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ABSTRACT 

 
Substantial empirical evidence exists regarding the benefits of infant-directed 

speech (IDS), also known as “motherese,” for developing infants and children. Recent 

studies indicate that IDS facilitates the development of joint attention and emotional 

recognition in infants and young children. And, recent studies in robotic technologies 

have suggested robotic paradigms as a possible efficacious tool for facilitating and 

enhancing social interaction skills in very young children. There is currently scant 

evidence about the potential benefits of utilizing robots containing a similar speech 

register to IDS. The current study utilized eye-tracking paradigms to measure and 

examine infants and toddlers’ social gaze preferences for human agents performing 

“motherese” versus robot agents performing in a similar speech register to IDS, thus 

designated “robotese.” The results indicated that infants and toddlers display similar gaze 

allocation patterns towards “robotese” and “motherese” stimuli, were able to identify and 

allocate attention towards both agents as social interaction partners, and were capable of 

following triadic engagement processes present within a display of human-robot 

interaction. Implications of gaze allocation and preference in both typical and atypical 

populations of young children are discussed. 
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CHAPTER I  
 

INTRODUCTION  
 

Infant-directed speech (IDS) provides significant developmental benefits for 

young infants and children (Saint-Georges et al., 2013; Ma et al., 2011; Singh et al., 

2009; Liu et al., 2003; Snow 1972), bolstering both social and cognitive development 

throughout infancy. IDS, incipiently termed “motherese” (Snow, 1972) is a universally 

observed human phenomenon characterized by prosodic shifts in voice such as the use of 

higher pitched tones, exaggerated pitch contours, various forms of repetitions (Dilley et 

al., 2014; Grieser et al., 1988; Snow & Ferguson, 1977), and heightened facial expression 

(Saxton et al., 2008). A plethora of empirical studies have studied the effects and impacts 

of “motherese” on infant’s and children’s social, emotional, and cognitive development 

(e.g., Háden et al., 2020; Fernald et al., 1992; Golinkoff et al., 2015; Kitamura et al., 

1998; Saint-Georges et al., 2013; Santesso et al., 2011; Schachner & Hannon, 2010; 

Snow & Ferguson, 1977; Soderstrom et al., 2007; Spinelli et al., 2017; Tomasello et al., 

2005). Further, numerous studies have indicated that IDS increases sustained attention 

(Shruti et al., 2018; Saint-Georges et al., 2013; Song et al., 2010) and joint attention 

(Senju et al., 2008), as well as emotional recognition (Spinelli et al., 2017; Singh et al., 

2002) in infants and young children. Thus, “motherese” has been considered a pivotal 

developmental element in infants’ routine communicative interactions with caregivers.  

When using “motherese”, caregivers are able to gain and maintain the infant’s 

attention during interaction that is characterized by a medley of modification to one’s 

natural tone and prosodic elements of speech (Fernald et al., 1992; Snow, 1977). And, 

when speaking to an infant, this speech typically involves a heightened range in pitch, 



Texas Tech University, Miranda Cox, August 2022 
 

 2 

slowing of speech using elongated pauses and limited vocabulary (Fisher & Tokura, 

1995; Kitamura et al., 1998; Snow, 1977; Soderstrom et al., 2008), and is coupled with an 

exaggerated usage of facial expression and emotion (Singh et al., 2002; Trainor et al., 

2000). Further, the vocal modifications applied when using “motherese” serve as a 

bolster for caregiver-infant engagement (Saint-Georges et al., 2013; Fernald et al., 1989; 

Snow, 1977) and phonological learning, effectively introducing infants to multiple 

phonetic components of their native language (Golinkoff et al., 2015; Kitamura et al., 

1998) as well as guiding them toward the activation of the early stages of social and 

language development (Saint-Georges et al., 2013; Soderstrom et al., 2007). Evidence 

from multiple studies have suggested that, compared to adult-directed speech (ADS), the 

use of “motherese” leads to increased engagement and maintained interest (Cooper et al., 

1990; Fernald & Kuhl, 1987; Fernald et al., 1984; Katz et al., 2000; Kitamura et al., 

2009; Pegg et al., 1992; Saint-Georges et al., 2013; Soderstrom et al., 2007; Werker et al., 

1989). For example, a seminal study performed by Cooper and colleagues (1990) found 

that just one month after birth, infants preferred to engage in “motherese” contexts over 

ADS. More recent studies have replicated this finding, confirming that when presented 

with “motherese” and ADS, infants will prefer and sustain longer periods of attention to 

“motherese” or stimuli including motherese as a communicative signal (Dunst et al., 

2012; Saint-Georges et al., 2013; Schachner & Hannon, 2010). For instance, a study 

performed with 5-month-old infants comparatively evaluated infants’ responses to 

“motherese” and ADS using observational measures of looking behavior, and found that, 

after familiarization with one person performing “motherese,” infants were more likely to 

attend to the familiar person compared to a novel person (Schachner & Hannon, 2010). 
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These results indicate that infants not only prefer “motherese” to ADS, but more 

importantly reveal that “motherese” acts as a significant cue to infants for identifying 

social partners and engaging in social contexts, ultimately promoting social interaction 

and engagement (Schachner & Hannon, 2010).  

Through the facilitation of infant sustained attention and social interaction, 

“motherese” contributes to infant’s subsequent development of shared intentionality, a 

phenomenon in shared activities in which paired goals or “joint intentions” are present in 

interaction (Carpenter et al., 1998; Liszkowski et al., 2004; Tomasello & Carpenter, 

2007; Tomasello et al., 2005). For example, in a longitudinal study investigating mother-

infant topic-sharing interactions and subsequent infant joint attention skill, results 

indicated that the presence of “motherese” during topic-sharing interactions was a 

significant predictor of infant joint attention skills at 12-months of age (Roberts et al., 

2013). Joint attention (JA) is defined when at least two individuals are attending to a 

shared object or area of interest (Carpenter et al., 1998; Moore et al., 2014; Mundy et al., 

1992; Tomasello et al., 2005). For instance, around 9 months of age, an infant typically 

begins to gesture to or hand their caregiver objects of shared interest as part of a game or 

turn-taking activity, which engages and bolsters joint attention between infant and 

caregiver (Carpenter et al., 1998; Tomasello et al., 2005). Importantly, in the first 14 

months of life, infants are learning in repeated daily opportunities how to share 

intentionality in dyadic interactions and build new cognitive representations (Carpenter et 

al., 1998; Liszkowski et al., 2004; Tomasello et al., 2005; Tomasello, 1995). Thus, the 

development and practice of JA in the context of caregiver-infant “motherese” 

interactions is considered to be a pivotal developmental skill. Further, empirical studies 
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have found evidence that “motherese” elicits and bolsters JA skills in both infants and 

toddlers (Dominey & Dodane, 2004; Roberts et al., 2013; Schachner & Hannon, 2010; 

Senju et al., 2008). For example, an eye-tracking study that observed the gaze behavior of 

6-month-old infants in reaction to “motherese” versus adult-directed speech (ADS) 

prompts supported the hypothesis that infants were better able to engage in JA when the 

visual prompt was paired with “motherese” as a communicative signal (Senju et al., 

2008). In addition, empirical findings indicate a correlation between the development of 

collaborative joint attention and emotion regulation (Adamson & Russel, 1999; Morales 

et al., 2005), further supporting previous theories that positive affect within “motherese” 

plays a significant role in infant’s parallel development of emotional regulation and joint 

attention skills (Adamson & Russell, 1999; Kuroki, 2007; Parlade et al., 2009; Venezia et 

al., 2004). However, understanding the potential impacts and effects of “motherese” on 

joint attention and early social development becomes particularly important when 

considering populations of children with social deficits consistent with autism risk. 

Further, impairment in the development of joint attention is one of the most consistently 

observed characteristic deficits of autism spectrum disorders (ASD), and is often 

associated with additional impairments in social communication and language 

development (Billeci et al., 2016; Charman, 2003). Researchers have theorized that 

differences in the cognitive mechanisms associated with social motivation processes may 

represent primary social deficits observed among individuals with ASD (Chevallier et al., 

2012; Filipe et al., 2018). Therefore, children with autism risk behaviors may respond to 

social stimuli in an atypical manner, which subsequently impacts the quality and quantity 

of social learning opportunities (Filipe et al., 2018). In addition, multiple studies have 
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found evidence that children with ASD risk behaviors exhibit diminished attention to 

auditory stimuli involving “motherese” (Xiao et al., 2022; Filipe et al., 2018; Kuhl et al., 

2005; Kuhl, 2011), and posit this is due to the inherent socio-cognitive aspects present 

within infant-caregiver interaction contexts involving “motherese.” Simply, it is the 

intrinsic social and affectual components present within the prosodic features of 

“motherese” that may hinder social motivation processing and diminish attention towards 

“motherese” in children with developmental risk within infant-caregiver interaction 

contexts. 

Positive affect naturally accompanies “motherese” in interactive contexts, and 

“motherese” has been observed to improve the transmission of emotional affect between 

infant and caregiver (Háden et al., 2020; Saint-Georges et al., 2013; Singh et al., 2002; 

Trainor et al., 2000; Slaney et al., 1998; Snow & Ferguson, 1977). For instance, a study 

examining speech prosody and emotional expression in “motherese” provided evidence 

that IDS, with its inherent characteristic of higher pitch, allows caregivers to express 

higher levels of emotional affect than ADS (Trainor et al., 2000). That is, when 

caregivers express more intense emotional affect valence to infants through “motherese,” 

the caregiver-infant bond may be strengthened over time (Singh et al., 2002). Through 

the development of this caregiver-infant bond, infants can learn who and what is 

important to attend to, and how to engage in social interactions. Prior studies have 

additionally suggested that positive affect may be the instrumental characteristic of 

“motherese” that sustains attention and social engagement (Dominey & Dodane, 2004; 

Golinkoff et al., 2015; Háden et al., 2020; Schachner et al., 2010; Senju et al., 2008; 

Soderstrom et al., 2007; Spinelli et al., 2017).  
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Relatedly, recent evidence has indicated robots have potential to effectively 

facilitate and enhance attention and social engagement in young children (Chevalier et 

al., 2020; Filippini et al., 2020; Warren et al., 2015). For example, Crompton and 

colleagues (2018) tested the cognitive and socio-emotional learning effects of a 

humanoid robot engaging with 3 – 5-year-old children. In this study, children interacted 

with the robot in two 30-minute classroom tutoring sessions, and results indicated that 

children were more curious and engaged in the lesson when the robot was present, and 

increased engagement and learning levels with the robot were observed across all human-

robot interaction context conditions. Similarly, another study reported that not only are 

children likely to attend to the robot as measured via eye-gaze, but infants and young 

children were also able to follow the robot’s line of gaze and viewed the robot as an 

intentional agent (Meltzoff et al., 2010). This critical finding implies that infants do have 

the ability to engage in shared intentionality with a robot, and that robots appear to 

facilitate and bolster JA development in infants. Additionally, in an eye-tracking study 

evaluating typically developing infants’ JA with robots, results indicated that interaction 

with the robot improved infant’s ability to orient to administered prompts and 

successfully elicit and sustain JA (Warren et al., 2015). Further, studies evaluating 

robots’ capability to gain and sustain joint attention processes in infants and young 

children with ASD have indicated that robots may be particularly successful at eliciting 

cognitive mechanisms joint attention (Anzalone et al., 2018; Boccanfuso et al., 2017; 

Chevalier et al., 2020; Zheng et al., 2018). For example, a review performed by Chevalier 

and colleagues in 2020 examined studies evaluating robots’ ability to administer joint 

attention prompts to children with ASD, and these authors found promising results across 
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multiple studies for the use of robots as an intervention tool for bolstering joint attention 

and subsequent socio-cognitive development. For example, one study examined the 

potential benefits of the humanoid robot NAO on improving joint attention skills for 

infants and young children with ASD, and revealed significant improvements in joint 

attention as well as sustained interest in the robot throughout human-robot interaction 

(Zheng et al., 2018). According to these and similar findings, robots may have the ability 

to successfully elicit and bolster mechanisms of socio-cognitive development in 

populations of infants and children. In sum, these studies corroborate findings that robot 

interactions that include social engagement activities may contribute to children’s early 

socio-cognitive development (Brazael Filippini et al., 2020; Ioannou et al., 2015; Kahn et 

al., 2012; Meltzoff et al., 2010; Warren et al., 2015; Westlund et al., 2017).  

While there have been some studies to indicate the potential contributions of 

robots in social interactions, little is currently known about the potential benefits and 

effects of robot engagement characteristics such as the voice and movement quality. 

These engagement vocal characteristics have been coined “robotese,” as a counterpart to 

“motherese”. “Robotese” can be characterized as a high-pitched, child-like voice 

produced by our humanoid robot, consisting of a simplified speech register and prosodic 

voice shifts similar to that observed in “motherese.” This term has been devised in order 

to define a new construct representing infant-directed speech and movement delivered by 

a non-human agent. Further, recent studies have indicated that the overall concept of 

“robotese” may have the potential to elicit similar effects as “motherese,” and perhaps 

elicit further social interaction and communication skills through increased interest and 

motivation characteristically observed in human-robot interactions with infants and 
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young children (Crompton et al., 2018; Chen et al., 2011). This is of particular 

importance because increasing social interest and subsequent opportunities for social and 

communication skill learning may be especially successful for populations of infants and 

young children with developmental risk factors. However, to date there have been no 

known studies that have examine this phenomenon, nor any studies using precise 

measurement methods such as eye-tracking to measure social attention in young typically 

developing children which serves as a necessary step in the further understanding of 

developmentally different populations of children (van Rijn et al., 2018). In order to 

mitigate this research gap, this study implemented innovative eye-tracking technology 

paradigms to examine how infants and toddlers allocate social attention to robots 

delivering “robotese” compared to humans delivering “motherese” in typical early social 

interaction contexts. 
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CHAPTER II  
 

LITERATURE REVIEW  
 

In the early development period from infanthood to toddlerhood, children 

experience vast amounts of multisensory stimulation and are increasingly able to filter, 

attend to, and specify relevant social and language cues provided by caregivers (Cohen, 

1972; Richards et al., 2011; Tomasello & Carpenter, 2007; Tomasello et al., 2005). By 

following and attending to these cues, infants learn to interpret and understand the 

intentions of caregivers on average around their first birthday; these skills are necessary 

to recruit and maintain an infant’s attention and are pivotal for subsequent socio-

cognitive development (e.g., Kitamura et al., 2014; Mundy & Jarrold, 2010; Tomasello et 

al., 2005; Tomasello & Carpenter, 2007). However, infants follow cues and maintain 

shared attention significantly more often when caregivers use a simplified speech register 

known as infant-directed speech (IDS), or “motherese” (Snow, 1972). Studies of this 

phenomenon began in the mid-twentieth century, and significantly expanded the field’s 

understanding of impacts and benefits of “motherese” on infants’ social, cognitive, and 

language development (e.g., Bynon, 1968; Cooper et al., 1990; Ferguson, 1964; Fernald 

& Kuhl, 1987; Saint-Georges et al., 2013; Snow & Ferguson, 1977; Soderstrom et al., 

2007; Spinelli et al., 2017). Throughout antenatal and infant development “motherese” is 

typically spoken to the developing child by their primary caregiver, and the use of 

“motherese” has been determined to hold significant benefits for infant and toddler 

development (Golinkoff et al., 2015; Roberts et al., 2015; Saint-Georges et al., 2013; 

Singh et al., 2009; Soley & Sebastian-Galles, 2020; Spinelli et al., 2017; Liu et al., 2003; 

Kaplan et al., 1996; Snow & Ferguson, 1977).  
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“Motherese” has been defined as a high-pitched voice including diminutization 

(e.g., an exaggerated ‘doggy’ instead of dog or ‘horsey’ instead of horse) sometimes 

referred to as child-talk, or baby-talk, and is commonly characterized by various shifts 

and exaggerations in the prosodic features of one’s voice. These shifts are defined by 

increased use of higher pitched tones (Grieser et al., 1988, Dilley et al., 2014), speaking 

in third person (Hyams et al., 2008), increased use of questions (Soderstrom et al., 2008), 

heightened facial expression (Singh et al., 2002; Tamis-LeMonda et al., 2014), vowel 

elongation and alterations, limited vocabulary usage, short utterances, and repetition 

(Fernald et al., 1989; Golinkoff et al., 2015; Kitamura et al., 1998; Snow & Ferguson, 

1977). This phenomenon has also been observed to be used in contexts outside of 

mother-infant interaction, such as with a pet (Mitchell et al., 2004), or with others who 

are perceived as less powerful, such as the sick (Levin et al., 1984; Soderstrom et al., 

2007) or elderly (Caporael & Culbertson, 1986; Soderstrom et al., 2007). “Motherese” 

can be spoken by men and women (Golinkoff et al., 2015; Golinkoff & Ames, 1979), by 

young children speaking to infants (Soderstrom et al., 2007), and found in sign-language 

(Golinkoff et al., 2015; Reilly & Bellugi, 1996). However, the impacts and potential 

benefits of “motherese” are most notably present when utilized by a caretaker in an 

interactive context with an infant (Fernand et al., 1989; Pegg & Werker, 1992; Snow & 

Ferguson, 1977; Soderstrom et al., 2008). Infant’s preferences for “motherese” adjust 

developmentally, 4-month-old infants have been observed to prefer “motherese” spoken 

at a slower rate with high emotional affect, but by 7 months infants prefer “motherese” 

spoken slowly or normally, independent of affect rate (Panneton et al., 2006; Saint-

Georges et al., 2013). Further on the developmental trajectory of “motherese,” benefits 



Texas Tech University, Miranda Cox, August 2022 
 

 11 

have been observed to wain between 21 and 27 months of age (e.g., Ma et al., 2011), and 

most significant benefits are observed between birth and 21 months of age. Thus, the 

salience of “motherese” is most robust during the infant and early toddler stages of 

development as early communicative and social skills are developing (Fernald et al., 

1989; Golinkoff et al., 2015; Saint-Georges et al., 2013; Snow & Ferguson, 1977; 

Tomasello et al., 2005). 

Motherese in Routine Contexts 

The term “motherese” is typically used by a caregiver with an infant in routine 

contexts and engagement opportunities throughout each day, such as play time, diaper 

changing, bath time, mealtimes, etc. And, during the early months of infancy, mother-

infant interactions are critical for facilitating and maintaining infant attention (Shruti et 

al., 2018; Saint Georges et al., 2013). Further, maintaining infant attention in reciprocal 

interactions involving IDS has been observed to serve as a type of “crossroad” between 

social interaction and infant cognitive development (e.g., St. Georges et al., 2013). This 

conception is consistent with research studies that have reported the impacts and benefits 

of “motherese” present within multiple elements of cognitive development, including 

sustained attention (Cohen et al., 2013; Cooper et al., 1977; Fernald, 1989; Kaplan et al., 

1995; Spinelli et al., 2017;) and joint attention (Mundy et al., 2007; Mundy et al., 2009; 

Roberts et al., 2013; Salley et al., 2016; Tomasello & Carpenter, 2007), language 

acquisition (Golinkoff et al., 2015; Newport et al., 1977; Spinelli et al., 2017; Vosoughi 

et al., 2010), and emotional affect (Fernald, 1989; Saint-Georges et al., 2013; Singh et al., 

2002; Snow & Ferguson, 1977). Due to the exaggerated high pitch and intonation of 

“motherese,” emotional affect is easier for infants to identify when compared to ADS 
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(Fernald, 1989; Saint-Georges et al., 2013; Singh et al., 2002; Spinelli et al., 2017; Snow 

& Ferguson, 1977). 

“Motherese” may significantly improve the transmission of emotional affect 

between infant and caregiver (Spinelli et al., 2017; Singh et al., 2002; Trainor et al., 

2000; Slaney et al., 1998; Snow & Ferguson, 1977). For instance, one study 

comparatively evaluating infant’s responses to emotional differences in “motherese” and 

ADS replicated previous findings (e.g., Fernand, 1989; Singh et al., 2002) that infants 

attended to speech with higher emotional affect (e.g., Trainor et al., 2000). Therefore, the 

prosodic characteristics of “motherese” aid in the natural facilitation of attention and 

subsequent social preferences during mother-infant interaction (Singh et al., 2002; 

Trainor et al., 2000). This finding was again observed in a study evaluating effects of 

emotional affect in “motherese” on 6-month-old infant’s preference, and results indicated 

that higher levels of emotional intensity or affect, whether given through “motherese” or 

ADS, predicted infant preference for speech (Singh et al., 2002). Relatedly, multiple 

study findings have indicated that it is the emotional affect present in “motherese” that 

opens the reciprocal interactive loop between caregiver and infant (Saint-Georges et al., 

2013; Singh et al., 2002) and the use of uninhibited positive emotion by caregivers has 

been suggested to be the main differentiation between ADS and “motherese” (Singh et 

al., 2002; Trainor et al., 2000; Banse et al., 1996). Additionally, “motherese” may benefit 

in the development of infant emotional understanding and recognition (Santesso et al., 

2007; Singh et al., 2002; Spinelli et al., 2017; Trainor et al., 2000). For example, in a 

study evaluating infant’s brain activity via electroencephalogram (EEG) and heart rate 

when listening to “motherese” speech segments, researchers found that infants exhibited 
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higher levels of EEG power when hearing “motherese” (Santesso et al., 2007). 

Researchers speculate that according to Bell’s (2002) findings indicating that higher EEG 

power is reflective of increased cognitive attention to the emotional stimulus, that higher 

EEG power detected in infants during “motherese” demonstrates emotional engagement, 

and increased attention and concurrent cognitive processing (Santesso et al., 2007). This 

is of particular importance due to the significance of the relationship between effective 

emotion recognition and concurrent positive social development (Denham et al., 2003; 

Kopp, 1989; Lewis & Ramsay, 1999).  

The adjusted prosodic features of “motherese,” particularly, slowed rate of speech 

and use of higher pitch, are also positively associated with subsequent infant attention 

and social development (Dunst et al., 2012; Fernald, 1985; Saint-Georges et al., 2013; 

Schachner & Hannon, 2011; Spinelli et al., 2017). For example, in an early eye-tracking 

study partly evaluating infant visual response (e.g., mean looking times) to “motherese” 

versus ADS stimuli, findings indicated that 4-month-old infants spent significantly longer 

attending to stimuli in the “motherese” condition, and also allocated initial gaze fixation 

more often in the “motherese” condition (Kaplan et al., 1995). Multiple studies have 

provided similar evidence that infants prefer to look at a targeted visual stimulus for 

longer periods of time when paired with IDS or, “motherese,” when compared to ADS 

(Spinelli et al., 2017; Saint-Georges et al., 2013; Cooper et al., 1990). A more recent 

study replicated this finding, revealing that infants sustain their gaze at faces for longer 

periods of time after having been delivered “motherese” as opposed to ADS (Schachner 

et al., 2011). In addition, “motherese” has been revealed to benefit infants in expecting 

social stimuli, in particular (Sirri et al., 2020; Senju et al., 2008). Thus, when mothers 
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engage in “motherese,” infants learn not only how their mothers interact with them, but 

when to expect and engage with a social stimulus, ultimately facilitating reciprocal social 

and communicative behavior.  

 Past research has also revealed that, in addition to increases in expectation and 

attention allocation (Cohen et al., 2013; Cooper et al., 1990; Kaplan et al., 1995), 

“motherese” can elicit significant increases in reciprocal engagement (Dominey et al., 

2004; Reissland et al., 1999). This is particularly important because it is largely during 

infanthood that children learn to obtain information from following caregiver gaze and 

engaging in joint attention activities. Joint attention (JA) occurs when individuals are 

gazing in a shared direction, or towards a shared object or person of interest, and 

monitoring each other’s’ continued, directed attention, resulting in triadic engagement 

(Carpenter et al., 1998; Mundy et al., 2007; Mundy & Sigman, 2006; Mundy et al., 2009; 

Tomasello et al., 2005; Tomasello et al., 1995; Tomasello et al., 1986). Joint attention 

begins to develop in the infant during the first 6 months after birth (Farroni et al., 2002; 

Morales et al., 1998; Mundy et al., 2007) and continues to develop until the 3rd year of 

life (Adamson et al., 2004; Carpenter et al., 1998; Mundy et al., 2007). The concept of 

joint attention is commonly categorized into multiple behavioral dimensions (Mundy et 

al., 2007; Seibert et al., 1982) in order to differentiate between distinct elements of joint 

attention. Accordingly, these behavioral dimensions include: responding to joint attention 

(RJA), initiating joint attention (IJA), responding to behavioral requests (RBR), and 

initiating behavioral requests (IBR) (Mundy et al., 2007; Mundy et al., 1988; Seibert et 

al., 1982). Responding to joint attention involves the infant’s ability to follow the gaze 

directions of others, and typically evolves in infants around 3 to 6 months of age (Mundy 
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et al., 2007; Roberts et al., 2013); initiating joint attention involves the infant’s utilizing 

direction of gaze to grab or direct attention to a shared object or experience and is 

typically observed to occur between 9 and 12 months of age (Mundy et al., 2007; Mundy 

et al., 1988; Tomasello et al., 1986). Responding to behavioral requests refers to infant 

ability to respond accordingly to a request, such as “Give it to me!” (Mundy et al., 2007); 

initiating behavioral requests involves the infant’s ability to utilize gaze and gesture to 

obtain help from a social interaction partner (Mundy et al., 2007; Roberts et al., 2013). 

Research observations on the behavioral dimensions of joint attention have revealed 

influential findings regarding infant cognitive development crucial to subsequent social 

and cognitive development (Morales et al., 2005; Mundy et al., 2010; Mundy & Sigman, 

2006; Mundy et al., 2007; Tomasello et al., 2005; Tomasello et al., 1995). This is 

supported by previous literature that has indicated (a) JA is necessary to learn how to 

adopt a “common frame of reference” (Mundy, 2018), and (b) JA must be established to 

share a connection to an object or shared experience (e.g., intersubjectivity; Mundy, 

2016; Mundy, 2018; Tomasello et al., 2005).  

In order to learn from others, understand instructional contexts, and follow a 

common perspective, the elements of joint attention are crucial, and ultimately serve as a 

facilitator of intersubjectivity, social interaction, and language acquisition (Kasari et al., 

1990; Mundy et al., 2007; Mundy, 2016; Mundy et al., 1992; Tomasello et al., 2005). 

Therefore, this phenomenon is considered a fundamental mechanism of socio-cognitive 

development and serves as a pivotal skill necessary for early language development 

(Mundy et al., 2003; Tomasello et al., 1999). For example, multiple empirical studies 

have found associations between differences in individual infant joint attention skills and 
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concurrent socio-cognitive and language development (Adamson et al., 2004; Carpenter 

et al., 1989; Laing et al., 2002; Morales et al., 2005; Mundy et al., 2018; Mundy et al., 

2007; Mundy et al., 2010; Richards et al., 2011). In a recent study examining the 

relationship between joint attention and expressive language development, results 

indicated that in both typically developing children and children with developmental 

delay (DD), variations in joint attention behaviors were a significant predictor of rising 

variability in concurrent expressive vocabulary skills (Adamson & Robins, 2019).  

Multiple studies have also indicated that JA serves as a significant precursor and 

facilitator of social learning and competence (Mundy et al., 2007; Tomasello et al., 2005; 

Lord et al., 2003; Carpenter et al., 1998). For example, in a study evaluating infant joint 

attention and social outcomes in typically developing children, researchers found that 

both initiating and responding to JA ability were predictors of infant social outcomes 

such as social competence, emotional development, temperament, joint attention, and 

language development. (Vaughan et al., 2007). Additionally, substantial past research 

provides evidence of the relationship between infant’s joint attention and language 

acquisition (Mundy et al., 2007; Dominey et al., 2004; Morales, 2000; Tomasello et al., 

1986). Thus, the use of “motherese” facilitates the attention necessary for the mother to 

provide guiding commands to the infant and elicit JA (Senju et al., 2008), contributing 

overall to the children’s early social cognitive development (Golinkoff et al., 2015; Saint-

Georges et al., 2013; Shruti et al., 2018). In a longitudinal study evaluating parental 

speech input (e.g., “motherese”) and subsequent joint attention, 6-month-old infants were 

observed interacting during topic-sharing tasks with a parent, and the same infants were 

later assessed for joint attention skill at 12-months of age (Roberts et al., 2013). Findings 
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indicated “motherese” to be a significant predictor of infant’s JA skill development after 

6 months; concluding that “motherese” provides an enriched environment for the 

development of JA skills over time (Roberts et al., 2013). Additionally, a seminal study 

tested the effects of “motherese” on subsequent language found that in cases which the 

complexity of “motherese” was increased, child language growth and development also 

increased (Gleitman et al., 1984). Overall, these findings support the precis that 

“motherese” ultimately serves as a strong transitional engagement strategy between early 

social and language learning and infant socio-cognitive development as a whole.  

The social and cognitive developmental benefits of “motherese” extend beyond 

infancy and toddlerhood, and contribute to the acquisition of emotional recognition and 

understanding, crucial social and language skills, and JA development. The use of 

“motherese” within infant-caregiver interactions promotes sustained attention and builds 

the first and most important social and emotional bond for the infant. The continuous 

development of this bond allows the infant to begin social learning and attention 

processes such as JA, ultimately laying the foundation for later word learning and 

language acquisition. In sum, the combination of multiple facilitators of development 

including increased sustained attention and improved acquisition of language, stimulation 

and facilitation of JA, as well as increased emotional affect within reciprocal infant-

caregiver interactive loops, all contribute to the early socio-cognitive development of the 

infant (Saint-Georges et al., 2013).  

Among infants and young children with developmental differences and 

developmental risk, however,  the development of  sustained joint attention, social 

communication, and language acquisition are significantly diminished (e.g., Mundy et al., 
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1994; Tomasello et al., 2005). Some additional studies have speculated that this may in 

part be due to lack of social motivation, and therefore a concurrent lack of the reciprocal 

loop of interaction typically present within “motherese” contexts in children with 

developmental delays and risks (Saint-Georges et al., 2013). Further, some studies (e.g., 

Saint Georges, 2011; Cassel et al, 2014) revealed that at-risk infants responded less to 

“motherese” stimuli when compared to typically developing children, and, that this same 

pattern was observed for adult-directed speech stimuli (Xiao et al., 2022). This indicates 

that the presence of “motherese” does not play the same role in socio-cognitive 

development in ASD risk populations compared to typically developing infants. Further, 

neurological research suggests that reduced preference for “motherese” in populations of 

at-risk infants may be due to impaired neurological systems that typically react to 

“motherese” (Xiao et al., 2022). For example, in a recent study, researchers utilized 

functional magnetic resonance imaging (fMRI) to evaluate the differences in neural 

responses to “motherese” of typically developing infants and at-risk infants; results 

indicated first that reduced behavioral preference for “motherese” was associated with 

weak neurological responses, and further, that these responses were additionally 

associated with poor social and language skills (Xiao et al., 2022). Moreover, researchers 

have posited that perhaps a less socially demanding stimulus, such as a robot, might be 

introduced to more effectively facilitate the development of joint attention and 

subsequent socio-cognitive development for typically developing children and children 

with autism risk (Jain et al., 2020; Marino et al., 2019; Scassellati et al., 2018; Tapus et 

al., 2012; Bekele et al., 2013). 
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The use of the term “motherese” was utilized in the current study in accordance 

with terminology consistent across previous literature; and while still commonly utilized 

in the field today, it should be noted that it would be beneficial to this field of research to 

adopt a more inclusive term as the standard. This is due to the fact that the use of the 

word “mother” at the beginning of the term implies that only mothers utilize this specific 

speech register; however, as stated above in the text defining “motherese,” this form of 

speech can be and is in fact commonly utilized by many people: including mothers, 

fathers, parents, caregivers, children—as it describes the speech register utilized by 

individuals when interacting with babies. While the choice was made to be consistent 

with previous literature, scholars should work to adopt new terminology that does not 

gender a non-gendered phenomenon. This evolution in language will make a meaningful 

impact as we move away from equating nurturance and parenting with women.      

Robotese in Routine Contexts 

In recent decades, research studies have been conducted to examine alternative 

methodologies and strategies to facilitate attention and JA and has focused around a 

novel and interesting engagement tool: robots (Admoni et al., 2017; Chevalier et al., 

2020; Filippini et al., 2020; Manzi et al., 2020; Matsuda et al., 2015). Recent studies have 

demonstrated that robots can increase interest and motivation in facilitating and 

sustaining interactions with individual children as well as groups of children (Crompton 

et al., 2018; Chin et al., 2014). For instance, one study examined a group of pre-school 

children’s behavior around a robot, evaluating whether the robot could gain the children’s 

interest and sustain attention. Results showed that the robot was able to sustain the 

children’s interest and attention particularly when the robot gave social prompts such as 
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asking for help, suggesting that robots can evoke feelings and elicit social behavior 

(Ioannou et al., 2015). Similarly, another study observed the psychophysiological effects 

of human robot interaction (HRI) in individual infants aged 6 - 12 months and found 

evidence of increased attention and social engagement during HRI (Filippini et al., 2020). 

Other studies have replicated these findings, revealing that robots have the ability not 

only to gain the attention of young children, but also to facilitate crucial social 

developmental processes such as JA (Senju et al., 2008) and social engagement (Filippini 

et al., 2020; Ioannou et al., 2015; Chen et al., 2011). For instance, one study built a novel 

social robotic system and examined its capability to elicit JA in young children with and 

without autism spectrum disorders  (ASD) using head-tracking technology (Bekele et al., 

2013). Results indicated that the socially programmed robotic system was able to 

successfully facilitate joint attention in young children with and without ASD (Bekele et 

al., 2013). This is of particular importance because early impairment in JA skills has been 

observed as characteristic of ASD (Mundy et al., 2018; Mundy et al., 2000). This may 

indicate that the facilitation of JA in early development is crucial for typically developing 

and disordered and at-risk populations; and utilizing innovative methodologies such as 

robots in social contexts with infants and toddlers may offer unique potential to 

successfully elicit and promote JA skills and later social development.  

 Other studies examining robots’ ability to elicit social interaction in infants and 

young children have found that robots are not only able to gain and sustain children’s 

attention and elicit JA, but can also further promote social engagement and prosocial 

skills (Ioannou et al., 2015; Saint-Georges et al., 2013; Kahn et al., 2012; Kozima et al., 

2006). For instance, multiple studies have examined potential effects and benefits robots 
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may elicit in young children regarding pro-social skills such as sustained interest and 

attention (Ioannou et al., 2015). One study, for example, indicated that after 15 HRI 

sessions with a socially programmed robot, 18-24-month-old toddlers treated the robot 

similar to their peers (Tanaka et al., 2007). Some studies have speculated that the toddlers 

were able to achieve autonomous socialization and bond with the robot, concluding that 

robots may have the potential to aid teachers by promoting prosocial behavior in 

educational and classroom environments (Tanaka et al., 2007). In addition, multiple 

studies have evaluated the effects of HRI on infants’ social skills and development (Kahn 

et al., 2012; Shimada et al., 2012; Kozima et al., 2006). Further, researchers evaluating 

and comparing the effects of multiple socially programmed robots on young children’s 

social development found that robots may successfully elicit infant curiosity and facilitate 

dyadic and triadic interactions such as directing attention to a shared object of interest, or 

engaging in a turn-taking activity with the child and another human agent such as a 

caretaker (Chen et al., 2011; Ioannou et al., 2015; Kozima et al., 2006; Metlzoff et al., 

2010). 

Despite consistent findings that “motherese” facilitates social interaction and 

attention (Saint-Georges et al., 2013; Schachner et al., 2011; Senju et al., 2008), and 

evidence that robots may be effective facilitators of the same processes in social and 

language development (Crompton et al., 2018; Westlund et al., 2017; Chen et al., 2011), 

studies focused on infants’ and toddlers’ patterns of attention to robots communicating 

with a speech register similar to that of “motherese” has not yet been executed. 

Therefore, the novel concept of “robotese,” can be used to characterize engagement 

characteristics such as the voice and gestural movement quality of a socially programmed 
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robot that also includes a simplified speech register and prosodic voice shifts similar to 

that observed in “motherese.” Thus, “robotese” may have the potential to elicit similar 

effects as “motherese”, and perhaps elicit further social interaction and communication 

skills through increased interest and motivation characteristically observed in human-

robot interactions with infants and young children (Crompton et al., 2018; Chen et al., 

2011). Therefore, “robotese” has been designated to define a new construct representing 

infant-directed speech and movement delivered by a non-human agent, for the purpose of 

explicating the potential benefits robots may offer for children regarding sustained 

attention and potential pro-social behaviors. 

Eye-Tracking: Tracking Social Engagement and Gaze Patterns 

Eye-Tracking Technology  

 Since the 19th century, various eye-tracking technologies and methodologies have 

been created, adapted, and utilized for research (King et al., 2019; Wade 2010; Dodge & 

Kline, 1901). Such eye-tracking technologies serve as a precise measure of gaze 

allocation and visual behavior and, when utilized in a given context, can provide a range 

of information regarding visual and cognitive processing (Eckstein et al., 2017; 

Duchowski, 2007; Thibaut & French, 2016; Wade, 2010). Since then, eye-tracking 

methodologies have expanded to include wearable trackers such as hats (Franchak et al., 

2017; Franchak et al., 2011; Slone et al., 2018) or glasses (Nag et al., 2020; Stevenson et 

al., 2019; Ye et al., 2012; Zhao et al., 2021), and have been integrated into various other 

technological improvements, such as Kinect motion sensors (Huang et al., 2019; Rehg et 

al., 2013; Slone et al., 2018) or smart phones (Strobl et al., 2019; Brousseau et al., 2020). 

However, the most substantial method of eye-tracking research to date has been 
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performed using technology invented much earlier, in the early 1900’s, and is referred to 

as the corneal reflection eye-tracking technique (Mele et al., 2012; Dodge & Kline, 

1901).  

The corneal reflection technique was proposed at the turn of the 20th century 

(Mele et al., 2012; Dodge & Kline, 1901), and oculomotor behavior research was soon 

cultivated into what is currently designated as eye-tracking. In the last decade, what has 

been called the “fourth era of eye tracking” (Mele et al., 2012; Duchowski, 2002), has 

been utilized to observe the position of the eye relative to target stimuli presented either 

on a computer or television screen (Kaufman et al., 1993; Morimoto & Mimica, 2004) or 

in real-life environments (e.g., head-mounted trackers that track gaze as one moves 

through their environment) (Franchak et al., 2011; Wan et al., 2019). Corneal reflection 

technology collects direct eye gaze data by recording angles of reflection produced by 

near-infrared light directed at the eye (Dodge & Kline, 1901; Mele et al., 2012). Using 

this technology, measures of gaze allocation typically assessed include pupil diameter 

and blink rate (Smilek et al., 2010; Duchowski, 2007), gaze location, fixation (e.g. still 

gaze) and saccade (e.g. quick eye movements) duration (Rayner et al., 2009), visual 

information processing (Dodge & Kline, 1901; Eckstein et al., 2017; Gredeback et al., 

2009; Rayner et al., 2009), and attention allocation (Eckstein et al., 2017; Gilani et al., 

2019; Navab et al., 20011; Oaks et al., 2012).  

Researchers have collected data on pupil diameter and blink rate in order to study 

cognitive phenomena such as emotional regulation (Kinner et al., 2017; Bebko et al., 

2011) and emotional recognition (Aracena et al., 2015; Lu et al., 2015), mind wandering 

(Grandchamp et al., 2014; Smilek et al., 2010), and neurological activity states (Eckstein 
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et al., 2017; Grandchamp et al., 2014). For example, in a study harmoniously utilizing 

both eye-tracking and electroencephalography (EEG) technology to examine fluctuations 

in pupil dilation and concurrent emotion detection, results indicated that increases in 

pupil diameter reflect disengagement within the task and decreases in diameter are 

associated with active participation in the task (Oliva & Anikin, 2018). The next most 

adopted metrics collected in eye-tracking research include gaze fixations and saccades; a 

gaze fixation constitutes the location and duration of individual gaze events, and gaze 

saccades reflect voluntary and involuntary shifts in attention (Eckstein et al., 2017; Oaks 

et al., 2012; Wade, 2010). Gaze fixation data is used to determine the location and time 

spent looking at a single object or event and can provide information regarding levels of 

engagement and the duration necessary for a participant to cognitively process 

information within the location of fixation (Eckstein et al., 2017). Researchers have also 

examined gaze fixation to gain further understanding of human cognitive processes such 

as memory (Cooper et al., 2017; Eckstein et al., 2017; Hannula et al., 2010; 2012), mental 

calculation and problem solving (Eckstein et al., 2017; Green et al., 2007; Hu et al., 2017; 

Tsai et al., 2012), and developmental processes such as language acquisition (Eckstein et 

al., 2017; Rayner, 1998), and learning (Eckstein et al., 2017; Lai et al., 2013). Gaze 

saccades are specifically classified as rapid eye movements occurring between fixations 

and are typically used to examine cognitive assimilation of information (Eckstein et al., 

2017; Vigneau et al., 2006), executive functioning (Hu et al., 2017; Thibaut & French, 

2016), and reasoning (Eckstein et al., 2017; Thibaut & French, 2016). These gaze saccade 

data can provide information regarding cognitive control (Eckstein et al., 2017; Vigneau 

et al., 2006) and processing of visual input (Eckstein et al., 2017; Gredeback et al., 2009; 
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Rayner et al., 2009). While many other eye-tracking metrics exist, such as saccade 

sequence and gaze paths, the metrics described above are recognized as the most 

commonly utilized metrics of corneal reflection eye-tracking, particularly, in populations 

of infants and young children (Eckstein et al., 2017; Gredeback et al., 2009). 

Eye-Tracking in Young Children and Infants  

Eye-tracking methodologies in developmental science have been expanded to 

include young infants and young children in recent years, and have informed researchers 

with the nuances of infant and child social and cognitive developmental processes (Burris 

et al., 2017; Cheng et al., 2019; Colombo, 2001; Dzwilewski et al., 2020; Eckstein et al., 

2017; Fitch et al., 2021; Gredebak et al., 2010; Tummeltshammer et al., 2019; Werchan 

et al., 2020). Using such methodologies, researchers and clinicians have been able to 

further develop child developmental theories and their subsequent applications in clinical 

and therapeutic contexts (Falck-Ytter et al., 2006; Kochukhova & Gredeback, 2007; 

Senju et al., 2008; Gredeback et al., 2010; Eckstein et al., 2012; Lewkowicz et al., 2012; 

Kulke et al., 2015; Burris et al., 2017; Eckstein et al., 2017; Naghashan et al., 2021). For 

example, in order to better identify and diagnose atypical developmental trajectories, 

researchers have implemented on-screen eye-tracking technology to identify nuanced 

differences in infant and child visual attention indicative of developmental differences or 

delays, such as in the case of children with autism (Mastergeorge et al., 2020; Moore et 

al., 2018; Vargas-Cuentas et al., 2018; Bekele et al., 2013) or dyslexia (Robertson & 

Gallant, 2019; Huettig & Brouwer, 2015). Therefore, the evaluation of visual attention 

through eye-tracking may provide critical information in identifying typical and atypical 
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trends in gaze behavior regarding the social and cognitive development of young infants 

and toddlers.  

Using eye-tracking technology, researchers have been able to measure the gaze of 

infants and young children in order to make inferences regarding the child’s cognitive 

processing or state (Fitch et al., 2021; Dzwilewski et al., 2020; Tummeltshammer et al., 

2019; Burris et al., 2017; Eckstein et al., 2017; Gredeback et al., 2010; Kulke et al., 2015) 

visual attention and looking preference (Dzwilewski et al., 2020; Werchan et al., 2020; 

Cheng et al., 2019; Falck-Ytter et al., 2006; Lewkowicz et al., 2012; Gredeback et al., 

2010; Senju et al., 2008) and expectation (Kochukhova & Gredeback, 2007; Naghashan 

et al., 2021). Some studies evaluating infant’s emerging social cognition with eye-

tracking methodologies have measured young children’s and infant’s gaze while they are 

engaged in meaningful goal-directed activities (Eckstein et al., 2012; Gredeback et al., 

2010), and results of these studies have informed researchers on the complexities of 

infant visual processing and subsequent cognitive development. For example, one study 

utilized this methodology to evaluate 6 – 12-month-old infant’s gaze fixation patterns and 

associated visual processing mechanisms and found results consistent with the mirror 

neuron system hypothesis (Rizzolatti & Craighero, 2004), and the finding that one’s own 

cognitive motor representation for certain actions mediates action understanding (Falck-

Ytter et al., 2006; Gredeback et al., 2009). This study and multiple others have uncovered 

new intricacies of infant visual processing by evaluating gaze data in tandem with 

cognitive development (Fitch et al., 2021; Tummeltshammer et al., 2019; Eckstein et al., 

2017; Granholm et al., 2004; Gredeback et al., 2009; Jongkees & Colzato, 2016; 

Kochukhova & Gredeback, 2007), further supporting the efficacy of examining gaze 
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fixation data in order to understand the underlying cognitive processes developing rapidly 

throughout infancy.  

In addition to evaluating underlying cognitive processes associated with visual 

processing, researchers have adapted methodologies to examine both fixations and areas 

of interest (AOI’s) in order to determine infant’s typical and atypical patterns of visual 

attention (Werchan et al., 2020; Tummeltshammer et al., 2019; Cheng et al., 2019; Amso 

& Johnson, 2006; Eckstein et al., 2017; Fort et al., 2018; Lewkowicz et al., 2012). For 

example, in a study examining the relationship between infant’s early attention patterns 

and development of perception, fixation duration was recorded for pre-programmed 

dynamic AOI’s in order to observe how 2 – 3-month-old infants perceived moving 

objects (Johnson et al., 2008). Results from this analysis indicated that infants were able 

to recognize an object as a stable entity, despite being partially obscured off-screen; 

therefore, the authors concluded that infant’s visual attention patterns accurately reflect 

how they perceive the world around them (Amso & Johnson, 2006; Johnson et al., 2008). 

Relatedly, research has also been performed to determine infant’s level of expectation 

towards a variety of stimuli, including objects and people (Johnson et al., 2008; 

Naghashan et al., 2021; Kochukhova & Gredeback, 2007)). For instance, Naghashan et 

al. (2021) considered the relationship between infant attachment and developing joint 

attention, and the authors evaluated eye-gaze fixation patterns in order to determine that 

early expectations formed in infancy may serve as a mediator for interaction based on 

infant attachment styles. The results indicated that infants with secure attachment styles 

looked longer and engaged in recognition of joint attention within the presented stimuli 

when it included an attachment context (Naghashan et al., 2021). Further, this study 
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provides additional evidence that eye-tracking methodologies can successfully provide 

insight into infants and young children’s development of joint attention through 

observing children’s triadic engagement recognition within caregiver-child interaction 

contexts. Also importantly, several recent studies have adapted such eye-tracking 

methodologies to examine a variety of developmental trajectories in infancy including the 

emergence of early social cognition (Fitch et al., 2021; Dzwilewski et al., 2020; 

Tummeltshammer et al., 2019; Eckstein et al., 2017), attention processes (Dzwilewski et 

al., 2020; Werchan et al., 2020; Cheng et al., 2019), and visual expectation (Naghashan et 

al., 2017).  

Eye-Tracking and Social Robotics in Infants 
 

Eye-tracking studies performed in populations of infants have used robots to 

study social interaction and engagement in typically developing and developmentally 

disordered or at-risk populations (Manzi et al., 2020; Klein et al., 2019; Admoni & 

Scassellati, 2017; Matsuda et al., 2015; Warren et al., 2015; Okumura et al., 2013). And, 

multiple studies have utilized eye-tracking methodologies to examine how infants attend 

to, perceive, and interact with robot social partners (Klein et al., 2019; Manzi et al., 2020; 

Matsuda et al., 2015; Warren et al., 2015). For example, in a study using a preferential 

looking eye-tracking paradigm to investigate infant’s ability to discriminate between 

humans and robots, researchers found that infants over the age of 9-months spent most of 

the time looking at the robot or human’s face and found no significant discrimination 

between the two (e.g.,Matsuda et al., 2015). Additionally, another study examining 

infant’s responses to robot gaze direction found that infants were sensitive to robot gaze 

direction and were able to follow the robot’s line of sight (e.g.,Movellan & Watson, 
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2002). This is particularly important because it indicates that infants can track and follow 

robot gaze like they do human gaze, and therefore are potentially able to learn and 

develop crucial social attention processes from robots (Admoni & Scassellati, 2017). This 

premise is supported by previous findings indicating that robots may serve as effective 

social partners and mediators of social interaction (Admoni & Scassellati, 2017; Chen et 

al., 2011; Ionnou et al., 2015; Manzi et al., 2020). That is, young children have been 

observed to attend to robots’ behavior similar to how they would human behavior, and 

follow the robots’ direct gaze (Manzi et al., 2020). For example, in a recent study 

evaluating 17-month-old infant’s responses to a robot’s referential gaze, results indicated 

that infants were able to recognize the robot as a social partner and attend to the robot’s 

gaze behavior (Manzi et al., 2020). Specifically, children in this study were observed to 

focus their attention on the robot while making eye contact and following eye gaze, and 

thus interpreted the robot as a potential social interaction partner (Manzi et al., 2020).  

Additionally, multiple research studies have revealed that robots have the ability 

not only to garner the attention of young children, but also to facilitate crucial social 

developmental processes such as JA (Senju et al., 2008) and social engagement (Filippini 

et al., 2020; Ioannou et al., 2015; Saint-Georges et al., 2013; Chen et al., 2011). For 

example, researchers Bekele and colleagues in 2013 performed a study over a novel 

robotic system’s capability to elicit JA in young children with and without ASD (Bekele 

et al., 2013); results of this study indicated that the socially programmed robotic system 

was able to successfully facilitate joint attention in young children with and without ASD 

(Bekele et al., 2013). This is of particular importance for children with ASD, because 

early impairment in JA skills has been observed as characteristic of the disorder (Mundy 
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et al., 2018; Mundy et al., 2000). Therefore, the facilitation of JA in early development is 

crucial for typically developing and at-risk populations, thus utilizing innovative 

methodologies such as robots in social contexts with infants and toddlers may offer 

unique potential to successfully elicit and promote JA skills. In sum, these studies support 

future endeavors that examine the development of humanoid and non-humanoid robots as 

social partners and ways that eye-tracking technologies and methodologies can provide 

salient information regarding infant’s perceptions and interactions with robots in socially 

constructed contexts. Further, eye-tracking methodologies can be used to provide insight 

into the specific qualities of robots that make them most effective as social partners, and 

examine their capability to mediate social learning and attention within child-robot 

interactive contexts.  

Current Study  
 

The overall aim of the current study is to utilize precise eye-tracking 

methodologies to measure and examine the ways infants and toddlers allocate attention to 

a robot and human designed to be a social partner in everyday communicative 

interactions. This study has the following two research aims: (1) to corroborate previous 

research findings that robots have the potential to sustain attention and interest in infants 

and toddlers compared to humans; and (2) to explicate attention preferences across both 

human and robot eye-tracking paradigms in typically developing infants under the age of 

17 months. In addition, the following research questions will be addressed:  

(1) Is attention allocated to “robotese”  similar or varying patterns when 

compared to “motherese”; 
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a.  (1a) Do infants and toddlers display an initial fixation preference in 

the “robotese” condition compared to the “motherese” condition?  

b. (1b) Do infants and toddlers display fixation duration preference in the 

“robotese” condition compared to the “motherese” condition?  

(2) Is attention allocated to preferentially to pre-defined socially relevant (AOI’s) 

in the “robotese” condition compared to the “motherese” condition; 

a. Is attention allocated to pre-defined socially relevant AOI’s within 

stimuli differently dependent on infant or toddler ages? 

The following four hypotheses were constructed for this study: 

(1) It is hypothesized that infants may display preferences in initial fixation and 

overall fixation duration for “motherese” across all conditions, based on previous 

studies that have indicated that infants and toddlers prefer “motherese” compared 

to other input such as ADS (Spinelli et al., 2017; Saint-Georges et al., 2013; 

Cooper et al., 1990).  

(2) It is hypothesized that infants and toddlers may attend equally to both human and 

robot stimuli in initial fixation and overall fixation duration, potentially allocating 

attention back and forth after initial fixation. (Chin et al., 2014; Kahn et al., 2012; 

Kozima et al., 2006; Tanaka et al., 2007). 

(3) It is expected that infants will display fixation preferences for pre-defined socially 

relevant AOI’s (i.e. robot and human head, toys and book), based on previous 

studies examining visual attention preferences in typically developing infants 

(Amso & Johnson, 2006; Wagner et al., 2013; Eckstein et al., 2017; Fort et al., 

2018; Gredeback et al., 2009; Johnson et al., 2008; Lewkowicz et al., 2012 
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(4) It is expected that infants will display age-related differences in initial fixation 

and duration preferences across all conditions, indicative of early social and 

cognitive developmental shifts between ages 7 and 17 months of infancy and 

toddlerhood.  
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CHAPTER III 
 

METHOD  

Participants   

Table 1 shows the demographic information of participants in the study. 

Participants included a sample of sixteen children between the ages of 7 and 18 months 

recruited from local childcare centers, churches, and community organizations with infant 

and toddler programs. All parents who participated in the study completed a demographic 

questionnaire including questions related to child’s age, race, sex, biological relation, 

health information, and medication intake. The questionnaire also included questions for 

the caregiver to answer about themselves and any romantic or co-parenting partner, 

describing age, race, sex, education, marital status, household members, and annual 

income (see Appendix A). Table 1 includes an overview of participant demographic data; 

participants were designated into four pre-determined developmental age groups: 7-9 

months, 10-12 months, 13-15 months, and 16-18 months of age. Participants were 

predominantly White (80%) and Hispanic (20%); all primary caregivers were female, the 

majority of primary caregivers were employed (60%), and caregiver household income 

was on average between $40,000 and $60,000 (see Table 1). Inclusion criteria included 

no identified developmental delays including motor and early social and language skills 

and English was the primary language spoken at home; all participants fulfilled inclusion 

criteria according to demographic information provided and developmental assessments 

administered in the study protocol. Exclusion criteria included children born prematurely 

or exhibiting any known or diagnosed developmental delays and disorders, and in homes 

where English is not the primary language.  
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Procedure  

  Participants completed two visits to the developmental research laboratory. 

During the first visit, participant caregivers were given two parent-report baseline 

assessments to be completed at home between sessions, including the Ages and Stages 

Questionnaire – Social and Emotional [ASQ-SE] and the Brief Infant Toddler Social 

Emotional Assessment [BITSEA]. Then, participants completed two baseline assessments 

consisting of the Early Social Communication Scales [ESCS] and the Mullen Scales of 

Early Learning [MSEL]. These assessments were both video and audio recorded and 

conducted in a playroom with the parent and trained researcher present. During this 

session, the trained researcher engaged in active play with the child and their parent in 

order to allow the child to adjust to the environment. Once the child and parent were 

comfortable, play was continued with the appropriate materials to complete the 

developmental assessments. After completion of these assessments, participants were 

escorted from the lab playroom. During the second visit (scheduled within 7-10 days of 

the first visit), the participant engaged in eye-tracking paradigms. The researcher escorted 

the parent and infant or toddler to the laboratory playroom and assisted the parent in 

positioning the child in a high-chair designed to for optimal eye-tracking calibration in 

front of the Tobii TX300 eye-tracker (see Figure 1). Once the child was seated, 

researchers in an adjacent room behind a two-way mirror were signaled to initiate the 

experimental protocol. This process included a 5-point infant calibration protocol in 

which a child’s toy (rattle) uses auditory cues and motion to direct the child’s attention to 

each calibration point individually. Once the calibration process was completed, the 
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researcher in the adjacent room continued with the experimental protocol, displaying the 

stimuli on screen in pre-programmed, pre-randomized order.  

 

Materials and Measures  

Materials  

NAO Robot. A humanoid robot was used for this study (see Figure 2). The robot 

is NAO model by Aldebaran Robotics (e.g., 

https://www.softbankrobotics.com/emea/en/nao). NAO is a small, 58 cm tall child-like 

robot, with 25 degrees of freedom (DOF), and is equipped with internal speakers, 

microphones, two cameras, head and feet tactile sensors, and LED lighting around the 

head and eyes that contribute towards a humanoid and interactive nature. NAO contains 

an “ALTextToSpeech” function (Aldebaran Robotics, n.d.) that produces a higher-

pitched, child-like voice. This voice, due to its relative similarity in pitch and intonation 

to “motherese,” was the voice used for NAO’s “robotese” features. Stimuli were 

developed for the robot using the Choreograph software (Choregraphe; Pot et al., 2009) 

GUI platform for robot programming. Each task performed by the robot was pre-

programmed using the GUI in one of two ways: (1) Python programming code written 

into NAO command boxes for specific tasks and speech; and (2) Choreograph pre-

programmed behaviors (e.g. waving, actions signaling emotion) organized together to 

play sequentially. For all audio stimuli, or “robotese” corresponding to the robot’s 

behavior, speech was written and performed via Choreographe’s speech box function, 

consisting of python code that can be adjusted for more realistic sounding speech. For all 

physical actions performed by the robot, a combination pre-programmed functions and 
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novel actions created and coded by the researcher were used. Using Choreographe’s 

Timeline Editor function, researchers created new behaviors by recording NAO’s actions 

in a frame-by-frame manner (frame rate) and then played them back in motion to create a 

behavior. After recording these behaviors in Choreographe, research stimuli were 

performed by the NAO robot against a green screen in Texas Tech’s Media and 

Communication (MCOM) Media Studio.  

The human “motherese” video clips were developed to mirror the robot video 

clips using a woman using “motherese” to mimic what infants and toddlers frequently 

hear from their mothers. The woman  designated in the video clips had no contact with 

any participants of the study to avoid a preferential bias of a familiar face to the 

experiment. In the video clips, the woman is filmed in beige clothing and performs all 

stimuli activities against an identical background as the robot video clips, to closely 

resemble the colors of the robot and to maintain a consistent background, respectively.  

Tobii Eye Tracker. Attention preference was measured using the Tobii TX300 

eye-tracker and software (Tobii Technology AB, 2014) to both record and analyze gaze 

behavior during the experimental paradigms (see Figure 1). The Tobii TX300 set up 

consists of a 17-inch computer display screen placed on a desk in front of the chair where 

the child was seated. The eye-tracker is mounted directly beneath the computer display 

screen, and contains four infrared circular LED lights used for calibration and eye-

tracking. The system records data on gaze behavior from the corneal reflection in 

participant’s eyes caused by these infrared LED lights. A sampling rate of 60 Hz was 

used within the paradigm, based on averages obtained from past studies on eye-tracking 

and young children (e.g.,Mastergeorge et al., 2020). The lighting in the playroom style 
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laboratory where the eye-tracking paradigms were conducted was adjusted to account for 

the eye-tracker’s sensitivity to light, dimming the room slightly while keeping the 

lighting level above 50%. All participants included in the study were calibrated 

successfully with a minimum of 85% calibration, and all eye-tracking data was 

successfully collected. 

 

Eye-Tracking Stimuli  

 The stimuli used in this study utilized two conditions displayed on the Tobii eye-

tracker: (1) a human condition with a young woman using “motherese” during specified 

activities; and (2) a robot condition, in which our robot was performing specified 

activities using “robotese”. For one randomized half of the participants, the human 

condition was displayed first, and for the other half, the robot condition was displayed 

first. Each condition (see Figure 3) consisted of four video clips, each including 

developmentally appropriate activities that frequently occur in routine interactions with 

young children such as turning-taking, book reading and singing songs. The time 

segments were based on previous studies (e.g., Frank et al., 2009; Leppanen et al., 2016; 

Oaks et al., 2012; Young et al., 2009) in order to maximize attention to the stimuli. The 

following four stimuli were chosen based on developmentally appropriate and routine 

activities caregivers engage in with their infants and toddlers: (1) Itsy-Bitsy-Spider Song. 

A 30-second clip of either the human or robot agent, separately singing “Itsy-Bitsy-

Spider,” including singing and performing associated spider-like hand motions; (2) 

Brown Bear, Brown Bear, What Do you See? Book. A one-minute clip of either human 

or robot reading from a children’s book, Brown Bear, Brown Bear, What Do You See? 



Texas Tech University, Miranda Cox, August 2022 
 

 38 

(Martin and Carle, 1996); (3) Peek-A-Boo Game. A 30-second clip of the human or robot 

playing peek-a-boo, delivering three identical “rounds”, where the peek-a-boo action is 

performed and the human and robot exclaims “Peek-a-boo, I see you!”; and (4) Dump 

Truck Turn-Taking. A 30-second clip of the human and robot pushing a small child’s 

dump truck back and forth in a turn-taking activity. The human declares pushing of the 

truck by saying “Are you ready RaeRae? Here it comes!,” and encourages the robot to 

push the truck back saying “Good job, push it back!” The robot’s response occurs each 

time upon receiving the truck, saying “Got it! Wow!” (see Table 2). 

Measures  

 Early Social Communication Scale (ESCS). The Early Social Communication 

Scales (ESCS; Mundy et al., 2003) (see Appendix B) is a structured assessment used to 

evaluate nonverbal communication ability in very young children (Table 3). The ESCS 

uses categorization of observable behaviors, including initiation of joint attention (IJA), 

such as directing gaze at a familiar object to initiate play, and responding to joint 

attention (RJA), such as following a caretaker’s gaze towards a toy. This assessment also 

observes a child’s ability to initiate behavioral requests (IBR), such as reaching for a 

desired toy, and respond to behavioral requests (RBR), such as handing a requested toy to 

a caregiver. Lastly, the ESCS records children’s initiating social interaction (ISI), such as 

pushing a ball to engage in turn-taking, and responding to social interaction (RSI), such 

as rolling a ball back to caregiver during a turn-taking game. During an ESCS 

assessment, the target child and clinician (experimenter) are seated together while the 

experimenter presents to the child a series of toys and targeted tasks designed to evoke 

social communication abilities typically developed between 8 and 30 months. In general, 
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these tasks include turn-taking and imitation games, prompts to follow gaze, object 

spectacle tasks, response to invitation tasks, and book presentation tasks. Each task 

corresponds to a set of target behaviors that the experimenter is attempting to elicit from 

the child. For example, when presenting a toy ball during a turn-taking game, the child is 

prompted to roll the ball back and forth to the experimenter multiple times, first using 

only action, then adding verbal and visual prompting such as extending one hand 

outwards, or saying “Give it to me!” All sessions were video recorded for post-hoc 

behavioral coding and according to the ESCS codebook guidelines.  

 Mullen Scales of Early Learning (MSEL). The Mullen Scales of Early Learning 

(MSEL; Mullen, 1995) is a standardized assessment designed for children from birth to 

the age of 68 months measuring cognitive and motor development (see Appendix C). The 

MSEL includes measurement of developmental skills in five domains including the 

following: expressive language, receptive language, visual perception, fine motor skills, 

and gross motor skills (Table 3). During the assessment, the five domains are assessed 

using play-based activities, tasks, and songs to elicit observable target behaviors. Some of 

these activities include prompting expressive and receptive language through play with 

toys, turn-taking activities and observing visual perception and fine and gross motor 

skills during play activities, such as watching how an infant grasps a toy in order to 

examine fine motor skills and kicking a ball back and forth to examine gross motor skills. 

This assessment yields a composite developmental quotient score (Early Learning 

Composite, ELC), in addition to raw t-scores for each developmental domain.  

Ages and Stages Questionnaire – Social and Emotional (ASQ-SE2). The Ages 

and Stages Questionnaire – Social and Emotional Second Edition (ASQ-SE2; Squires et 
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al., 2002) is a parent-reported questionnaire assessing the social and emotional 

development of children age 1 to 72 months (see Appendix D). The questionnaire is 

sectioned into stages according to age, and each includes age-appropriate assessment of 

behavior across seven areas: self-regulation, compliance, adaptive functioning, 

autonomy, affect, social-communication, and interaction with people (Table 3). Some of 

the questions include: “Does your baby like to be picked up and held?” or “Does your 

baby cry for long periods of time?” included on the 6-month-old questionnaire, inclusive 

of ages 3 – 9 months, and “Does your baby like to play near or be with family and 

friends” or “Does your baby like to play games such as Peek-A-Boo?” on the 12-month-

old questionnaire, inclusive of ages 9 – 14 months. For the purposes of this study, ASQ-

SE2 parent-report forms will be administered to the participating infants’ caregivers 

according to each individual infant’s chronological age. Raw scores are obtained by 

adding together all scored items by numerical value associated with child’s present 

behaviors and parent’s perceived concern, or lack thereof, surrounding that behavior. 

These scores are interpreted using a continuum of cutoff values representative of infant’s 

social and emotional behavior, falling into one of three areas: none or low risk, potential 

need for monitorization, or referral to a professional for further assessment.  

 Brief Infant-Toddler Social and Emotional Assessment (BITSEA). The Brief 

Infant-Toddler Social and Emotional Assessment, or BITSEA (Briggs-Gowan and Carter, 

2006), is an assessment used to evaluate potential social-emotional deficits or behavioral 

problems in children ages 12 months to 35 months (see Appendix E). Some examples 

from this assessment include the evaluation of children’s specific behaviors, such as 

whether the child “cries or has a tantrum until he or she is exhausted” or “looks for parent 
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when upset;” developmental markers/milestones are also evaluated, such as “point[ing] to 

show you something far away” or “look[ing] right at you when you say his or her name.” 

The BITSEA was derived from the original Infant-Toddler Social and Emotional 

Assessment (ITSEA; Briggs-Gowan and Carter, 1998), and adjusted to a “brief” version 

of the assessment (Table 3). 

Eye-Tracking Measures  

In order to investigate infants’ attentional and social preferences for “robotese” 

compared to “motherese”, we recorded and examined the following eye-tracking data 

metrics across the following conditions: (a) initial fixation duration (IFD), and (b) total 

fixation duration (TFD) to each pre-programmed area of interest (AOI). These metrics 

have been validated across previous empirical eye-tracking studies. For instance, many 

studies investigating infant attention preferences have examined scanning patterns of 

gaze using these metrics (Tang et al., 2022; Manzi et al., 2020; Hochhauser et al., 2021; 

Eckstein et al., 2017; Gredeback et al., 2009; Kulke et al., 2015; Lewkowicz et al., 2012). 

For example, in a study evaluating 1 – 9-month-old infant’s attention shifts, eye-tracking 

data and data quality for gaze fixations, durations, and transitions were recorded and 

analyzed to determine the efficacy of using gaze data to reflect changes in infant visual 

attention (Kulke et al., 2015). Results of the study revealed that this methodology is a 

reliable measure of visual attention in populations of typically developing infants (Kulke 

et al., 2015). Additionally, in an eye-tracking study investigating the mechanisms behind 

4 – 12-month-old infant’s speech and language acquisition, researchers recorded gaze 

fixation and duration data in order to identify the proportion-of-total-looking-time 

(PTLT; Fort et al., 2018; Lewkowicz & Hansen-Tift et al., 2012; Lewkowicz et al., 2017; 
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Pons et al., 2015) to each pre-programmed AOI (Lewkowicz et al., 2017). Results from 

this study revealed significant, reliable results regarding infant’s attention patterns 

towards caregivers and adults within interaction contexts (Lewkowicz et al., 2017). In 

sum, multiple studies have utilized this methodology and unveiled mechanisms 

underlying infant attention preference (Tang et al., 2022; Hochhauser et al., 2021; Manzi 

et al., 2020; Fort et al., 2018; Gredebeck et al., 2009; Kulke et al., 2015; Lewkowicz et 

al., 2017; Pons et al., 2015). The current study adapted prior empirical infant eye-tracking 

methodology (Tang et al., 2022; Hochhauser et al., 2021; Manzi et al., 2020; Kulke et al., 

2015; Lewkowicz et al., 2017) in order to use gold standard measures of infant gaze 

fixation and duration when engaging with on-screen stimuli. By utilizing these empirical 

approaches this study examined infant attention preferences, for the purpose of 

explicating impacts and patterns of social attention when engaging with “robotese” 

compared to “motherese”.  

Pre-determined Areas of Interest (AOIs). In order to precisely record gaze data 

within relevant regions of the screen during stimuli presentation, multiple AOI’s were 

determined based on socially relevant areas of interest and pre-programmed using Tobii 

Studio software (Tobii Technology, 2020). AOI’s included across all stimuli: robot body, 

human body, robot head, and human head; each consisted of an oval shaped, dynamic 

AOI, that was programmed to be slightly larger than the object of interest to account for 

potential minor calibration errors common during eye-tracking with infants (Eckstein et 

al., 2017; Gredeback et al., 2009; Tobii Pro Support, 2016).  

In each clip across both “robotese” and “motherese” conditions, dynamic, oval 

shaped AOI’s were designated around the human body, robot body, the human head, and 
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robot head, independently. The following additional AOI’s were pre-programmed for 

each clip: for the clip of Itsy-Bitsy, Reading Brown Bear, Peek-A-Boo, and the dump 

truck, a dynamic, oval shaped AOI was designated around the robot and human’s head, 

independently. For the Brown Bear book reading clip, a static rectangular AOI surrounds 

the area in which the book is visible. For the clip of the agent pushing the dump-truck, a 

dynamic, rectangular AOI was centered around the dump-truck.  

 Attention preference: “Robotese” versus “Motherese.”  In order to examine 

attentional preferences between the “robotese” and “motherese” conditions, gaze 

fixations were identified using Tobii Pro lab’s fixation filter (Tobii I-VT fixation filter), 

following two parameters for eye movement: (1) initial fixation duration (IFD); and (2) 

total fixation duration (TFD). Additionally, in order to evaluate and visualize trends in 

infant visual attention, all eye-gaze data including gaze transitions and durations to each 

AOI were recorded and analyzed via Tobii Pro lab’s heat mapping function across all 

conditions (Tobii Technology, 2020).  

Social Attention Preference. In order to examine infant preference for social 

elements within the stimuli between “robotese” and “motherese” conditions, pre-

programmed AOI’s for each social element of interest were recorded, and TFD was 

calculated for each AOI across all conditions. Additionally, IFD and TFD was examined 

for all social AOI’s present in each individual clip (i.e. human/robot head, body, and 

book, dump truck). These calculations were based on previous studies that have utilized 

eye-tracking and similar statistical methodology to classify and evaluate infant’s and 

toddler’s selective attention patterns (Tang et al., 2022; Hochhauser et al., 2021; Manzi et 

al., 2020; Pons et al., 2019; Fernández-Prieto et al., 2015; Lewkowicz et al., 2012). In 
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order to evaluate age-related differences in visual and social attention towards 

“motherese” and “robotese,” TFD for all socially relevant AOI’s were combined within 

each individual eye-tracking clip and examined across participants. 

Eye-Tracking Pilot Study    

In order to test the stimuli and robust analytic methods, a pilot study was 

conducted over a two- month period. Information gathered from the pilot study such was 

used to adapt and inform the current study, and included pilot data collection (n = 4), 

pilot data review and preliminary analysis, and adaptation of experimental protocol to 

maximize successful gaze data collection. Overall, pilot data analyses revealed two main 

findings relevant to the current study: (1) validated that the administration methodology 

protocols could be successfully utilized with both infants and toddlers; and (2) indicated 

that data collected and interpreted using this technology and concurrent methodology was 

effective for the examination of infant attention preferences to both “motherese” and 

“robotese.”  

Analytic Plan 
 

The analytic plan was designed to examine attention preferences present in infants 

when interacting with “robotese” and “motherese” stimuli and identified the differences 

across conditions regarding social attention preferences (i.e., attending to social aspects 

of stimuli) and also examined developmental trajectories that are correlated with 

attentional preferences. Therefore, multiple measurements of gaze were recorded in order 

to examine such differences in attention preference for stimuli, and were based on metrics 

utilized in previous studies (Tang et al., 2022; Hochhauser et al., 2021; Manzi et al., 
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2020; Werchan et al., 2020; Cheng et al., 2019; Eckstein et al., 2017; Kulke et al., 2015; 

Lewkowicz et al., 2012).  

Gaze Data Analysis   

Gaze fixation, duration, and location were calculated using Tobii I-VT fixation 

filter software (Tobii Technology; Olson, 2012). IFD and TFD to all AOI’s were 

analyzed and compared by combining all recorded fixations and their duration for each 

AOI over the course of each stimuli clip. Areas of Interest (AOI’s) were pre-programmed 

for each stimuli clip and will be analyzed using Tobii software’s heat mapping function, 

and fixations and gaze transitions will be evaluated using Tobii I-VT fixation filter 

software (Tobii Technology; Olson, 2012). Due to previous research indicating that mean 

fixation duration times centers around 300 milliseconds (ms) despite task or activity type 

(Telford et al., 2016), fixation durations falling under 300ms were considered inadequate 

in representing a significant fixation to AOI’s (Dean et al., 2020; Telford et al., 2016). 

For the purpose of this study analysis, fixations were excluded if total duration is less 

than 500ms.  

 Initial attention preferences were examined first for individual conditions of 

“robotese” and “motherese” using Tobii Studio’s gaze maps (Tobii Technology; Olson, 

2012). Initial fixation duration was examined across conditions using Tobii Studio’s 

fixation filter. AOI’s were pre-programmed and determined based on socially relevant 

areas of interest. In order to identify potential differences in infant attention to each 

stimulus condition, dynamic oval-shaped AOI’s were independently placed around the 

human body, the robot body, the human head, and the robot head. Additional AOI’s were 

programmed independently for each clip as follows: (1) for the clip of Itsy-Bitsy, a 
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dynamic, oval-shaped AOI was designated independently around both the robot and the 

human head; (2) for the Brown Bear book clip, a static, rectangular AOI was designated 

around the book; (3) for the Peek-A-Boo clip, a dynamic, oval-shaped AOI was 

designated around the human or robot hands as the activity was performed; and (4) for 

the clip of both agents pushing the dump-truck, a dynamic rectangular AOI was 

designated around the dump-truck.  

Statistical Analysis  

Data management and initial analyses were performed using IBM Statistical 

Package for the Social Sciences (SPSS) Version 28.0.0, a statistical software program for 

data management and statistical analysis (IBM Corp, New York, United States). This 

software has been commonly utilized in developmental science to analyze eye-tracking 

data gathered from young infants and toddlers (Imafuku et al., 2017; Rayson et al., 2017; 

Kaul et al., 2016; Papageorgiou et al., 2014; Xiao et al., 2014). Prior to all statistical tests, 

normality of variable distribution was evaluated using the Shapiro-Wilkes test of 

normality (p > .05) as well as visual examination of histograms. For normally distributed 

data, paired sample t-tests were used for within-subject comparisons and mean and 

standard deviations were reported. For data that did not meet the normality assumption, 

Wilcoxon signed-rank tests were used for within-subject analyses.  

In order to partially answer the current study’s first research question (RQ1), a 

non-parametric paired samples Wilcoxon test was used to compare IFD towards socially 

relevant AOI’s (robot or human head, body) between the “robotese” and “motherese” 

conditions aggregated across all stimuli; p-value was used to determine whether 

population mean ranks differ between human and robot agent conditions. Further, in 
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order to answer the remainder of the current study’s first research question (e.g. RQ1a), a 

paired sample t-test was conducted to determine the effect of social agent, robot or 

human, on TFD aggregated across all stimuli clips. Additionally, in order to compare 

these effects across individual stimuli clips, multiple paired sample t-tests and paired 

sample Wilcoxon tests were performed to determine the effect of social agent (“robotese” 

vs “motherese”) on TFD for each stimuli clip. These calculations were based on previous 

eye-tracking studies examining attention and gaze fixations in infants (Dean et al., 2021; 

Cheng et al., 2019; Dzwilewski et al., 2020; Lewkowicz et al., 2012; Werchan et al., 

2020).  

In order to answer the current study’s second research question (e.g. RQ2), 

multiple two-way ANOVAs were performed to analyze the within subjects effects of 

agent and social AOI’s on TFD, including one ANOVA per stimuli clip. Lastly, in order 

to examine the potential age-related differences present within these effects (e.g. RQ2a), 

multiple non-parametric Kruskall-Wallis H tests were performed, one for each age 

grouping: 7-9 months, 10-12 months, 13-15 months, and 16-18 months of age.   

In addition, for each stimuli clip a visual examination of heat maps and gaze plots 

was performed, using Tobii Pro’s gaze mapping function, which combines all 

participants’ fixations into one video to aid in visualizing participant gaze fixations and 

durations throughout each clip (see Figures 4 & 5).  
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Table 1 
Demographic Characteristics of the Sample  

 Infants 
N = 16 

Caretakers 
N = 16 

Gender (% female) 38% 100% 
Mean Age (years) 12.6 years 29.4 years 
Child Ethnicity (%)   

African American 
Asian 
Hispanic, Latino, or Spanish Origin  
Native American or Alaska Native 

6% 
6% 
38% 
6% 

0% 
6% 
31% 
6% 

White  62% 68% 
Average household income    $40,000 - 

$60,000 
Married (% married)  69% 
Employment (% employed)  69% 



Texas Tech University, Miranda Cox, August 2022 
 

 49 

 
 
  

Table 2 
Description of Experimental Stimuli  

Clip Description 
 

Duration 

Itsy-Bitsy Spider  A 30-second clip of either the human or robot 
agent, separately singing “Itsy-Bitsy-Spider,” 
including singing and performing associated 
spider-like hand motions.  
 

30 seconds 

Brown Bear, Brown 
Bear,  
What Do You See? 

One-minute clip of either human or robot 
reading from a children’s book, Brown Bear, 
Brown Bear, What Do You See? (Martin and 
Carle, 1996).  
 

60 seconds 

Peek-A-Boo 30-second clip of the human or robot playing 
peek-a-boo, delivering 3 identical “rounds”, 
where the peek-a-boo action is performed and 
the human and robot exclaims “Peek-a-boo, I 
see you!”  
 

30 seconds 

Dump-truck with robot 30-second clip of the human and robot 
pushing a small child’s dump truck back and 
forth in a turn-taking activity. The human 
declares pushing of the truck by saying “Are 
you ready RaeRae? Here it comes!,” and 
encourages the robot to push the truck back 
saying “Good job, push it back!” The robot’s 
response occurs each time upon receiving the 
truck, saying “Got it! Wow!” 
 

30 seconds 
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Table 3 
Descriptions of Developmental Assessments at Baseline  

Assessment 
 

Description 

Early Social Communication Scales 
(ESCS) (Mundy et al., 2003) 
  

A structured assessment used to evaluate 
nonverbal communication ability in young 
children using categorization of observable 
behaviors, including initiating and responding 
joint attention, behavioral requests, and social 
interaction 
 

Mullen Scales of Early Learning 
(MSEL) (Mullen, 1995) 
 

A standardized assessment designed for children 
from birth to the age of 68 months measuring 
cognitive and motor development. The MSEL 
includes four categories measuring expressive 
and receptive language performance, visual 
reception, and fine motor skills 
 

Ages and Stages Questionnaire – 
Social and Emotional Second 
Edition (ASQ-SE-2) (Squires et al., 
2002) 
 

A parent-report questionnaire used as a 
screening tool for children’s social and 
emotional development, and is available for 8 
age groups ranging from 6 – 60 months of age. 
Includes screening for self-regulation, 
communication, adaptive behavior, autonomy, 
affect, and social interaction 
 

Brief Infant Toddler Social and 
Emotional Assessment (BITSEA) 
(Briggs-Gowan, and Carter, 2006)  
 

A short and efficient assessment used to evaluate 
potential social-emotional deficits or behavioral 
problems in children ages 12 months to 35 
months, 30 days 
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*https://www.tobiipro.com/product-listing/tobii-pro-tx300/

Figure 1.  
Tobii Pro TX300 Operating System (Tobii Technology, 2020)* 
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Figure 2.  
NAO Robot by Aldebaran Robotics, 2020*   
 

 

 

 

*e.g., https://www.softbankrobotics.com/emea/en/nao 
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Figure 3. 
Stimuli clip examples  
 “Robotese” “Motherese” 
 
 
 
Brown Bear 
 

 

 

 
 
 
Itsy-Bitsy Spider  

 

 

 
 

  

 
 
Peek-A-Boo 
 
 
 
 
 
 
 
 
 
Dumptruck 
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CHAPTER IV 

RESULTS  

Initial Fixation Duration (IFD) 

“Robotese and Motherese” 

Results from the first paired sample Wilcoxon test, evaluating IFD between 

“robotese” and “motherese” conditions, revealed that there was no significant difference 

in IFD between the “robotese” (n = 16, M = 9.57) and “motherese” conditions (n = 16, M 

= 7.67), z = -.052, p = .959, with a small effect size (r = -.009). This indicates that the 

median score between IFD for the robot agent increased compared to the human agent, 

however, participants did not significantly fixate initially on either social agent more than 

the other across all stimuli. Further, the small effect size observed also supports the lack 

of a significant difference between the two conditions (see Table 4). 

Total Fixation Duration (TFD) 

“Robotese” and “Motherese” 

 Results from the first paired sample t-test, comparing TFD between conditions 

across all clips, showed that there was no significant difference in TFD between the 

“motherese” (M=50.72, SD=15.25) and “robotese” (M=47.33, SD=18.31) conditions; 

t(15)= .793, p= .440, with a small effect size (r = .198) (see Table 5). This indicates that 

participants’ attended similarly to each agent within the “robotese” and “motherese” 

conditions, not displaying an attentional preference for either. Next, results from multiple 

paired sample t-tests performed on each individual stimuli clip reflected similar findings. 

The first paired sample Wilcoxon test, performed to examine the differences in TFD 

between conditions within the Brown Bear clip, showed a significant difference between 



Texas Tech University, Miranda Cox, August 2022 
 

 55 

the human condition (M=4.80, n=16) and the robot condition (M=10.18, n=16), with a 

medium effect size (r = -0.569) (see Table 6). The second paired sample Wilcoxon test, 

examining differences in TFD between conditions within the Itsy-Bitsy clip, revealed that 

there was no statistically significant difference between the human (M=10.22, n=16) and 

robot conditions (M=6.29, n=16), z = -1.241, p = .215, with a small effect size, r = -0.31 

(see Table 6). This effect size indicates that there was an increased median score in the 

“robotese” condition compared to the “motherese” condition, but overall there was no 

significant difference in TFD across conditions in the clip of Itsy-Bitsy. The second 

paired sample t-test, performed to evaluate differences in TFD in the Peek-A-Boo clip, 

showed that there was not a statistically significant difference between the “robotese” 

condition (M = 16.1, SD = 8.09) and the “motherese” condition (M = 16.2, SD = 6.77); 

t(15) = .012, p > .05, with a small effect size (r = .003) (see Table 7). These results show 

that participants did not attend preferentially to either the human or the robot within the 

Peek-A-Boo clip. Lastly, the third paired sample Wilcoxon test, comparing TFD between 

the human and robot agent present within the Dumptruck clip, no statistically significant 

differences were found between the human agent (M = 7.00, n = 16) and the robot agent 

(M = 10.43, n = 16), with a small effect size (r = -.065) (see Table 6). 

Social Areas of Interest (AOI’s) 

Three separate two-way ANOVAs were performed in order to compare the effects 

of the independent variables agent type (“robotese” or “motherese”) and AOI’s (social or 

non-social) on the dependent variable TFD, with one two-way ANOVA performed per 

stimuli clip. Results revealed a statistically significant interaction present between the 

aforementioned independent variables across all clips, including: Brown Bear (F(1, 15) = 
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9.88, p = .007), Itsy-Bitsy (F(1, 15) = 10.83, p = .005), and Peek-A-Boo (F(1, 15) = 

31.56, p < .001) (see Table 8).  

Age-Related Differentiations 

 Results from a Kruskal-Wallice Test, performed in order to evaluate potential 

age-related differences in TFD on social and non-social AOI’s between “robotese” and 

“motherese” conditions, indicated that within the Brown Bear clip, there was no 

significant difference between age groups across AOI’s (p >.05). However, the 

distribution of data for non-social AOI’s within the “motherese” condition was closer to 

significant than the others (p = .057). This may indicate that with a larger sample size a 

significant difference in attention to social and non-social AOI’s within the “motherese” 

condition may have been observed across age groups. Results for both Itsy-Bitsy and 

Peek-A-Boo clips (see Table 11) were similar across all age groups (p >.05), indicating 

that there is no statistically significant difference in gaze allocation to social and non-

social AOI’s dependent on child age group within these clips.  
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Table 4  
Paired Sample Wilcoxon Test; IFD: “Robotese” vs “Motherese”  

  

 M SD N Test Statistic p 

Robot 1.995 2.02    

Human 2.045 1.968    

“Robotese” – “Motherese”   16 -.052 .959 
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Table 5 
Paired Sample T-Test; TFD: “Robotese” vs “Motherese”  

 M SD t(df) p 

“Robotese” 47.33 18.31   

“Motherese” 50.72 15.25   

Paired Differences   .793 .440 

 

  



Texas Tech University, Miranda Cox, August 2022 
 

 59 

Table 6 
Paired Sample Wilcoxon Test; TFD: “Robotese vs Motherese” Individual Clip 

 Test Statistic  p 

Brown Bear  -2.275 .023* 

Itsy Bitsy  -1.241 .215 

Dumptruck -.259 .796 
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Table 7 
Paired Sample T-Test; TFD: “Robotese vs Motherese” Individual Clip  

 M SD t(df) p 

Peek-A-Boo: “Robotese” 16.17 8.09   

Peek-A-Boo: “Motherese” 16.2 6.77   

Paired Differences .032  .012 .990 
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Table 8 
Two-Way ANOVAs: “Robotese” vs “Motherese and Social vs Non-Social 

 Brown Bear Itsy-Bitsy Peek-A-Boo 

Tests of Within-Subjects 
Effects 

Mean 
Square F P Mean 

Square F p Mean 
Square F p 

Agent AOI 
(Robot vs Human) 

18.254 .675 .424 11.628 1.502 .239 .004 .000 .990 

Social AOI 
(Social vs Non-Social) 

179.493 1.962 .182 93.316 8.117 .351 1206.43 47.478 <.001* 

Interaction 310.905 9.879 .007* 48.094 10.825 .005* 609.041 31.559 <.001* 
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CHAPTER V 

DISCUSSION  

This study provides insight into emerging novel robotic paradigms examining 

attention and social gaze patterns in infants and young children. Specifically, these 

findings contribute support for the utilization of robotic paradigms including themes such 

as “robotese” within populations of typically developing infants and toddlers. In addition, 

this investigation builds upon previous robotic paradigm research investigating attention 

and social development in infants and toddlers, thus emphasizing that young children are 

able to attend and respond to robots in a social manner, and that robots have the 

capability to elicit attention and important developmental social responses from infants 

and toddlers (Ioannou et al., 2015; Chevalier et al., 2020; Filippini et al., 2020; Crompton 

et al., 2018; Bekele et al., 2013; Tanaka et al., 2007). By evaluating the differences in 

attention and gaze responses within a novel robotic paradigm, our results provide further 

support for the potential utilization of robots in both educational and clinical settings for 

very young children. Lastly, this investigation provides additional foundation for the 

examination of attention towards the novel concept “robotese” as well as social robotic 

paradigms, with the intention of providing future researchers information to utilize in 

future studies using populations of infants and toddlers with developmental risk.  

“Robotese” and “Motherese”  

When comparing initial and total fixation durations between “robotese” and 

“motherese,” we observed that participants displayed similar gaze patterns and attention 

preferences when observing the “robotese” and “motherese” conditions. Specifically, 

infants and toddlers were able to visually attend and respond similarly to “robotese” 
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stimulus as they did “motherese” stimuli. The present data therefore does not support the 

current study’s first hypothesis of increased IFD within “motherese” conditions. 

However, these results do partially support the current study’s second hypothesis that 

participants initially fixate equally to each agent in the “robotese” and “motherese” 

conditions. These results are consistent with previous research emphasizing that robots 

are capable of eliciting social responses from infants and young children (Ioannou et al., 

2015; Filippini et al., 2010). That is, that robots have the ability to attain and hold an 

infant or toddlers attention in a social context, and are able to elicit social responses while 

observing human-robot interaction contexts. Further, the current study findings parallel 

previous research observations that robots may hold the ability to promote social 

engagement in infants (Filipinni et al., 2010) and young children (Filippini et al., 2020; 

Ioannou et al., 2015; Chen et al., 2011). The current study also builds on existing 

evidence (e.g., Filippini et al., 2020; Ioannou et al., 2015) by indicating these results can 

be replicated using more precise measurements within an eye-tracking paradigm. Further, 

these results warrant continued investigations of the ways that infants and toddlers 

allocate attention and other crucial developmental processes comparatively towards 

humans and robots utilizing effective eye-tracking paradigms. 

Additionally, while we hypothesized that participants would display similar gaze 

patterns in “robotese” and “motherese” conditions across all stimuli clips, results revealed 

that there was one clip in which this hypothesis was not met, the video clip of either agent 

reading a book. We posit this finding may be due to the type of social activity being 

performed and its commonality for most young children. Further, previous research 

evaluating young children’s attention during pre-literacy activities indicates that parent-
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child book reading facilitates early language development (e.g., Dowdall et al., 2020; 

Murray et al., 2014) since parents of very young children are more likely to use attention-

getting strategies and identify objects in books, thus ultimately sustaining child attention 

and bolstering language learning (Snow et al., 1983). That is, many young children, 

particularly within the current study sample, are commonly read books during early 

interactions with caregivers in which they gain important developmental skills, such as 

sustained attention and joint attention, ultimately bolstering early social and language 

development. Therefore, we theorize that in the “motherese” condition, participants 

directed more attention towards the book than the human agent, considering that appears 

to provide a more naturalistic book reading setting for the child consistent with 

interactions evaluated in previous research (Dowdall et al., 2020; Murray et al., 2014; 

Snow et al., 1983). Comparatively, the observed increase in total fixation duration within 

this clip for the “robotese” condition may have occurred due to participants paying more 

attention to the novelty of the robot during story reading than the book itself. However, 

more recent studies have found that older elementary school children find book reading 

with a robot to be more enjoyable than with a human agent (Yueh et al., 2020; Frank et 

al., 2009), indicating that reading activities within human-robot interaction contexts may 

be more beneficial for older populations of children compared to infants and toddlers 

who are still learning key concepts of social interaction with other humans on a daily 

basis as opposed to robots. 

Social Areas of Interest (AOI’s) 

When examining the potential interaction between total fixation duration towards 

socially relevant AOI’s and type of agent, robot or human, the results indicated that the 
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relationship between total fixation duration and attention to AOI’s depends on the agent 

of interaction across all stimuli clips. That is, infants and toddlers were more likely to 

examine social stimuli such as the book and the agent’s hand movements within the 

“motherese” condition compared to the “robotese” condition (see Figures 6-8). An 

explanation for this finding could be that this more naturalistic setting provided for the 

child within the “motherese” condition is a more familiar and predictable parent-child 

activity and interaction. A similar effect has also been observed in previous studies 

evaluating child attention and learning comparatively between robot and human partners 

(e.g. Conti et al., 2017; Westlund et al., 2015; Hyun et al,. 2008). For example, in a 

review evaluating child-robot interaction and early language learning, it was found that 

although robots can be effective in gaining and maintaining infant social attention and 

facilitating learning, there are yet to be any studies performed with results indicating that 

robots are more effective facilitators than humans (Kanero et al., 2018).  

Social Areas of Interest: Dumptruck Clip  

When observing participants’ gaze during the Dumptruck clip, including two 

social agents and an object of interest, participants were observed to follow gaze and 

attend to triadic engagement within human-robot interaction involving joint attention (see 

Figures 4 & 5). Previous findings have indicated that infants and young children are able 

to follow the gaze of a robot within human-robot interaction contexts, similar to how they 

would a human agent, consistent with the findings of this study (Chin et al., 2014; Kahn 

et al., 2012; Kozima et al., 2006; Tanaka et al., 2007). Additionally, the current study 

found that there was no significant difference in TFD between the human and the robot 

within the Dumptruck clip, indicating that children were able to follow a triadic 
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engagement pattern between a human and robot agent, allocating attention equally back 

and forth towards each agent, as well as towards the object of interest. This finding is 

similar to previous studies that have observed robots’ capability to elicit joint attention in 

young children, and consequently bolster child social engagement (Chevalier et al., 2020; 

Anzalone et al., 2018; Zheng et al., 2018). Additionally, the current study’s finding is 

also similar to that observed in literature evaluating the benefits of “motherese” on joint 

attention development. That is, previous studies have found substantial evidence that the 

use of “motherese” predicts infant joint attention development (Roberts et al., 2013; 

Senju et al., 2008) and subsequently facilitates early social learning and overall socio-

cognitive development (Shruti et al., 2018; Golinkoff et al., 2015; Saint-Georges et al., 

2013). Therefore, this finding is of particular importance because, if the current study has 

found evidence that typically developing children are able to follow joint attention 

interactions and triadic engagement patterns between a human and robot within an in 

vivo HRI context, additional research within populations of infants and toddlers with 

autism risk may be performed and prove beneficial in discovering similar results within a 

populations of children with ASD and autism risk, in which joint attention deficits are 

characteristic of the spectrum of disorders and are commonly addressed in clinical early 

interventions (Mundy et al., 1994; Tomasello et al., 2005).  

Gaze Allocation and Attention Preferences Across Age Groups 

While it was anticipated that there would be significant age-related differences in 

total fixation duration towards social and non-social AOI’s across all video clips, there 

were not significant differences across age groups. Specifically, infants and toddlers did 

not display age-related differences in gaze allocation and attention preferences toward 
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any AOI’s between the “robotese” and “motherese” conditions. This finding was not 

expected, due to previous eye-tracking studies evaluating age-related differences in 

attention. These results have indicated that infants just over the age of 6 months begin to 

spend less time looking at objects and more time looking at faces, despite the social 

attraction of objects (Kwon et al., 2016; Gluckman et al., 2013; Di Giorgio et al., 2012), 

and as that age increases, looking time towards faces increases generally as well (Frank et 

al., 2014; Richards et al., 2010; Frank et al., 2009). Additionally, previous studies found 

evidence of age-related differences in infants 3 to 30 months of age depending on the 

content of the stimuli, specifically, younger infants are more likely to look at faces within 

a scene including one agent of interaction, but older children are less likely to look at 

faces when more than one visual stimulus was included on-screen, such as an object or 

another person (Frank et al., 2012; Frank et al., 2009). Although these age-related 

differences were not observed in the current study, a recent review of the literature has 

found similar results, indicating that there are no global age-related shifts or differences 

between looking at faces versus other social aspects of stimuli in children aged 6-months 

to 10 years of age (Kadooka et al., 2020). Further, this same study found evidence that 

infants and toddlers between 6 and 18 months of age will often attend to visual stimuli 

similar to the ways that adults allocate gaze, perhaps only varying in specific type of 

stimuli presented. The lack of age-related differences in gaze allocation observed in the 

current study may also be attributed to the duration of the stimuli clips utilized. Several 

previous studies have found age related differences using clips with longer durations, 

such as one-minute clips (e.g.,Franchak et al., 2016) or even five-minute clips (e.g.,Rider 

et al., 2018) that are often utilized in studies with older children and not infant and 



Texas Tech University, Miranda Cox, August 2022 
 

 68 

toddlers. Thus, further work is needed to identify the specific conditions of robotic 

paradigms involving “robotese,” such as duration of the clip or activity performed, which 

may provide the ability for robots to be able to recruit and sustain attention, as well as 

bolster social developmental skills in populations of younger infants and toddlers.  

Limitations  

One limitation of this study is the sample size; however this study was designed to 

test novel paradigms across a set of age groups of infants and toddlers. Many eye-

tracking studies include smaller sample sizes due to the time-consuming analyses 

required to understand gaze patterns. In addition, these types of paradigms typically have 

multiple data points for each participant thus buffering a small sample size. A second 

limitation of this study was the onset of COVID19, which occurred directly prior to study 

recruitment, and consequently hindered the number of eligible participants willing to take 

part in the study, prolonging recruitment and data collection significantly.  

Conclusions 

The current study evaluated the potential differences in gaze allocation observed 

when presented with “robotese” and “motherese” stimuli in a population of typically 

developing infants and toddlers and was designed as to explore novel paradigms. While 

infants and toddlers did not allocate attention preferentially to either the robot or human 

agent that were statistically significant, there were trends that indicated preferential 

attention towards the robot agent when specific activities were being performed during 

the book reading task. Further, these findings corroborate previous research indicating 

that young children may view the robot as a social agent similarly to how they view 

human agents (Filippini et al., 2020; Ioannou et al., 2015; Chen et al., 2011), and that 
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robots also may have the ability to promote engage a child’s attention and promote social 

engagement (Chevalier et al., 2020; Filippini et al., 2020; Warren et al., 2015). In order to 

expand the understanding of such differences and similarities to previous research present 

in the current study, future research should focus on comparing infant and toddler gaze 

allocation when observing more diverse activities performed by robots, involving and not 

involving “robotese,” as well as activities performed within HRI contexts.  

Additionally, the current study’s eye-tracking protocols did indicate that infants 

and toddlers were able to attend to and follow triadic engagement patterns within HRI 

contexts that explicates joint attention within interaction and indicates that robots and 

“robotese” may be an effective tool in engaging children in triadic engagement within 

HRI contexts; this will enhance studies to examine the differences in this effect among 

developmentally different populations in which joint attention is a necessary step in 

clinical intervention, such as those with ASD or autism risk. Overall, these findings 

provide an opportunity for future investigations that aim to evaluate the concept 

“robotese” and in-vivo HRI using precise eye-tracking measurements, among varying 

populations of young children. Further, future studies that focus on identifying the 

efficacy of robots to promote and mediate social learning within child-robot interaction 

may build on this study by adopting the current study’s methodology and robotic 

paradigms for populations of children older than 18 months, as well as populations of 

developmentally diverse young children, such as those with ASD or autism risk. In 

addition, further evaluation of the vocal and gestural quality of robots within 

developmentally at-risk populations may uncover new insight into the efficacy of specific 

robotic characteristics and their observed effects within human-robot interaction and 
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interventions involving robots as mediators and potential educational aids for further 

school readiness. Further, such insight into potential clinical and educational robotic 

paradigms may further contribute to the growing research surrounding the utilization of 

robots to understand and aid in human development trajectories across childhood for 

children with and without developmental differences. For instance, adjusting the vocal, 

gestural, and physical qualities of robots may cause differential effects depending on 

child age, developmental trajectory, and context of interaction; such intricacies involved 

within human-robot interaction may be necessary to understand in order to provide 

efficient intervention strategies in clinical, home, and educational contexts when utilizing 

both robotic and human interactions to understand gaze and attention allocation for 

diverse populations of young children.  
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Figure 4. Data Analysis: Accumulated Heat Maps  
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FIGURE 6. 
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FIGURE 7. 
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FIGURE 8. 
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APPENDIX A  
Demographic Questionnaire  
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APPENDIX B 

Record Form from Early Social and Communication Scales (ESCS) Manual  
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APPENDIX C 

Record Form from Mullen Scales of Early Learning (MSEL) Manual 
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APPENDIX D  

Quick-Guide from Ages and Stages Questionnaire: Social and Emotional 
Parent Report (ASQ-SE-2 P-R) Form:6-month; 12-month; 18-month forms 
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APPENDIX E 
 

Report Form from Brief Infant-Toddler Social and Emotional Assessment  
Parent Report (BITSEA P-R) Form 
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For information on how to sign up, contact: 

For infants and young toddlers between the ages 
of 7 to 17 months, this pilot study will observe attention patterns to 

both robots and humans watching video excerpts of them play

You and your child will:
Visit the Research in Early Development (RED) Lab twice 

for 30 - 45 minutes each, located in the College of 
Human Sciences, just steps away from the CDRC!

 
Complete play-based developmental tasks

 
Observe both robot and human short video clips 
on a computer screen measuring visual attention

 
Receive a $25 Target gift card and certificate of completion 

We adhere to all COVID-19 guidelines given by the CDC and TTU.
For more information on these guidelines, visit:

https://www.depts.ttu.edu/research/hsr-covid-19.php

Join our Study!

Miranda Cox, B.A. 
miranda.cox@ttu.edu

Dr. Mastergeorge
ann.mastergeorge@ttu.edu

OR

APPENDIX F 
 

Pilot Study Recruitment Flyer  

 

 

 

 


