CI by nine years of age. Clinicians administered the 

Pediatric Speech Intelligibility (PSI) test, a closed-set picture-pointing test of words and 

sentences, every six months for a three-year period. Children completed the PSI under three 

stimulus conditions: auditory only, visual only, and audiovisual. Pediatric CI recipients 

performed best in the audiovisual condition relative to either single-sensory condition (Bergeson 

et al., 2003). A follow-up study by Bergeson et al. (2010) suggests longer duration of device 

experience coincides with improved ability to perceive audiovisual stimuli in children with CIs. 



 

20 

Similar results are seen in adolescents and young adults with HL, who perform better in 

audiovisual settings versus visual or auditory alone (Most, Rothem, & Luntz, 2009).  

In addition to sensory input condition, infants with HL and TH show preference based on 

the type of input received (i.e., IDS or adult directed speech (ADS)). Wang and colleagues 

(2017) assessed the attention to speech of infants with and without HL while viewing video 

stimuli in three conditions (i.e., IDS vs. silence, ADS vs. silence, and IDS vs. ADS). Infants – 

regardless of auditory status (i.e., TH or CI) – increased attention to IDS relative to ADS or 

silence, but showed no preference for ADS over silence. Correlational analysis confirmed a 

positive association between attention to the IDS versus ADS and receptive language (p = 0.008) 

and expressive language (p = 0.052) at 20 months post-implantation (M = 34 months 

chronologic age).  

In sum, these studies suggest infants and children with HL gain more complete 

information from a combination of auditory and visual stimuli, and this ability improves with 

longer duration of device experience. It is possible that the pairing of audiovisual input and IDS 

may affect the ability of infants with HL to attend to speech during early developmental stages. 

However, even with this information of improved language comprehension contingent on 

sensory modality, little is known about how infants with HL scan a speaker’s face compared to 

peers with TH.  

Social-emotional Development in Infants with HL  

Social contingency. Social skills in infants with HL and their hearing parents differ from 

hearing parent-infant dyads in face-to-face interactions, joint attention, and behavioral 

regulation. Koester (1995) studied face-to-face interactions between parent-infant dyads of 20 
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infants with mild-moderate to profound HL and 20 infants with TH. Nine-month-old infants 

were paired with their mothers, all of whom had TH. Each session consisted of three conditions 

in the following order: (a) mother participating in normal interactions with her infant (i.e., pre-

still face period); (b) mother displaying a still face for two minutes (i.e., still face period); and (c) 

mother participating in normal interactions with her infant (i.e., post-still face period). The two 

groups diverged on patterns of parent-infant interaction during the still face period. Infants with 

TH attempted to reengage their mother to normal interactions using vocalizations or body 

movements (e.g., leg kicks) during the still face period. In contrast, infants with HL used fewer 

social signals (i.e., smiling or reaching), or attempts to reengage the mother during the still face 

period. These results show a difference in social reciprocity of infants with HL compared to age-

matched peers with TH (Koester, 1995).  

Auditory status also affects patterns of joint attention, an infant’s ability to follow the 

point of gaze or a gestural point of a communication partner. Nowakowski and colleagues (2009) 

reported hearing parents of infants and toddlers with HL (e.g., various configurations of devices- 

no devices, HA, CIs) showed fewer initiations of joint attention and fewer successful attempts at 

gaining joint attention with their baby compared to parent-infant dyads in which both members 

had TH. Fewer joint attention interactions between infants with HL and their hearing parents 

may reflect the inability of an infant with HL to detect a bid for interaction from their caregiver 

(Nowakowski, Tasker, & Schmidt, 2009). That is, infants may miss their caregivers attempt to 

interact and continue with the task encompassing their attention due to lack of awareness from 

auditory input (Nowakowski et al., 2009). Infants with HL exhibit difficulties with behavioral 

regulation and social disruptions, where parents must assist in adjusting the infant back to a calm 
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state (Nowakowski et al., 2009; Jamieson, 1995). In combination, these findings suggest infants 

with HL may develop social skills differently than chronologically age-matched peers with TH.  

Summary 

Some factors (e.g., SES and family involvement) affect a child’s development of 

language skills universally, regardless of auditory status. Children with HL develop language 

skills differently than peers with TH, likely due to dissimilarities in auditory status (Kirk et al., 

2000; Connor et al., 2000; Boons et al., 2012). Demographic, audiologic, and environmental 

factors assist in explaining a portion of what is happening in the language development of infants 

and children with HL. However, together these factors explain less than 50% of the variance in 

language achievements (Geers et al., 2003). Face scanning may play a role in the overall 

development of infants and children with HL.  

Infants with TH also use visual cues from a speaker’s face to gain information about 

communication. For instance, infants with TH primarily look to a communication partner’s eyes 

between birth and 6 months of age and then shift attention between the eyes and mouth around 6 

and 12 months of age (Kubicek et al., 2013; Pons et al., 2015; Lewkowicz & Hansen-Tift, 2012). 

Information gained from face processing affects development of social and language skills 

(Elsabbagh et al., 2014). Children with HL show decreased attention to speech, making the 

ability develop a language system even more difficult (Houston & Bergeson, 2014). Studies 

show children with TH and HL perform better in audiovisual versus visual only or audio only 

conditions. Children with HL also exhibit different social-emotional development than TH peers 

(Bergeson et al., 2003; Koester, 1995; Houston, 2009; Houston et al., 2012). It is reasonable to 

infer that auditory status affects the way an infant scans a speaker’s face during social exchanges, 
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thus affecting early language development. Currently, little work examines how infants with HL 

scan a speaker’s face and how this could contribute to overall language development. 

Exploration of face scanning in this population may afford valuable insight into the remaining 

50% of the variance not yet explained by standard audiologic and demographic factors.  

The Current Study 

The purpose of the current study was to examine the effect of auditory status and sensory 

modality on infant face scanning patterns to an adult’s face speaking in IDS. Infants with TH 

were grouped by chronologic age and infants with HL were grouped by device configuration 

(e.g., HA or CI). Participants with HL were examined looking at chronologic age and listening 

experience. Listening experience refers to the duration of time a child has worn auditory 

technology (e.g., HA(s) or CI(s)). We compared the participants in three groups: (a) Infants with 

TH at 6 months, (b) infants with TH at 18 months, and (c) infants with HL. Face scanning 

patterns were assessed using areas of interest (AOI). An AOI is the target area on the speaker’s 

face used to assist in examining face scanning patterns in infants. The AOIs were used to 

determine looking time variables such as proportion of total looking time (PTLT), weighted 

PTLT, and differential looking times. Table 1 denotes the differing methods utilized to reach the 

differing looking time variables.  

Table 1. Variable Calculations  

Variable Definition Calculation example 

Proportion of Total 

Looking Time 

(PTLT) 

The proportional amount of time 

an infant looks at a target AOI 

(i.e., eyes, mouth, or whole face)  

 

PTLTEyes = AOIEyes / AOIWhole Face  

 

Percent of Time 

Viewing Stimuli 

 

The overall percentage of time 

the infant spends looking to each 

stimuli (audiovisual and visual 

only) 

% time to audiovisual stimuli = 

Total time to the speaker’s whole 

face / total time stimulus was 

presented 
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Weighted Proportion 

of Total Looking 

Time  

 

The proportional amount of time 

an infant looked at a target AOI, 

adjusted for overall looking time 

wPTLTEyes = PTLTEyes * % time to 

audiovisual stimuli  

 

Differential Looking 

Time 

The difference in time spent 

between two target AOI, such as 

eyes, mouth, or whole face 

AOIMouth – AOIEyes = differential 

looking time to mouth versus eyes 

 

AOIWhole face – AOIMouth = differential 

looking time to the whole face from 

the speaker’s mouth 

 

AOIWhole face – AOIEyes = differential 

looking time to the whole face from 

the speaker’s eyes 

 

This study addressed the following three specific aims:  

1. Aim 1: What is the effect of chronologic age (i.e., 6 versus 18 months) on weighted 

PTLT directed at each AOI (i.e., eyes, mouth) during a face scanning task in infants 

with TH? Most infant eye tracking studies focus on infants with TH. Many studies show 

a developmental shift in scanning patterns between 6 and 12 months of age. Younger 

infants (i.e., 4-month-old infants) look longer to the eyes of a speaker, older infants (i.e., 

6- and 8-month-old infants) predominantly focus on a speaker’s mouth, and still older 

infants (i.e., 12-month-old infants) spend equivalent time viewing a speaker’s eyes and 

mouth (Lewkowicz & Hansen-Tift, 2012; Kubicek et al., 2013; Kim & Johnson, 2013). 

However, no studies to date extend this face scanning work to 18-month-old infants to 

determine if scanning patterns remain consistent after the first year of life.  

a. Hypothesis 1a. Six-month-old infants with TH will spend more time viewing a 

speaker’s mouth, replicating previous literature. 
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b. Hypothesis 1b. Eighteen-month-old infants will spend an equal proportion of 

time scanning a speaker’s eyes and mouth, consistent with published data on 12-

month-old infants.  

2. Aim 2: What is the effect of sensory modality (i.e., visual only, audiovisual) and 

chronologic age group (6-month, 18-month) on weighted PTLT during a face 

scanning task in infants with TH? Infants with TH attend to a face differently based on 

the sensory input condition (i.e., audiovisual, visual only , or audio only) in the first year 

of life (Shepard, 2013; Hunnius & Geuze, 2004). This aim examines the effect of sensory 

input condition on scanning patterns in 6- month-old infants and 18-month-old infants to 

determine if the older infants scan differently based on sensory modality. We expect the 

integration of auditory and visual information will assist in the infant’s ability to 

understand and grow communication skills.  

a. Hypothesis 2. We hypothesize infants with TH, regardless of age group, will 

spend a greater overall amount of time viewing the audiovisual condition as 

opposed to the visual only condition due to the added sensory input.  

3. Aim 3: What is the relationship between face scanning patterns and expressive 

vocabulary in 6- and 18-month-old infants with TH? 

a.  Aim 3a: What is the relationship between proportion of total looking time 

and expressive vocabulary size in 18-month-old infants with TH during an 

audiovisual stimulus? Infants with TH use visual cues from a speaker’s face to 

gain information about communication, which subsequently influences social and 

language skills (Kubicek et al., 2013; Pons et al., 2015; Lewkowicz & Hansen-
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Tift, 2012; Elsabbagh et al., 2014). Thus, early face scanning patterns may affect 

overall expressive vocabulary size in infants with TH.  

i. Hypothesis 3a. Eighteen-month-old infants with TH who spend a longer 

overall duration of time viewing the stimulus during an audiovisual 

condition will have larger expressive vocabularies due to the added visual 

input paired with auditory stimuli.  

b. Aim 3b: What is the relationship between difference looking times and 

expressive vocabulary size in 18-month-old infants with TH during an 

audiovisual stimulus? 

i. Hypothesis 3b. Eighteen-month-old infants with TH who spend equal 

time viewing a speaker’s mouth and eyes (a difference score of 0.5 

representing equal looking time to each target AOI) during an audiovisual 

stimulus will have larger expressive vocabularies due to the added visual 

input paired with auditory stimuli.  

4. Aim 4: What is the effect of auditory status on weighted PTLT directed at each AOI 

(i.e., eyes, mouth) during a face scanning task in infants and toddlers with HL? This 

exploratory aim will provide preliminary data on face scanning patterns of young 

children with HL relative to (a) TH peers based on chronologic age; (b) TH peers based 

on listening experience; and (c) early expressive vocabulary development.  

a. Hypothesis 4a. Infants and toddlers with HL will show different face scanning 

patterns compared to TH peers matched for chronologic age. It is hypothesized 

infants with HL will exhibit fewer attentional shifts from the eyes and mouth of 
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the speaker, but spend more time viewing the speaker’s mouth due to the altered 

auditory signal infants and toddlers with HL receive.  

b. Hypothesis 4b. Infants and toddlers with HL will show more similar scanning 

patterns to TH peers matched for listening age (not chronologic age) while 

viewing audiovisual and visual only stimuli. 

c. Hypothesis 4c. Infants and toddlers building a language system who focus a 

greater amount of time on the speaker’s mouth will have larger vocabulary sizes 

within the exploratory data.  

Overall, we hypothesize that face scanning patterns of infants with HL will differ from 

age-matched peers with TH in both the audiovisual and visual only conditions. This cross-

sectional study assists in better understanding early development of infants with and without HL, 

how they begin scanning a communication partner’s face, and perceptual changes in infants with 

HL following the introduction and full-time use of appropriately fit auditory technology. 
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CHAPTER 2 

METHODS 

 

 

Participants 

 

TH Group 

Inclusion and Exclusion Criteria. All TH infants met the following inclusion criteria: 

Chronologic age of 6 or 18 months (±2 months); hearing sensitivity within normal limits via 

parent report; monolingual English language learners; full-term pregnancy; and typical cognitive 

and developmental milestones (as measured using the Ages and Stages Questionnaire-3, detailed 

in the materials section). Infants with TH were excluded if they had a significant history of otitis 

media, cognitive delays, a severe vision impairment, or overall looking time to the stimulus less 

than 35%. 

Recruitment. Recruitment of infants with TH focused on two chronologic ages: 6-

month-olds (± 2 months) and 18-month-olds (± 2 months). Recruitment for TH infants took 

place through multiple avenues, including flyers, newsletters through the Infant Learning Project 

(directed by Dr. Melanie Spence at The University of Texas at Dallas), social media sources 

(Facebook), word of mouth, and snowball sampling.  

Participants. The current study assessed 34 TH infants (15 male, 19 female) to serve as a 

baseline for comparison of infants with HL. Twenty-seven participants with TH completed the 

study, including 13 6-month-old infants and 14 18-months-old infants. Mean chronologic age of 

infants in the 6-month-old group was 7.45 months (SD = 1.03, Range = 5.57-8.93 months). 

Infants in the 18-month-old group had a mean age of 17.82 months (SD = 1.54, Range = 16.10-

20.43 months). Data from an additional 7 TH participants were removed from the analysis due to 
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insufficient overall looking time to the stimulus (<35% overall) (n = 3, 6-month-old group; n = 

1, 18-month-old group); Spanish as the infant’s primary language (n = 1, 18-month-old group); 

or developmental milestone scores, measured on the ASQ-3, below the cutoff score for that 

particular age range (n = 1, 6-month-old group; n = 1, 18-month-old group). Table 2 displays a 

summary of participant demographic characteristics. 

Table 2. Demographics of Participants with TH   

Characteristic 

6-month-old 

infants (n=13) 

n (%) 

18-month-old 

infants (n=14) 

n (%) 

Gender  

  Male 

  Female  

 

 

5 (39%) 

8 (61%) 

 

6 (43%) 

8 (57%) 

Racial Background 

  American Indian/ Alaskan Native 

  Asian 

  Black/ African American 

  Native Hawaiian/ Pacific Islander 

  White/ Caucasian 

 

0 (0%) 

2 (15%) 

1 (8%) 

1 (8%) 

9 (69%) 

0 (0%) 

1 (7%) 

0 (0%) 

0 (0%) 

13 (93%) 

Ethnicity 

  Hispanic/ Latino 

  Non-Hispanic/ Non- Latino 

  Other 

  Declined to answer 

1 (8%) 

10 (77%) 

2 (15%) 

0 (0%) 

 

1 (7%) 

12 (86%) 

0 (0%) 

1 (7%) 

 

Maternal Education 

  Completed 8
th

 grade- high school  

  Some college  

  Completed college 

  Master degree 

  Doctoral degree 

 

0 (0%) 

5 (39%) 

3 (23%) 

3 (23%) 

2 (15%) 

 

0 (0%) 

0 (0%) 

6 (43%) 

8 (57%) 

0 (0%) 

 

Economic Status 

  Less than $15,000 

  $15,000 – $29,999 

  $30,000 – $49,999 

  $50,000 – $74,999 

 

 

0 (0%) 

1 (8%) 

2 (15%) 

2 (15%) 

 

 

0 (0%) 

0 (0%) 

1 (7%) 

0 (0%) 
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  $75,000 – $99,999 

  $100,000 – $129,999 

  More than $130,000 

  Declined to answer 

1 (8%) 

2 (15%) 

5 (39%) 

0 (0%) 

2 (14%) 

5 (36%) 

6 (43%) 

0 (0%) 

 

Participants with HL  

Inclusion and Exclusion Criteria. Participants with HL were included if they had 

chronologic age less than 3 years, and were English language learners. Infants and toddlers with 

HL were excluded if they had a significant vision impairment, had significant comorbid 

disabilities or cognitive delays, or if they had insufficient looking times to the stimulus (<35% 

overall).  

Recruitment. Recruitment of infants with HL included a range of ages (10-35 months), 

degrees of HL (e.g., mild to profound), and device configurations (e.g., unilateral HAs, CROS 

HAs, bilateral CIs, etc.). Recruitment for the infants with HL utilized multiple avenues, including 

flyers, newsletters through the Infant Learning Project (directed by Dr. Melanie Spence at The 

University of Texas at Dallas) and the Children and Infant Listening Laboratory (directed by Dr. 

Andrea Warner-Czyz at The University of Texas), physician offices, audiology and speech 

pathology clinics, HL support groups (i.e., CI support groups, Mom groups for children with 

HL), social media sources (Facebook), word of mouth, and snowball sampling. 

Participants. Eight infants and toddlers with HL enrolled. Participants had a mean 

chronologic age of 24.11 months (SD = 8.22, Range = 11.40-35.67), mean age at identification 

of 1.38 months (SD = 2.56, Range = 0.00-6.00 months), and mean age at hearing aid fitting of 

5.71 months (n = 7, SD = 3.50, Range = 0.00-12.00 months). Degree of HL ranged from mild to 

profound, and participants used a variety of auditory technologies (see Table 4). Three 
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participants used hearing aid(s), four used at least one CI, and one did not use auditory 

technology. Of the four CI users, mean age at first (or only) implantation was 11.25 months (SD 

= 3.30, Range = 8.00-15.00). The two bilateral CI users received their second implant at mean 

age of 11.50 months (SD = 4.95, Range = 8.00-15.00). Five of the eight participants received 

some form of speech therapy by one year of age (M = 6.80 months, SD = 3.90, Range = 3.00-

12.00), with most receiving therapeutic intervention within 4.25 months of HA fitting. Five 

participants utilized auditory verbal communication (n = 2 bilateral CI users, n = 1 bilateral HA 

users, n = 1 CROS HA user, and n = 1 no device use- unilateral HL); 1 participant used 

simultaneous communication with an emphasis in oral speech (bimodal user); 1 participant 

engaged in simultaneous communication with an emphasis in American Sign Language 

(unilateral HA user), and 1 participant utilized on Signed Exact English (unilateral CI user, 

absent nerve) as a means of communication. Table 3 presents the demographic characteristics of 

the participants with HL, while specific audiologic information is displayed in Table 4.  

Table 3. Demographic Characteristics of Participants with HL  

Characteristic 
Participants (n=8) 

n (%) 

Gender  

  Male 

  Female  

 

 

2 (25%) 

6 (75%) 

Racial Background 

  American Indian/ Alaskan Native 

  Asian 

  Black/ African American 

  Native Hawaiian/ Pacific Islander 

  White/ Caucasian 

  Multiple races reported  

 

0 (0%) 

1 (12.5%) 

0 (0%) 

0 (0%) 

5 (62.5%) 

2 (25%) 

 

 

 

 

 

 



 

32 

Ethnicity 

  Hispanic/ Latino 

  Non-Hispanic/ Non- Latino 

  Other 

  Declined to answer 

 

1 (12.5%) 

5 (62.5%) 

2 (25%) 

0 (0%) 

 

Maternal Education 

  Completed 8
th

 grade- high school  

  Some college  

  Completed college 

  Master degree 

  Doctoral degree 

 

0 (0%) 

0 (0%) 

4 (50%) 

1 (12.5%) 

3 (37.5%) 

 

Economic Status 

  Less than $15,000 

  $15,000 – $29,999 

  $30,000 – $49,999 

  $50,000 – $74,999 

  $75,000 – $99,999 

  $100,000 – $129,999 

  More than $130,000 

  Declined to answer 

 

0 (0%) 

0 (0%) 

1 (12.5%) 

0 (0%) 

0 (0%) 

3 (37.5%) 

4 (50%) 

0 (0%) 

  

Table 4. Audiologic Characteristics of Participants with HL  

Audiologic Characteristic 
Participants (n=8) 

n (%) 

Degree of Hearing Loss 

  Mild 

  Moderate 

  Moderate-Severe 

  Severe 

  Severe- Profound 

  Profound 

 

1 (12.5%) 

0 (0%) 

1 (12.5%) 

0 (0%) 

4 (50%) 

2 (25%) 

 

Device Configuration 

  Unilateral HA 

  CROS HA 

  Bilateral HA 

  Unilateral CI 

  Bimodal (HA+CI) 

  Bilateral CI  

  No technology worn 

 

 

1 (12.5%) 

1 (12.5%) 

1 (12.5%) 

1 (12.5%) 

1 (12.5%) 

2 (25%) 

1 (12.5%) 
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Sign Exposure 

  Yes 

  No  

 

 

5 (62.5%) 

3 (37.5%) 

Communication Mode 

  Auditory-Verbal 

  Auditory- Oral  

  Cued Speech 

  Simultaneous- Speech Emphasis 

  Simultaneous- Equal Emphasis 

  Simultaneous- Sign Emphasis 

  Signed Exact English (SEE) 

  American Sign Language (ASL)  

 

5 (62.5%) 

0 (0%) 

0 (0%) 

1 (12.5%) 

0 (0%) 

1 (12.5%) 

1 (12.5%) 

0 (0%) 

Note. Description of audiologic characteristics come from a parent report questionnaire. 

Simultaneous communication refers to the pairing of oral communication and sign language, 

which can have emphasis on either form of communication: (a) speech emphasis, which includes 

primarily oral communication with sign language as a supplemental form of communication, (b) 

equal emphasis, which means the individual equivalently uses both oral communication and sign 

language, with proficiency in both, and (c) sign emphasis, in which the individual focuses on 

sign language and uses oral communication when able.  

 

The current cross-sectional study explored how infants with and without HL scanned a 

speaker’s face in two sensory input conditions (audiovisual and visual only). The goal was to 

determine the effect of age, stimulus condition (i.e., audiovisual, visual only), and auditory status 

(i.e., TH, HL) on infant scanning patterns of a speaker’s face when engaging in IDS. 

Participants with TH and HL- Justification for ages 

Typically developing infants exhibit specific looking patterns during their first year of 

life. An attentional shift occurs between the first and second half of the first year of life relative 

to the infant’s area of interest on a speaker’s face and sensory modality of the stimuli. Infants 

with TH look primarily to a speaker’s eyes prior to six months and primarily to a speaker’s 

mouth at six months of age (Lewkowicz & Hansen-Tift, 2012; Pons et al., 2015; Shepard, 2013). 

Six-month-old infants also attend longer to audiovisual stimuli compared to visual or auditory 

only stimuli conditions (Shepard, 2013).  
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Chronologic age groups focused on development at 6- and 18-months of age (± 2 

months) for TH participants and ranged from 10 to 35 months for the infants and toddlers with 

HL. We aimed (a) to replicate findings from previous studies by examining looking patterns in 6-

month-old infants; (b) determine scanning patterns of 18-month-old infants; and (c) to compare 

looking patterns of infants depending on their auditory status (i.e., TH vs. HL). We hypothesized 

that infants with HL would show less mature looking patterns. Infants with HL at 18 months of 

age are predicted to show similar looking patterns to infants with TH in a younger age group 

(i.e., 6 months chronologic age). The difference in looking patterns would more closely match 

the duration of auditory experience for the infants with HL.  

All participants in the study received a $10 gift card and a small infant book for 

completion of the study (i.e., questionnaires and eye tracking session). This study was approved 

by the Institutional Review Board at the University of Texas at Dallas (Protocol 18-71).  

Apparatus 

Eye tracking is a well-established methodology to assess attention to various types of 

stimuli in infants (Pons et al., 2015; Lewkowicz & Hansen-Tift, 2012; Shepard, 2013; Kubicek et 

al., 2013). Eye tracking data were recorded using a Tobii T60 XL eye tracker (Tobii Technology, 

Stockholm, Sweden). The 24-inch high-resolution widescreen monitor includes built-in infrared 

lights that reflect onto the cornea of an infant’s eyes to record looking patterns. The Tobii T60 

XL eye tracker uses a sampling rate of 60 Hz per second for optimal timing and duration of a 

participant’s fixations, with a processing latency of <17 milliseconds. The eye tracker captures 

an infant’s natural behaviors while continuously tracking eye fixations, regardless of head 

movement. Throughout testing, infants sat in their caregiver’s lap approximately 24” to 26” in 
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front of the monitor for optimal gaze accuracy. During the five-point calibration procedure, the 

eye tracker calculated the location of an infant’s eye gaze for accuracy for later tracking during 

video presentation. The calibration procedure included cartoon buses paired with noise that 

appeared at five different points on the screen. The eye tracker continued to monitor each 

infant’s gaze throughout the study. Figure 1 depicts the logistics of the room set up including the 

eye tracker and researcher placement for eye tracking phase.  

 

Figure 1. This figure represents the setup of the eye tracking room in the laboratory.  

 

Stimuli 

Stimuli previously used by Lewkowicz and Hansen-Tift (2012) and Werker and 

colleagues (1989) with 4- to 12-month-old infants included an audiovisual recording of an 

American English-speaking female reciting a story using speech properties characteristic of IDS. 

The original video comprised a 50-second recording of a woman reciting a narrative in IDS with 

complete audiovisual stimuli (see Appendix A for the entirety of the narrative). We segmented 

the original video into 4 videos of approximately 10 seconds in duration (M = 11.03, SD = 0.66, 

Range = 10.2-11.6) using iMovie. Two 10-second audiovisual videos maintained the original 
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format, including both auditory and visual components. An additional two 10-second videos 

removed the auditory component using the software iMovie, making the video silent for the 

visual only stimuli.  

Specific Areas of Interest (AOI) 

 Four AOIs were defined for the current study: eyes, mouth, whole face, and whole 

stimulus. Boundaries for the AOI were based on previous research by Lewkowicz and Hansen 

Tift (2012). The same AOI were used for each video stimulus. Figure 2 illustrates the assignment 

of AOI used in the present study. The eyes AOI ranges from the brow line to the bridge of the 

nose with the left and right hairlines serving as the vertical boundaries. The mouth AOI 

incorporates vertical contours halfway between the corner of the mouth and the edge of the face 

and the horizontal contours ranging from the middle of the nose and upper lip to the bottom of 

the chin. The whole face AOI includes the entire face not including the speaker’s hair or ears. 

The whole stimulus AOI encompassed the entirety of the stimulus to account for individuals who 

may look off the speaker’s face. AOI remained consistent between videos and stimuli.  

 
Figure 2. This figure represents the specific AOI (eyes, mouth, whole face, whole stimulus) 

created for the video stimuli. AOI remained the same throughout all four videos regardless of 

sensory input condition (i.e., audiovisual, visual only).  
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Materials 

Demographic Questionnaire 

The infant’s caregiver completed a demographic questionnaire created using Qualtrics, 

an online survey generator, prior to visiting the laboratory for the eye tracking session. The 

questionnaire included demographic items regarding parental education status, parent and child 

age, family factors (e.g., household income, relation to child, birth history), and the household’s 

SES. The questionnaire also contained information regarding the infant’s auditory history (e.g., 

age at diagnosis of HL, degree of HL, type of auditory technology). Caregivers of infants with 

TH could select ‘My child has typical hearing’ to bypass the questions regarding auditory 

history. Caregivers of infants with HL also signed a release of records to obtain the infant’s most 

recent speech, language, and audiologic records from their managing speech-language 

pathologist and audiologist. Appendix B includes specifics from the demographic questionnaire. 

Developmental Milestones: Ages and Stages Questionnaire- Third Edition 

Parents completed a questionnaire about their child’s developmental milestones using the 

Ages and Stages Questionnaire (ASQ-3) (Squires & Bricker, 2009). This parent report 

questionnaire served as a comprehensive screening tool to address developmental progress 

across five key developmental domains: Communication, gross motor, fine motor, problem-

solving, and personal-social. The questionnaire measures development from birth through six 

years of age in two-month increments. Parents rated their infant’s ability to perform a particular 

activity with yes (10 points), sometimes (5 points), or not yet (0 points). Scores ranged from 0 to 

60 for each developmental domain, with higher scores reflecting more advanced abilities in that 
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realm. Cutoff scores, indicating atypical development in on or all subtests, vary by age version of 

the questionnaire (shown in Tables 5 and 6). 

The ASQ-3 was standardized on a diverse sample of 15,138 children between birth and 6 

years of age. The current study used the ASQ-3 for the following ages for the TH participants: 6 

months, 8 months, 16 months, 18 months, and 20 months; and for the participants with HL: 12 

months, 14 months, 20 months, 27 months, 30 months, and 36 months. The instrument has 

adequate psychometric properties with strong overall sensitivity (86.1%, range= 75%-100% 

between ages), and specificity (85.6%, range = 70% - 100% between ages), strong test-retest 

reliability (r = .75-.82), and good internal consistency (r = .51-.87 between surveys). Table 5 

shows the specific psychometric properties for each specific survey by age range for the 

individuals with TH and Table 6 shows the properties for individuals with HL.  

Table 5. ASQ-3 Psychometric Properties and Typically Developing Cutoff Scores for 

Assessments Used on TH peers  

ASQ-3 

version 
Age range  n Sensitivity Specificity Cutoff Scores 

6-month 5 months-6 months, 30 days 21 75.0% 92.3% 130.2 

8-month 7 months-8 months, 30 days 24 90.0% 92.9% 175.83 

16-month 15 months-16 months, 30 days 19 85.7% 100.0% 143.64 

18-month 17 months-18 months, 30 days 22 87.5% 71.4% 137.79 

20-month 19 months- 20 months, 30 days 34 87.5% 72.2% 158.64 

Note. ASQ-3 = Ages & Stages Questionnaires, Third Edition (ASQ-3); n = number of children 

who contributed to the normative values in each version of the ASQ-3 (Squires & Bricker, 2009).  

Table 6. ASQ-3 Psychometric Properties and Typically Developing Cutoff Scores for 

Assessments Used on peers with HL 

ASQ-3 

version 
Age range  n Sensitivity Specificity 

Cutoff Scores 

(minus 

communication) 

12-month 
11 months, 0 days 

to 12 months, 30 days 
26 90.0% 87.5% 120.68 (105.04) 

14-month 
13 months, 0 days 

to 4 months, 30 days 
14 100.0% 70.0% 112.00 (94.60) 
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20-month 
19 months, 0 days 

to 20 months, 30 days 
34 87.5% 72.2% 158.64 (138.14) 

27-month 
25 months, 16 days 

to 28 months, 15 days 
40 87.5% 71.4% 123.38 (99.36) 

30-month 
28 months, 16 days 

to 31 months, 15 days 
60 86.7% 93.3% 147.78 (114.48) 

36-month 
34 months, 16 days 

to 38 months, 30 days 
61 90.5% 78.9% 128.32 (102.96) 

Note. ASQ-3 = Ages & Stages Questionnaires, Third Edition (ASQ-3); n = number of children 

who contributed to the normative values in each version of the ASQ-3 (Squires & Bricker, 2009). 

Cutoff scores for participants with HL are represented in the parentheses based on the ASQ-3 

scores excluding the communication subtest.  

Vocabulary: MacArthur-Bates Communicative Development Inventory (MBCDI) 

Parents also completed the MBCDI, a parent report checklist that captures early 

vocabulary skills including vocabulary comprehension and production between 8 and 37 months 

of age. This study used the vocabulary comprehension (i.e., receptive language) and production 

(i.e., expressive language) aspects of two versions of the MBCDI: (a) Words and Gestures 

(MBCDI-WG), appropriate for infants between 8 and 18 months of age, which includes 396 

vocabulary items; and (b) Words and Sentences (MBCDI-WS), appropriate for infants and 

toddlers between 16 and 30 months of age, which consists of 680 lexical items.  

The MBCDI-WG (n = 1,089) and MBCDI-WS (n = 1,461) versions were normed on 

English-speaking, ethnically diverse infants and toddlers (i.e., 8 to 30 months of age) across 7 

states. Both the MBCDI-WG and MBCDI-WS have credible psychometric properties showing 

high test-retest reliability (MBCDI-WG: r = 0.80; MBCDI-WS: r = 0.95) and high internal 

consistency (α = 0.95, 0.96, 0.96 for MBCDI-WG receptive language, MBCDI-WG expressive 

language, and MBCDI-WS expressive language components, respectively) (Fenson et al., 1996). 

Both the MBCDI-WG and MBCDI-WS have been shown to be valid sources to assess vocabulary 
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in children with profound HL when correlated with scores from the Reynell Developmental 

Language Scales (MBCDI-WG receptive language: r = 0.85; MBCDI-WG expressive language: r 

= 0.84; and MBCDI-WS expressive language, r = 0.84) (Thal, DesJardin, & Eisenberg, 2007). 

Appendix D details the different sections and items on the two versions of the MBCDI. 

Procedure 

All caregivers completed the questionnaires (e.g., demographic, ASQ-3, MBCDI-WG or 

MBCDI-WS) prior to the one-time visit to the laboratory for the eye tracking task. All infants 

completed two stimulus conditions (i.e., audiovisual, visual only) presented in four videos, 

including two audiovisual and two visual only videos presented in random order to decrease bias 

from order effects. Infants sat on a caregiver’s lap in a dimly lit room. The caregiver wore 

blackout glasses during the eye tracking task to reduce caregiver bias. The researcher sat on the 

opposite side of a five-foot wall to reduce the possibility of distracting the infant during the 

experiment.  

Infants first completed a gaze calibration via the eye tracker. The Tobii system employs a 

five-point calibration routine, which includes attention-grabbing animated cartoons that appear at 

five locations on the screen. Inclusion criteria for the study required each infant to calibrate to at 

least three of the five locations. Following successful calibration, the researcher presented the 

first video to the infant. Prior to each video, infants saw an attention-getting cartoon to orient the 

infant to the monitor.  
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Statistical Analyses 

This cross-sectional study aimed to determine the effect of age group, sensory modality, 

and auditory status on an infant’s scanning of a speaker’s face. An alpha value of .05 was used to 

determine statistical significance.   

Aim 1 

The first aim examined the effect of chronologic age group (i.e., 6 versus 18 months) on 

weighted PTLT to each AOI during a face scanning task in infants with TH. Independent 

variables included AOI (i.e., eyes and mouth) and age group (i.e., 6 versus 18 months). The 

dependent variable was weighted PTLT to each AOI (i.e., proportional amount of time an infant 

looked at a target AOI). A repeated measures analysis of variance (ANOVA) was used to 

determine effects of one within-subject variable (AOI: eyes, mouth) and one between-subject 

variable (age group: 6- or 18-month-old infants) on weighted PTLT to each AOI. Larger 

weighted PTLT meant the infant fixated proportionately longer on one AOI. This analysis 

compares the weighted PTLTs across groups to determine similarities and differences based on 

chronologic age.  

Aim 2 

Aim 2 investigated the influence of sensory modality (e.g., visual only or audiovisual) on 

face scanning in infants with TH at 6- and 18-months chronologic age. The independent variable 

included age group and the dependent variable was weighted PTLT to each AOI. A repeated 

measures ANOVA evaluated the effect of one between-subject variable (age group: 6- or 18-

month-old infants) on one within-subject variable (sensory modality: audiovisual or visual only 
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stimuli) on weighted PTLT to each AOI. This analysis resulted in assessing differences between 

groups based on sensory input condition (audiovisual or visual only).  

Aim 3 

The third aim explored the relationship between looking times and expressive vocabulary 

in 18-month-old infants with TH. First, the study examined the connection between overall 

looking time to the stimuli and expressive vocabulary size. Percent of overall looking time to the 

stimuli determined the overall percentage of time the infant spent looking to the audiovisual 

stimuli (as defined in Table 1). Total number of expressive words was determined using the 

infant’s MBCDI-WS. Pearson correlations assessed the magnitude and direction of the 

relationship between overall percent of looking time to the audiovisual stimuli and expressive 

vocabulary size. 

Second, the correlations between differential looking times and expressive vocabulary 

size were investigated. Differential looking times to each AOI include three calculations: 

differential looking time to the mouth AOI minus the eyes AOI; differential looking time to the 

whole face AOI minus the mouth AOI; and differential looking time between the whole face 

AOI and the eyes AOI, as described in Table 1. We used the MBCDI-WS to determine expressive 

word count for the 18-month-old infants. Pearson correlations assessed the relationship between 

all three differential looking times to AOI and expressive vocabulary size. A positive differential 

looking time between the speaker’s mouth and eyes implies greater looking time to the speaker’s 

mouth. Similarly, for the differential looking times between whole face and target AOI (i.e., eyes 

and mouth), a larger difference score reveals less time spent viewing the eyes or mouth AOI.  
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Aim 4 

This exploratory aim looked at the effect of auditory status on weighted PTLT to two 

target AOI (i.e., eyes and mouth) during audiovisual and visual only face scanning tasks in 

infants and toddlers with HL. This study detailed a case series of eight children ranging in 

chronologic age, listening experience, degree of HL, and device configuration. Comparison of 

results to TH peers based on chronologic age and listening experience via descriptive statistics 

allowed determination of possible trends in the data to assist in future studies examining the 

development of infants and toddlers with HL.  
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CHAPTER 3 

RESULTS 

 

 

Participants with TH 

 

 The following sections detail the outcomes of face scanning patterns in infants with TH. 

The term face scanning patterns is used throughout the text to represent the infants’ fixations to 

each AOI while scanning the various stimuli included in this study.  

Aim 1: Age Effect on PTLT during Audiovisual Face Scanning 

Audiovisual stimuli. The first analysis examined the effect of chronologic age group 

(i.e., 6 versus 18 months) on face scanning patterns of TH infants during an audiovisual stimulus 

using wPTLTs (i.e., weighted proportion of looking time to the eyes and the mouth AOI) via a 

repeated measures ANOVA. Infants did not differ significantly on mean percent of overall 

looking time (i.e., percent of time spent viewing the stimuli divided by the overall amount of 

time the stimuli were presented) to the audiovisual stimuli by chronologic age: 6-month-old 

infants attended to the stimulus a mean of 68.73% of the time (SD = 24.89%) and 18-month-old 

infants attended to the stimulus a mean of 73.54% of the time (SD = 22.58%). Table 7 shows 

overall viewing time as well as means, standard deviations, and ranges for both age groups. A 

main effect of AOI emerged for wPTLT to audiovisual stimuli, F(1, 25) = 15.32, p = .001, such 

that both groups spent more than twice the proportion of time viewing the mouth (0.40-0.43) 

versus the eyes (0.17) of the speaker. Figure 3 shows the scanning patterns to the audiovisual 

stimulus by chronologic age. Infants spent more time viewing the speaker’s mouth than their 

eyes, regardless of chronologic age group (6 or 18 months). No other main effects (i.e., age 

group) or interaction effects (i.e., AOI by age group) reached statistical significance.  
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Table 7. Face Scanning Patterns to Audiovisual Stimuli by Infants with TH  

   Mouth  Eyes 

 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

Age group 
M (SD) 

Range 

 M (SD) 

Range 

M (SD) 

Range 

 M (SD) 

Range 

M (SD) 

Range 

6 months 

(n = 13) 

68.73 

(24.89) 

30.63-97.13 

 
12.61 (5.46) 

1.41-19.17 

0.40 (0.26) 

0.02-0.96 

 
3.79 (2.78) 

0.00-7.39 

0.17 (0.12) 

0.00-0.33 

        

18 months 

(n = 14) 

73.54 

(22.58) 

28.52-97.13 

 
13.27 (4.74) 

6.04-21.04 

0.43 (0.24) 

0.06-0.86 

 
3.73 (2.65) 

0.54-9.69 

0.17 (0.12) 

0.02-0.43 

Note. wPTLT = Weighted Proportion of Total Looking Time 

 

Figure 3. This figure shows chronologic age on the x-axis and wPTLT to the target AOI (i.e., 

eyes or mouth) on the y-axis during the audiovisual stimuli for infants with TH. The filled circles 

show wPTLTs to the mouth. The open circles represent w PTLTs to the eyes. Both 6- and 18-

month-old infant groups spend a greater proportion of time viewing a speaker’s mouth than a 

speaker’s eyes during audiovisual stimuli.  
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Visual only stimuli. The second analysis compared the effect of chronologic age group 

(i.e., 6 or 18 months) on scanning patterns (i.e., wPTLT to eyes or mouth) in infants with TH 

during the visual only stimuli. No significant age group difference emerged in the overall percent 

of time spent viewing visual only stimuli between the 6-month-old infants (M = 63.47, SD = 

16.25) and the 18-month-old infants (M = 67.46, SD = 25.53) (see Table 8). Infants across 

groups spent a greater proportion of time viewing the speaker’s mouth versus the eyes, resulting 

in a significant main effect of AOI in the visual only condition, F(1, 25) = 13.054, p=.001. 

However, neither chronologic age group nor an interaction effect of AOI by age group reached 

statistical significance. Figure 4 shows scanning patterns of participants by wPTLT and 

chronologic age while viewing the visual only stimuli. Similar to the audiovisual condition, both 

6- and 18-month-old infants spent a larger proportion of time viewing the speaker’s mouth than 

the speaker’s eyes.  

Table 8. Face Scanning Patterns to Visual Only Stimuli by Infants with TH  

   Mouth  Eyes 

 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

Age group 
M (SD) 

Range 

 M (SD) 

Range 

M (SD) 

Range 

 M (SD) 

Range 

M (SD) 

Range 

6 months 

63.47 

(16.25) 

42.43-92.06 

 
8.86 (4.82) 

0.58-17.15 

0.40 (0.22) 

0.03-0.78 

 
3.09 (1.98) 

0.89-7.21 

0.14 (0.09) 

0.04-0.33 

        

18 months 

67.46 

(25.53) 

13.44-95.92 

 
7.95 (5.17) 

0.64-15.46 

0.36 (0.24) 

0.03-0.71 

 
4.44 (3.14) 

0.56-9.69 

0.20 (0.14) 

0.03-0.44 
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Figure 4. This figure shows chronologic age on the x-axis and wPTLT to the target AOI (i.e., 

eyes or mouth) on the y-axis during the visual only stimuli for infants with TH. The filled circles 

show wPTLTs to the mouth. The open circles represent wPTLTs to the eyes. Both 6- and 18-

month-old groups spend a greater proportion of time viewing a speaker’s mouth than a speaker’s 

eyes in the visual only condition.  

 

Aim 2: Sensory Modality Effect on Weighted PTLT 

The second study aim analyzed the effect of sensory modality (i.e., visual only or 

audiovisual) and chronologic age group (6- or 18-month-old group) on percent of looking time 

during a face scanning task in infants with TH utilizing a repeated measures ANOVA. Both 6-

month-old and 18-month-old infants spent an equivalent percent of overall time viewing the 

audiovisual (6-month-old group: 68.73%; 18-month-old group: 73.54%) and visual only stimuli 

(6-month-old group: 63.47%; 18-month-old group: 67.46%). Tables 7 and 8 show percent of 

looking time to the various stimuli. No significant main effect or interaction effect emerged for 

sensory modality on overall weighted proportion of time spent looking to face stimuli. 
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Aim 3: Expressive Vocabulary and Face Scanning 

The third aim first examined the relationship between overall weighted looking times to 

the audiovisual stimuli and expressive vocabulary size in 18-month-old infants with TH. As 

shown in Table 7, TH 18-month-old infants had a mean weighted overall percent of looking time 

to audiovisual stimuli of 73.54% (SD = 22.58, Range = 28.52-97.13). A mean expressive 

vocabulary size of 68.00 (SD = 81.25, Range = 1.00-273.00) was noted for 18-month-old infants 

with TH as measured using the MBCDI: WS. This expressive vocabulary size is consistent with 

other typically developing 18-month-old infants who typically have around 50 words in their 

expressive lexicon. 

Pearson correlations were used to examine the relationship between face overall percent 

of looking time and expressive vocabulary size. No significant correlations emerged between 

overall looking time to the audiovisual stimuli and expressive vocabulary size for 18-month-old 

infants with TH, r(14) = .260, p = .369 (Figure 5). Therefore, no relationship between expressive 

vocabulary size and overall face scanning patterns resulted.  
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Figure 5. This figure shows weighted percent of overall looking time to the audivisual stimuli on 

the x-axis and expressive vocabulary size as measured using the MacArthur Bates 

Communicative Developmental Inventory (Words and Gestures and Words and Sentences on the 

y-axis for 18-month-old infants with TH.  

 

Next we determined the relationship between differential looking time in the audiovisual 

condition and expressive vocabulary size in 18-month-old infants with TH. Calculation of 

differential looking time required subtraction of the duration of time looking to one AOI from 

another AOI, resulting in three variables of interest: (a) differential looking time to the mouth 

minus the eyes; (b) differential looking time to the whole face minus the mouth; and (c) 

differential looking time to the whole face minus the eyes. Table 9 displays descriptive statistics 

for all three differential looking times.  

Table 9. Differential Looking Time to Audiovisual Stimuli in 18-month-old Infants with TH 

 

Differential Looking Time Mean SD Range 

Mouth - Eyes 5.80 7.33 -5.00-17.24 

Whole Face - Mouth  6.86 4.21 2.23-13.44 

Whole Face - Eyes  12.67 5.85 1.88-19.47 
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Pearson correlations were used to determine the relationship between face scanning 

patterns and expressive vocabulary size. No significant correlations were seen based on the 

differential looking time scores and expressive vocabulary size. Figure 6 represents the 

differential looking times for each participant with expressive word count as measured on the 

MBCDI-WS. No significant relationship between expressive vocabulary size and differential 

looking times of face scanning patterns resulted (Differential looking time to Mouth - Eyes: r 

(14)= -.014 p = .962; Differential looking time to  Whole face – Mouth: r(14) = .117, p = .691; 

Differential looking time to Whole face – Eyes: r(14) = .0660, p = .822). 

 
Figure 6. This figure shows differential looking times on the x-axis and expressive vocabulary 

size as measured using the MacArthur Bates Communicative Developmental Inventory (Words 

and Gestures and Words and Sentences) on the y-axis for individual 18-month-old infants with 

TH. Three differential looking time values are represented by three different shapes (i.e., circles 

represent Mouth – Eyes, squares show Whole Face – Mouth, and triangles display Whole Face – 

Eyes). The negative values depict individuals who spent a greater amount of time viewing the 

speaker’s eyes than the mouth in the Mouth – Eyes comparison.  
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Aim 4: Face Scanning Patterns in Infants and Toddlers with HL 

The following section details information regarding the pediatric participants with HL. 

The case series is grouped by device configuration: (a) CI group, (b) HA group, and (c) single-

sided deafness (SSD) group. Pertinent medical, development, and auditory history are reported 

for each participant as well as device specifics and information from recent audiologic testing. 

The exploratory results from each group are presented first via audiovisual stimuli then visual 

only stimuli, divided by chronologic age and listening experience. Table 10 displays information 

regarding each participant’s chronologic age, gender, specifics about HL (i.e., configuration, 

ages at device fitting, duration of listening experience), and communication mode.  

Participants with HL included in this study range in degree of HL from normal (in one 

ear) to profound in one or both ears. Normal hearing in children ranges from 0 to 15 dB HL; a 

mild HL encompasses 16 to 40 dB HL; moderate HL ranges from 41 to 55 dB HL; moderate-

severe HL spans 56 to 70 dB HL; a severe HL is between 71 to 89 dB HL; and profound HL 

encompasses hearing losses greater than or equal to 90 dB HL. The goal for appropriate auditory 

access for infants and toddlers who utilize HAs is aided thresholds of 15 dB HL or better, while 

we expect CI users to attain aided thresholds between 20 and 30 dB HL or better with their 

device.  
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Effect of HL on Overall Attention to the Stimuli 

Infants with HL spent equivalent amounts of time viewing the speaker’s whole face when 

compared to TH peers, with the exception of the participants with single sided deafness (SSD) 

who appeared to look less overall to the stimuli. Pediatric participants who utilized hearing aids 

(HA) appear to attend the longest to the speaker’s whole face when compared to all other groups 

(TH or HL). Figure 7 depicts the percent of overall looking time to the speaker’s whole face by 

participant groups (i.e., TH 6-month-old infants, TH 18-month-old infants, CI users, HA users, 

and participants with SSD).  

 

Figure 7. Figure 7 shows auditory status group on the x-axis and percent of overall looking time 

to the whole face on the y-axis. The columns represent infants and toddlers with typical hearing 

(TH) on the left side of the figure, including both the 6- and 18-month-old groups. The columns 

on the right side of the figure include results for infants and toddlers with hearing loss (HL), 

including cochlear implant (CI) users, hearing aid (HA) users, and those with single-sided 

deafness (SSD).  
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Pediatric CI Users (n = 4) 

Participant 1 (CI1). CI1, a 14-month-old male, has a bilateral profound sensorineural 

HL diagnosed at birth. He has a positive family history of HL (i.e., older brother, CI4) due to 

Pendred Syndrome with enlarged vestibular aqueduct. His mother reports no significant birth, 

developmental (ASQ-3:14-month-old questionnaire score = 190), or cognitive history, other than 

speech and language delay secondary to substantial HL.  

CI1 uses a bimodal device configuration with a Phonak Sky V50-P HA in his left ear and 

a Cochlear Profile 512 internal CI device with CP1000 speech processor in his right ear. He 

received a HA at age 2 months and a CI at age 13 months. He attends Auditory Verbal Therapy 

one time per week since the age of eight months but communicates expressively using both sign 

and spoken language with an emphasis on spoken language.  

His most recent audiologic testing, completed at 16 months of age (i.e., 3 months post-

implantation) by his managing audiologist, show consistent access to speech in the soundfield at 

15 dB HL with the CI and 20 dB HL with the HA. His performance earned a score of 20/36 

(55.6%) on the Auditory Skills Checklist and 31/35 (89.0%) on the LittlEARS parental report 

questionnaire. Datalogging revealed CI1 wears his CI device a mean of 8.2 hours per day.  

Participant 2 (CI2). CI2 is a 19-month-old female diagnosed at 5 months of age with 

profound sensorineural HL in both ears. Her mother reported a significant family history of HL 

(i.e., grandmother), though both parents have TH. An MRI revealed absent nerves and mild 

deficiencies of the cochlear modiolus bilaterally. Per parent report, CI2 was the product of a full-

term uncomplicated pregnancy and has no significant developmental (ASQ-3:18-month-old 
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questionnaire score = 195) or cognitive delays beyond speech and language deficits related to 

HL.  

CI2 wears a Med El Synchrony Flex 24 with a Sonnet speech processor on the left side 

with no auditory technology on the contralateral ear. She received a HA at 12 months for her left 

ear and her first, and only, CI at 15 months. She utilizes Signed Exact English, a form of sign 

language that focuses on mirroring spoken English including grammar and word endings, as a 

means of communication with limited spoken language. CI2 does not receive any form of speech 

and language services for her HL.  

Her most recent audiologic testing at 19 months (i.e., 3 months post-implantation) 

revealed a behavioral response to vibrotactile stimuli but not auditory stimuli presented in the 

soundfield. Her parents reported no observation of reaction to loud environmental sounds and/or 

voices from their daughter in her daily environment. She scored 1/36 (3%) on the Auditory Skills 

Checklist. Datalogging showed CI2 wears her device, on average, more than 5 hours per day.  

Participant 3 (CI3). CI3, a 26-month-old female, received a diagnosis of bilateral 

profound sensorineural HL at birth. Etiology of HL is unknown. She was diagnosed with Preterm 

Premature Rupture of the Membranes (PPROM) at 22 weeks gestation and was born prematurely 

at 32 weeks gestation. Per parent report, CI3 has no significant family history of HL, but has a 

diagnosis of Duane Syndrome, a congenital eye disorder, and balance issues. No other medical 

history is known. CI3 scored below the cutoff for typical development on the ASQ-3: 27-month-

old questionnaire with a score of 100 (23.38 points below the cutoff). Specifically, her gross 

motor and problem-solving subtests were below the cutoff scores for her age. The current study 
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did not require these capabilities, and her attention to the stimulus did not seem to be impacted, 

thus her data is included in the exploratory findings.  

CI3 wears Med El devices on both ears with Sonnet speech processors. She received 

bilateral HAs at 6 months, her first CI at 9 months, and her second CI at 15 months. She attends 

Auditory Verbal Therapy and uses an auditory-oral communication platform.  

Audiological testing at 25 months (i.e., 16 months post-implantation) showed consistent 

behavioral response to sound, with a pure-tone average of 40 dB HL in the soundfield.  

Participant 4 (CI4). CI4 is a 35-month-old male diagnosed at birth with a bilateral 

severe-profound sensorineural HL. He has significant family history of HL (i.e., younger brother, 

CI1) and etiology related to Pendred Syndrome and enlarged vestibular aqueduct. Per parent 

report, there is no significant birth history or developmental (ASQ-3:36-month-old questionnaire 

score = 265) or cognitive delays, other than speech and language delay secondary to his HL. 

CI4 wears bilateral Cochlear Profile 512s with CP910 speech processors. He received 

bilateral HAs at three months and underwent simultaneous bilateral implantation at eight months. 

He has attended Auditory Verbal Therapy one time per week since eight months of age and 

communicates via spoken language.  

Audiologic evaluation (per medical records) at age 27 months (i.e., 19 months post-CI) 

showed (a) a score of 34/36 (94%) on the Auditory Skills Checklist; (b) audibility of all six Ling 

sounds (i.e., /a, i, u, s, sh, m/); and (c) a score of 55% correct on the Word identification by 

Picture Identification (WIPI) test, a closed-set word recognition measure presented at 60 dBA 

(51 dB HL). Aided pure-tone testing showed auditory thresholds at 500 and 2,000 Hz between 

15 and 30 dB HL for the left ear and between 15 and 20 dB HL for the right ear, resulting in a 
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normal range of hearing via CIs. Datalogging reports show CI4 wears his devices a mean of 9.3 

hours per day.  

Results of Pediatric CI users 

Audiovisual stimuli. Table 11 displays the PTLT to eyes, mouth, and overall looking 

times for each pediatric CI user while viewing the audiovisual stimuli. On average, participants 

viewed the audiovisual stimulus nearly 70% of the time. However, overall PTLT varied 

considerably from 46.05% for CI2 to 93.81% for CI4, the oldest participant in this subgroup.  

Table 11. Face Scanning Patterns to Audiovisual Stimuli in Pediatric CI Users  

   Mouth  Eyes 

Participant 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

CI1 65.25  14.22 0.64  0.13 0.01 

CI2 46.05  4.66 0.21  2.24 0.10 

CI3 69.10  10.21 0.46  4.08 0.18 

CI4 93.81  10.37 0.47  9.24 0.41 

CI Mean 

(SD) 

68.55 

(19.63) 

 
9.86 (3.93) 0.44 (0.18) 

 
3.92 (3.90) 0.18 (0.17) 

 

Note. PTLT = Proportion of Total Looking Time; wPTLT = weighted Proportion of Total 

Looking Time. 

 

Figure 8 displays weighted PTLTs to the eyes and mouth for pediatric CI users by 

chronologic age while viewing the audiovisual stimuli as a function of chronologic age. Pediatric 

CI users spent a significantly greater proportion of time viewing the speaker’s mouth (M = 0.44, 

SD = 0.19, Range = 0.21-0.64) versus the eyes (M = 0.18, SD = 0.17, Range = 0.01-0.41) during 

the audiovisual stimuli. In general, the proportion of time viewing the mouth decreases and the 

proportion of time viewing the eyes increases as a function of chronologic age. The youngest CI 

user, CI1, had the greatest difference in looking time between the mouth (0.65) and the eyes 
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(0.01) while viewing the audiovisual stimuli. In contrast, the oldest CI recipient, CI4, showed 

equal looking time between the speaker’s eyes and mouth during the audiovisual stimulus (0.47 

and 0.41 for the mouth and eyes, respectively). CI2 showed not only the lowest overall looking 

percentage, but also the lowest proportion of time looking at the mouth and virtually equal time 

viewing the mouth and eye areas of the face.  

 

Figure 8. This figure shows chronologic age in months on the x-axis and weighted PTLT to 

audiovisual stimuli on the y-axis for participants using CIs. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, whereas the open shapes depict weighted PTLTs to a speaker’s 

eyes. Mean weighted PTLT for 6- and 18-month-old infants with TH are shown in grey. 

Individual results for participants with CI are shown in black.  

 

Figure 9 displays weighted PTLT for pediatric CI users during the audiovisual stimuli by 

device experience. CI1 has the least amount of device experience with his CI and shows 

significantly greater looking time to the speaker’s mouth (0.65) than eyes (0.01). CI2 has 

approximately 5 months of device experience with her CI and looked twice as much to the 

speaker’s mouth (0.21) than eyes (0.10), however had minimal overall looking time to the 
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stimuli and significantly less attention to the stimuli compared to 6-month-old TH peers matched 

for auditory experience. CI3’s proportion of looking time to the mouth and eyes (wPTLT = 0.46 

and 0.18 to the mouth and eyes, respectively) approximates face scanning patterns of TH peers 

matched for listening experience. CI4, with the longest duration of CI listening experience, 

showed equivalent face scanning patterns to both the eyes (0.41) and mouth (0.49).  

 

 

 

Figure 9. This figure shows listening experience in months on the x-axis and weighted PTLT to 

audiovisual stimuli on the y-axis for pediatric CI users. The filled shapes represent weighted 

PTLTs to a speaker’s mouth and the open shapes depict weighted PTLTs to a speaker’s eyes. 

Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with CI are shown in black.  
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Visual only stimuli. Table 12 depicts percent of viewing to the overall stimulus and 

PTLTs to the speaker’s mouth and the speaker’s eyes for pediatric CI participants viewing the 

visual only stimuli. Participants viewed the overall stimulus nearly three-fourths of the time. 

Similar to the audiovisual stimuli, the variance between participants was large, ranging from 

49.13% for CI2 to 91.79% for CI4. 

Table 12. Face Scanning Patterns to Visual Only Stimuli in Pediatric CI Users  

   Mouth  Eyes 

Participant 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

CI1 72.34  13.62 0.62  1.54 0.07 

CI2 49.13  8.02 0.38  1.02 0.05 

CI3 77.89  14.36 0.66  1.73 0.08 

CI4 91.79  9.35 0.43  6.3 0.29 

CI Mean 

(SD) 

72.79 

(17.77) 

 11.34  

(3.13) 

0.41  

(0.20) 

 2.65  

(2.45) 

0.15  

(0.10) 

 

Note. PTLT = Proportion of Total Looking Time; wPTLT = weighted Proportion of Total 

Looking Time. 

 

Figure 10 displays weighted PTLTs for eyes and mouth for pediatric CI participants 

during visual only stimuli based on chronologic age. Overall, pediatric CI users spent a greater 

weighted proportion of time viewing the speaker’s mouth (M = 0.41, SD = 0.20, Range = 0.38-

0.66) versus the eyes (M = 0.15, SD = 0.10, Range = 0.07-0.29) during the visual only stimulus.   
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Figure 10. This figure shows chronologic age in months on the x-axis and weighted PTLT to 

visual only stimuli on the y-axis for pediatric CI users. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. 

Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with CI are shown in black.  

 

Figure 11 shows the face scanning patterns of pediatric CI users by listening experience 

while viewing the visual only stimuli. One of the younger pediatric CI users (CI2) who has 

approximately 5 months of device experience shows scanning patterns similar to the group mean 

of the TH 6-month-old group, looking longer to the speaker’s mouth than the speaker’s eyes 

(mouth wPTLT = 0.38 and eye wPTLT = 0.05).  
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Figure 11. This figure shows listening experience in months on the x-axis and weighted PTLT to 

visual only stimuli on the y-axis for four children using CIs. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, whereas the open shapes depict weighted PTLTs to a speaker’s 

eyes. Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results 

for participants with CI are shown in black.  

 

Pediatric HA Users (N = 2) 

Participant 5 (HA1). HA1 is a 27-month-old female diagnosed with bilateral mild high 

frequency sensorineural HL at birth that was confirmed via auditory brainstem response at 1 

month of age. HA1 was born at 34 weeks gestation with various health concerns (i.e., 

Ventricular Septal defect, a heart murmur, and Hypoxic Ischemic Encephalopathy). She stayed 

in the neonatal intensive care unit (NICU) for 17 days after birth and required a breathing tube 

for 35 days. The direct cause of her HL is unknown. She met all developmental milestones, with 

the exception of communication secondary to HL, (ASQ-3: 27- month-old, questionnaire, score 

= 200) and has no significant cognitive deficits at her current age per parent report.  
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HA1 utilizes bilateral Phonak Sky Q50 M13 HAs. She received bilateral HAs at 3 

months and has a listening age of 24 months. HA1 communicates via spoken language. She 

began receiving services through Early Childhood Intervention at three months and currently 

sees a speech pathologist one time per week.  

HA1’s most recent audiologic evaluation at age 22 months showed an unaided pure-tone 

average of 21 and 23 dB HL in the right and left ears, respectively. Auditory thresholds range 

from borderline normal thresholds (i.e., 20 dB HL) in the low frequencies to a mild HL (i.e., 35 

dB HL) in the high frequencies (i.e., 4000 Hz) while listening to warble tones with insert 

headphones. Datalogging revealed HA1 wears her HAs a mean of 11.6 hours per day.  

Participant 6 (HA2). HA2, a 30-month-old female, has bilateral sensorineural HL of 

mild degree in the left ear and severe degree in the right ear due to cytomegalovirus. She has no 

known family history of HL. HA2 was the product of a full-term pregnancy. However, she spent 

two months in the NICU after birth because of exposure to methamphetamine in utero and 

respiratory distress after birth. HA2s adoptive mother reports no coexisting health concerns, 

developmental delays (ASQ-3: 30-month-old questionnaire, score = 165), or cognitive delays at 

her current age beyond deficits in communication arenas.  

She currently wears a unilateral Oticon Sensei HA on her left ear and no device on the 

contralateral side. She received her HA at 8 months. HA2 utilizes simultaneous communication 

with a sign emphasis, meaning she uses both sign language and oral communication, but focuses 

a greater amount on sign language. She does not attend speech and language services.  
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HA2 was unable to condition for pure-tone or speech-based audiologic testing at 22 

months (i.e., 14 months of listening experience). Medical records indicate that she struggles 

wearing the device, but no datalogging measures were available.  

Results of Pediatric HA Users 

Audiovisual Stimuli. The two pediatric HA participants show consistent face scanning 

patterns while viewing audiovisual stimuli (see Table 13). Both HA users had similar overall 

looking percentages to the stimuli (84.71%, 83.59% for HA1 and HA2, respectively), with mean 

percent of overall viewing time of 84%. 

Table 13. Face Scanning Patterns to Audiovisual Stimuli in Pediatric HA Users  

   Mouth  Eyes 

Participant 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

HA1 83.59  11.69 0.52  5.81 0.26 

HA2 84.71  17.66 0.79  0.73 0.03 

HA Mean 

(SD) 

84.15  

(0.79) 

 14.68  

(4.22) 

0.66  

(0.19) 

 3.27  

(3.59) 

0.15  

(0.16) 

Note. PTLT = Proportion of Total Looking Time; wPTLT = weighted Proportion of Total 

Looking Time. 

 

Figure 12 displays weighted PTLTs of the audiovisual stimuli for individual HA 

participants by chronologic age. Both participants were similar in chronologic age (i.e., 27.8 

months and 30.6 months) and had similar looking patterns to the stimuli. HA1 and HA2 fixated 

on the speaker’s mouth (M = 0.66, SD = 0.19, Range = 0.52-0.79) a larger proportion of the 

time compared to the speaker’s eyes (M = 0.15, SD = 0.16, Range = 0.03-0.26) while viewing 

the audiovisual stimuli. HA1 spent little time viewing the speaker’s eyes (0.73 seconds; wPTLT 

= 0.03) while HA2 scanned to the speaker’s eyes a minimal amount (5.81 seconds; wPTLT = 
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0.26). These results align with the similarly chronologic age matched pediatric CI users (CI1 and 

CI4: M = 33.13 months; HA1 and HA2: M = 29.2 months), who looked comparable amounts of 

time to the speaker’s mouth and eyes during the audiovisual condition.  

 

Figure 12. This figure shows chronologic in months on the x-axis and weighted PTLT to 

audiovisual stimuli on the y-axis for two children using HAs. The filled shapes represent 

weighted PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a 

speaker’s eyes. Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. 

Individual results for participants with HA are shown in black.  

 

Figure 13 depicts outcomes for pediatric HA users by listening experience. Both HA1 

and HA2 were fit with devices at a young age and thus have similar device experience (M = 

23.70 months, SD = 1.56). Both HA1 and HA2 look longer to the speaker’s mouth, similar to the 

TH groups (6- and 18-month old). It appears HA2 shows similar looking patterns to the 18-

month-old TH group average matched for duration of listening experience.  
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Figure 13. This figure shows listening experience in months on the x-axis and weighted PTLT to 

audiovisual stimuli on the y-axis for pediatric HA users. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. 

Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with HA are shown in black.  

 

Visual only Stimuli. Table 14 includes descriptive statistics for absolute and proportional 

looking time to visual only stimuli for participants with HAs. Pediatric HA users looked to the 

visual only stimulus 79% of the time. Similarly, to the audiovisual stimuli, pediatric HA users 

spent a greater proportion of time viewing the speaker’s mouth (wPTLT = 0.54) than their eyes 

(wPTLT = 0.22), on average, during the visual only stimulus condition.  

Table 14. Face Scanning Patterns to Visual Only Stimuli in Pediatric HA Users  

   Mouth  Eyes 

Participant 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

HA1 83.03  11.48 0.53  6.62 0.30 

HA2 75.69  12.16 0.56  3.05 0.14 
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HA Mean 

(SD) 

79.36  

(5.19) 

 11.82  

(0.48) 

0.54  

(0.02) 

 4.84  

(2.52) 

0.22  

(0.12) 

 

Note. PTLT = Proportion of Total Looking Time; wPTLT = weighted Proportion of Total 

Looking Time. 

 

Figure 14 shows pediatric HA users’ face scanning patterns to visual only stimuli by 

chronologic age. Pediatric HA users spent a greater proportion of time viewing the speaker’s 

mouth (M = 0.54) than the speaker’s eyes (M = 0.22), similar to chronologically younger TH 

groups. However, pediatric HA users differ in their looking patterns when compared to the older 

pediatric CI users with similar chronologic age (CI1 and CI4 M = 33.13 months) who spent a 

greater amount of time viewing the speaker’s eyes than the speaker’s mouth during the visual 

only stimuli.  

 

Figure 14. This figure shows chronologic in months on the x-axis and weighted PTLT to visual 

only stimuli on the y-axis for children using HAs. The filled shapes represent weighted PTLTs to 

a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. Mean 

PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with HA are shown in black.  
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Figure 15 displays weighted PTLTs to target AOI (i.e., eyes and mouth) during visual 

only stimuli by pediatric HA users, organized by listening age. Pediatric HA users spent a greater 

proportion of time viewing the speaker’s mouth (M = 0.66, SD = 0.19, Range = 0.52-0.79) than 

the speaker’s eyes (M = 0.15, SD = 0.16, Range = 0.03-0.26). Conversely CI4, who had similar 

duration of listening experience, viewed the speaker’s eyes a greater proportion of time than the 

mouth during the visual only condition. Pediatric HA users look to the speaker’s mouth longer 

than the speaker’s eyes similar to the TH peers. 

 

Figure 15. This figure shows listening experience in months on the x-axis and weighted PTLT to 

visual only stimuli on the y-axis for pediatric HA users. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. 

Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with HA are shown in black.  

 

Pediatric Participants with Single-Sided Deafness (SSD) (N = 2) 

Participant 7 (SSD1). SSD1 is an 11-month-old male diagnosed with SSD at birth. 

Medical records suggest minimal HL (i.e., 20-25 dB HL) in his right ear and a profound 
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sensorineural HL in his left ear. He is noted to have a present nerve in his left (profound) ear. He 

has no known etiology or family history of HL and has an older sister and parents with TH. Per 

parent report, he has no significant birth history and no cognitive or developmental delays (ASQ-

3: 12-month-old questionnaire, score = 250), with communication delays secondary to HL. 

SSD1 currently wears no hearing devices on either ear. He is exposed to an auditory oral 

environment for future language development. He is currently monitored by a Dallas 

Independent School District parent-infant advisor but does not yet attend speech and language 

therapy services.  

 His most recent audiologic testing at 11 months of age shows borderline normal hearing 

sensitivity at 20-25 dB HL in at least one ear when tested with speech and warble tones in a 

soundfield. SSD1 currently does not wear auditory technology, so no aided results are available. 

However, his family currently is exploring cochlear implantation as an auditory technology 

option for his left ear.  

Participant 8 (SSD2). SSD2, a 26-month-old female, was diagnosed with SSD at birth. 

Her right ear has responses within the normal range (≤15 dB HL) and her left ear has a severe to 

profound sensorineural HL. SSD2’s HL is non-syndromic and occurred due to a mitochondrial 

DNA mutation. She has a significant family history of HL (i.e., father has unilateral 

sensorineural HL with unknown etiology). Imaging results showed SSD2 has an absent cochlear 

nerve as well as abnormal dilation of the endolymphatic duct and sac on the left side. The right 

cochlear nerve is reported to be normal. She has no significant birth history and no reported 

cognitive or developmental delays (ASQ-3: 27-month-old questionnaire, score = 280), with the 

exception of mild speech and language delays due to HL. 
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She currently wears a Contralateral Routing of Signal (CROS) HA system. This 

technology allows transmission of acoustic information that enters the device on the left side to a 

paired device on the right side for optimal listening. SSD2 does not receive speech-language 

therapy and uses oral communication.  

Audiologic testing, conducted by her managing audiologist at 23 months of age, revealed 

an unaided pure-tone average of 18 dB HL in the right ear using visual reinforcement 

audiometry. Datalogging information was not reported, but SSD2’s mother reports she wears her 

CROS HA system during all waking hours.  

Results of Pediatric Participants with SSD  

Audiovisual Stimuli. Participants with SSD showed decreased overall looking 

percentages to the audiovisual stimuli (M = 41.35%) when compared to the other subgroups with 

HL differing by configuration. Table 15 shows absolute and proportional looking times to the 

overall stimulus and target AOI while viewing the audiovisual stimulus for participants with 

SSD.  

Table 15. Face Scanning Patterns to Audiovisual Stimuli in Pediatric Participants with SSD  

   Mouth  Eyes 

Participant 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

SSD1 33.18  3.76 0.17  2.80 0.13 

SSD2 49.51  4.66 0.32  0.75 0.03 

SSD Mean 

(SD) 

41.35 

(11.54) 

 5.42  

(2.36) 

0.24  

(0.11) 

 1.78  

(1.45) 

0.08  

(0.07) 

Note. PTLT = Proportion of Total Looking Time; wPTLT = weighted Proportion of Total 

Looking Time. 
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Figure 16 shows face scanning patterns to each AOI by chronologic age for participants 

with SSD. The younger participant, SSD1, spent an equivalent proportion of time looking to the 

mouth (wPTLT = 0.17) and eyes of the speaker (wPTLT = 0.13). In contrast, the older 

participant, SSD2, fixated a longer proportion of time on the speaker’s mouth (wPTLT = 0.32) 

than the eyes (wPTLT = 0.03). SSD2s looking patterns match those of chronologically age 

matched toddlers with HL in the CI and HA groups, where all infants viewed the speaker’s 

mouth a greater proportion than the speaker’s eyes while viewing the audiovisual stimulus.  

 

Figure 16. This figure shows chronologic age in months on the x-axis and weighted PTLT to 

audiovisual stimuli on the y-axis for children with SSD. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. 

Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with SSD are shown in black.  

 

Figure 17 shows face scanning patterns to audiovisual stimuli for participants with SSD 

as a function of listening age. SSD1 does not use auditory technology, yielding zero months of 
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listening experience. SSD2 looked longer to the speaker’s mouth (0.31) than the eyes (0.03), 

similar to TH peers matched for listening experience.  

Figure 17. This figure shows listening experience in months on the x-axis and weighted PTLT to 

audiovisual stimuli on the y-axis. The filled shapes represent weighted PTLTs to a speaker’s 

mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. Mean PTLT for 6- and 

18-month-old infants with TH are shown in grey. Individual results for participants with SSD are 

shown in black. *SSD1 utilized no auditory technology yielding a listening age of 0 months. 

  

Visual only Stimuli. Table 16 shows weighted PTLT outcomes and overall looking 

times to the stimulus for the pediatric participants with SSD. Similarly to the audiovisual stimuli, 

participants with SSD spent less time overall viewing the visual only stimulus (35.37%) when 

compared to the other groups with HL (CI group: M = 72.79%; HA group: M = 79.36%).  

Table 16. Face Scanning Patterns to Visual only Stimuli in Pediatric Participants with SSD  

   Mouth  Eyes 

Participant 

Percent to 

Stimulus 

(%) 

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

 Overall 

Looking 

Time 

(seconds) 

wPTLT  

SSD1 31.93  1.64 0.08  3.03 0.14 
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SSD2 38.81  5.91 0.27  1.78 0.08 

SSD Mean 

(SD) 

35.37 

(4.87) 

 3.78  

(3.20) 

0.17  

(0.14) 
 

 2.41 

(0.88) 
0.11 (0.04) 

 

Note. PTLT = Proportion of Total Looking Time; wPTLT = weighted Proportion of Total 

Looking Time. 

 

Figure 18 shows face scanning patterns during the visual only stimuli for young children 

with SSD. SSD1 spent a greater proportion of time viewing the speaker’s eyes (0.14) than their 

mouth (0.08) in the visual only stimuli, but the difference does not appear to be substantial. 

SSD2 looked a greater proportion of the time to the speaker’s mouth (0.27) than the speaker’s 

eyes (0.08), similarly to chronologically age-matched peer HA1. Both individuals with SSD 

spent significantly less time viewing the stimulus than those in the other groups with HL varying 

by device configuration.  

 

Figure 18. This figure shows chronologic age in months on the x-axis and weighted PTLT to 

visual only stimuli on the y-axis for children with SSD. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. 
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Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with SSD are shown in black.  

 

Figure 19 represents face scanning patterns of pediatric participants with SSD while 

viewing the visual only stimuli based on listening age. SSD1 does not use auditory technology 

and thus has a listening age of zero months. SSD2 shows similar scanning patterns to TH peers 

matched for listening experience, looking longer to the speaker’s mouth (wPTLT = 0.27) than 

the speaker’s eyes (wPTLT = 0.08) in the visual only condition.  

 

Figure 19. This figure shows listening experience in months on the x-axis and weighted PTLT to 

visual only stimuli on the y-axis for children with SSD. The filled shapes represent weighted 

PTLTs to a speaker’s mouth, while the open shapes depict weighted PTLTs to a speaker’s eyes. 

Mean PTLT for 6- and 18-month-old infants with TH are shown in grey. Individual results for 

participants with SSD are shown in black. SSD1 did not use auditory technology, yielding a 

listening age of 0 months. 

 

Expressive Vocabulary Size and Face Scanning Patterns in Infants and Toddlers with HL 

Figure 20 show expressive vocabulary size by chronologic age for the subgroups of 

participants with HL. We see a trend where individuals with older chronologic age have larger 
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vocabulary size regardless of their auditory device configuration. SSD1 and CI1, the youngest 

participants had the fewest number of expressive words in their vocabularies (i.e., SSD1 = 4 

words, CI1 = 1 word), whereas CI4, the oldest participant, had the largest number of expressive 

words (i.e., 501 words). Infants and toddlers with HL had similar vocabulary sizes to the TH 

chronologic age matched peers. 

 

Figure 20. This figure shows chronologic age in months on the x-axis, and expressive 

vocabulary as reported on the MacArthur Bates Communicative Developmental Inventory 

(Words and Gestures and Words and Sentences) on the y-axis for young children with hearing 

loss. The filled squares represent the CI subgroup, the filled diamonds represent the HA 

subgroup, and the filled triangle represents the participants with SSD. The open circles show 

results from the 18-month-old group with TH. Two participants’ mothers marked expressive 

vocabulary including sign production via Signed Exact English (CI2) and Simultaneous 

Communication with a sign emphasis (HA2). Parent of HA2 noted she reported for 

approximately 50% spoken language and 50% sign.  

 

Figure 21 represents vocabulary size by listening age for the subgroups of participants 

with HL. The majority of the infants with HL show better expressive language scores as they 

gain increased experience with auditory technology. In general, infants and toddlers with HL 
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show a similar trajectory of expressive vocabulary acquisition to TH peers matched for listening 

age.  

 

 

 

Figure 21. This figure shows listening experience in months on the x-axis, and expressive 

vocabulary as reported on the MacArthur Bates Communicative Developmental Inventory 

(Words and Gestures and Words and Sentences) on the y-axis for infants and children with HL. 

The filled squares represent the CI subgroup, the filled diamonds represent the HA subgroup, and 

the filled triangle represents the participants with SSD. The open circles show results from the 

18-month-old group with TH. Two participants’ mothers marked expressive vocabulary 

including sign production via Signed Exact English (CI2) and Simultaneous Communication 

with a sign emphasis (HA2). Parent of HA2 noted she reported for approximately 50% spoken 

language and 50% sign.  

  

In addition, this study explored the effect of vocabulary size on looking patterns to 

determine if scanning patterns effected overall expressive vocabulary size. No trends emerged in 

the data regarding the relationship between face scanning patterns (e.g. weighted percent of 

overall looking times, differential looking times) and expressive vocabulary size. Figure 22 
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represents expressive vocabulary size by their weighted overall looking time to the audiovisual 

stimuli and Figure 23 depicts expressive lexicon by differential looking times to the audiovisual 

stimuli for participants with HL.  

 
 

Figure 22. This figure shows weighed percent overall looking time to the audiovisual stimuli on 

the x-axis and expressive vocabulary size as measured using the MacArthur Bates 

Communicative Developmental Inventory (Words and Gestures and Words and Sentences) on the 

y-axis. The filled black squares represent the CI participants, the filled black diamonds represent 

the pediatric HA participants, and the filled black triangles represent the participants with SSD. 

Two participants’ mothers marked expressive vocabulary including sign production via Signed 

Exact English (CI2) and Simultaneous Communication with a sign emphasis (HA2). Parent of 

HA2 noted she reported for approximately 50% spoken language and 50% sign. 
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Figure 23. This figure shows differential looking times to the audiovisual stimuli on the x-axis 

and expressive vocabulary size as measured using the MacArthur Bates Communicative 

Developmental Inventory (Words and Gestures and Words and Sentences) on the y-axis for 

young children with hearing loss. The different looking time scores are represented by the 

different shapes and results are shown for each pediatric participant with HL.  

 

Results of Scanning Patterns in Infants and Toddlers with HL 

Exploratory findings suggest overall infants and toddlers with HL looked to the speaker’s 

mouth a greater proportion of time while viewing audiovisual stimuli regardless of chronologic 

age, listening experience, or device configuration, similar to the TH peers. Infants and toddlers 

using HAs and CIs showed similar overall looking patterns to the audiovisual stimuli based on 

listening experience. The infants decreased proportional looking times to the speaker’s mouth 

and increased proportion of time spent viewing the speaker’s eyes with greater duration of device 

experience. Information from the visual only stimuli differed from TH peers such that older CI 

users spent more time viewing the speaker’s eyes than the speaker’s mouth. These findings 
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oppose patterns by TH peers, who attended longer to the speaker’s mouth at both 6 and 18 

months of age. However, direct comparisons cannot be made based on listening experience and 

chronologic age of the pediatric CI users. Overall, the looking patterns of infants and children 

with HL appear to differ by chronologic age but show trends towards convergence with TH peers 

based on listening age depending on auditory technology.  
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CHAPTER 4  

DISCUSSION  
 

 

TH Group 

 

The current study replicated findings from previous literature showing 6-month-old 

infants with TH spent significantly more time viewing the speaker’s mouth than the eyes while 

viewing audiovisual stimuli. In addition, 18-month-old TH infants viewed the speaker’s mouth 

significantly more than the eyes in the audiovisual stimulus condition. These findings contradict 

hypotheses that predicted equal looking patterns to the speaker’s eyes and mouth based on 

previous findings in 12-month-old infants with TH and typical development. Both age groups (6 

and 18 months) also spent more time viewing the speaker’s mouth than the eyes while viewing 

visual only stimuli. No correlations reached significance for expressive vocabulary size and 

differential looking times, suggesting face scanning patterns do not have an immediate effect on 

expressive vocabulary. Lastly, infants with TH – regardless of age group (6 month or 18 month) 

– spent equivalent percentages of time looking to each stimulus (i.e., audiovisual and visual 

only).  

Audiovisual and Visual only Stimuli Effect on Face Scanning Patterns in TH Participants 

The results of this study correspond with previous literature, but also provide new 

insights into developmental patterns after the first year of life. First, TH 6-month-old infants look 

to the speaker’s mouth significantly longer than the speaker’s eyes while viewing audiovisual 

stimuli, similar to previous findings (Lewkowicz & Hansen-Tift, 2012; Shepard, 2013). The 

current study utilized the same video stimuli as Lewkowicz and Hansen-Tift (2012) to validate 

outcomes from the replication. The attentional shift from the speaker’s eyes at four months to the 
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speaker’s mouth at six to eight months could serve as preparation for expansion of their language 

system (Lewkowicz & Hansen-Tift, 2012; Hillairet de Boisferon, Tift, Minar, & Lewkowicz, 

2017; Lewkowicz & Hansen-Tift, 2012; Pons et al., 2015). Infants begin developing a receptive 

vocabulary early and understand 3 to 50 words between 8 and 12 months (Sax & Weston, 2007). 

Receptive vocabulary precedes and facilitates development of expressive vocabulary, such that 

infants experiment with various forms of babbling from six months onward until the onset of 

first words (Stark, 1980). It is possible that the infant’s attention to the mouth at this age may 

serve as a primer for their language development.  

Although the 6-month-old infants followed looking patterns to specific AOI (i.e., mouth) 

similar to previous studies, they diverged relative to sensory modality. Young infants in the 

present study showed no difference in attention to audiovisual versus visual only stimuli, 

whereas Shepard (2013) reported that 6-month-old infants attended longer to audiovisual versus 

visual only stimuli. Both studies used similar methodologies (i.e., eye tracking) and sample 

characteristics (i.e., 6-month-old infants) but differed in the familiarity of the face portrayed in 

the video. Shepard used both familiar (i.e., infant’s mother) and unfamiliar (i.e., a stranger) 

faces; the current study used only an unfamiliar face. Closer examination of descriptive data in 

Shepard (2013) revealed a relatively small difference in duration of attention during the 

audiovisual (M = 8.31 seconds) versus visual only (M = 7.50 seconds) conditions viewing an 

unfamiliar face, resulting in a small effect size (d = 0.45). Thus, the difference in attention to 

audiovisual and visual only stimuli reached statistical significance but may not have clinical 

significance. Therefore, attention to audiovisual versus visual only stimuli in 6-month-old infants 
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actually shows more similarities than differences across studies with consideration of effect sizes 

versus statistical significance.  

Effect of Chronologic Age on Face Scanning 

In addition to replicating studies in 6-month-old infants, this study extended work as the 

first study to assess face scanning patterns of 18-month-old infants viewing audiovisual and 

visual only stimuli. Before this study, Lewkowicz and Hansen-Tift (2012) used the same 

technique with the oldest typically developing infants to date, showing an equal proportion of 

looking time to the speaker’s eyes and mouth at 12 months during an audiovisual stimulus. Their 

findings led to the hypothesis that even older infants (i.e., 18-month-old infants) would show 

similar face scanning patterns based on the maturity of the system. Surprisingly, 18-month-old 

infants did not exhibit equivalent attention to the eye and mouth areas of the face. Rather, older 

infants spent a significantly greater proportion of time viewing a speaker’s mouth than the eye 

region. This apparent disparity in attention to AOI could reflect a shift in complexity of cognitive 

(i.e., processing of information) and linguistic demands (i.e., rapid receptive and expressive 

language growth) during the second year of life.  

Hunter and Ames’ (1988) theoretical construct posits that as the complexity of a task 

increases, an infant’s ability to perform that task decreases. Although this model describes the 

effect of stimulus complexity on preference for familiar and unfamiliar stimuli, the effect may 

persist in other performance outcomes such as face scanning. Their multifactorial model 

highlights early shifts in attention based on the difficulty of a task. A more difficult task requires 

more information processing from the infant and, thus, a longer duration of time to acclimate to 

the task (Hunter & Ames, 1988).  
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Research in visual processing by age and complexity clearly demonstrates this concept. 

For example, Cohen (1972) reported that 4-month-old infants spend a longer duration of time 

viewing a more complex checkerboard (24 x 24) versus a simple checkerboard (2 x 2). They 

suggest the complex image (24 x 24) held the infant’s attention and required a greater amount of 

processing (i.e., longer look times), whereas the simple checkerboard (2 x 2) did not hold the 

infant’s attention and needed less processing (i.e., shorter look time). Similarly, Brennan and 

colleagues (1966) assessed the effect of visual stimulus complexity on attention in young infants 

(i.e., 3 to 14 weeks of age). The 3-week-old infants fixated longest on the 2 x 2 checkerboard, 

but looking times decreased as a function of stimulus complexity (i.e., 8 x 8 and 24 x 24). In 

contrast, the 14-week-old infants attended the least amount of time to simple stimulus (i.e., 2 x 2 

checkerboard) and increased looking time to the more complex stimulus (i.e., 24 x 24 

checkerboard) (Brennan, Ames, & Moore, 1966). When each age group viewed stimuli that 

matched their processing ability, the two groups exhibited similar looking time. Therefore, 

findings suggest the difference in fixation duration does not depend solely on chronologic age, 

but also reflects the ability of the infant to process the complexity of the stimuli.  

It is plausible that the effect of stimulus complexity on looking patterns across 

development extends from the visual realm to the auditory and audiovisual arenas. Similar to 

previous findings by Brennan (1966), 6- and 18-month-old infants showed similar face scanning 

patterns with greater proportion of looking time to the mouth during the audiovisual condition, 

despite operating at different levels of linguistic and cognitive development. These findings 

could reflect the amount of processing needed to resolve a signal based on developmental phase.  
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Six-month-old infants spend more time viewing a speaker’s mouth possibly to gather the 

maximum amount of multimodal input to facilitate statistical learning (Lewkowicz, 2014). The 

receptive language system emerges during the second half of the first year of life. It is possible 

infants spend more time scanning a speaker’s mouth at 6-8 months to increase receptive 

vocabulary and prepare for the onset of expressive words. Twelve-month-old infants exhibit 

equal looking time to eyes and mouth, perhaps signaling a familiarized preference to the 

speaker’s mouth, thus acquiring novel information from the speaker’s eyes (Lewkowicz & 

Hansen-Tift, 2012). Equivalent attention to both AOI coincides with the onset of expressive first 

words. Expressive vocabulary grows slowly soon after the production of first words, with infants 

adding approximately one word every other day between 12 and 15 months and one to two 

words per day between 16 and 23 months. The infant’s ability to add new words to the lexicon 

likely reflects fast mapping – the process of learning the meaning of a word and pairing it with 

an object or action. This process allows for expansion of expressive vocabulary to approximately 

120-300 at 2 years of age (Rescorla et al., 2001). Thus, 18- month-old infants are entrenched in a 

complex phase of language acquisition in which they must not only perceive sounds and sound 

sequences, but also attach meaningful labels to the sounds. This attachment of meaning – 

particularly with the faster rate of acquisition between 16 and 23 months of age – demands more 

cognitive resources, subsequently requiring a greater amount of time to process the stimuli and 

more attention to the speaker’s mouth to facilitate learning via audiovisual feedback. After 

gaining experience with the stimuli, thereby increasing familiarity, the infant may not need the 

same degree of support to process the information, and thus, shift to the speaker’s eyes.  
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Figure 24 applies the Hunter and Ames (1998) model to infant face scanning patterns 

based on stimulus complexity and phase of language development. At 6-8 months of age, infants 

spend a greater proportion of time looking to the speaker’s mouth, presumably based on the 

cognitive demands of learning to comprehend words and the onset of babbling. As the language 

system transitions to the onset of expressive first words around 12 months, infants spend equal 

time viewing the eyes and mouth of the stimulus, perhaps signaling familiarity with learning to 

associate sound with meaning. However, as the language system increases in complexity around 

18 months, infants shift attention back to the speaker’s mouth, possibly to gain additional 

information to assist in processing. Based on this pattern of the relationship between proportional 

attention to the eyes and mouth and linguistic development, it is hypothesized that infants will 

look equally to the speaker’s eyes and mouth upon entering the next milestone of language 

development, the “vocabulary spurt,” around 21 to 22 months. 
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Figure 24. This figure applies the Hunter and Ames (1998) model to infant face scanning 

patterns based on stimulus complexity and phase of language development. Chronologic age in 

months is shown on the x-axis and proportion of looking time to the speaker’s eyes and mouth 

are seen on the y-axis. The black line represents an infant’s looking patterns to the speaker’s eyes 

and mouth coincide with language development milestones.   

  

Effects of Face Scanning Patterns on Expressive Vocabulary Development  

 

No relationship was noted for expressive vocabulary size and face scanning patterns in 

18-month-old infants, which directly opposes outcomes in previous studies that show 

correlations between early face scanning patterns and later expressive language scores (Young, 

Merin, Rogers, & Ozonoff, 2009; Tenenbaum, Sobel, Sheinkopf, Malle, & Morgan, 2015; 

Elsabbagh et al., 2014). For example, Young and colleagues reported that typically developing 

infants who spent more time viewing their mother’s mouth at 6 months had larger expressive 

vocabulary size at 24 months (Young et al., 2009). The divergent findings may result from 

methodological differences such that the present project used a cross-sectional study design – 

simultaneously collecting face scanning and vocabulary data – and the previous studies 

employed a longitudinal study design (Young et al., 2009; Tenenbaum et al., 2015; Elsabbagh et 

al., 2014). It is possible that the addition of data points over time would yield a positive 

association between early face scanning patterns to the speaker’s mouth and later language 

development, similar to previous findings.  

Overall, TH peers looked to the speaker’s mouth significantly more than the eyes 

regardless of chronologic age or sensory input condition. These data expand on previous 

literature by including older infants, affording understanding of face scanning patterns across 

development in infants with TH. In addition, fleshing out face scanning patterns forms a 
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foundation by which to compare clinical populations to determine factors underlying differences, 

thereby informing development of effective therapeutic interventions to ameliorate deficits.  

Participants with HL 

Infants and toddlers with HL from this sample show similarities and differences to infants 

with TH in face scanning patterns while viewing both audiovisual and visual only stimuli. 

Infants with HL viewed the speaker’s mouth more than the eyes in the audiovisual condition 

regardless of chronologic age, listening experience, or device configuration. This finding 

suggests that infants and toddlers with HL gain the most information from the speaker’s mouth 

while viewing an audiovisual stimulus. In addition, pediatric CI and HA users decreased looking 

time to the speaker’s mouth and increased looking times to the speaker’s eyes as a function of 

listening experience with their current device (as seen in Figures 8 and 12). This face scanning 

pattern suggests that increased experience with adequate and appropriate access to sound 

decreases reliance on information gathered from the speaker’s mouth. The expressive vocabulary 

size of the participants with HL most closely resembled the TH infants matched for auditory 

experience. The following sections detail possible trends based on exploratory analysis of data 

from infants and toddlers with HL.  

Effect of Sensory Modality on Face Scanning Patterns   

Infants and toddlers with HL from this sample viewed the audiovisual stimuli using 

patterns similar to TH age-matched peers. Specifically, all infants scanned the speaker’s mouth 

for a greater duration of time than the eyes, regardless of chronologic age or listening experience. 

Similar findings emerge for the visual only stimuli when compared to the TH literature for face 

scanning patterns. In the TH literature, 12-month-old infants spend more time viewing the 



 

88 

speaker’s mouth than the speaker’s eyes in the visual only condition (Hunnius & Geuze, 2004). 

We saw similar patterns in our pediatric participants with HL, who spent more time viewing the 

speaker’s mouth than the speaker’s eyes – with the exception of SSD1, who viewed the speaker’s 

eyes marginally more than the mouth. These findings converge with the presumption that 

children with HL hone in on a speaker’s mouth in the absence of auditory information, drawing 

on speechreading cues to assist in interpretation of a speaker’s message. It is possible that the 

infants with HL need the added information from the speaker’s mouth in both conditions to 

process and interpret a message. In sum, most pediatric participants with HL view the 

audiovisual and visual only stimuli similarly, spending a greater amount of time viewing the 

speaker’s mouth than the speaker’s eyes.  

Effect of Chronologic Age and Listening Experience on Face Scanning Patterns  

Chronologic Age. Most of the pediatric participants with HL in this study showed face 

scanning patterns similar to TH peers based on chronologic age. Lewkowicz and Hansen-Tift 

(2012) reported TH peers showed equal looking time to the speaker’s eyes and mouth in 12-

month-old infants while viewing an audiovisual stimulus. Similarly, the 11-month-old male with 

SSD (i.e., SSD1) looked nearly equal to the speaker’s eyes and mouth while viewing the 

audiovisual stimuli. This convergence of looking patterns could be due to the natural hearing he 

receives from his ear with hearing in the normal range. The CI users showed greater PTLTs to 

the speaker’s mouth in the audiovisual stimuli, similar to chronologic age-matched peers with 

TH, although the proportion of looking times varied. This finding may suggest CI users receive 

added cues from the speaker’s mouth to aid in language processing and acquisition. This series 
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of individual cases suggests that early adequate access to sound may be key for infants and 

toddlers with HL to develop face scanning akin to TH peers 

Listening Experience. Pediatric participants with CIs and HAs appeared to evolve to 

equal looking time to the speaker’s eyes and mouth based on duration of listening experience. 

Infants with less experience with auditory technology spent more time viewing the speaker’s 

mouth and minimal time viewing the speaker’s eyes. The more experienced pediatric HA and CI 

users spent essentially equal time viewing the speaker’s eyes and mouth. This trend suggests a 

shift in face scanning patterns as a function of listening experience to more closely match 

patterns in TH peers.  

Previous literature on infants and toddlers with HL suggests better language and learning 

outcomes with increased duration of listening experience (Yoshinaga-Itano et al., 2017; Johnson 

& Goswami, 2010; Joint Committee on Infant Hearing, 2007). Infants with shorter duration of 

device experience showed different face scanning patterns than TH peers matched for listening 

age. Young TH infants (<4 months) scan predominantly to the speaker’s eyes versus the mouth 

(Lewkowicz & Hansen-Tift, 2012), while the youngest CI user (i.e., CI1, with 1.6 months of 

listening experience) spent a greater proportion of time viewing the speaker’s mouth. This 

finding could reflect greater life experience for CI1 compared to a 4-month-old TH infant. 

Participants with longer durations of device experience (i.e., CI3, CI4, HA1, and HA2) spent a 

larger percentage of time viewing the stimuli and a greater proportion of time viewing the 

speaker’s mouth than the speaker’s eyes. We saw a convergence in face scanning patterns for the 

TH 18-month-old group and CI3, who had a listening age of approximately 18 months, with a 

greater proportion of time on the speaker’s mouth than the speaker’s eyes in the audiovisual 
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condition. These case studies highlight the vast variability in outcomes of infants and toddlers 

with HL relative to degree of HL, auditory technology, chronologic age, and listening 

experience. 

Vocabulary Development in Pediatric Participants with HL  

Lastly, no trends emerged linking looking patterns and expressive vocabulary size for 

infants and toddlers with HL. Differences in expressive vocabulary size more closely matched 

the infant’s listening experience such that infants and toddlers with longer durations of 

experience with auditory technology had larger expressive vocabularies (except HA1). Previous 

studies show that earlier identification of HL and earlier implementation of adequate and 

appropriate auditory technology also correspond to better expressive language outcomes 

(Yoshinaga-Itano, Sedey, Coulter, & Mehl, 1998; Yoshinaga-Itano et al., 2017). For example, 

Yoshinaga-Itano et al. (1998) reported that infants identified with HL by 6 months had 

significantly better language outcomes than identification after 6 months, regardless of the 

chosen mode of communication, degree of HL, or SES. It is possible the better language 

outcomes in this sample of infants and toddlers with HL reflects the early identification of each 

participant’s HL.  

Comparisons by chronologic age and device configuration revealed diverse outcomes, 

suggesting the need for more data to determine face scanning patterns in infants and children 

with HL. Exploratory findings suggest pediatric participants with HL initially seem to spend a 

greater proportion of time viewing the speaker’s mouth before transitioning to equivalent looking 

time to the mouth and eyes in the audiovisual condition. More information is needed to 
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determine statistical significance of these factors, starting with larger sample sizes, which will 

help provide a first look into early scanning patterns of this clinical population.  

Study Strengths and Limitations 

The statistical and exploratory findings of the current study come with some limitations. 

First, in both the TH and HL groups, there was a lack of variability in the sample based on race, 

ethnicity, and socioeconomic status. It is possible that including families from lower SES 

backgrounds would elicit different vocabulary outcomes and possibly different face scanning 

patterns based on language input from the family (Hart & Risley, 2003). Alongside this 

limitation, we did not examine language input levels to deduce its effect on the ability of the 

infants to scan the speaker’s face. Due to the link in parental language input and the child’s 

expressive vocabulary size at three years (Hart & Risley, 2003), this information could affect 

face scanning patterns beyond SES alone. Next, a possible attentional shift in face scanning 

patterns in TH infants occurred around 18-months; however, specific timing as to when the shift 

occurs after the 12-month mark is unknown due to the cross-sectional design and age groups 

used in this study. Including more participants across the chronologic age continuum would help 

pinpoint the age range at which this additional shift in attention occurs. The number of infants 

with HL included in the study and the variance in audiologic characteristics made it difficult to 

compare across groups. Groups varied by chronologic age, duration of device experience, device 

configuration, and degree of HL. A larger sample would provide more robust information 

regarding face scanning patterns of this clinical population, allowing researchers to look across 

and within groups based on the aforementioned variables (i.e., specific audiologic 

characteristics).  
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While this study comes with limitations, there are also multiple strengths to note. The 

current research represents a first step in determining infant face scanning patterns before and 

after 12 months of age. Results showed a convergence in previous literature of 6-month-old 

infants with TH, validating the study outcomes. In addition, this is the first study to examine the 

development of face scanning patterns in 18-month-old infants. It examined the possibility for 

additional shifts in attention during the second year of life, which could relate to progression in 

the receptive and expressive language system and the additional cognitive load needed to process 

and develop these skills. Furthermore, this study is the first to look at face scanning patterns of 

infants and toddlers with HL. This information helps in understanding early face scanning 

patterns in infants and toddlers with and without HL and how it may affect early language 

development, listening abilities, and perceptual processing skills. Through exploratory data, 

possible similarities and differences emerged in infants with TH and HL across age groups (i.e., 

chronologic and listening experience) and HL subgroups. Although the sample size and 

variability within the sample of young children with HL was addressed as a limitation, it can also 

be perceived as a strength. Information from infants and toddlers varying by chronologic age, 

duration of device experience, device configuration, and degree of HL affords a glimpse into the 

range of outcomes within the pediatric HL population. Thus, the case series described in this 

project may serve as a starting point for other studies examining face scanning patterns in infants 

and toddlers with HL.  

Future Directions 

The current study provides foundational knowledge for future research. To develop 

appropriate therapies for individuals with speech and language delays due to various conditions, 
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it is crucial to first understand how typically developing individuals perform. To accomplish this, 

future studies could take a deeper look into the face scanning patterns of infants with TH in the 

second year of life either through cross-sectional studies with more age groups or longitudinal 

studies. This would allow delineation of when the attentional shift to proportionately more 

viewing of the speaker’s mouth occurs, if other attentional shifts occur, and if these attentional 

shifts depend on factors such as chronologic age, vocabulary size, and parental language input 

levels.  

Follow up studies also could investigate the effect of attention and distractibility on an 

infant during a face scanning task. An infant’s ability to sustain attention to pertinent information 

within a context during a distractible task supports linguistic development (Salley, Panneton, & 

Colombo, 2013; Colombo et al., 2009; Dixon Jr & Smith, 2000). Therefore, information 

regarding the ability to maintain attention to the speaker during a task could afford important 

information regarding various levels of development. Information regarding distractibility could 

also assist in understanding the development of infants and toddlers with HL. Children with HL 

are more easily distracted by irrelevant items compared to peers with TH (Yucel & Derim, 2008; 

Quittner, Smith, Osberger, Mitchell, & Katz, 1994; Houston, 2009; Houston et al., 2012; Tharpe, 

Ashmead, & Rothpletz, 2002). It is plausible that higher levels of distractibility in children with 

HL affect the overall ability to develop communication skills. Determining face scanning 

patterns while viewing a stimulus with distracting features would allow for better understanding 

of this phenomenon.  

Relative to infants and toddlers with HL, a larger sample size would allow for more 

stringent groupings by degree of HL and auditory technology to determine if the exploratory 
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findings of face scanning patterns persist. Additionally, assessing face scanning patterns by 

degree of HL and auditory technology may influence clinical recommendations. For example, 

participants with SSD showed decreased overall percentages of looking time to audiovisual and 

visual only stimuli compared to infants with TH or infants with HL using HAs or CIs. 

Historically, clinicians did not consistently recommend auditory technology for children with 

SSD (e.g., unilateral HL). Establishing connections between face scanning and early vocabulary 

development may provide the evidence needed to enact consistent recommendation of auditory 

technology to avoid the negative outcomes of untreated SSD, including academic, speech-

language, and social emotional difficulties and increased difficulty maintaining attention 

compared to TH peers (Lieu, 2013; Oyler & McKay, 2008). In addition, studies could look 

across ages of children with HL to determine how they develop speech and language, listening, 

and literacy skills throughout their lives. Knowledge of this development could determine the 

potential presence of multiple developmental shifts in face scanning patterns in children with 

HL. Lastly, because this study used eye tracking technologies, families were obligated to come 

into the laboratory to participate in the second half of the study, which may have deterred some 

families – particularly those with lower SES – from enrolling in the study. Use of a portable eye 

tracker may eliminate the travel and inconvenience required of families with TH infants and 

infants with HL to increase not only sample size, but also sample diversity.  

Traditional sociodemographic and audiologic variables explain half of the variance in 

language development for children with HL (Geers et al., 2003). Establishing a link between 

early face scanning and later language development may provide an avenue by which to explain 

a larger proportion of the vast variance on outcomes in infants and toddlers with HL. Moreover, 
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continued work in infant face scanning could assist in identification of early markers of 

differences based on not only auditory status (i.e., infants and toddlers with HL versus those with 

TH), but also language development (e.g., typical development versus late talking toddlers) or 

developmental delays (e.g., typical development versus autism spectrum disorder). Early 

detection of potential deficits will enable development of targeted therapeutic interventions, 

resulting in improved speech, language, and literacy outcomes.  

Conclusions 

In conclusion, this study focused on face scanning patterns of infants with TH and with 

HL. Six- and 18-month-old infants with TH both spent more time viewing the speaker’s mouth 

than eyes during both audiovisual and visual only stimulus conditions. These findings provide 

novel information on face scanning patterns in the second year of life and suggest a possible link 

among face scanning patterns, task complexity, and processing ability. Information from the 

current study can guide future work to determine how face scanning patterns may be mediated 

by cognitive load, specifically cognitive demands associated with language acquisition, and how 

early patterns may influence later language outcomes and academic performance.  

All pediatric participants with HL in this study spent a greater proportion of time viewing 

the speaker’s mouth during the audiovisual and visual only stimuli (except SSD1) – regardless of 

chronologic age, listening experience, and device configuration. These findings suggest that 

infants and toddlers with HL use speechreading to supplement language processing and learning.  

Infants with TH were used as a guide for expectations in infants and toddlers with HL 

based on chronologic age and listening experience. These preliminary findings in infants and 

toddlers with HL implore further examination into face scanning patterns by device 
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configuration, device experience, and degree of HL to better understand its connection with early 

communication outcomes. Identification of risk and protective factors associated with precursors 

to language, such as face scanning, in very young children with HL could afford changes in 

therapeutic intervention to enhance the opportunity for infants and toddlers with auditory deficits 

maximize performance levels.  
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APPENDIX A 

NARRATIVE 

 

 

“Good Morning! Get up. Come on now. If you get up right away, we have a whole hour to putter 

around the house. I love these long mornings, don’t you?
 A

 I wish they would last all day.
 
Well, 

at least it’s Friday and we can loaf around all day Saturday, except of course, for the party. Are 

you going to help me fix up the house? 
B 

We have to buy flowers, prepare the food, vacuum the 

house, ooh yes, dust everything, and clean the records. We have to have good music so people 

will dance. 
C 

Do you think that everyone will come? Sara, John, Betty, Patricia, and all of my 

classmates? Maybe some people will bring their children. I hope so. 
D 

” (Werker & McLeod, 

1989; Lewkowicz & Hansen-Tift, 2012)  

 

Note. Appendix A exhibits the narrative used for the studies video stimuli used previously by 

Lewkowicz and Hansen-Tift (2012). A female speaker recited the narrative in its entirety in IDS. 

The video was segmented into 4 videos (2 audiovisual and 2 visual only), each of which had a 

duration of approximately 10 seconds. A, B, C, and D denote the cutoffs for each of the four 

videos.  
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APPENDIX B  

 

DEMOGRAPHIC QUESTIONNAIRE 

 

 

Q1 What is your participant ID (given by the researcher)? 

 

Q2 What is your child's date of birth?  

 

Q3 What is your baby’s age in months?  

 

Q4 What is your child’s gender? 

o Male (1)  

o Female (2)  

 

Q5 Please tell us about you:  

What is your relationship to your child? 

o Mother (1)  

o Father (2)  

o Stepparent (3)  

o Grandparent (4)  

o Legal guardian (5)  

o Other (6) ________________________________________________ 

 

Q6 What is your age (in years)? 

 

Q7 Which category describes the highest level of education you have achieved? 

o Did not complete 8th grade (1)  

o Completed 8th grade (2)  

o Some high school (3)  

o Completed high school (4)  

o Some college/postsecondary education (5)  
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o Completed college (6)  

o Master's degree (7)  

o Doctoral degree (8)  

 

Q8 Do you have other children living in your home? If yes, what are their ages? 

o No (1)  

o Yes (2) ________________________________________________ 

 

Q9 Is there another adult living in your household? 

o No (1)  

o Yes (2)  

Q10 What is their relationship to the child?   

o Mother (1)  

o Father (2)  

o Stepparent (3)  

o Grandparent (4)  

o Legal Guardian (5)  

o Other (please specify): (6) ________________________________________________ 

 

Q11 What is their age in years?  

 

Q12 To help us characterize the economic status of our study participants, please indicate which 

category best describes the combined annual income, before taxes, of your household last year:  

o Less than $15,000 (1)  

o $15,000— $29,999 (2)  

o $30,000—$49,999 (3)  

o $50,000— $74,999 (4)  

o $75,000— $99,999 (5)  
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o $100,000— $129,999 (6)  

o More than $130,000 (7)  

o Decline to answer (8)  

 

Infants birth information:  

Q13 How many weeks gestation was your baby when he/she was born?  

 

Q14 What is your child's birth order? (order/ how many siblings) 

 

Q15 Were there any birth complications?  

o Yes. If so, please explain (1) ________________________________________________ 

o No (2)  

 

Q16 Has your child had any ear infections? If yes, how many?  

o Yes (1) ________________________________________________ 

o No (2)  

 

Q17 How old was your baby at the time of their first ear infection (in months)? 

 

Q18 Which procedures have been used to treat your babies ear infection(s): example tubes, 

antibiotics, etc.?  

 

Q19 What is your baby’s racial background?  

o American Indian/ Alaskan Native (1)  

o Asian (2)  

o Black/ African American (3)  

o Native Hawaiian/ Pacific Islander (4)  

o White/ Caucasian (5)  

 

Q20 What is your baby’s ethnicity?  

o Hispanic/ Latino (1)  

o Non- Hispanic/Non-Latino (2)  
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o Other (3) ________________________________________________ 

 

Q21 What is your child's hearing status?  

o My child has typical hearing. (1)  

o My child has a hearing loss. (2)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

 

Q22 At what age was your child’s hearing loss diagnosed? Please specify years and months. 

▢  Years (1) ________________________________________________ 

▢  Months (2) ________________________________________________ 

▢  I do not know (3)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q23 What is your child's degree of hearing loss? 

o Mild (1)  

o Moderate (2)  

o Moderate-severe (5)  

o Severe (3)  

o Severe-profound (6)  

o Profound (4)  

o Low frequency (7)  

o High frequency (8)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 
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Q24 My child currently wears the following devices: 

o 1 hearing aid (1)  

o 2 hearing aids (2)  

o 1 cochlear implant (3)  

o 2 cochlear implants (4)  

o 1 cochlear implant + 1 hearing aid (5)  

o Other: (6) ________________________________________________ 

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q25 At what age did your child first receive hearing aids? 

▢  Years (1) ________________________________________________ 

▢  Months (2) ________________________________________________ 

▢  I do not know (3)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q26 At what age did your child receive his or her first (or only) implant? 

▢  Years (1) ________________________________________________ 

▢  Months (2) ________________________________________________ 

▢  I do not know (3)  

▢  N/A (4)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 
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Q27 At what age did your child receive his or her second implant?  

▢  Years (1) ________________________________________________ 

▢  Months (2) ________________________________________________ 

▢  My child wears 2 cochlear implants, but I am unsure when they received their second 

implant. (3)  

▢  My child does not wear 2 cochlear implants (4)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q28 How long has your child worn his/her cochlear implant? 

▢  Years (1) ________________________________________________ 

▢  Months (2) ________________________________________________ 

▢  I do not know (3)  

▢  N/A (4) 

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q29 What type of cochlear implant does your child wear?  

o Advanced Bionics (1)  

o Cochlear (2)  

o Med El Corporation (3)  

o Other: (4) ________________________________________________ 

o I do not know (5)  

o N/A (6)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 



 

104 

Q30 Do you know which type of speech processor your child wears? If so, please indicate the 

name of your child’s speech processor.  

o No (1)  

o Yes: (2) ________________________________________________ 

o N/A (3)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q31 At what age did your child receive therapy for hearing loss?  

▢  Years (1) ________________________________________________ 

▢  Months (2) ________________________________________________ 

▢  I do not know (3)  

▢  My child has never received therapy for his/her hearing loss (4)  

 

Display This Question: 

If What is your child's hearing status? = My child has a hearing loss. 

Q32 How does your child best communicate?  

o Auditory-Verbal (1)  

o Auditory-oral (2)  

o Cued speech (3)  

o Simultaneous communication, speech emphasis (4)  

o Simultaneous communication, equal emphasis (5)  

o Simultaneous communication, sign emphasis (6)  

o Signed Exact English (7)  

o ASL (8)  
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Q33 Does your child know any sign language?  

o Yes (1)  

o No (2)  

 

Q34 My child uses sign language:  

o My child knows approximately 10 words in sign language (1)  

o My child knows approximately 50 words in sign language (2)  

o My child knows approximately 100 words in sign language (3)  

o My child is a fluent signer (4)  

 

Language and Media: 

 

Q35 Is your child exposed to a language other than English? If yes, what language and how 

much?  

o Yes (1) ________________________________________________ 

o No (2)  

 

Q36 How often do you read books with your child? 

o Daily (1)  

o Every other day (2)  

o 2-3 times/ week (3)  

o 1 time/week (4)  

o Never (5)  

o Other: (6) ________________________________________________ 
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Q37 When you read with your child, how long do you typically read for each time?  

o 1-15 minutes (1)  

o 30 minutes (2)  

o 45 minutes (3)  

o 1 hour (4)  

o 2 hours (5)  

o 3 hours (6)  

o Other: (7) ________________________________________________ 

 

Q38 How often does your baby watch TV or movies?  

o Daily (1)  

o Every other day (2)  

o 2-3 times/week (3)  

o Once a week (4)  

o Never (5)  

o Other: (6) ________________________________________________ 

 

Q39 When your baby watches TV or movies, how long do you typically watch for each time?  

o 1-15 minutes (1)  

o 30 minutes (2)  

o 45 minutes (3)  

o 1 hour (4)  

o 2 hours (5)  

o 3 hours (6)  

o Other: (7) ________________________________________________ 
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Q40 Which programs does your baby watch on TV? 

o Adult programs or movies (1)  

o Cartoons (2)  

o Children's programs or movies (3)  

o Sports (4)  

o Video Games (5)  

o Other: (6) ________________________________________________ 

 

Q41 How often are TV or movies on in the background while your baby is doing something else 

(playing, eating, etc.)? 

o Daily (1)  

o Every other day (2)  

o 2-3 times a week (3)  

o Once a week (4)  

o Never (5)  

o Other: (6) ________________________________________________ 

 

Q42 How often does your baby see a computer screen? 

o Daily (1)  

o Every other day (2)  

o 2-3 times a week (3)  

o Once a week (4)  

o Never (5)  

o Other: (6) ________________________________________________ 
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Q43 If your baby does spend time in front of a computer, how long does he/she spend each time? 

o 1-15 minutes (1)  

o 30 minutes (2)  

o 45 minutes (3)  

o 1 hour (4)  

o 2 hours (5)  

o 3 hours (6)  

o Other: (7) ________________________________________________ 

 

 

Note. Appendix B details the demographic portion of the online survey caregivers completed. 

This section includes items regarding family demographics, hearing status and specifics, and 

reading and screen time information. Additional sections included MBCDI (WG or WS) and the 

ASQ-3.
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