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Abstract
Infants’ ability to engage jointly with a caregiver in mutual experience of an object is a well-researched phenomenon, which is positively associated with many developmental outcomes. Despite appearing a robust psychological construct, joint attention has recently faced new challenges from the idea that it is sustained attention, not joint attention, within triadic interactions that drives the positive relationships we see with later developmental abilities. Conversely, sustained attention in other contexts has been demonstrated to be negatively associated with later IQ. This poses interesting theoretical considerations for the nature of both sustained and joint attention, which are addressed in Chapters 2 and 3 of this thesis. A crucial component missing from many theoretical positions on joint attention, is an account of the role of the object in shaping the triadic interaction. Research shows that engagement with screen media and touchscreen devices can be detrimental to the quality of joint attention that a child and caregiver will engage in. This is reflected in guidance from advisory bodies who recommend limiting, or even completely avoiding, screen time in children under the age of two. However, research in this area focusses primarily on older children, and very little work has investigated how infants, who are only just developing the ability to triangulate their attention, engage jointly with these kinds of devices. These empirical questions are explored in Chapters 4, 5 and 6. The aims of this thesis are, therefore, twofold. First, to examine how young infants experience and engage in joint attention episodes with touchscreen devices and electronic media in comparison to traditional books and toys. Secondly, to evaluate and reflect on our theoretical understanding of sustained and joint attention, and how the nature of the object may influence the quality of the interaction. The studies presented here suggest that the activity performed with toys and touchscreens influences the quality of infant-caregiver interaction and provide some evidence for digital devices promoting social exchange. They also pinpoint how the infant’s early understanding of objects and language are influenced by a complexity of factors, including parental language input, their concentration on objects of shared attention and their ability to coordinate their attention to objects and their interlocutor. 
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1	Chapter 1: Introduction
This thesis addresses both empirical questions regarding the nature of infant triadic interaction with modern touchscreen media, as well as reflecting upon our theoretical understanding of the concepts of sustained and joint attention. On one hand, triadic interaction between infant, caregiver and the focus of their attention has long been studied and is considered to be fundamental for later development across a spectrum of modalities, from language (Bates, 1979) to social development (Vaughan Van Hecke et al., 2007). Recent evidence has posited that it may be infant sustained attention, not joint attention, that drives the relationship observed between joint attention and later developmental outcomes such as language (Yu et al., 2019). Whilst the role of sustained attention in the context of habituations has been shown to be negatively associated with later developmental abilities (Colombo, 1993; Slater, 1995), in the context of triadic interactions during play and naming moments, the relationship is positively associated with later abilities (Yu et al., 2019). The existing literature on infants’ engagement in triadic interactions with touchscreen technology is smaller compared to that on traditional toys. It underestimates both the ages at which even young infants encounter these types of media, and the increasing frequency with which infants are engaging with such devices (Common Sense Media, 2020). As a result, it fails to provide accurate accounts of how the youngest of infants experience touchscreen media. In order to fully understand the impact of early interaction with touchscreen media, we will examine how it influences the quality of triadic interaction between caregivers and infants. In doing so, we aim to provide significant re-evaluation of theoretical constructs such as sustained and joint attention. The scope of this thesis is to provide a detailed understanding of the quality of triadic interactions between infants and caregivers during play with touchscreens, how this compares with triadic interaction with traditional toys, as well as attempting to develop a novel theoretical perspective on the concepts of sustained and joint attention.
1.1 	Joint Attention, its History of Conceptualisation, Operationalisation, and Role in Infant Development	 
	Infant-caregiver engagement in triadic interaction (subject-interlocutor-object) is widely regarded as highly important for infant for development (Bates, 1979; Carpenter et al., 1998; Tomasello, 1995). It has been linked to many important aspects of cognitive development, including early language use (Baldwin, 1995; Bates, 1979; Bruner, 1974; Markus et al., 2000; Tomasello 1988, 1995; Tomasello & Todd, 1983), early learning (Striano et al., 2006a), an ability to regulate emotion (Morales et al., 2005), social development (Mundy & Sigman, 2006; Vaughan Van Hecke et al., 2007) and early symbolic thinking (Mundy & Jarrold, 2010). Research suggests that infants engage in more advanced levels of play within joint attention episodes, in comparison to when they play and explore by themselves (Bigelow et al., 2004). This section will explore both what joint attention consists of, and the extent to which the literature supports relationships between joint attention and later abilities.
Today, joint attention is still as hotly discussed as it has ever been (Gabouer & Bortfeld, 2021; Jacobson & Degotardi, 2022; Siposova & Carpenter, 2019). These recent conceptual analyses of joint attention identify the recent efforts that have been made towards improving our definitions and operationalisations of joint attention as a construct (Gabouer & Bortfeld, 2021; Jacobson & Degotardi, 2022; Siposova & Carpenter, 2019), despite the fact it has already existed within developmental psychology for almost fifty years. This stems from the need to resolve ambiguities that currently exist within the joint attention literature. In empirical research, many researchers use coordinated looking as a measure of joint attention (Koşkulu et al., 2021b; Yu & Smith, 2013; Yu et al., 2019), which is in line theoretically with Butterworth’s (1995) perspective that joint attention refers to ‘looking where someone else is looking’. Others employ measures that include alternating gaze between social partners or responding to bids to initiate joint attention (Gabouer & Bortfeld, 2021; Kasari et al., 1990; Osório et al., 2011). This is more in line with the theoretical perspective that joint attention is inherently a form of social cognition (Tomasello, 1995) given that it involves looks to the face (a source which can communicate a lot of social information at once; Frank et al., 2009), whereas through coordinated looking, social cues are derived from other sources such as the hands (Yu & Smith, 2015). 
Broadly, there are two main perspectives on joint attention, one stemming from sensorimotor development which focusses on infant’s ability to coordinate attention, and the other as social cognition which highlights the need for them to understand others as social beings. Firstly, let us examine the perspective that the essence of joint attention lies in the simultaneous experience of an external object. Butterworth and Jarrett (1991) identify three sequential mechanisms ('ecological’, ‘geometric’ and ‘representational’) which lead to the development of joint (coordinated) attention. These mechanisms have no prerequisite of theory of mind and are focused on the development of the perceptual system as opposed to social cognition (Butterworth & Jarrett, 1991). The first of these mechanisms (ecological) develops within an infant’s first year, and facilitates their detection of the social partner’s gaze. It likely operates on the “intrinsic attention-capturing properties of objects” (p. 69). However, this cue alone is not sufficient for precisely locating the object of interest, as during controlled trials, infants aged 6 months were able to follow the direction of their partners gaze (i.e., left or right), but unable to differentiate a specific target. Around the 12 month mark the second mechanism (geometric) emerges, in which the infant is able to deduce more precisely a locus of attention based on the social partner’s head and eye orientation, presented within the infant’s visual field. The final mechanism (representational) develops between 12 and 18 months of age, whereby the infant becomes able to jointly reference locations existing beyond the infant’s current visual space (i.e., a location that is behind the infant). This perspective suggests that an infant’s capacity to engage in joint attention is dependent on the development of their spatial perception and therefore does not require the infant to have advanced social understanding of other beings (Butterworth & Jarrett, 1991).
This is similar to other non-social-cognitive perspectives of joint attention, such as that proposed by de Barbaro et al. (2013), which suggests that joint attention develops as a result of mother-infant sensorimotor coordination as opposed to being a component of social cognition. They suggest that the ability to engage jointly with a partner is a culmination of sensorimotor development across the first year, and they map out key stages of how infants engage attention from 4-12 months. At four months of age, infant attention is described as being “convergent” (p232), in that it is generally focused on one locus at a time. At this stage, attention is generally for longer durations, and initiated by gaze, followed by the hands, and then mouth. Infants are slower to redirect attention, and usually abandon a previous target of attention during this transition. By six months, infants are more able to separate their gaze from the object they are touching. They begin to visually explore new objects, whilst still holding on to the original object of attention, that previously would have been discarded once visual attention was lost. Their ability to grasp and manually explore objects is more advanced. However, they do not tend to take hold of two separate objects simultaneously, and again discard the original one when they wish to explore another with their hands. Infants at this age were less likely to follow into interactions with new objects presented by the parent, and more likely to express negative emotional reactions when the adult attempted to remove the object an infant was attending to. As such, de Barbaro et al. describe these interactions as “disrupted” (p234), given that infant attention does not routinely follow parental bids as done previously. At 9 months infants are able to handle two objects at once and can easily alternate attention between two. Sensorimotor coordination is much more fluid and controlled, although behaviours consist of more repetitive routines of movement. Infants no longer abandon the original object when a new one is introduced by the social partner, and turn-taking exchanges begin to be followed by eye contact and positive affect. Finally, by 12 months infants progress from simply holding two separate objects, to reaching and manipulating two separate objects at the same time bimanually. This is coupled with developments in visual attention. Unlike at 9 months where whichever hand the infant was looking at was the ‘active’ hand, infants at 12 months alternate their gaze between two separate objects being manipulated independently. Routines of movements performed with objects become more elaborate, and include a variety of actions as well as shifts in attentional focus. At this age the parental bids for attention were more fluidly incorporated into the infants existing actions, and the exchange is described as “well-coordinated” (p.239). This account discussed by de Barbaro et al. (2013) observes that the gestures each infant utilises when engaging in triadic exchanges, are built on the actions and skills previously expressed in sessions at younger ages, and suggest that joint attention emerges from the development of multimodal actions and as opposed to the internal development of social cognition.
In contrast to the perspectives discussed so far, many regard joint attention as an inherently social phenomenon which arises from developing social-cognition (Tomasello, 1995). Tomasello (1999; 2023) has posited that a “Social-Cognitive Revolution” (Tomasello, 1999, p. 302) takes place around 9 months of age, which allows infants to progress from dyadic interactions to the ability to engage in the experience of an object jointly. It is postulated that this ability arises from an understanding of others as intentional agents (Tomasello, 1995). For this account, the social component of joint attention is instrumental in the relationships we see between joint attention and later developmental abilities (Carpenter et al., 1998). This theoretical perspective is supported by evidence which suggests that infants who become involved in more triadic engagement demonstrate better understanding of intentional actions (Brandone et al., 2020). Furthermore, there is evidence that social settings can promote infant learning, even when the social partner is a peer rather than an experienced, knowledgeable adult (Lytle et al., 2018). This offers support for the notion that the social component of joint attention may play a key role in learning. The theoretical conceptualisation of joint attention will be further explored in Chapter 2.
	There are many key components of triadic interactions that are used to identify and measure joint attention episodes. These can refer to both the quality (e.g., language input) and the quantity (e.g., look duration) of the interaction. Joint attention interactions are generally perceived as being of a higher quality when they contain more frequent caregiver language input (Allely et al., 2013; Reynolds et al., 2019; Sosa, 2016), infant vocalisations (McGillion et al., 2013; Miller et al., 2017), conversational turns (Ferjan Ramírez et al., 2020), and higher levels of responsiveness (Edmunds et al., 2019; Miller et al., 2017). Joint attention quantity is usually determined by increased durations of coordinated looking (Yu & Smith, 2013), or increased frequency of alternating gaze between the social partner and object of the interaction (Carpenter & Liebal, 2011; Tomasello, 1995) and responding to bids for attention (Koşkulu et al., 2021b). These components paint a rich picture of the many facets of joint attention interactions.
	Gaze following is considered to be one of the earliest mechanisms that serves as a prerequisite for joint attention (Scaife & Bruner, 1975). The age at which infants are able to follow gaze has mixed evidence. In a sample assessed by Moore and Corkum (1998), it was found that only infants aged 18 months could successfully follow gaze consistently, whilst 8-month-old infants could not. Some estimate that this ability is present much younger, as 3-6-month old’s show 73% accuracy in correctly following the gaze of an adult actor to a puppet (D’Entremont et al., 1997). The results seem to vary depending on the experimental set-up. The overall evidence suggests that an infant’s ability to follow gaze at younger ages is contingent on the inclusion of ostensive cues, such as eye-contact or infant directed speech (Senju & Csibra, 2006). Whilst 6-month-olds might become competent gaze followers with such cues, gaze following itself does not necessarily fit the full criteria for joint attention (Kaplan & Hafner, 2006), and therefore we cannot reliably assume infants are engaging with the interlocutor jointly. It is only as infants develop past 9 months of age that they begin to differentiate social orientation from simple ‘body orientation’. As demonstrated by Brooks and Meltzoff (2005), infants aged 9 months directed their attention following an adult model with equal consistently regardless of whether the model’s eyes were open or closed. Only infants aged 10 and 11 months showed significant differences between conditions, such that, they followed gaze significantly more when the adult’s eyes were open compared to when they were closed. This indicates that, whilst younger infants may have the capacity to follow gaze, their awareness of others’ attentional states is not initially in evidence and is something that develops as they age.
	Joint attention is sometimes measured as the duration of visual attention episodes from both the caregiver and infant, towards the object of interaction at the same time (Yu et al., 2019). Such operationalisation focusses on periods where social partners are jointly attending to the object but are not necessarily orientated towards each other. In contrast, measures focusing on alternating responsive joint attention (in which infants change or alternate the direction of their gaze between the object and caregiver), assess an infant’s ability to redirect their attention within the interaction (Carpenter & Liebal, 2011). If we accept Tomasello’s 9-month revolution threshold for being able to engage in joint attention, then we might question whether a 1-month-old and adult looking at a toy at the same time are truly in an episode of joint attention, according to this definition (Tomasello, 1999), which may be considered as joint attention by a coordinated looking account. 
However, the evidence suggests that infants only rarely look to their caregiver’s face during interactions (Deák et al., 2018; Franchak et al., 2011; Yoshida & Smith, 2008), which may both make it more difficult to detect joint attention episodes, and force us to question how infants derive social cues from the social partner. Research has found that infants more frequently follow-in on joint attention bouts using cues from the social partner’s hands compared to eye gaze (Yu & Smith, 2017), again suggesting that it may be more difficult to ascertain periods of joint attention using alternating gaze, or looks to the face, as a measure. However, this study classified ‘joint attention’ as coordinated attention (i.e., both looking at the same thing at the same time), and so only infant looks to the caregiver’s face which were immediately followed by coordinated looking qualified as a joint attentional bout. Given that the role of the caregiver can be described as stage-managing or ‘scaffolding’ the interaction (Bigelow et al., 2004), they may be watching the infant engage with the toy (rather than looking continually at the toy itself) using supportive language input, and therefore coordinated looking would not identify this exchange as ‘joint attention’. Given the complexities of measuring the phenomenon of joint attention in terms of both alternating gaze and coordinated looking, it may be beneficial to expand our consideration of behaviours beyond visual orientation.
It is important to acknowledge that triadic interactions, and components therein, can be influenced by socio-cultural factors (Gavrilov et al., 2012), and vary across cultures (Bornstein et al., 1992; Childers et al., 2007). This thesis is primarily concerned with joint attention in Western contexts. However, we will additionally examine the differences between Eastern (Japanese) and Western (UK) cultures in Chapter 4. Previous literature has demonstrated that these differences exist in terms of both attentional focus, caregiver scaffolding, and language input within the interaction (Dennis et al., 2002; Vigil, 2002; Werker et al., 2007). Evidence from Dennis et al. (2002) suggests that Western (United States) mothers exhibit higher levels of joint attention during play with their infants in comparison to Eastern (Japanese) mothers. It was also observed that Western caregivers were more likely to place emphasis on autonomy and individual experience, whereas Eastern caregivers focused on relatedness and shared experience (Dennis et al., 2002). Similarly, it has been shown that Eastern caregivers generally orientate and direct infant attention during triadic interactions, whereas Western caregivers are more likely to follow the infant’s lead into a joint attention interaction (Vigil, 2002). Caregivers from Western (English) and Eastern (Japanese) Cultures also exhibit differences in infant directed speech (IDS) during interactions (Werker et al., 2007), again demonstrating the many ways in which interactions can differ across cultures.
The measures attempting to operationalise joint attention discussed thus far are primarily concerned with infant (and caregiver) visual attention. However, there are many other important components of triadic interaction that can facilitate engagement and promote learning, such as language input or gesture. Recent literature concerning joint attention is beginning to take a more holistic approach, expanding to include parental touch as well as language input as a means of directing infant attention within the joint attention episode (Suarez-Rivera et al., 2019). A shift in perspective seems to be occurring within the literature, which acknowledges the temporal properties of the joint attention episode (Jacobson & Degotardi, 2022; Suarez-Rivera et al., 2022). It considers the interaction as a dynamic ebb and flow, a conceptualisation in stark contrast to some of the historical reductionist approaches (Butterworth, 1995).
	This thesis begins by re-examining the concept of joint attention in Chapter 2. This will explore both historical and current work in the literature, as well as offering a new perspective that the object is often overlooked when considering the theoretical nature of joint attention. Chapter 2 will also introduce the notion of sustained attention as a possible alternative to the relationship we see between joint attention in infancy and later developmental outcomes, which is explored further theoretically in Chapter 3. Sustained attention has recently been suggested as the mechanism by which joint attention is related to language acquisition (Yu et al., 2019). The concept of sustained attention, in relation to infant ability, will be introduced next.

1.2	Sustained Attention in Infancy, its Role in Joint Attention and Relationship to Later Developmental Outcomes
	Sustained attention can be described as “the stabilization of visual attention to an object for long durations (e.g., greater than 3 s)” (Yu et al., 2019, p2). In the recent literature a new perspective has been posited that challenges the established view that joint attention is the driving force behind the correlations with later abilities. This suggests that joint attention merely serves as a proxy for sustaining the infant’s focus on an object, and that it is in fact sustained, not joint attention, that is linked to later infant ability (Wass et al., 2018; Yu et al., 2019). 
	Infant sustained attention is positively associated with many key aspects of infant development. In a low-income population, sustained attention has been shown to account for differences in vocabulary size, such that infants who engaged in more sustained attention had larger vocabularies (Brooks et al., 2018). Sustained attention is also positively associated with both effortful control and executive function (Frick et al., 2018; Johansson et al., 2015; 2016). Infants who attend to tasks for longer periods are also more advanced problem solvers compared to infants who attend for shorter lengths of time (Choudhury & Gorman, 2000). During parental naming moments within triadic interactions at 9 months, higher instances of infant sustained attention episodes predicted higher infant vocabulary at both 15 and 18 months (Yu et al., 2019).
	However, as will be demonstrated in Chapter 6, there is evidence to suggest a negative relationship between infant sustained attention and later developmental ability. In brief, these accounts (Colombo, 1993; Slater, 1995) suggest that infants who look longer are slower processors, and therefore longer looking is a marker for poorer later abilities (Colombo et al., 1991). These relationships are observed when infants are engaged in habituation as opposed to a joint attention interaction, where increased sustained attention is negatively associated with recognition memory, motor development, reaction time and visual discrimination (Colombo, 1993), as well as later IQ (Sigman et al., 1986; Slater, 1995). This effect can be observed later in adolescence too, as fixation durations of pre-term infants (at expected date of birth), are shown to negatively correlate with information processing, executive function and intelligence scores at 18 years of age (Sigman et al., 1997). Sustained attention during habituation has variable predictive validity for later IQ dependent upon whether the sample is typically developing or at risk, such that habituation is a stronger predictor of IQ for typical populations, and dishabituation is a stronger predictor for risk samples (Kavšek, 2004). 
The findings that sustained attention during infancy can be a marker for later IQ scores (Colombo et al., 1991), can be considered from the perspective of an information-processing approach (Hunt, 1980), such that greater intelligence (IQ) is a reflection of a more advanced ability to process information. Measures believed to reflect cognitive processing, such as memory, attention, processing speed, and representational competence have been shown to be relatively stable and continuous across development (Bornstein & Sigman, 1986; Rose et al., 2012) with early abilities serving as key indicators of later IQ test performance (Rose et al., 2012). Briefer fixations to stimulus presentations may similarly indicate faster cognitive processing, which would explain the negative associations with later cognitive abilities (Sigman et al., 1991). Similarly, visual recognition memory (assessed by novelty preference) at 7 months has also been demonstrated to be a marker for IQ at 3 years of age (Fagan, 1984). We can reasonably conclude that shorter length of looking during habituation presentations (Colombo, 1993; Slater, 1995) is also an indicator of faster information processing, which is compatible with the information processing theory, suggesting this can serve as a marker for later developmental outcomes. The tensions between the competing theoretical approaches the negative associations between sustained attention and developmental outcomes during habituation studies, and its positive associations during naming within triadic interactions, will be explored theoretically in Chapter 3 and empirically in Chapter 6.
	In addition to the visual measures of sustained attention discussed so far, sustained attention has also been assessed using alternative measures such as heart rate (Richards, 1989). This is used to identify three phases of attention: the orientating phase, the sustained attention, and terminating phase. Generally, infants are considered to be in a period of sustained attention when their heart rate reflects a decrease of five beats per minute or greater compared to baseline (Curtindale et al., 2019). However, this is a difficult measure to employ given that infant heart rates are incredibly variable, and that infants with different heart rates display different patterns of deceleration during sustained attention phases (Casey & Richards, 1988). In fact, infants’ levels of sustained attention towards the same kind of stimuli varies as infants age (Courage et al., 2006). Whilst durations to some stimuli follow a U-shaped trajectory over time (Courage et al, 2006), this has not been combined with measures of later development which would indicate whether the relationship with developmental outcomes is similarly curvilinear.
	The opposing evidence over the role of sustained attention poses a conundrum for interpreting infant behaviour. The fact that the same phenomenon, namely sustained looking durations, can reflect both slow processing (Colombo, 1993) and more advanced, deeper processing capabilities (Choudhury & Gorman, 2000) across different experimental setings, demonstrates that we still have more to learn regarding the precise factors that determine the efficacy of such behaviour. Particularly given the new theoretical challenge sustained attention poses for our understanding of joint attention (Yu et al., 2019), further research combining this with joint attention, and later developmental abilities, is critical. An exploration of sustained attention and its role both within the interaction, and in relation to later developmental abilities, is required for our understanding of not just sustained attention, but its role within joint attention.
Sustained attention in relation to language input during triadic interactions is associated with more advanced language abilities (Yu et al., 2019), and comprises a key focus of this thesis. Given that language exposure and infant directed speech are also generally associated with language outcomes (Golinkoff et al., 2015), it is important to examine these factors in more detail, as language acquisition is an important outcome variable included in the longitudinal analysis presented in Chapter 6. Next, I will explore the process of infant language acquisition, and how this process is linked to joint attention and triadic interactions.

1.3	Infant Language Acquisition and its Links to Triadic Interactions
Although this thesis is primarily concerned with attention and the concept of joint engagement as opposed to mechanisms of language acquisition, it is important to consider the role that language plays in caregiver-infant interactions, both in isolation and alongside attention. This section will briefly review some of the extant theoretical positions on how infants acquire language, and discuss some of the current literature on factors associated with caregiver language input that appear to play a role in infant development. This will allow us to establish why language exposure is beneficial for development, and how language input can improve the quality of joint attention episodes.
	In some of the earliest psychological of language development, Skinner (1957) proposed a behaviourist account, that infants learn via operant conditioning and consequences/ reinforcement. This approach suggests through praise and reward for correct language use, infants learn the ways of communicating. In his damning critique of that position, Chomsky (1959) provided a contrasting theoretical explanation, suggesting that infants are born with an innate capacity for recognising patterns, which infants apply to language they are exposed to, in order to learn. More recently, language acquisition has been recognised as being intrinsically tied to development in a broader sense, referred to by Nelson (1998, p3) as a “catalyst” fundamental to cognitive development. Tomasello (2005a) posits a usage-based theory of language acquisition, which similarly suggests that language is related directly to other cognitive skills, namely, the ability to read intentions in others and recognise patterns in utterances. The idea of pattern finding is a popular explanation for language acquisition and is more recently discussed in terms of statistical learning, whereby infants learn language through identifying patterns in the world from repeated exposure (Romberg & Saffran, 2010). This relates to both previously mentioned theories, in that it could refer to learning which utterances are correct by identifying patterns of positive reinforcement from a parent/caregiver, or recognising patterns in the linguistic input itself (Romberg & Saffran, 2010). Infants can detect patterns very quickly (Kirkham et al., 2002), in both visual (Johnson et al., 2009; Kirkham et al., 2007) and language-based stimuli (Pelucchi et al., 2009). There is evidence that infants as young as 20 months can learn a novel relationship between words and grammar from videos in under 30 minutes (Barbir et al., 2023). It is suggested that infant directed speech (IDS) can be beneficial for infants in detecting these patterns (Bosseler et al., 2016).
	Infant directed speech (AKA motherese/parentese/child directed speech) refers to the way in which adult humans communicate with young children, which is slower, simpler, and contains more variance in prosody than adult directed speech (ADS; McMurray et al., 2013). Infants prefer listening to IDS over ADS (Cooper & Aslin, 1990; Pegg et al., 2007). The prosody of IDS is more variable, and more difficult to anticipate in comparison to ADS, and it may be the case that infants find this more novel, therefore attracting their attention (Räsänen et al., 2018). Recently it has been suggested that IDS is beneficial for language development, by supporting neural oscillation alignment to key components of the utterance (Nencheva & Lew-Williams, 2022). 
	Regardless of the theoretical mechanisms of how language is acquired, infants must be exposed to language in order to learn it (Hay et al., 2011). After accepting that infant exposure to language is fundamental for language acquisition, we can then assess how factors such as the quantity and quality of input play their respective roles. There is support for both of these factors being influential in infant learning, but the question of which is the most critical is hotly contested. We will first assess the evidence for the importance of quantity of language exposure for infant language acquisition.
	There is evidence to support the claim that the quantity of language exposure is associated with development from an infant’s earliest moments. Caskey et al. (2014) assessed pre-term infants’ exposure to language whilst in a neonatal intensive care unit, and found that the quantity of language they heard during this period was positively related to their language ability at both 7 and 18 months of age. Specifically, regression analyses revealed the words per hour infants were exposed to accounted for 20% of the variance in expressive vocabulary scores at 18 months (Caskey et al., 2014). This indicates that total language exposure (independent of attention) can serve as a predictor for later developmental outcomes. Numerous other studies have demonstrated the positive relationship between the quantity of exposure to infant directed speech and later developmental capabilities (Rowe, 2012; Zimmerman et al., 2009), which can be observed across a spectrum of cultures (Hurtado et al., 2008; Shneidman & Goldin-Meadow, 2012), and is not exclusive to Western research (Rowe, 2008).
	There is also considerable evidence for the importance of quality of language exposure for infant learning. There has recently been a call for ‘high-quality speech’ to be considered not simply as a feature of speech itself, but rather as part of a dynamic attentional framework (Nencheva & Lew-Williams, 2022). A review of parent-infant studies focusing on language development found that the attentional state of the infant (i.e., a measure of cognitive engagement and orientation to the object of the interaction) whilst the social partner was communicating, strongly supported later infant developmental ability (Topping et al., 2013). Recent evidence from Yu et al. (2019) further demonstrates the importance of considering quality during language exposure, such that naming occurring within periods of sustained attention best predicts vocabulary development at later ages. Yu et al. (2019) failed to find an overall effect for quantity of language exposure in relation to later ability, suggesting that at 9 months, the need for quality input may be more important than quantity at this age. However, attentional orientation is not the only way in which we can qualify language exposure as being of higher quality. The range and diversity of language infants are exposed to is also a reflection of quality of input, given that this has been demonstrated to positively predict later developmental outcomes (Schneidman & Goldin-Meadow, 2012) to the extent that hearing a diverse range of words may even be of greater importance for lexical acquisition than language frequency (Pan et al., 2005). 
There has been research into how technology may shape language input quality for infants. A study by Christakis et al. (2009) had young infants wear a recording device, and used audio recognition software to discriminate the vocalisations that infants were exposed to. In this instance, quality refers to the discernibility of vocalisations, which may be distorted by other input. They found that in the presence of audible television, there were decreased discernible caregiver vocalisations available for the infant to perceive (Christakis et al., 2009). Infants also produced fewer vocalisations themselves in the presence of audible television. This may be of concern, as it would provide fewer opportunities for caregivers to respond and provide reinforcement to the infant. There is not yet evidence to confirm whether the presence of background noise from other such technology such as digital home assistants, smartphones, or touchscreen devices, has a similar influence on the discernability of adult language. As will be discussed in the following section, when technology is central to a bout of joint attention rather than just in the background, it can also negatively influence the language that infants are exposed to (Sato et al., 2016; Sosa, 2016).
Regardless of the mechanisms through which infants acquire language, there is considerable evidence that exposure to high quantity and high quality of infant directed speech is conducive for development. To understand how these fit into the joint attention framework and the respective role of sustained attention during language exposure (Yu et al., 2019), we must explore which factors can promote such favourable conditions for learning, and if varying the object of attention can enable or diminish infant learning opportunities. The influence of objects on the adult’s language input during triadic interactions is explored empirically in Chapters 4 and 5, and the longitudinal relationships between language exposure during play episodes and later language ability explored in Chapter 6.
	Given the importance of the many components of triadic interactions (sustained attention, language, responsiveness etc.) for later development that have been discussed, we can begin to consider the ways in which we might facilitate or encourage these variables that are desirable for infant development. One of the ways we might do that is by altering the object of the interaction that social partners are engaged with. Given that triadic interactions can vary depending on medium (i.e., the object type, or format of a story such as traditional or electronic) that is being engaged with during the interaction (Miller et al., 2017; Sosa, 2016), it is important for us to consider the impact this might have on components of the interaction we have so far identified as important for later development.

1.4	Quality Measures of Triadic Interactions, and How They Differ as a Result of the Medium
	The medium refers to the object the two social partners are engaging in shared experience of, during the traditional triadic (subject-interlocutor-object) interaction framework. It is important to consider the previously discussed factors (attention, language use) during diverse everyday opportunities for learning, such as shared book reading, toy play, or television viewing. There are variations in how different types of play (e.g., story reading, free play) can influence the quality of triadic interactions. The object of the interaction (e.g., paper story book, or digital story book), can also have an influence on the quality of the interaction. Given how varied infant toy options are today, compared to 50 years ago, both the advancements in electronics as well as the increased availability and affordability of electronic toys, offer many more options for infants to play with. A lot of valuable research has examined infant and toddler experiences of electronic toys and digital media, but this is substantially smaller compared to the literature on traditional toys, and it generally explores older infants’ and toddlers’ experiences of this media. Understanding how quality measures of triadic interactions can vary during caregiver-infant activities can offer a deeper insight as to which everyday exchanges might offer the most value (or opportunities) for infant learning. This section will first discuss the ways in which the quality of triadic interactions are assessed, then review the ways in which the medium has previously been shown to alter how interactions look between caregiver and infant. 
	There are many components of triadic interactions (besides attention) which are used to assess the ways in which interactions vary between dyads, such as adult language input (Sosa, 2016), infant vocalisations (Miller et al., 2017; Sosa, 2016), conversational turns (Donnelly & Kidd, 2021; Sosa, 2016), and maternal responsiveness (Gros-Louis et al., 2014; Miller et al., 2017). These are considered ‘quality’ components due to their positive associations with later developmental outcomes, particularly language development. As previously discussed, adult language input is important for infants to gain exposure to the labels they will later learn, and is positively associated with language outcomes (Rowe, 2012; Shneidman & Goldin-Meadow, 2012; Zimmerman et al., 2009). Wu and Gros-Louis (2017) found that during interactions with less responsive caregivers at 10 months, infant vocalisation during play predicted language scores at 15 months. Additionally, another longitudinal investigation found that infant intentionally communicative vocalisations at 11 months (which were gaze-coordinated with the caregiver) predicted the expressive vocabulary of infants at 24 months (Donnellan et al., 2019). Conversational turn taking can be considered a reflection of social engagement and interaction between social partners (Fidler et al., 2010). This can be considered a measure of quality in a triadic interaction, given that it has been found to have a bidirectional relationship with later language development (Donnelly & Kidd, 2021), which authors suggest make it a key social component associated with language acquisition. Maternal responsiveness may also be a reflection of interaction quality. Relationships have been found between maternal responses to general infant vocalisations, and infant vocabulary and gesture scores at 15 months and more mother-directed vocalisations (Gros-Louis et al., 2014). Additionally, maternal verbal responsiveness at 9 months has also been demonstrated to be associated with infant language comprehension at 13 months (Baumwell et al., 1997). Donnellan et al. (2019) also found that caregiver responsiveness was predictive of later infant vocabulary.
	Sosa (2016) outlined the differences in the quality of language input between interaction with electronic toys, non-electronic (“traditional”) toys, and book reading with 10-16- month-old infants. She found that electronic toys elicited a decrease in both the quality and quantity of caregiver language input during the interaction compared to book and traditional toy play. Specifically, she observed fewer adult words, conversational turns, parental responses, and productions of content-specific words during play with electronic toys in comparison to books. Furthermore, she established that adults produced more words, and used more content-specific words, during shared book reading than during play with traditional toys. These findings suggest that not only are there differences in the interaction resulting from the manipulation of the medium, but that some object types (in this case, books) may produce higher quality and more frequent learning opportunities for infants than others (i.e., electronic toys). Given the importance of triadic interactions for later infant learning (Carpenter et al., 1998; Striano et al., 2006a), understanding these differences more clearly is a worthy avenue of exploration.
	Differences across media reported by Sosa (2016) may be partially attributed to the fact that the activity that the infant-caregiver dyads undertook varied as a result of the objects they were engaging with, in that engagement with toys (both traditional and electronic) can be constituted as ‘play’, whereas ‘book play’ may be better termed ‘shared reading’, which could be considered an entirely different activity in itself. This is supported by evidence that suggests that parental language input is more sophisticated during reading episodes than in other settings (Ece Demir-Lira et al., 2019). Evidence suggests that infants aged 17-23 months are only able to transfer novel words learned in book reading to other contexts, from traditional books rather than electronic eBook formats (Strouse & Ganea, 2017). Research by Sato et al. (2016) can be used to further address questions that arise from Sosa’s (2016) findings, in which 12-month-old infant-parent dyads engaged in three conditions of the same activity, namely, shared reading, where only the format the story was presented in varied formats. Dyads were presented with a story in either a paper format, an eBook with sound, or an eBook without sound. Their results suggested that the sound producing capabilities of the eBook captivated infants’ focus to the detriment of joint attention and engagement with the social partner (Sato et al., 2016). This is unsurprising given that multisensory stimuli are more likely to elicit infant sustained attention (Curtindale et al., 2019). Despite the activity being consistent across conditions, there seems to be significantly less joint attention when infant-parent dyads engage with electronic media in comparison to traditional formats. The interactivity of toys also influences the nature of infant-caregiver triadic interactions. Miller et al., (2017) provided evidence to suggest that during play with interactive (‘feedback’) toys, infants aged 9-12 months showed higher levels of sustained attention but produced fewer directed vocalisations and directed gestures, and caregivers were less responsive, than during play with more traditional toys that did not produce feedback in the form of noises or visual stimuli. This finding relating to ‘feedback’ toys raises a question to be answered in Chapter 5 of this thesis, which is, how would an interaction differ if both sets of toys offered ‘feedback’, but one play session involved a touchscreen tablet, and the other, traditional interactive toys.
Our perspective on which type of object elicits the most desirable dynamics during a triadic interaction is contingent on the relative importance of components such as sustained attention for later learning. If indeed sustained attention is the ultimate goal of triadic interaction, we may not perceive Sato et al.’s (2016) findings of reduced joint attention as undesirable, and instead celebrate the attention-grabbing capacity of sound producing eBooks. We need not worry about the power of screen-based media to captivate the attention of children, if we believe that this sustaining of attention makes them more readily susceptible to internalising information. Similarly, if we take the position that joint attention and its social foundations play a larger role in infant learning than simply sustaining attention, then we may be more wary regarding the multimodal and interactive capacities of screen media. Overly enticing stimuli may well steer young minds away from the social partner and result in many of the beneficial learning cues, such as language input. Miller et al.’s (2017) findings raise particular concern, given that responsiveness has been shown to be important for facilitating infant learning (Tamis-LeMonda et al., 2014). Whichever variables we determine as important for later development, it is important to understand how these can change dependent upon the object that social partners engage with during triadic interactions.
Given that research demonstrates electronic media can negatively influence the dynamic of triadic interactions (Sato et al., 2016; Sosa, 2016), we expected to observe similar findings during the comparisons between different media explored empirically in Chapters 4 and 5 of this thesis. This negative influence of digital and electronic media on the quality of triadic interactions may raise concerns regarding the increasing prevalence of electronic media in homes. Devices such a tablets and mobile phones are becoming increasingly accessible to children and young infants (Common Sense Media, 2020), and therefore we must next explore the extent to which infants are exposed to such media.

1.5	Infant Interaction and Exposure to Modern Technology
Today’s infants are born into the world as Digital Natives, a term coined by Prensky (2001) to describe generations who are born immersed in all the advancements of the digital age, such as television, digital music players, video games and computers. Prensky comments on the disparity in childhood environments from 1980 to 2000. We can see how stark a difference there is in the technological advancements over the past twenty years. In a world of smart phones, tablets, and home assistants, it has never been easier for infants to access technology, and they have more recently been referred to as the “touchscreen generation” (Rosin, 2013). 
A child’s developmental level greatly influences their capacity for engaging with digital media (Yadav & Chakraborty, 2022). Infants are now able to exhibit touchscreen appropriate behaviours by 15 months of age (Ziemer et al., 2021). Screen time for children aged 0-8 years old is now, for the first time, dominated by online video viewing as opposed to television (Common Sense Media, 2020), which is being replaced by platforms such as Netflix, YouTube, Amazon Prime and other streaming services (Ofcom, 2020). Children as young as pre-school age report an understanding of the importance of digital technology and the many ways It can be utilised, such as for information sharing, communication, and learning (Segal-Drori & Shabat, 2021). Infant and child relationships with technology are evolving rapidly, and therefore research must endeavour to keep up with both the types of technology young populations are engaging with, and the increasingly early ages at which they are accessing it (Kabali et al., 2015). This has been exacerbated by the COVID-19 pandemic, where working from home and online classrooms placed further reliance on online access and technological platforms. British families reported that government-imposed restrictions resulted in an increase in child screen time for 75% of those surveyed (“UK Lockdown”, 2020), which is of particular concern given that UK based infants and toddlers already engage with significantly more media than infants from other Western countries (specifically, the USA, Ribner & McHarg, 2021).
The Council on Communications and Media recommends that parents avoid the use of digital media (with the exception of video chat), in infants up to ages 18-24 months (Council on Communications and Media, 2016). Similarly, the World Health Organisation (WHO) recommend no screen time for infants aged 12 months, and that for infants above 24 months this should be no longer than one hour, with less being better (WHO, 2019). Despite these recommendations from esteemed advisory bodies, infants frequently engage in interaction with these devices. These prescribed screen time limits have been described as ontologically futile, as we live in a world where it is near impossible to avoid this kind of technology (Nansen, 2015). Kabali et al. (2015) found that 43.5% of children under the age of 12 months, and 76.6% of infants up to 24 months, used a mobile device daily. Additionally, increasingly it has been the case that children are introduced to this technology at ever younger ages (Common Sense Media, 2020), demonstrating that increasingly younger populations are engaging with this type of media. 
Factors such as race, parent education level, and marital status, have also been demonstrated to be related to infant and child screen use (Anand & Krosnick, 2005), such that white children were found to watch less television than black children, lower parental education level was associated with higher screen time, and children with married parents spend longer watching television than those with an unmarried parent or divorced parent (Anand & Krosnick, 2005). Device-literacy has also been assessed in infants, with just over a quarter (28.2%) of 24-month-olds requiring no assistance navigating these devices, and almost two thirds (60.9%) only needing help “sometimes” (Kabali et al., 2015). By 24 months, the frequency of daily tablet use had quadrupled the rate reported two years previously (Common Sense Media, 2013). The evidence suggests that the prevalence and use of these tablets has continued to increase over the past decade (Common Sense Media, 2020), especially given the amplifications of COVID-19 restrictions as previously mentioned. Research has shown that whilst parents report that their children prefer traditional forms of media (such as print books) in comparison to digital eBooks, children as young as three tend to exhibit a preference for digital media over traditional formats (Strouse et al., 2019). Whilst this may be the case for story book preference, children do not uniformly prefer touchscreen devices, and instead show varying predilection as a result of intended function at ages 4 and 6 (Eisen & Lillard, 2017), demonstrating relative sophistication in their understanding of such devices with age.
Research into the types of behaviour that infants engage in when engaging with modern mobile media can provide a starting point for understanding how they interact with technology. The most frequently engaged with devices for infants under the age of three are mobile phones (61%) and tablets (51%), with a minority accessing other devices such as laptops (27%), videogames (23%), iPod or another device (16%; Levine et al., 2019). The purpose of these interactions is primarily to watch videos (51%), for communications (e.g., FaceTime or Skype; 31%), and for book reading (23% interactive books, 14% non-interactive books). 
Touchscreen media offer a unique range of affordances to an infant, distinct from other objects of interaction (Gibson, 1977), and infants aged 15-18 months explore touchscreens differently than they do with other 2D stimuli (Ziemer et al., 2021). In many ways similar to TV screens, mobile devices are capable of displaying images and video visual displays, as well as possessing the ability to produce sound. Unlike televisions, these devices are significantly more interactive, and respond to physical touch and manipulation via the touchscreen. This allows for manipulation of a stimulus, that in some circumstances can mirror the way in which 3D objects can be visually explored. The ability to tap, swipe and drag to open/close, move or manipulate the visual display mimics how infants might engage with 3D toys, except that this experience is limited to a 2D screen. This presents a unique set of circumstances to those explored in the literature on infant screen time in relation to TV, and may not fully satisfy or represent the relationships between infants and these modern devices.
Some research attributes early gestures that appear in touchscreen use, with accelerated fine motor development (Bedford et al., 2016). Infants are capable of producing a number of gestures that can be used to interact with touchscreen devices. By age two toddlers are able to tap, flick, slide and pinch stimuli on a screen, and by age three they are also able to drag and drop, and rotate stimuli (Aziz, 2013). In a larger sample of five- to 40-month-old infants, it was found that 16% would interact with touchscreens by banging it with an open hand, 71% could tap, 68% flick, 36% press and hold, 41% press and drag, 20% swipe, 10% pinch and 15% spread (Cristia & Seidl, 2015). 
Whilst touchscreens may offer novel opportunities for infants to employ fine motor coordination, engagement with screen devices has been associated with negative health outcomes in some studies. Increased screen consumption has been linked with detriments to infant and child sleep schedules, particularly when consumed before bedtime (Cespedes et al., 2014; Thompson & Christakis, 2005), and an increase in daytime sleeping (Cheung et al., 2017). There are also concerns regarding “computer vision syndrome” (Rosenfield, 2016) or “digital eye strain”, whereby prolonged exposure to screen-based technology can negatively impact on vision. The prevalence of computer vision syndrome in children has increased as a result of amplified reliance on screens during the COVID-19 pandemic (Mohan et al., 2021). 
Research by Tomopoulos et al. (2010) found that the duration of exposure to screen media at 6 months of age, is indicative of poorer cognitive and language ability at 14 months. In slightly older infants (ages 1-3 years), the number of hours of screen time infants have each day is associated with attentional problems at 7 years of age (Christakis et al., 2004). However, it is important to acknowledge that these studies refer to the passive viewing of screen media in the context of videos, but modern media also have the capacity to be used interactively via touching the screen. 
Infants’ exposure to, and use of, electronic touchscreen media continues to increase, and they use these for a variety of activities from video chat and video watching to book reading (Common Sense Media, 2020; Kabali et al., 2015). This thesis examines two kinds of digital media use, eBooks for shared reading in Chapter 4, and touchscreen tablets with baby apps in Chapter 5. Given the prevalence of such technology, it is important to understand how interactions with such devices look during joint play between infants and caregivers. What has not yet been discussed is whether infants have the potential to reap educational benefits from engagement with such electronic media. Next, I discuss the extent to which infants are able to learn from screen media and touchscreen devices.

1.6 	Infant Ability to Learn Through Touchscreen Devices
	There is a mounting collection of evidence that infants and young children are able to learn from touchscreen media (Kirkorian et al., 2016; Zack & Barr, 2016), despite claims that electronic media consumption in infancy is detrimental to child development (Niiranen et al., 2021). Young infants struggle to apply learning from representation of objects in media (e.g., TV, picture book or touchscreen) to their referents (Barr, 2010), which is known as a transfer deficit. However, this can be improved through the use of repetition and verbal cues (Barr, 2013). It is worth noting that this transfer deficit is not exclusive to electronic media, as the same effect is observed with picture books (Simcock & DeLoache, 2008), and so screen-based media should not be unduly criticised in that regard. Additionally, some research suggests that the transfer deficit from videos may soon become a thing of the past (Sommer et al., 2022), as children are increasingly exposed to digital media and are beginning to perceive technology differently. A recent meta-analysis has also shown that the extent of the video deficit in children aged 0-6 has lessened over the years, characterised by a decrease in effect size in studies reporting such deficits (Strouse & Samson, 2021). Given the ever-developing role of technology in society, it has never been more important to understand the nature of infant learning and engagement with digital media.
	Infants and young children may struggle to transfer knowledge from one medium to the real world, due to the challenge of understanding symbolic representation, i.e., the understanding that the cartoon dog barking on the tablet screen is a representation of a real dog. Successfully accomplishing this requires dual representation, holding both the symbol and the thing it is referring to in the mind at the same time (DeLoache, 2000), which can be challenging for younger infants. Specifically, evidence suggests that 2.5-year-olds are much more successful at retrieving a hidden object following a video presentation in comparison to 2-year-olds (Troseth & DeLoache, 1998); however 2-year-olds were less disadvantaged when they believed they were watching an item being hidden directly, supporting the idea that they struggle with dual representation. Factors such as how perceptually similar the symbols are in relation to their referent can improve infants’ symbolic understanding, such that 15- and 18-month-olds can extend labels between pictures and objects (and vice versa) when the pictures more closely resembled the object they were representing (Ganea et al., 2008). 
	There are social factors that can influence the effectiveness of infant learning from electronic media. Some evidence suggests that what infants glean from touchscreens is severely limited without the presence of a caregiver to support and direct learning (Bar-Lev & Elias, 2019), or ask questions (Strouse et al., 2013). For infants under three an adult model may be required to interpret instructions (Hiniker et al., 2015). However, the presence of a social partner extends beyond their supportive role in the interaction. Research suggests that 9-month-olds’ language learning from touchscreen video is improved with the presence of a peer, (i.e., another 9-month-old; Lytle et al., 2018). Infants aged 25 to 38 months can learn gestures from touchscreens alone without social input, and these are more effective when done using animations in comparison to static displays (Nacher et al., 2014). This challenges the assumption that infants under three struggle to learn from app-based instructions (Hiniker, 2015). 
Interestingly, there is evidence to suggest that children as young as 4- to 6-years-old view screens themselves through a social lens (Fong et al., 2021). Children of this age were more likely to pursue an ineffective method of completing a task that was described as the way “everyone” does it when this was communicated via a screen, in comparison to utilising a more efficient method that “nobody” uses, when instructed via a live actor (Fong et al., 2021). It has not yet been established whether younger children and infants view screens similarly, or whether or not the perception of screens as social leads to different learning from screens (given the importance of social settings for learning; Lytle et al., 2018). Research on younger infants (ages 12-18 months) is less promising for indicating infant ability to learn from screen media, with some research finding that over a 4-week period, infants exposed to an ‘educational’ baby-DVD did not learn any more words than a control group did (DeLoache et al., 2010), regardless of whether the adult interacted during the video viewing or not. It is important to acknowledge that social interaction cannot necessarily reconcile all the struggles that young infants have with learning from media.
There is conflicting evidence for the benefit of the interactive nature of touchscreen devices for infant learning. The existing research is primarily conducted on older infants, as the literature does not yet include such investigations on 9- and 12-month-olds, which are the target of this thesis. Research with 30–36-month-olds offers evidence to suggest that information transfer with these devices is no easier for toddlers than with video (Moser et al., 2015). Other research indicates that pre-schoolers aged 30 and 36 months perform significantly better in object retrieval tasks when they have previously engaged with an interactive computer game in comparison to passively observing a video (Lauricella et al., 2010). However, it is possible for videos presented on mobile devices to be social through the use of video chat. Social contingency is key for early language learning via video chat, as infants are only able to learn novel verbs in the presence of either a live facilitator or a live video chat, and not during non-live training videos (Roseberry et al., 2014); however, this is a different kind of interactivity (social) in comparison to the physical interactivity of touching a stimulus and receiving a response. The physical interactivity of a touchscreen device may facilitate higher iconicity of the on-screen images (Troseth et al., 2019), which can support toddlers’ (30- and 36-month-olds) learning from screens (Lauricella et al., 2010). This may, however, not be beneficial for all toddlers, as those with a weaker ability to inhibit the impulse to press the screen randomly may be distracted by such capabilities of interactive media (Kirkorian, 2018). Social interactivity, whilst different to touch interactivity, may potentially share some similarities in the way screens promote learning. For example, both social interactivity and screen interactivity can make target referents appear more salient (Troseth et al., 2019), directing the attention of the infant towards it, which could be beneficial for developing language skills if combined with object labelling (Yu et al., 2019). Additionally, the contingent social responsivity that can occur through video chat can influence 24- and 30-month-olds’ short term learning from video chat; however, this is dependent upon the presence of a responsive co-viewer (Myers et al., 2018).
	We can conclude that infants do have the capacity to learn from screens (Barr, 2013; Kirkorian et al., 2016). However, this is most effective when in the presence of a competent social partner who can facilitate the transfer of information (Linebarger & Vaala, 2010). Given the importance of a social partner for assisting in learning from screens (as infants experience a transfer deficit), it is worth exploring in more detail how the nature of these joint episodes of triadic interaction may differ between play with screens and traditional toys, and how this might be related to developmental outcomes such as language. 



1.7	Scope of the Thesis
	The literature reviewed in this chapter poses a series of questions concerning the nature of joint attention, the role of the adult in naming objects that the infant attends to and what the role of sustained attention is to those objects. In other words, the starting point of the thesis is a need to analyse the different components of the joint attention ‘triangle’ – of subject (i.e., the infant), interlocutor and the object to which they refer. The metaphor of a triangle has been used in many theories over the past century (Zittoun et al. 2007) and refers to the need for constructs like joint attention or ‘shared understanding’ to take into account a number of perspectives. First, there is the nature of the object that is explored in infant-adult interaction. This thesis capitalises upon recent research on computer technology and how infants interact with that as opposed to more ‘traditional’ items like toys. I aim to explore further the ways in which engagement with electronic media is differentiated from other types of stimuli. In order to understand why these devices may be beneficial or detrimental to development, it is essential to establish where the differences occur in terms of interaction quality. If triadic interactions are essential for later development, understanding how elements of these interactions (such as language use frequency and attention states) vary between media will likely help us understand how these devices shape interactions. This is important for informing guidance surrounding screen recommendations for young infants. Secondly, we aim to re-examine infant sustained and joint attention, in order to grasp the relationship between the subject and the object. Given the recent analysis of the roles of infant attention and shared engagement, understanding these concepts both theoretically and empirically is crucial for future research with infants of this age. The recent claim that sustained attention is the driving force behind the relationships we observe between joint attention and many other elements of development is interesting, and warrants further theoretical exploration, as does the impact of this on joint attention. This empirical investigation should not only provide insight into the practical applications of infants’ experience with touchscreens, but contribute to developing insight into our consideration of joint and sustained attention.

[bookmark: h2]1.8	Statement of Continual Thesis Commentary
	Before the empirical findings of this thesis are explored, I will first present a theoretical evaluation of the concept of Joint Attention. Joint Attention is a complex, dynamic phenomenon which is diversely conceptualised and operationalised throughout the literature. Traditional accounts tend to focus on the roles of both the infant and the caregiver with the triadic framework, and historically little weight has been given to the role of the object. This chapter asks “is the object the missing link in our understanding of joint attention?” Here, I aim to combine the findings from my empirical work, in relation to both the object and sustained attention, with both contemporary and historical perspectives on joint attention. 
This paper is presented in manuscript format, which will be submitted to Developmental Review. In the context of this thesis, it should be taken as an extended theoretical analysis of the issues which emanate from the previous chapters. The version which will be submitted for publication will feature more discussion featured in later chapters. To avoid repetition, this chapter is presented with the following structure. Firstly, a review of the recent literature, focussing on three recent theoretical analyses of the current state of play within joint attention. Secondly, a brief comparison is made between this literature and the concept of Sustained Attention and corresponding theoretical perspectives. Next, I analyse the components of a more inclusive model of joint attention. Finally, I draw upon a topic which concerns what might be regarded as a missing link in our conceptualisation – the role of the object.



2	Chapter 2: Is the Object the Missing Link in Our Understanding of Joint Attention?

Abstract
Joint attention is a well-established psychological concept, with a rich history within the literature. Despite its prevalence in research, there are still theoretical ambiguities and conflicts arising from competing accounts. Empirically, there are various ways in which joint attention is currently measured in the literature, the validity of which is contingent upon the theoretical conceptualisation of joint attention we assimilate ourselves with. Historically, theoretical accounts focus on the role of either the infant, or the adult social partner within the triadic interaction framework. What we argue in this paper is that the role of the object has been critically overlooked, and that various quality measured used to assess joint attention (such as language input or sustained attention) can be influenced by the object of attention. Only by viewing the interaction from the perspective of the object, are we able to evaluate what may constitute a successful and quality bout of joint attention. These ideas are discussed in relation to contemporary theoretical literature, and empirical research involving joint attention episodes with varying media.
Keywords: Joint attention, triadic interaction, sustained attention, infant development, social cognition


Introduction
Joint attention has long been regarded as a key construct in theories of infant development, given its strong associations with many developmental capabilities, particularly language (Markus et al., 2000; Morales et al., 2000; Mundy et al., 1990; Smith et al., 1988; Tomasello & Todd, 1983), social competence (Carpenter et al., 1998; Mundy, 2003) and emotion regulation (Morales et al., 2005). Despite the prevalence of joint attention in the literature since the 1970s, there is still continuing debate specifically over what constitutes joint attention, and the ways in which it can be operationalised (Siposova & Carpenter, 2019; Jacobson & Degotardi, 2022). The majority of the literature focuses on the contributions of the caregiver (Hustedt & Raver, 2002) and the infant (Mundy & Gomes, 1998) to the process. Significantly less consideration is given to the role of the object on interaction, despite there being ample evidence indicating the many ways in which the nature of the joint attention interaction can be influenced by manipulating the medium being engaged with (Sosa, 2016; Sato et al., 2016; Miller et al., 2017). 
In this paper, we examine the case for the claim that the object of attention fundamentally influences both social partners, in terms of both caregivers scaffolding of the interaction and the infant’s engagement with the object’s affordances and uses. We first highlight why and how the topic of joint attention has been re-evaluated in three recent theoretical analyses. The second section briefly summarises and reflects upon the idea that joint attention is simply a means by which infants display concentration and apply labels they hear regarding objects of interest, under the banner of sustained attention. This leads to a third section in which we revisit the topic of joint attention and analyse both its crucial components, and how it should be examined. This clears the ground for the fourth section, in which we identify that the missing link in analyses has been the role of the object. Only if we consider this dimension and the child’s experience of different types of objects, can we piece together a grasp of the nature of joint attention.

Three Theoretical and Methodological Re-Evaluations of Joint Attention
	How joint attention is framed has been debated even before Elizabeth Bates (1979) described it as being of “cosmic importance” (p33). Yet in recent years the construct has undergone more critical scrutiny. This section examines analyses from within the literature. These papers have addressed many of the issues with how we regard joint attention in its current state. Whilst looking time alone may be the simplest and easiest employed in empirical research, it misses out on many of the complexities and nuances of the subject-interlocutor-object triadic interaction. We summarise this literature by addressing three recent papers that make key claims regarding the nature of joint attention. In these discussions we will highlight both how the observations drawn in these papers make significant contributions to how we resolve some of the issues with our current understanding of joint attention, but also reflect on how they may be developed further to offer a more complete account of triadic interactions.	

Siposova and Carpenter (2019)
	This attempts to restore some of the complexity of joint attention as a concept which has been diluted since it was first defined and operationalised. It has long been assumed that it is a dynamic and complex phenomenon that is inherently social (Tomasello, 1995) and is necessary and sufficient for the acquisition of a grasp of symbolic thought (Bates, 1979; Lock, 1978, 1980). However, just how it is conceptualised and measured have varied and there are several oversimplified definitions of the construct that do not fully encompass the many facets of ‘jointness’. For example, many simply define joint attention as simply coordinated looking (e.g., Butterworth, 1995), which has been criticised as too simple a definition to constitute joint attention (Kaplan & Hafner, 2006). In a recent analysis, Siposova and Carpenter (2019) distinguish the different ways in which jointness can exist within attention. They point out that the term ‘joint’ alone is too broad to fully encompass every nuance of the ways in which attention can be shared between two social partners. Differentiation is also made between third-person perspective (detached, as an observer) and second-person perspective (engaged, involved), as suggested by Schilbach et al. (2013). Siposova and Carpenter (2019) break the concept of joint/social attention down into four levels of attention sharing. 
	The lowest level of ‘jointness’ described by Siposova and Carpenter (2019) is monitoring attention, where an individual takes a detached, third-person perspective, and orientates their attention to an object/event that another party is attending to. It is the least ‘joint’ category, as there is no sharing or communicating between partners required, just a recognition in one party that the other is attending to a particular object or event. They suggest that the ‘earliest experimental evidence’ (Section 6.11, Siposova & Carpenter, 2019) of monitoring attention occurs in 18-month-old infants (Moll & Tomasello, 2007), and that gaze following is a parallel ability that is not usually discerned due to studies being conducted in a second-person context with the infant interacting with an adult. Additional evidence from Warneken and Tomasello (2006) also suggests this ability is present at 18 months, given infants’ capacity to engage in altruistic behaviour from observation, often without verbal instruction or eye contact. Siposova and Carpenter state that we have not assessed this skill “outside of a mutual or shared attention episode and without the active contribution of their partner” (Siposova & Carpenter, 2019, p269).
However, there is evidence for much earlier attention monitoring in infancy. This was demonstrated in Scaife and Bruner’s (1975) procedure in which young infants engage in gaze following that is modelled by an actor. The phenomenon has been well replicated (Brooks & Meltzoff, 2005), even with five-month-olds using photographs of an adult gazing towards one of two objects and the infant’s preference for that object when only the two are presented (Reid & Striano, 2005). Brooks and Meltzoff’s (2005) experiment is set-up to coordinate two parties and external objects (which one may categorise as a setup for mutual/shared attention, if both individuals were to jointly engage with one of the objects). Given that the experimenter uses only a head turn (and no other encouragements), this then makes the infant an observer to the experimenter who is orienting their attention to an object, which is more in line with the infant being in third person relation (i.e., not directly engaged, an ‘observer’; Siposova & Carpenter, 2019, p261). The infant in this study is not engaged jointly with the experimenter during the period of the trial. Based on the first definition provided by Siposova and Carpenter (2019), if the infant is able to observe the experimenter’s head turn and correctly orientate their attention to the object the experimenter is looking at, then they have successfully monitored the experimenter’s attention. The fact that this occurs within a procedure that may include a shared attention episode when the two partners engage between trials should not influence the fact that during the trial the experimenter does not try to influence or encourage the infant to orientate their attention (they simply turn their head). It, therefore, should meet the criteria offered in the first instance for monitoring attention. 
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Figure 1. Depictions of each level of attention, adapted from Siposova and Carpenter (2019)
 
In Figure 1 (Siposova & Carpenter, 2019) the authors demonstrate that monitoring attention refers to A observing B’s attention to object X and does not place an emphasis on A’s monitoring B’s attention. This is an important nuanced difference to gaze following alone, as that definition states that the individual monitoring attention orientates their attention to the object/event that the person they are observing has engaged in attention to. This indicates the difficulty of the task we have in evaluating joint attention itself, given complexities of assessing attendance to attention that is removed from gaze following. Figure 1 suggests that the focus of the person in monitoring attention is the attention of the person they are observing, as opposed to what it is that they are observing. This would suggest the crux of monitoring attention lies within the recognition and following of the social partner’s attention, and less on the object, which sets it below the bar for what we would consider a triadic interaction as the role of the object of attention is less prevalent. 
	The second of Siposova and Carpenter’s (2019) categories, common attention, consists of two individuals mutually attending to the same object from a third person perspective, recognising both the object of each other’s attention and the fact that the social partner is attending to it. As we can see in Figure 1, each person acknowledges the other’s attention, but no direct line is drawn between the individuals. This is considered a relatively low level of jointness because there is no interaction or acknowledgement between the two parties directly, regarding their common knowledge. It is interesting to consider how this relates to operationalisations of joint attention used in the literature. Some researchers define joint attention simply as two individuals looking at the same object at the same time, for a specified minimum duration (often 500ms; Yu & Smith, 2013). It is possible using this definition, that if two parties observe an object from a third person perspective and are in common attention, this may be classified as a joint attention bout because the definition does not require any inter-personal exchange. This again highlights how the coordinated looking definitions miss out on the critical social interaction aspects that are required for an exchange to qualify as joint attention in the sense we generally consider it. Siposova and Carpenter (2019) do, however, state that common attention can only occur when the individuals are in a third person relation, whereas truly triadic interaction takes place within second person perspective – i.e., they are in interaction with one another about or in relation to the object. Their definition would suggest that common attention within a triadic interaction frame would not be possible. However, this does fit with some operationalisations of joint attention (Yu & Smith, 2016), as well as theoretical conceptualisations (Butterworth, 1995), where looking at the same thing at the same time is considered sufficient criteria for joint attention. 
	According to Siposova and Carpenter (2019), two people function at the third level, mutual attention, when they are engaged in second person relation and are aware of both the other person’s attention to them and the object, as well as their own attention to the social partner and the object. In Figure 1, this is denoted by a thicker line which connects the two individuals directly, given that both parties are acknowledging the other. What separates this from the final (and highest) form of joint attention is the fact that exchanges between social partners in mutual attention are incidental, and not intentional. This is an attentional level that appears achievable for infants and caregivers engaging in triadic interactions. However, it would likely be less prevalent than shared attention, given that the majority of exchanges during caregiver and infant joint attention bouts are likely to be intentional. This is closer to our understanding of joint attention as a social experience as this relies on an exchange between social partners.
	The highest level of jointness achievable in triadic interaction is shared attention. This is similar to the above conditions for mutual attention. However, the social exchanges and communication between partners is intentional and deliberately executed. This level consists of partners both following and directing each other’s attention to the object of interest, in a fluid exchange between individuals. It is illustrated in Figure 1 with a double line between social partners, to reflect both intentionality, and reciprocity. This is the level that the majority of infant-caregiver interactions can be categorised as, with a fluid dynamic and communication between both the partners and the object of interest. This definition encompasses the important roles the involvement of each social partner towards both the object of the interaction and to each other. Some operationalisations of joint attention only consider coordinated looking (as Yu & Smith, 2013) rather than social exchanges. It is more difficult to infer higher levels of attentional sharing between individuals using this definition, given there is no account for the exchanges of affect and reciprocity between social partners that is paramount to exchanges of shared attention as defined by Siposova and Carpenter (2019). 
	Given the complexity of joint attention as a construct, it is clear that it exists beyond the simple binary of ‘in joint attention’ and ‘not in joint attention’ which is commonly assumed, and the scale of jointness proposed here provides an excellent starting point for evaluating this notion. Siposova and Carpenter (2019) recognise that the set-up of an attentional exchange can influence the achievable levels of ‘jointness’, as well as considering how factors such as saliency, goals, contingency and timing, and relationship closeness may influence the scale of jointness of the triadic interaction. There is evidence for their claim that relationship closeness can influence the dynamic of triadic interactions, as research has found that infant attachment styles can impact upon infant engagement in joint attention both with their caregiver, and with new social partners (Meins et al., 2011). The same attentional exchange occurring in different proximities, between people with differing relationships, with different goals, may result in differing positions on the scale of jointness posited by the authors. The emphasis on the importance of ‘goals’ is intrinsically tied to the object of the interaction itself. The goal of the triadic interaction is largely contingent on the medium of engagement. Various objects of play each serve to facilitate the interaction in different ways – for example, a story book, a form-board, a touchscreen app, a windup toy and a rainmaker each contribute different things to the interaction, and have varying purposes for how they should (usually) be engaged with. The position a dyad may fall on the proposed scale of jointness is likely to vary depending on whether the pair are engaged in an activity such as television co-viewing, compared to an activity such as shared book reading. Whilst Siposova and Carpenter (2019) offer an insightful theoretical contribution to our conceptualisation of joint attention, it is important to note the challenges that may exist in operationalising the nuanced differences between levels empirically, particularly between mutual and shared attention. This article provides an important first step to considering factors outside of simple looking times that may influence the degree of ‘jointness’ between the social partners during an interaction, and highlights the complexities of how many factors can shape joint attention. We propose extending these considerations to include the ways in which the medium or object of attention may influence the interaction as well. 
	
Gabouer and Bortfeld (2021)	
Gabouer and Bortfeld (2021) offer an objective coding scheme for guiding researchers in coding joint attention in triadic interactions. They seek to resolve some of the ambiguity that is prevalent in the literature surrounding the operationalising of joint attention, something we also identify as challenge for joint attention as a concept. Varying methods in operationalisation mean we end up measuring slightly different constructs across different areas of research. This makes it more difficult for us to draw conclusions regarding joint attention and its relation to later development, given that when we talk about joint attention, we are referring to different definitions and methods of measurement. Addressing this is a key step forward in the practical application of joint attention to research.
Critically, this paper offers both a structured flow chart for identifying the sequences of events in a joint attention episode, whilst also allowing for flexibility in terms of bids that span multiple modalities. In defining a successful joint attention bid, the interaction must consist of an initiation, response, and active verification, which may involve auditory, visual, or tactile cues. Many previous operationalisations of joint attention already discussed have focussed primarily on looking time. However, more recent literature has recognised the multimodal components of joint attention interactions (Suarez-Rivera et al., 2022). As such, this paper offers an important step towards a practical redefinition of joint attention.
Additionally, Gabouer and Bortfeld (2021) call for open discussion regarding the need for researchers to include what qualifies as joint attention in publications as well as details of their coding. As previously mentioned, joint attention can be both defined and operationalised in a number of different ways, and has been throughout the years of its use. Depending on the operationalisation that we utilise, we are recording different types of behaviour yet referring to it all as ‘joint attention’. One question we raise with the claims regarding joint attention in this article is that joint attention bids have to be intentional, as there are many examples where this is not case. Intentionality is described by the authors as “non-accidental, and which the initiator acted purposefully to share attention with the target” (Gabouer & Bortfeld, 2021, p6). The authors use intentionality as a way of distinguishing joint attention from coordinated looking, as it demonstrates a desire for social communication. However, dyads are still able to share in a social bout of joint attention regardless of the presence of intention. Consider the following examples;

A caregiver and infant are playing in the park. A large dog runs up to the pair and barks loudly. Both individuals notice the dog, then look to each other to see their response.

An infant is eating breakfast at a high-chair whilst a caregiver is putting away dishes. The infant knocks the bowl off the counter, and it makes a loud noise on the floor. Both individuals attend to the loud noise, then make eye contact with each other.  

If joint attention is indeed a social event (Carpenter, et al., 1998; Mundy & Newell, 2007; Tomasello, 1995) where two parties share in a mutual exchange with reference to an external object, then it is possible for this to occur without an intentional bid. In particular, objects that produce sound (such as certain toys or electronic media) may produce a salient noise during an interaction, attracting the attention of both parties. This could in itself initiate an exchange of joint attention without either social partner necessarily making an intentional bid. The same could be said for various electronic media that produce on screen animations. Additionally, triadic interactions may not always be as routine/structured as the flow chart illustrated in their paper would suggest (Gabouer & Bortfeld, 2021). Joint attention bouts are dynamic and free flowing (Jacobson & Degotardi, 2022), and do not always prescribe to the same routine of look patterns. This is particularly notable given the way in which look exchanges manifest themselves differently depending on how the object of the interaction can vary. For example, infants engage in less alternating joint attention when engaging with eBooks on a laptop with sound in comparison to paper story books (Sato et al., 2016).

Jacobson and Degotardi (2022)
	This paper contributes a critical reimagining of joint attention as dynamic and fluid exchange between social partners, an excellent step in the right direction necessary to appreciate the complexity of joint attention as a concept. Characterising it using a dynamic systems approach and as a “moment-to-moment unfolding process” that is routinely challenged by distractions, helps paint a picture of joint attention as something that is free flowing and constantly changing – a welcomed change from the binary of ‘in’ vs ‘non in’ that joint attention is usually assumed. 
	As previously discussed, current operationalisations of joint attention omit a lot of key elements of the interaction by reducing it to simple looking times. By considering it as co-regulated and fluid exchange, the authors highlight many more of the nuances of the interaction that are often overlooked. Similar to the sequence of events in the interaction highlighted by Gabouer and Bortfeld (2021), they capture patterns that occur throughout the interaction such as entry, noticing, communicating, attention to frame, attention shift away, and leaving the interaction. As well as acknowledging the many routes into joint attention, the authors identify the multimodal methods through which partners can communicate and direct attention, such as gaze, touch, language and object manipulation (Suarez-Rivera, 2019; Suarez-Rivera et al., 2019).
	Whilst this paper offers an account of the complexities of the routes in and out of joint attention, there is little consideration of the complexity during sustained periods of interaction. Within the timeframes where the model suggests both parties are in a mutual attentional bout, we must extend the dynamic understanding to incorporate the many facets of an interaction that exist past making bids. If we consider the Siposova and Carpenter (2019) scale of jointness, and apply this to the stages during which dyads are mutually engaging, we get a richer interpretation of the coordinated periods of the joint attention interaction.
	 The authors’ acknowledgement of external stimuli that may serve as distractors from the interaction goes halfway to appreciating the impact of these on the dynamic between the social partners. What the authors describe are truly distractors, things that can pull either individual out of the joint attention bout and direct their attention elsewhere, as visualised temporally in the grids included in this paper. What is unmappable using these grids, is variables that persist in the background, and whilst they might not be powerful enough to fully redirect attention, they are persistent enough to weaken the quality of the interaction, as we see in the example of background television (Pempek et al., 2014). The influence of these disruptions may be contingent upon the saliency of the medium being engaged with, or scaffolding conducted by the caregiver in the form of language input, to minimise distraction and maintain infant engagement with the object of the interaction. 
If we were to sketch out the same space state grids used in this paper across interactions with varying media, we are likely to observe different spatial and temporal patterns across engagement with static toys, interactive toys, book reading, or play with electronic media, given how much variance occurs between play across differing objects (Chapter 4, 5; Sato et al., 2016; Sosa, 2016). We will later address the importance for considering the influence of the object in joint attention interactions.

Sustained Attention
	There has been a growing interest in the phenomenon of sustained attention during joint attention/ play throughout the literature (Brandes-Aitken et al., 2019; Suarez-Rivera et al., 2019; Wass et al., 2018), with some research going as far as to suggest that it plays a larger role than joint attention when predicting developmental outcomes (Yu et al., 2019). Sustained attention is usually assessed as a look duration of three seconds or more, which may include a brief saccade elsewhere (Yu & Smith, 2016). Research has examined its contributions to later language development within the context of joint attention. Some data suggest that it may be sustained attention driving the positive relationship that we see between joint attention and later development (Yu et al., 2019), despite conflicting habituation accounts of sustained attention (Hudspeth & Lewis, 2021; Slater, 1995). Given this difference of perspective, it is clear that sustained attention may play an important role in infant development. 
	When examining attention states during moments of caregiver labelling of objects during play, Yu and colleagues (2019) found that there was a positive correlation between naming during periods of joint and sustained attention at 9 months, and later language ability at 18 months. However, when these attentional states are broken down further, we can see this correlation persists for periods of naming during both joint and sustained attention, and for naming during sustained attention only; however, the effect is no longer present for periods of naming during joint attention in isolation (i.e., without the infant also sustaining attention). These findings appear to demonstrate that the most important component of the interaction for predicting the infant’s later ability is naming that occurs during periods of sustained attention. It is important to note here that the definition and operationalisation of joint attention used in this study is one of coordinated looking, in line with Butterworth’s (1995) definition of joint attention which consists of two individuals looking at the same thing at the same time, and did not incorporate social exchanges of affect that preceded or followed periods of coordinated looking.
	Using these findings, we can consider whether the purpose of joint attention is simply to facilitate infant sustained attention. If that is the case, then the role of the caregiver during triadic interaction would be essentially to stage-manage/ scaffold the interaction (Bakeman & Adamson, 1984), and to direct the infant’s visual attention to the object of the interaction whilst the caregiver provides labels, in order to increase meaningful learning opportunities. It has been demonstrated that infants engage in significantly more sustained attention during joint play with a caregiver in comparison to solo play (Wass et al., 2018), and that infants are more likely to sustain their attention when the adult explicitly names the object that the infant is looking at (Sun & Yoshida, 2022). This signifies the extent to which caregivers are able to influence the attention of their social partner during triadic interaction. The caregiver’s role aims to direct the infants limited attentional capacity toward a desired locus during the presentation of information designed for learning (Gergely & Csibra, 2005; Striano et al., 2006b). The actions taken by caregivers during these interactions must therefore serve to meet these desired ends of generating learning opportunities for the infant. Caregivers use a variety of multimodal methods in order to encourage sustained attention in the infant, with language being the most successful method of supporting sustained looking (Suarez-Rivera et al., 2019). The sharing of affect between social partners preceding and following these bouts of sustained attention to the medium may serve to generate an ‘emotional charge’ designed to amplify the infant’s investment in the interaction. If the two parties are sharing in an experience, and enjoying doing so, this may encourage receptiveness on the part of the infant, and make it easier for the caregiver to direct attention to the desired location, initiate the infant’s sustained attention bout.
	However, sustained attention may not always be beneficial or desirable during an interaction. Continued looking towards a stimulus in certain interactions may reduce interaction with the social partner, which has been noted during triadic interactions with digital devices (Sato et al., 2016). There is also evidence to suggest that longer periods of sustained attention to stimuli can be negatively correlated with later developmental ability (Colombo, 1993; Slater, 1995, 1997). Siposova and Carpenter (2019) also note that the saliency of an object/ event can affect the jointness of an interaction, such that, an object that is too salient may result in solely individual attention, and reduce the attention sharing with the social partner. If, fundamentally, we consider joint attention as a social exchange, then it is clear that too much sustained attention may threaten this, by reducing or even eliminating exchanges with the social partner. We must consider the purpose of sustained attention in the interaction, and simultaneously appreciate its value for offering learning opportunities (Yu et al., 2019), whilst also understanding that too much may deter from the interaction (Sato et al., 2016).
	Given the sheer weight of links that have been found between joint attention and later development (as summarised in the first paragraph of this paper), it is unlikely that we can regard sustained attention as purely the driving force behind the links we see between joint attention and later development. Whilst it may be beneficial when paired with meaningful naming events, infant sustained attention is largely promoted and supported through the caregiver’s stage-managing of the interaction (Wass et al., 2018). To echo earlier discussion regarding the operationalisation of joint attention, a key component of triadic interaction is that it is social by nature. Sustained looking does not factor in the necessary rich exchanges of affect between infant and caregiver, which are often required for establishing and maintaining infant sustained attention in the first place. The appropriate amount of sustained attention for an interaction can be partly determined by the purpose the interaction serves to achieve, for example, is the point of the interaction for education? For demonstrating a learnable skill? Is it to share an emotional exchange? Sustained attention (and indeed, joint attention) looks different depending on the goal of an interaction, which is largely driven by the object of attention.

A Holistic View of Joint Attention
	The literature has tended to measure joint attention as a binary construct (i.e., dyads are either in joint attention, or not in joint attention), and assesses quality measures such as language input or gestures as separate entities. However, the literature also informs us that there are many core components of triadic interaction outside of looking times which are often measured to assess the dynamic of an interaction, such as caregiver language use (Sosa, 2016), infant vocalisations (Miller et al., 2017) and sustained attention (Wass et al., 2018, Yu et al., 2019). These developments mark a shift towards a multimodal awareness of joint attention, recognising the many methods caregivers employ to scaffold an interaction (Suarez-Rivera et al., 2022), such as through auditory or tactile input. What is becoming increasingly clear through research is that joint attention is a complex and dynamic phenomenon, with many facets that extend beyond simple mutual looking time. Here we posit that measures such as language, proximity, and infant developmental ability, are fundamental to the dynamics of joint attention itself, and should be considered as important to interaction as much as looking time has been. Not only does joint attention vary on these measures, but the object of the interaction can often impact upon how these manifest in triadic interactions directly. In this section we will start with a reconsideration of coordinated looking, one of the most popular methods of assessing joint attention. Next, we discuss many other factors that are important in evaluating the quality of joint attention within triadic interactions.

Coordinated Looking
	We will start by exploring one of the most popular operationalisations of joint attention, coordinated looking. For some definitions of joint attention, such as Butterworth (1995), who defined joint attention as simply “looking where someone else is looking”, coordinated looking is fundamental. Coordinated looking is defined as periods where two people are visually fixated on the same object or item, usually for a predetermined period such as 500ms or more, which may include a brief saccade elsewhere (Yu et al., 2019; Yu & Smith, 2013), or at least 3 seconds of mutual fixation (Koşkulu et al., 2021a). By this definition, any two individuals looking at the same thing at the same time are engaged in joint attention. Reliance on this as a measure of joint attention disregards the importance of social exchanges during the joint attention interaction. Whilst it is important that both parties do, at times, both engage with the object of attention, it is insufficient as a measure of joint attention in itself. It is important to acknowledge that there is plentiful evidence that coordinated looking relates to later developmental ability (Brooks & Meltzoff, 2008; Carpenter et al., 1998). However, for clear theoretical reasons that will be discussed, it does not encapsulate what it means to be in joint attention. 
If an infant were to stare at a stimulus and pay no attention to the social partner whatsoever,’ joint attention’ would be measured at any point where the caregiver also directed their attention to the object, despite the complete lack of exchange between the social partners. There are many scenarios which can illustrate how coordinated looking does not qualify as true joint, or shared attention. For example:

A cohort of students are sitting in a large lecture theatre, watching the professor speak. All students are fixated on the PowerPoint slides at the front of the room, and listening to the lecture.

Let us assume that none of the students is engaging in any interaction with any other, or individually with the professor. They are all solely fixated on the lecturer and the slides and are all doing so simultaneously (if one showed the words ‘boring snoring’ on the top of their notes and they exchanged looks and smiles, then the event would be quite different). By Butterworth’s (1995) definition, all the students in the class are engaging in a bout of joint attention. However, if we are dealing with a social phenomenon, this requires some interaction between parties to establish some understanding of what the other person is experiencing. For further elaboration on how gaze following and coordinated looking alone are insufficient demonstrators of joint attention, see Kaplan and Hafner (2006).
There are a number of other reasons why coordinated looking is likely not to be the answer to how we can best operationalise joint attention. We might expect to see more or less coordinated looking depending on the social partner’s previous exposure to the medium being engaged with. Infants may exhibit a novelty preference and spend a lot of time engaging with a medium that is new to them, which may result in less looks back to the caregiver. Alternatively, if they are perplexed by an unfamiliar stimulus (such as a touchscreen tablet), they may be seeking reassurance from the social partner and be engaging with them more than the object initially. This has been demonstrated many times within paradigms like the visual cliff over the past 40 years (Sorce et al., 1985). From the adult perspective, they may spend more time looking at a more complex object that requires a lot of manipulation, such as moving parts that are too advanced for the infant to manage alone. Furthermore, objects that are naturally highly salient may encourage more coordinated looking from both social partners resulting in less exchanges of affect, as their attention is being held by features of the object. These ideas will be developed later as we begin to examine other key components of joint attention.

Alternating Gaze
	As stated earlier, many researchers regard joint attention as more than coordinated looking, and in fact consider it as inherently social (Tomasello, 1995). Using this definition, coordinated looking no longer meets the standard required for the behaviour to be considered social, if there is no looking to the other person involved. A more appropriate means of assessing joint visual attention may be using alternating gaze, or responding to joint attentional bids (Gabouer & Bortfeld, 2021; Kasari et al., 1990; Osório et al., 2011; Sato et al., 2016). Such definitions seem to be more appropriate measures of joint attention in comparison to coordinated attention, as they allow for consideration of the exchange of affect and information about the other’s direction of gaze between social partners, which form critical components of joint attention. 
	There are, however, situations in which alternating gaze does not capture the full extent of the ‘jointness’ of the triadic interaction. If the purpose or goal of the interaction is to facilitate infant fixation on an object, frequent breaks in attention from the infant would be disruptive, leading to the infant not engaging in the caregiver’s, or infant’s, desired goal. The infant’s ability to coordinate attention, as identified by alternating gaze is slowly acquired (Mundy et al., 2007).
We can question whether more alternating looks necessarily means that the interaction between social partners is in fact, more ‘joint’. For example, in a one-minute period during an interaction, infant A spends the entire duration alternating looks between the object of the interaction and the caregiver, never really focussing on either but continually switching gaze between the two. Infant B spends this time also alternating their attention between the object and caregiver, but in a controlled and meaningful way that includes focus on the object, and glances to exchange meaningful affect with the social partner, accompanied by smiles or vocalisation. In his seminal paper on joint attention as social cognition, Tomasello claims that joint attention is neither ‘two people looking at the same thing at the same time’, ‘nor is it the child alternating her attention between two phenomena (person and object) of equal interest’ (p107, Tomasello, 1995). Without there being shared engagement and interaction between social partners, mere gaze alternation does not capture the essence of what it means to be in true joint attention. Simply counting these alternating gazes made by the infant may misinterpret the nature and success of an interaction. We may also expect more or fewer alternating gazes between social partners depending upon the medium being engaged with, or the type of activity the social partners are engaging in.
	Activities that are more focussed on the object of the interaction, as opposed to objects that simply serve to facilitate the sharing of affect, seem less likely to demand gaze switching between partners, and instead, require the sustaining of attention. Interactions where the purpose is educational, i.e., shared book reading or constructive play, where the caregiver aims to direct the infants’ attention to the object of the interaction and pair this attention with meaningful language input. For interactions where the purpose is an exchange of affect, or what we might call “jointness for jointness sake”, we might expect less focus on the object itself and more alternating gazes/ exchanges with the social partner, given that this is the main function of the interaction.
	During interactions where we might expect lower levels of alternating gaze, there are still methods from which infants can derive and exchange social cues with their caregiver that do not necessarily involve gaze switching, such as vocalisations, language input, or touch (Akhtar & Gernsbacher, 2008). Additionally, research suggests that infant looks to the face are rare during joint attention interactions (Deák et al., 2018; Franchak et al., 2011). There is evidence that infants can follow object manipulations from the social partners hands to enter joint attention episodes (Yu & Smith, 2017), suggesting that alternating looks to the face may not necessarily be a requirement for joint attention. It is clear that a single measure of visual attention, be that coordinated attention or alternating attention, cannot accurately depict the complexities of joint attention alone, and why we must consider how many other nuances of triadic interaction may shape the joint attention that infants and caregivers engage in.

Language
Language is a core element of triadic interactions that is often measured in addition to joint attention (Koşkulu et al., 2021a), but is not generally considered a component of joint attention itself. Language is a social tool that caregivers can use to both influence infant attention (Golinkoff et al., 2015), and provide learning opportunities whilst infants are in periods of sustained attention (Yu et al., 2019). If joint attention is inherently social, then the role of language (as a social tool) may be considered a key factor in shaping the quality of the interaction. It both enhances cognitive development, by attaching labels to objects and actions, but it also used as a means of focusing another’s attention to an activity.
The importance of language exposure for infant development is well researched. The quantity of language that infants are exposed to is positively correlated with their later language ability (Chapter 6; Caskey et al., 2014; Naigles & Hoff-Ginsberg, 1998). It is therefore important to consider language as a central component when evaluating joint attention during triadic interactions. By only assessing looking times (and not language), we stand to miss valuable differences in interaction quality between dyads or across varying media. As indicated by Siposova and Carpenter (2019), the highest level of jointness in a triadic interaction, ‘shared attention’, requires intentional communication between social partners, which can be accomplished by the exchange of language as well as visual gaze. Here we will demonstrate with examples how measuring looking time alone, might lead to mismeasures in what we consider joint attention. 

Two pairs of infants and caregivers visit the lab to read books together. In pair one, the caregiver points to the pictures and says “ooh”, and “look”, but does not read the text or label any images in the book. In pair two, the caregiver reads the text on each page animatedly, and says “here’s a blue dog sat on a red mat”, “look at the piggy, can you say piggy?”, and “is he hiding behind the tree? Look at the big tree!”. Both dyads spend the same amount of time in seconds looking at the book, and at each other.
	
In this instance, the second dyad is engaged in a higher quality bout of joint attention compared to the first pair. Given the importance of language, and the fact that it is social in nature (as is joint attention), the two are intertwined when it comes to joint attention as a concept. The addition of meaningful language input serves to enrich the interaction and enhances the quality of the attentional bout from the infant’s perspective. For older infants and young children, their vocalisations may also serve to enrich the quality of the interaction for both parties.
	In any interaction where there is visual attention sharing, consider the same interaction occurring both with and without any language input. For a large proportion of these types of interactions, such as book and toy play, or even television co-viewing, it is clear that the addition of language during looking deepens the interaction and results in a higher quality bout of joint attention. Of course, there are examples where this may not be the case and language plays less of a role. For example, during joint play with a jack-in-the box, the purpose of the interaction is sharing in the joint affect of the amusing surprise/pop when the concealed character emerges. Such an interaction would be just as joint and shared provided the mutual sharing of affect was present, regardless of whether the caregiver decided to label features of the box during this bout. 
	Caregiver language input, a key component of triadic interactions, can be seen to vary across different types of media too, namely, between electronic toys, traditional toys (non-electronic) and books (Sosa, 2016). The language components assessed were the number of adult words used, the number of content specific words, infant vocalisations, conversational turns, and caregiver responses. Sosa (2016) found that when the electronic toys were the subject of joint attention, resulted in fewer adult words, conversational turns, parental responses, and productions of content-specific words, than were observed when the traditional toys or books were the subject of the interaction. Play with traditional toys was associated with fewer caregiver words and content specific words in comparison to book play. This further demonstrates the power of the object of attention to shape the dynamic of the triadic interaction between social partners.
	Objects that have a larger number of features or components may elicit more naming utterances from the adult during the interaction (Chapter 5), by virtue of there being more things available to label for the infant. We found that caregivers used significantly more nouns during play with a touchscreen tablet in comparison to traditional toys. This is likely a result of the ability of touchscreens to present a plethora of different images, colours, and animations with relative ease, giving caregivers more items to label for their infants. Infants in this study had primarily low exposure to screens, which may have driven the increase in naming from the caregiver, given that they were scaffolding an interaction with an unfamiliar object, which they may have perceived as requiring more support.

Infant Developmental Ability
	It is important to consider the quality of the interaction in accordance with the developmental abilities of the infant, given the vast individual differences between young infants (Mundy et al., 2007). We may not consider infant vocalisations a necessary component of triadic interactions with pre-verbal infants. However, a lack of vocalisation from a verbal infant of (for example) 18 months during an interaction may be an indication of a lower quality interaction, in comparison to one where the infant is engaging verbally. 
	The same consideration can be made for visual measures of attention. Given the dynamics of the infant’s capacity for visual attention during the first year of life (Courage et al., 2006; Striano & Stahl, 2005), it seems illogical to apply the same duration thresholds for measuring attention (i.e., sustained attention (Yu et al., 2019; Yu & Smith, 2016), and joint attention (Koşkulu et al., 2021a; Yu et al., 2019), to all infants without matching their looking times to the corresponding developmental level. Future research could seek to specify more appropriate recommendations for timings related to attentional capacity that may allow for measuring in accordance with infant capabilities, in order to more accurately establish periods of attention.
	Infants of different developmental levels also have varying capacities for engaging with different types of media, in terms of both affordances or uses of objects (Bergen et al., 2009; Rodríguez et al., 2018) and in terms of how they perceive digital displays (Courage et al., 2006). An infant’s cognitive abilities, as well as their posture and manual dexterity, can determine the extent to which they are able to engage with different objects. An infant with developed fine motor skills is likely to engage with the touchscreen capabilities of a tablet in a more meaningful way compared to an infant without such skills. This is also likely to influence the way they respond to animations or images presented on either televisions or screens (Courage et al., 2006). Previous experiences with a certain object will influence the level of understanding that an infant has regarding the object’s uses and function, as suggested by Rodríguez et al. (2018). For example, infants that are unfamiliar with touchscreens may only initially engage in noncanonical ways, such as sucking the case or banging it against a table, as observed during empirical work (Chapter 5). However, those who have been exposed to such devices before may be more likely to engage in canonical uses, i.e., being able to turn the tablet on and knowing how to tap the screen to elicit an animation. Given that these changes in the understanding of objects are likely linked to developmental ability (Rodríguez & Moreno-Llanos, 2020), we must therefore be mindful of this when assessing how joint attention may look within a dyad across different media.

Proximity
	The proximity of social partners to each other and the object of reference, can influence the dynamic of joint attention in the interaction. Components of triadic interaction such as touch, gesturing, and language related to the object are more frequent when caregivers are proximal (i.e., less than an arm’s length away) to infants compared to non-proximal (Suarez-Rivera et al., 2022). From a theoretical perspective, Siposova and Carpenter (2019) suppose that interactions within a close perceptual space are more likely to involve a higher level of jointness than if they had occurred in broad perceptual space. The same interaction occurring close together in comparison to at a distance, may result in a greater quality of interaction when one interactant is an infant. Consider the role of proximity in the following examples:

An infant and caregiver are engaged in shared book reading, for the purpose of language development. The infant is sitting on the caregiver’s lap, whilst the caregiver narrates the story and points to pictures in the book. After a while the infant becomes restless and moves a couple meters away from the caregiver. The infant sits down and continue to attend to the story, from a distance.

In this example, the medium being engaged with is a book. The purpose of the interaction is ‘educational’, partly to develop infant language ability. For this to be as successful as possible, the infant must be able to listen to the language input from the caregiver, and map this onto the images (or for older children, words) presented in the pages of the book. This is optimal for facilitating the necessary conditions for learning, whilst the infant is seated in close proximity to the caregiver. However, once the infant has moved away from the book, the infant is no longer being able to attend to details of the page, despite attention and language input remaining the same.

A caregiver and infant are sitting several meters apart, engaging in toy play. The caregiver holds up a large teddy bear and moves the bear around whilst making onomatopoeic sounds such as “grrrrr”. 

Unlike the previous example, in this instance, given that the object of the interaction (the teddy bear) is large, and the purpose of the interaction is play (for play’s sake, and not strictly to educate), it bears little impact on the success of the interaction whether the social partners are sat next to one another, or are sat several meters apart. It is still clear to the infant what the caregiver is referencing, and social exchanges of affect such as laughs or smiles can be exchanged just as well as if they were in close proximity. The importance of proximity depends predominantly on the medium being engaged with, and the purpose of the interaction.

Caregiver and Infant Object Handling
	Another component of triadic interactions that links closely to proximity, is the amount of caregiver object handling during the play episode. An infant’s ability to shift their attention between an adult’s face and hands is considered an early precursor for engaging in joint attention (Amano et al., 2004). Manual manipulation of an object of reference by the adult social partner has been demonstrated to be important for an infant’s engagement in joint attention (Yu & Smith, 2013). Given that infant looks to the face are rare during free-play interactions (Deák et al., 2018; Yoshida & Smith, 2008), infants can derive cues from other modalities as to where the social partners focus of attention is in order to coordinate their attention on the object – an alternative route into joint attention (Yu & Smith, 2015). Some evidence suggests that hand-eye coordination is a successful way for infants to coordinate their attention with an adult social partner, as this can predict engagement in joint attention assessed by coordinated looking (Yu & Smith, 2017). Furthermore, caregiver object handling frequently co-occurs with other multimodal input, such as object labelling (Sun & Yoshida, 2022), a combination which has been demonstrated to promote infant sustained attention during triadic interactions (Chang et al., 2016). Given the recent evidence that naming during sustained attention is a powerful predictor of later language ability (Yu et al., 2019), caregiver object handling may facilitate this. 
	Tactile input during triadic interaction can be beneficial to the infant in supporting learning as well. Recent evidence shows that multimodal input, both visual and tactile, can support word learning in toddlers ages 24-30 months, compared to just visual input alone (Seidl et al., 2023). Additionally, other evidence suggests that coordinated attention with infant hands and eyes focussed on the same object is able to predict word learning in 12–26-month-olds, whereas infant attention in isolation had no such relationship (Schroer & Yu, 2023). This again suggests that multimodal input involving physical object handling is important for infant learning.
	Taken together, these findings suggest that interactions where the object of attention is physically handled by both social partners, may be of higher quality than those without such manual engagement with the shared referent. The reasons for this are twofold, as adult manipulation of the object can offer a route into coordinated looking for the infant (Yu & Smith, 2015), and can promote sustained attention (Chang et al., 2016) and, secondly, because infant object handling can promote words learning (Seidl et al., 2023). Consider the following scenarios:

A caregiver and infant are engaging with a novel item, a touchscreen tablet, for the first time. The caregiver models for the infant the kinds of gestures and physical controls required to operate the device successfully, and which areas of the screen/ app to press to elicit the desired responses (such as noises or animations). During play the infant also handles the device, pressing elements of the screen whilst the caregiver labels the objects seen.

In this example, the physical manipulation of the object by the adult social partner may provide not only a model for imitation, but also a cue for the infant to help localise specifically which components of the device, or areas of the screen, are being referred to. The infant’s physical engagement allows not only for learning how the device might operate, but may also facilitate learning of the components of the display the adult is labelling. An alternative version of the same interaction without object handling:

A caregiver and infant are engaging with a novel item, a touchscreen tablet, for the first time. The caregiver positions the screen for the infant to see but does not allow them to touch or manipulate the device themselves. Rather than utilising regular touchscreen gestures of tapping or swiping, these are kept to a minimum and instead elements of the screen are orally described to the infant without touch or manipulation.

This second example is less likely to result in less beneficial learning opportunities for the infant, given that the amount of touch and object manipulation are reduced. The latter example may occur when such a device is used for video viewing as opposed to interactive app play, and so the goal, purpose and activity the device serves is important to consider too. 

Background/ Distractor Variables
	As Jacobson and Degotardi (2022) suggest, the quality of an interaction can be influenced by the presence of distractor variables, or by anything salient occurring in the background that is not a focal point of the interaction. There is evidence that background television can decrease the quality of triadic interaction between caregivers and infants, compared to when the television is off (Pempek et al., 2014). During joint attention episodes with the television on in the background, caregivers uttered significantly fewer words and utterances per minute, and the number of new words per minute also decreased compared to when the television was not on. Similarly, other research has found that background TV reduces parental scaffolding during the interaction (Corkin et al., 2021). Corkin and colleagues found that audible notifications (a form of ‘technoference’ which can interrupt triadic interactions) were associated with lower infant vocabulary. Interruptions, like checking mobile devices, have a similar effect on the infant to the still face paradigm (Konrad et al., 2021b; Stockdale et al., 2020).
	Background distractions can largely be controlled for in a laboratory setting, as it is a controlled environment designed to limit extraneous variables. Of course there is the potential for outside noises (such as roadworks or construction work) to be present, but these are far less common that the plethora of distractor variables available in the home, which may stem from phone calls, radio, background television, app notifications, pets or other siblings. Given the popularity of observing parent-infant interaction bouts in a naturalistic home environment (Herzberg et al., 2022; West et al., 2022), it is important that the presence of these variables be considered during the operationalisation of joint attention. 
	The same interaction occurring with and without the presence of background distractions is, in many cases, likely to influence the quality of the interaction. As seen from evidence with background television, higher quality interactions are more likely to occur without such distractions. If we were examining parent-infant play based purely on looking times alone, the two different interactions might have the same amount ‘joint attention’. However one interaction would be of significantly better quality than the other (Pempek et al., 2014). Whilst there is evidence that ‘technoference’ does not negatively affect imitation learning (Konrad et al., 2021a), it is currently unknown how this affects general cognitive development.
	Objects that are initially more salient for infants may be less subject to influence from outside distractor variables. If the social partners are more engaged with objects that contain many engaging components, for example pop-up features, flashing lights or sounds, these may be more able to withstand outside influence in the competition for attention in comparison to objects without such features (See Chapter 5). 

In Summary
Given the numerous multimodal components which appear to have an impact on the nature of triadic interactions, it is evident that reductionist operationalisations do not sufficiently capture the complexity of joint attention episodes. It is important to consider these quality measures in relation to both the purpose of the interaction, and (as we will discuss next), the object of attention. The object helps us determine what the goal of the interaction in, how we might anticipate a successful interaction would look dependent on the capabilities of the object and an infant’s familiarity with it. We would expect an interaction with books to look different to shared television viewing, or engagement with an educational touchscreen app to look different to toy play, which would vary in terms of the key components of joint attention previously discussed. What is missing from current perspectives of joint attention which focus on the role of the adult social partner (Martins et al., 2014) and infant (Mundy & Newell, 2007), is an account of the role of the object.

The Object of Attention
Currently, the theoretical literature largely focusses on the contributions of the other main components of triadic interactions, namely, the roles of the infant (De Schuymer et al., 2011; Nomikou et al., 2017b), and of the caregiver (Legerstee et al., 2007; Hobson et al., 2004; Striano & Stahl, 2005). The neglect of the role of the object may simply be a result of our tendency, as psychologists (or 'investigators of human behaviour’), to focus on the human participants in the interaction, as opposed to offering equal focus and appreciation of the influence of the object. The complexity of human perception and social interaction, at a surface level, seems more worthy of exploration, with more puzzles to be solved. As a result, the object of the interaction seems to have received much less focus than these other components. This is particularly the case in theoretical terms, despite its evidently central role in bouts of joint attention. 
A starting point for this perspective can be illustrated using Watson’s (1972) description of ‘the Game’, in which dyad interactions can essentially be considered triadic ones, by considering the games that parents play with infants as an ‘object’ in itself. This is a similar conceptualisation to that of O’Madagain and Tomasello (2021), in which they argue that mental states and constructs can serve as objects of attention independently from physical objects. Fundamentally, joint attention has to be focused on some form of shared reference (Chapman, 1991). Whilst the caregiver and infant are always consistent features in a triadic interaction, the shared referent may itself exert an influence on the nature of social exchange, which can have a pronounced effect on the nature of the interaction, not only in terms of looking behaviour (Chapter 4; 5; Sato et al., 2016), but also in regard to language input (Lewis & Gregory, 1987; Sosa, 2016). In this section we will examine how different media can influence the dynamic of triadic interactions, and how this can influence many nuances of the joint attention bout. We propose that much of the variation that occurs across triadic interactions, is a result of the influence of the object. 
The influence of the object operates on two key levels. Firstly, the spontaneous saliency possessed by an object, which is its capacity to captivate attention (i.e., having a strong bottom-up, exogenous attentional influence). Some objects may be highly salient, such as those possessing sound producing capabilities or have automatic motion, whereas others (such as a paper book) may be less immediately so. Even within books themselves, some may be highly salient and contain many bright illustrations, and others containing just plain text may be less able to hold infant attention. The second level of the object’s influence reflects our prior experience or engagement with it. As infants progress from non-canonical to canonical uses of items (Rodríguez et al., 2018), the ways in which they are able to engage with objects changes. This change is contingent upon the process of learning through experience of the object in question, and so plays a key part in the way in which objects are engaged with, both in terms of the infant’s engagement, and the way the caregiver scaffolds the interaction. 
Different types of objects and media have a variety of affordances (Gibson, 1977), meaning differing opportunities for engagement and manipulation during triadic interaction. Research has explored how differences in the type of media can result in differences in components of triadic interaction (Miller et al., 2017; Sato et al., 2016; Sosa, 2016). It has been found that toys that vary in terms of offering feedback (i.e., toys which produced some form of response as a result of manipulation, such as movement or audio output), or ‘traditional’ toys, that have no electronic or automatic response following manipulation, are able to influence the quality and quantity of caregiver-child interaction (Miller et al., 2017). Miller and colleagues (2017) found that, during play with traditional toys, infants produced more directed vocalisations and gestures during the interaction and had shorter periods of sustained attention in comparison to toys providing feedback. Additionally, parents were more responsive to infants’ vocalisations and gestures during traditional toy play. It is important to emphasise that manipulating the object of the interaction influences not only looking behaviour of the infants, but also their vocalisations and gestures. Not only are infants influenced by changes in the medium (Chapter 5; Miller et al., 2017), but differences in how the medium can influence the caregiver may have a knock-on effect in how they scaffold the interaction for their infant (Chapters 4 & 5; Miller et al., 2017). In the study by Miller and colleagues, joint attention with interactive toys was qualitatively different from those containing no interactive components. Interactive toys may have a stronger exogenous influence compared to non-feedback toys as there are less ‘bells and whistles’ such as sounds and moving components available to maintain the infant’s engagement in the interaction. This would explain why infants engaged in more sustained attention to the toys that offered feedback. Additionally, the reduction in caregiver responsiveness may be a result of allowing the features of the object to override their role in supporting the infant's engagement in the interaction. If the object is already maintaining the infant’s attention, caregivers do not need to work as hard to support or encourage this. 
The research by Miller et al. (2017) pinpoints the differences in how interactions can look during play. When considering the influence of the object, it is key to consider what activity that object promotes. For example, we might ask whether differences exist between objects used for other purposes, such as reading. Lewis and Gregory (1987) suggest the critical factor that influences mother and father language input to triadic interaction with their infants is not parental role, but in fact the activity in which they are engaging. This varied across toy play, shared book reading, and free play. The activity that dyads engage in is largely driven by the object of the interaction, given that certain objects lend themselves to certain activities (i.e., books are for reading, television is for watching, usually passively). Traditionally, we illustrate triadic interactions (see Figure 2) much like the depiction on the left, with the attention of each social partner orientated towards both the object, and each other. We propose that the interaction is the depiction on the right, with the object exerting influence on each social partner and their social contact. This may be in terms of how it grabs and maintains attention, the kinds of vocalisations it may elicit, how close in proximity social partners need to be to engage with it ‘successfully’ (or in order to achieve the desired goal), or even in terms of the actions it affords the infant physically, dependent upon their developmental level. The dotted line is included to reflect that the object does not just influence each social partner in isolation, but the ways in which social partners may engage with each other. 
As Sato et al. (2016) showed, caregivers spent significantly longer attending to the story than to the infant’s face and exchanges of affect when engaging with an electronic book with sound compared to the paper book. The amount of infants’ alternating ‘responding to joint attention’ (RJA) was also linked to the frequency of the caregivers’ gaze to the infant – suggesting that the longer attenuation from caregivers to the electronic story with sound may influence the behaviour of the infant with the stimuli. This interlinking between infant and caregiver gaze demonstrates how manipulating the object of the interaction can influence the whole dynamic of the triadic interaction, rather than just influencing the infant (as some accounts focus on). It is not simply the infant’s relationship to the object of attention that matters, but the influence of the object on the social partner as well.

Figure 2
Left: traditional depiction of the direction of attention orientation within a triadic interaction
Right: the influence of the object on each social partner, with a dotted line representing the indirect influence on the interaction between social partners.
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The features of triadic interactions previously identified can be assimilated with this view of joint attention from the perspective of the object. For example, language input is a key feature of joint attention that is often measured to evaluate the quality of a triadic interaction (Koşkulu et al., 2021a; Sosa, 2016), and is also a key tool used by caregivers to stage-manage interactions with infants (Golinkoff et al., 2015). The research clearly shows that language exposure is crucial for infant language development (Caskey et al., 2014; Naigles & Hoff-Ginsberg, 1998). The benefit of viewing joint attention from the perspective of the object in this instance, is that it allows us to ascertain the nature of the social exchange between interlocutors, including altering the amount of language exposure that the child experiences. For example, as demonstrated in Chapter 4, shared reading using a paper book results in increased caregiver descriptive utterances. Given that this is a desirable outcome for a joint attention episode due to positive associations with later infant ability (Naigles & Hoff-Ginsberg, 1998), we can promote this by encouraging reading with paper books rather than eBooks. Alternatively, if the goal is to promote infant sustained attention to an object (to combine with naming), which has been demonstrated to be of benefit for later developmental ability (Yu et al., 2019), we might select ‘feedback’ toys over traditional toys, as these have been shown to encourage more infant sustained attention (Miller et al., 2017). Understanding the influence of the object on the interaction enables us actively to encourage greater levels of desirable joint attention components (such as language), simply by manipulating the object of engagement. 
Furthermore, the ways in which dyads engage with objects during play is contingent upon the infant’s progression to understanding cultural uses of objects from simple affordances (Rodríguez et al., 2018). We would expect the influence of the object within an interaction to look different between an infant who has had a lot of previous exposure with similar objects, compared to those who have had less. For example, consider how an infant who has regular, daily access to their own touchscreen tablet may interact differently with a screen in comparison to an infant who has maybe engaged with a caregiver’s smart phone a handful of times, or even compared to an infant who has never handled such a device. Technological advances have offered novel kinds of interactive opportunities available for children to interact with, extending from traditional toys to both tactile and verbally interactive media such as touchscreens or electronic home assistants (e.g., Alexa, Google Home). These new opportunities for interactivity can only be learned through developing an understanding of ‘use’, separate from ‘affordance’ (Rodríguez et al., 2018)
There are differences in both language use and looking times across play with touchscreen tablets and traditional toys in infants at 9 months of age (Chapter 5). Evidence from Miller et al. (2017) indicates that the differences observed in the interactions was a result of whether the toys produced feedback or not, whereas both sets of stimuli (toys and tablet) used in Chapter 5 contained interactive components. They were also both capable of producing sound and had components that generated motion/ animation. During triadic interactions, it was found that infants exhibited significantly more sustained attention during play with toys than during play with a touchscreen tablet, and spent longer sustaining their attention to their caregiver during tablet play in comparison to toy play. In addition to looking behaviour, it was also found that caregivers used significantly more nouns and labelling words for infants during tablet play. Varying the medium being engaged with during the same activity (play) seems to influence both the infant’s looking behaviour, and the way in which the caregiver linguistically supports the interaction (Chapter 5). In this instance, the explanation cannot be put down to the type of activity (play), interactivity, or the ability to produce sound in line with previous evidence. It could, therefore, be argued that toys are more spontaneously salient (i.e., they have higher exogenous attentional influence) to an infant in comparison to a touchscreen, given that they are 3D objects whose affordances are more readily perceptible than the features on a screen. This explanation would suggest that the mechanism involved in the infant’s sustained attention is bottom-up, such that the toys offer a more substantive pull for the infant’s attention (given their 3D nature) in comparison to a tablet. Also, as infants are likely to be more familiar with traditional toys in comparison to touchscreens, this previous experience may contribute to the infant’s understanding of how they are used.
 The patterns reported above have been found in other studies (Koşkulu et al., 2021a; Sosa, 2016). These differences are also present during interactions with much younger infants, as Sosa (2016) demonstrates that the type of toy used for play can dramatically influence the dynamic of triadic interaction between caregivers and infants aged 10-16 months. This study found differences in the quality of interaction across traditional toy play, electronic toy play and shared book reading. There was large variation in social interaction and language use depending on whether dyads engaged in play with books, traditional toys or electronic toys, such that communication quality between partners was significantly reduced during play with electronic toys. If we accept that the role of the caregiver is to facilitate the mechanism of exogenous attentional influence of the object through scaffolding and highlighting its features (Wass et al., 2018), yet parents seem to ‘let the toys do the talking for them’ (Sosa, 2016, p136) during play with electronic toys, then the lack of scaffolding and supporting bottom-up processes like attention may hinder infants’ attention to the objects. In Chapter 5, we see that infants engage in significantly more sustained attention during play with interactive toys in comparison to a touchscreen tablet, potentially suggesting that toy play was scaffolded more successfully by the caregiver. Hiniker et al. (2018) found differences in the ways that children aged between 4 and 6 years, and their caregivers, engaged in joint attention episodes with both tablets and analogue toys. They observed that caregivers and children were less responsive to attentional bids and engaged less with each other during play with tablets in comparison to toys.
The number of objects available during play can also influence the amount of joint attention exchanged engaged in during triadic interaction (Koşkulu et al., 2021a), such that having more toys available (12 toys vs 5 toys) resulted in more joint attentional bouts. There was, however, no difference in the total amount of time spent in these attentional bouts, so the number of toys may only affect the number of exchanges and not the total amount of time spent in joint attention. Differences were also found between the types of toys available for play, such that dyads engaged in significantly longer bouts of joint attention when engaging with organisational toys (such as a stacking ring) in comparison to responsive (produced sound) or symbolic toys (such as a toy car). 
To consider further the underlying cognitive mechanisms at play during triadic interactions, it is important to reflect on what it is we are measuring. When considering joint attention in terms of coordinating looking, we may be measuring either endogenous (top-down) attentional control or exogenous (bottom-up) attentional influence of the object (see Posner & Cohen, 1984). It is difficult to discern whether the shared looking at a target object between social partners is a result of the infant’s attention being drawn by salient features of the item, or as a result of deliberate, intentional attention orientation towards the object driven by the infant. This is because the behaviour we are measuring (i.e., looking at the object at the same time as the social partner) looks the same regardless of the cognitive mechanism responsible for driving the behaviour. 
If, however, we consider measures of alternating gaze, it may initially seem more likely that this measure assesses the infant’s endogenous attentional control, considering that alternating gaze requires an infant to disengage their attention from either the object or social partner, to the other. There is a case to argue that alternating gaze could still reflect exogenous influence if both the object and social partners face were both in the infant’s visual field, and both object and the social partner were competing exogenously to influence the infant’s attention. Given that, during free play, the infant may at times be orientated away from the adult and not simultaneously have both competing stimuli (i.e., object and face) in their field of view at the same time, orientating from one to the other would require the infant to disengage from one stimuli and redirect to the other exogenously. The ability to disengage attention is a skill that improves with age (Hood & Atkinson, 1993). Hunnius (2005) notes that young infants may struggle with this either because they are unable to break their gaze once fixated (Hood, 1995), or because they find it challenging to produce eye movements whilst already attending to something central to their field of view (Johnson, 1990).
Our understanding of the mechanisms at play may depend on the perspective we take regarding the purpose of the social partner within the triadic framework. Wass et al. (2018) suggest that the scaffolding role of the caregiver serves to highlight the exogenous features of the shared referent increasing sustained attention to the object. Wass and colleagues note that changes in adult attention (to both the object and social partner) precede changes in infant attention, and that longer periods of sustained looking from the infant are more likely to occur when there is also a sustained period of looking from the adult social partner. Alternatively, there is evidence elsewhere that suggests that the same phenomena (i.e., sustained looking/attention), is a reflection of endogenous attentional control, given that it involves being able to selectively filter out competing exogenous influences in order to focus for a prolonged period (Fisher, 2019). Adult attention may precede infant attention in triadic contexts (Wass et al., 2018), suggesting the adult social partner is scaffolding and driving the interaction, but we see elsewhere that other components of the interaction such as caregiver language input, or caregiver object handling, are driven by infant looking rather than vice versa (Sun & Yoshida, 2022). It may be that these seemingly conflicting findings (Sun & Yoshida, 2022; Wass et al., 2018) are compatible, but the domains of exogenous and endogenous influence may be specific to different modalities. Caregiver visual attention may serve exogenously to highlight the desired shared referent to increase infant attention to the object (Wass et al., 2018), but this may not extend to caregiver language input or object handling given that they seem to be in response to infant attention (Sun & Yoshida, 2022). 
When we consider how the object of attention in a triadic interaction may affect these attentional mechanisms, it seems there may be competing influences from both top-down and bottom-up systems. If we consider an electronic toy with interactive capabilities, like flashing lights or sound effects, these may have a much stronger exogenous attentional capture than an object without such embellishments, such as a traditional paper book. It may be the case that the more bells and whistles the object of attention has, the greater the bottom-up attentional pull. The evidence suggests that distraction latencies in infants are shorter when infants are in ‘casual’ compared to ‘focussed’ attention (Tellinghuisen et al., 1999), implying that there is a dynamic between the exogenous pull of stimuli competing for attention, and an infant’s endogenous attentional control/ focus. If we are seeking to assess coordinated looking, it may be that we observe more of this during play with toys that have lots of attractive, eye-catching features with strong exogenous influences. In comparison, stimuli such as paper books or traditional toys may have a weaker exogenous pull given that these do not have such salient, attention-grabbing components, and infants may rely more on endogenous attentional control during play with these kinds of stimuli, particularly when more salient stimuli are in the vicinity that could potentially distract. Another dimension which may influence these mechanisms is the level of familiarity the infant has with the stimuli in question, given there is evidence that older infants (9-10 months relative to 6 months) show shorter distraction latencies with familiar toys in comparison to novel, unfamiliar toys (Oakes et al., 2002). Infants who have previously engaged with an object that is familiar to them, more aware of both the affordances as uses of the object (Rodríguez et al., 2018; Rodríguez & Moreno-Llanos, 2020) and have had positive experiences of engaging with these within triadic interaction between the infant, interlocutor and object, may have greater endogenous attentional control when engaging with these objects.
	Individual differences between infants in terms of their preferences for various factors such as colours or type of toy (Davis & Hines, 2020) may also serve to influence their endogenous control of attention during play in a triadic interaction, as preferences for these have been observed from 12 months of age (Jadva et al., 2010). If presented with an array, infants may selectively attend to toys that satisfy their personal preferences or interests, enabling them to exert more top-down control over their attention by attuning to these toys over others which may be more attention grabbing. Eight-month-olds can selectively attend to predictive cues even in the presence of highly salient distractors, but those aged 6 months cannot, which may indicate a period of endogenous attentional development (Tummeltshammer et al., 2014). As of yet, studies assessing endogenous attentional control in infants using stimuli that reflect infant preferences compared to non-preferential distracting stimuli have yet to be conducted (as far as the authors are aware), and so we cannot be sure that endogenous orientation towards preferential stimuli could reliably overrule the exogenous pull of a highly salient other stimulus. If such a relationship did exist, this would more likely be applicable to older infants, toddlers and children who have more substantially developed personal preferences, in comparison to young infants who may not have consolidated these yet.
Alternatively, these seemingly competing top-down vs. bottom-up processes may be working simultaneously (Mendez et al., 2023). Mendez and colleagues propose a closed loop system, in which infant endogenously control their head position and orientation to control their visual field, increasing the exogenous influence of the target object. In doing so they make the target object the foreground of their visual input, which is known to facilitate infant sustained attention (Guan & Corbetta, 2012). There is also recent neurological evidence that endogenous processes control infant attention by 12 months of age, and that triadic interactions are infant led, whereby caregivers respond rapidly to infant attentional changes, rather than caregiver activity causing the changes in infant attention (Phillips et al., 2023).
	The way that the medium can influence triadic interaction illuminates the many facets of joint attention that extend beyond simple looking times which are taken as measures of joint attention. Understanding these nuanced differences in how different interactions look can paint a deeper picture of what other social cues and tools exist within these interactions that extend beyond the binary of being ‘in joint attention’ or ‘not in joint attention’, and instead on more of a scale (following Siposova & Carpenter, 2019) with a more holistic perspective. Looking at triadic interaction within a multimodal perspective reflects the complex dynamics that are at play during joint attention (Jacobson & Degotardi, 2022), and illustrates how jointness is a rich and fluid phenomenon. As is clear from the studies outlined above, the object of attention has the power to influence many of the dynamics within an interaction, based on the spontaneous saliency and an infant’s prior experiences. This power to shape the nature of the engagement between the social partners, and with each individual and the object itself, demonstrates the importance of considering the object of the interaction fundamentally within theories of joint attention.

Conclusion
	We conclude that the best definitions of joint attention that are currently available to us are those that consider it holistically, but also as a fundamentally social construct. Operationalisations that focus exclusively on coordinated looking fall short of capturing the social component of the interaction. Whilst monitoring the exchanges of looks between social partners and the object of interest is a significant step closer to capturing joint attention, it still fails to encapsulate the full spectrum of multimodal parameters that can shift the quality of the interaction being engaged in. Future research should aim to provide a starting point for developing joint attention operationalisations that are more quality focused, as opposed to the traditional binary of ‘joint attention’ vs ‘not joint attention’ that has been used. 
	Contemporary accounts of joint attention are beginning to acknowledge the intricacy of the phenomenon. For example, Jacobson and Degotardi (2022) capture the complexity and nonlinearity of joint attention through the use of their space state grids, and also allow us to consider the spaces outside the interaction which may distract of compete for the infant’s attention. The most significant step away from traditional considerations of joint attention is offered by Siposova and Carpenter (2019), who suggest a deconstruction of joint attention as a binary form and a reconstruction into a scale, with each level differentiated by the ‘jointness’ of the social partners involved in the interaction. It is clear from the distinctions that they make that assessing visual attention alone may be insufficient in many circumstances for fully appreciating the complexity of interaction. They also explore how analysis of intentional communication allows us to distinguish between levels of mutual and shared attention.
	Given the evidence for the many varying components of triadic interaction that manifest themselves when the object of attention is manipulated, it is important that we consider joint attention from the perspective of the medium. The object of attention often (but not always) determines the main goal or function of the interaction. For example, shared reading is predominantly engaged in for educational purposes, not only to familiarise the child with particular words but also to expose them to rhyme, prosody, narrative, and the sheer joy of sharing stories. Not only do interactions naturally vary as a result of manipulating the medium being engaged with, but different components of triadic interaction become more desirable as a result. The aim of this chapter has been to suggest that both our expectation of how joint attention might be conceptualised and the criteria we use to depict such an interaction, are influenced by the object of the interaction. 
	Future research should seek to address how the lesser investigated components of triadic interactions impact core components of infant development, such as language acquisition. We know from existing research that coordinated looking, alternating joint attention, language input and a combination of looking and language (Yu et al., 2019), correlate with achievements in later development. It is currently less clear how components of triadic interactions such as proximity or background disruptions (as well as a likely plethora of factors not discussed here), link to both later developmental ability and to the already identified key factors of attention and language that feature in joint attention.



2. 1	Statement of Continual Thesis Commentary
	Sustained attention is an interesting concept, given its varied history within psychological literature. My interest in this concept prompted the development of Chapter 3, in which I explore the relationship between sustained attention and later developmental outcomes. There are some discrepancies in how the concept of sustained attention is related to later developmental abilities, depending upon the context it is considered in. There are also various methods for how we might measure sustained attention. These considerations led me to amalgamate these theoretical musings into a brief theoretical paper, entitled “Sustained Attention: Alternative to Joint Attention or Ambiguous Concept?”, which has since been published in Human Development.

Chapter Publication: Hudspeth, K. M., & Lewis, C. (2021). Sustained Attention: Alternative to Joint Attention or Ambiguous Concept? Human Development, 65(2), 67-71.



3	Chapter 3: Sustained Attention: Alternative to Joint Attention or Ambiguous Concept?



Abstract

Recent research has prompted the notion that ‘sustained attention’ plays a critical role in infant learning, credit for which has formerly been attributed to joint attention (Yu et al., 2019). Closer examination of what is meant by sustained attention, highlights issues relating to varying methods of measuring this behaviour and unearths some theoretical inconsistencies between older and more recent literature. These are discussed alongside possible explanations for the discrepancies in findings, and recommendations for future research.


Introduction
For forty years it has been assumed that joint attention is a driving force in the development of early communication (Bates, 1979), and much evidence has been provided to support this idea. Shared attention at the end of the infant’s first year has been found to relate to the infant’s first words (Baldwin, 1995; Bates, 1979; Bruner, 1974; Markus et al., 2000; Tomasello, 1988, 1995; Tomasello & Todd, 1983), early learning (Striano et al., 2006a), emotion regulation (Morales et al., 2005), social development (Mundy & Sigman, 2006; Vaughan Van Hecke et al., 2007) and early symbolic thinking (Mundy & Jarrold, 2010).
A few recent investigations have suggested an alternative position, that it is infants’ abilities to sustain attention rather than share a focus with their caregiver, that may reveal the underlying mechanism for these achievements, particularly their early vocabulary growth (Yu et al., 2019). Although this literature is far smaller, it has received a lot of interest. Not only has it been used to explain individual differences in vocabulary acquisition (Brooks et al., 2018), it has also been shown to relate to cognitive performance, notably problem solving in the later toddler period (Choudhury & Gorman, 2000). This recent research posits a challenge to traditional theories, suggesting that joint attention may merely be a proxy for the ability to sustain a focus on objects (toys and people), as the true driving force behind later developmental abilities. Given the centrality of joint attention as a construct (Carpenter et al., 1998), the theoretical implications could be major.
[bookmark: ID0EI]Sustained attention is characterised by a focus or fixation on a particular stimulus. The recent literature is not wholly clear about what this reveals, but it is implied that attention is a demonstration of the ability to be more connected to objects and, therefore, an ability to use this information to develop more complex associations – what Richards and Casey (1992) term “information processing.” Yet to have to compete with, or replace, joint attention, the construct of sustained attention needs much more critical analysis. The issues with this concept can be divided into 2 main areas, measurement and definitional problems, which we explore in turn before exploring some deeper theoretical concerns.

Methodological Issues in the Measurement of Sustained Attention
Broadly, there have been 3 approaches to the measurement of sustained attention. Some authors identify it through associated physiological responses such as heart rate (Curtindale et al., 2019), some give descriptions of the internal processes posited to take place during visual fixation (Richards & Casey, 1992), while others provide measures of looking time as a threshold for what qualifies as sustained attention (Yu et al., 2019). Each of these approaches draws from or derives a different definition of the construct, and we need to examine these in turn to identify this variation. Indeed, none of the approaches used is problem free.
Although the recent papers often assume that the notion of sustained attention is new, there is a literature on the topic that is over 30 years old. Many of the early studies refer to the internal processes that supposedly underpin the ability to attend. For example, Richards and Casey (1992) made the assumption that sustained attention is a behaviour which “represents encoding of stimulus information” (p. 48) and requires “subject-controlled cognitive processing” (p. 38). However, the justification for these claims is not complete and, as we will discuss below, not all the evidence is compatible with them. It may be possible with an adult sample to identify what fixation on an object implies, as participants could be asked to provide details of the stimulus to see how much information processing had taken place. However, with an infant population, where such information cannot be requested, it is not possible to identify the cognitive processes taking place during a fixation period.
Second, other early studies used physiological responses to measure sustained attention. Richards (1989) suggests that there is a prolonged lowering of the heart rate when attention becomes directed. Whilst this measure is preferable to simple assumptions about depth of processing, there is no consensus concerning when a lowered heart rate is in evidence. Casey and Richards (1988) found that heart rate decelerations vary dependent on the child’s age. Fourteen-, 20- and 26-week-old infants experienced average heart rate decelerations of 6.82, 7.22 and 9.89 beats per minute (bpm), respectively, during sustained attention. Curtindale et al. (2019) have recently employed heart rate as a measure of infant attentional phases (combined with looking) and used 5 consecutive beats below the median heart rate as a threshold for determining sustained attention. However, as we can see from Casey and Richards’ research, 5 bpm is less than the average deceleration made across the age groups measured. It is possible, in a group of 26-week-olds, for example, that a 5-bpm deceleration may not truly reflect a period of sustained attention if their average deceleration is 9.89 bpm. So, there is little consensus about how to assess physiological correlates of attention.
[bookmark: ID0EO]Third, sustained attention has been assessed simply in terms of looking time. This should be the simplest and most reliable means of assessing the construct. However, even this approach is open to question. Some coding schemes remain vague, such as “extended … duration of visual attention to (an) object” (Wass et al., 2018, p. 1). Other researchers are more precise and specify a time threshold. In their influential paper, Yu et al. (2019, p. 2) define sustained attention as “the stabilization of visual attention to an object for long durations (e.g., > 3 s),” although we wonder why they stated “e.g.” rather than “i.e.” This definition is much more objective and allows for infant looking to score highly on measures of interrater reliability. However, as with the criticism of heart rate thresholds, there is evidence to suggest that average durations of looks to reflect periods of sustained attention may vary by age. Ruff and Lawson (1990) found that 3 s (3.33 s) were only the average look duration for infants around 1 year of age, but by 2 and 3 and a half years mean look durations had increased to 5.36 and 8.17 s, respectively. Thus, for older infants, 3 seconds may not truly reflect a period of sustained attention, and having a blanket rule for measuring this may undermine the validity of the results.

Theoretical Inconsistencies?
The recent literature and discussion have consistently suggested that sustained attention indicates deeper thinking about the objects being inspected. However, when debate over the past 30 years is considered, we see a strange disjuncture in the findings. Thirty years ago, sustained attention, assessed using a variety of methods and looking times, was found to be associated with poorer intellectual outcomes in the child. For example, Slater (1995) reviewed a group of studies linking attention behaviours in infancy to later IQ. Fixation time in infancy was shown to correlate negatively (–0.29) with the Stanford-Binet IQ at 5 years of age (Sigman et al., 1986). Slater distinguishes between “short lookers” and “long lookers,” and he equated protracted fixation with slower information processing. Gunderson et al. (1987) attempted to study the physiological basis of this distinction by comparing infant pigtailed macaques, divided into high and low risk for developmental problems determined by symptoms like hypoxia (associated with cognitive delay in human infants). Low-risk macaques scored higher on a test of human infant intelligence and more easily differentiated targets in a habituation task (they were “short lookers”) compared to the high-risk group who scored lower and looked longer during the visual task.
Colombo et al. (1991) also suggest that infants who take longer to habituate are slower at processing information. Colombo (1993) identified correlations between infant fixation durations and concurrent measures including (but not limited to) recognition memory, motor development, reaction time and visual discrimination, across 13 different studies for predictive validity. In all cases except one (when measuring visual exploration), there was a negative relationship between length of fixation duration and performance on these tasks. Colombo also identified a body of research that consistently showed longer looking as a behaviour expressed by developmentally at-risk populations (Cohen, 1981; Fantz & Fagan, 1975; Rose, 1981).
[bookmark: ID0ET]Perhaps the fixation behaviour referred to by the earlier studies, summarised by Slater (1997) and Colombo (1993), is something different to the extended attentional fixation discussed by recent researchers? Both Colombo (1993) and Slater (1997) used it to describe the nature of prolonged visual attention during habituation paradigms. It is in these instances that longer fixations have indicated lower mental processing skills. However, in more recent research, it is used to describe looking at objects during joint attention interactions (Yu et al., 2019). In these, it is a marker of higher processing. This may explain the problems we have identified in interpreting what each behavioural measure means, and without a resolution we are yet to reach a firm understanding on the definition of this concept.

Possible Explanations for the Discrepancies in Findings and Recommendations for Future Research
The long-term effects of looking at an object during joint attention versus simply habituating to a visual stimulus are so starkly in contrast that this may provide a clue to the nature of both activities. In order to understand these differences, we need to reliably discern between the two. This requires analysis of the measures and definitions of each skill. They may well be harder to tease apart than would seem on the surface to be easily distinguishable constructs.
Let us take, for example, the heart rate measures that have been used to assess sustained attention. If we assume that agreement can be reached on a reliable and valid measurement criterion, we are still likely to run into problems when comparing attention during the two types of experiences. There is evidence to suggest that many features of social interaction can influence infant heart rate, including infant-directed speech and talk with affective content (Santesso et al., 2007). Such data, therefore, make it difficult simply to identify a “sustained lowering of the heart rate” as a measure of attention to an object, when simultaneously this can be affected by many other aspects of the social interaction. Similarly, if we consider looking times, we should take note that the infant’s fixations on the object of shared attention are highly likely to be influenced by the current social support they are receiving from their caregiver. Yu et al. (2019) construct different measures of sustained and joint attention, but perhaps these are too intertwined and complex for them to be fully dissociable.
It may be the case, therefore, that a term like “sustained attention” is too broad to apply uniformly to types of behaviour that are as distinct as object habituation and triadic interaction. For a start, it seems logical to divide the construct into social and non-social subtypes, as we know that this differentiation may be important (Greene et al., 2009). Social information would include reference to objects such as faces, whereas the non-social category would group stimuli such as geometric shapes (Sherrod, 1979). However, the plot gets thicker when infants are attending to a “social” non-social stimulus such as a picture of a face, given that they can be presented with both social and non-social stimuli during habituation. Such a schematic representation is unlikely to elicit the same reaction as a non-social stimulus.
We make 2 proposals as a solution to the methodological and theoretical problems described above. First, we should consider the stimulus which the infant is attending to. Not only would it be logical to divide sustained attention into interactive and non-interactive settings, but a classification system may need to be more complicated. If the object to which the infant attends is a laptop or tablet screen, the stimuli presented often have interactive qualities. Mobile media devices may even present images which offer interactive features inviting a reaction/response via a particular tap or swipe. We need to take several possible influences into account and not simply divide stimuli into social and inanimate.
Second, we suggest a need to define sustained attention according to the number of “stimuli” or attentional items that the infant is occupied with at a time. During habituation studies the infant is focused on a single object, usually displayed on an otherwise blank screen, while during triadic interactions there is more than 1 focus of the infant’s attention (the other person, the possible items of shared attention and any actions they perform on these). This may be what causes differences in how sustained attention is expressed and what each type predicts. Within social interaction, we may need to factor out the influence of the other interactant in order to identify the infant’s unscaffolded sustained attention. To do this effectively, studies would probably require sequential data analysis to identify the possible influences of the other interactant’s social gestures to devise a pure measure of this type of sustained attention. It may even be the case that the internal processes that take place during a joint interaction and looking at a screen are very different, and thus an attempt to operationalise these processes might be subjective and uninterpretable.
The contrast between recent studies and research 30 years ago alerts us to a problem in the idea that sustained attention during triadic (caregiver-child-object) interaction tells us more about early development than the interaction itself. First, it shows that sustained attention must be divided into more fine-grained categories. These need to be more robust, mutually exclusive and established so that they can be reliably used within their respective contexts (given the differences in the way infants engage their attention dependent on the stimuli/experimental set-up). Second, more work needs to be done to establish how the measures of sustained attention (e.g., looking time and heart rate) relate to one another, and these must be coordinated within the same study, using the same infants for both triadic interaction and habituation. As has recently been suggested, joint interaction can guide and aid an infant’s sustained attention (Wass et al., 2018). Within an interaction, periods of time spent in sustained attention may provide markers of successful joint attention, thus predicting later abilities (Yu et al., 2019). Alternatively, it may still be the case that joint attention serves as a proxy for sustained attention and its role may be as a facilitator in, as opposed to the key mechanism responsible for predicting, later developmental abilities. Finally, we need further clarification of why the correlation between time spent engaging in sustained attention and later cognitive ability differs in the contexts of habituation versus joint interaction. Only by dedicating more research to understanding the nature of sustained attention in each setting will we be able to clarify what this concept means, let alone to identify its role (or roles) in early development.





3.1	Statement of Continual Thesis Commentary
To begin to explore empirically how joint attention can look different across varying media, I first examine how the same activity, namely, shared reading, can look different depending on the format the story is presented in. In the following paper, we explore how interactions differed depending on whether a story was read either as a paper book, as an electronic eBook on a laptop with sound, or as an eBook without sound.
	This chapter constitutes secondary data analysis, from an investigation conducted prior to the COVID-19 pandemic. Based on previous analysis of these data from the original researchers (Sato et al., 2016), we knew that interaction with the sound producing eBook was so captivating for the infants, that it reduced the amount of alternating gaze from the infant as they became focused on the laptop, to the detriment of joint attention. To avoid simply repeating analyses, this time we examined how the content of parental linguistic input varied as a result of manipulating the object of attention. Given our interest in infant sustained attention, particularly during naming (Yu et al., 2019), we also measured the proportion of utterances occurring in periods of sustained or joint attention over the course of the interaction with each story format.
	This dataset consists of both a British and Japanese sample. Given there are differences in how Western vs Eastern cultures engage in joint attention (Dennis et al., 2002), I decided to explore this in more detail, again by examining the types of utterances used by caregivers and the attentional states these occurred in. I was curious to establish whether the influence of the format the story was presented in has a bigger impact on one culture or another, or whether the influence was consistent across both cultures. Additional data visualisation for this chapter can be found in Appendix A.



4	 Chapter 4: Triadic Interaction with Sound Producing eBooks Reduces Parental Naming
Abstract
Shared reading has long been established as hugely beneficial joint activity for caregivers and infants that promotes infant development. Advances in modern technology mean that shared reading between caregivers and infants is no longer limited to paper books, and stories can be presented in electronic formats that contain sounds and animations. With the growing popularity of eBooks, combined with historical concerns regarding infant and child engagement with screens, it is important to ascertain whether the quality of the interaction between social partners changes as a result of manipulating the format a story book is presented in. There are many important components of triadic interactions, with recent literature placing an emphasis on the combination of both language use and attention states. This study explored whether the types of British and Japanese caregiver utterances used in an interaction with 12-month-old infants (N = 22), varied as result of reading from a paper story book, an eBook with sound, and an eBook without sound. The main findings are as follows. First, caregivers used more descriptive language when engaging with paper books in comparison to both eBooks with and without sound. Secondly, we found no differences in the proportions of utterances occurring within sustained and joint attention between each condition. British caregivers used significantly more descriptive utterances in comparison to Japanese caregivers during eBook reading without sound. Additionally, we found that British dyads produced significantly more utterances occurring in sustained attention during paper book reading. The results are discussed in relation cultural differences, and the role of language in how triadic interactions influence later development.
Keywords: Shared reading, joint attention, eBooks, cross culture, triadic interaction

Introduction
Paper books are no longer the only medium available for story reading, as electronic media are becoming increasingly available to young children (Common Sense Media, 2013). Whilst there is longstanding evidence for the benefit of joint book reading between infants and caregivers for infant cognitive development (Bus et al., 1995; Highberger & Brooks, 1973; Murray & Egan, 2014), it is unclear whether the format in which a story is presented can lead to differences in interaction quality. Recent literature has placed emphasis on the importance of attention during specific naming moments (Yu et al., 2019). Therefore, we wanted to investigate both whether the amount and type of caregiver language use varied depending on story presentation format, and if attentional differences vary in line with what we would expect based on the type of story presentation (Sato et al., 2016). Additionally, we explore whether these factors differ between samples from the UK and Japan, given that there is evidence for differences in triadic interactions across cultures (Dennis et al., 2002).
	Infants’ ability to engage jointly in an experience with a caregiver develops during their first year (Tomasello, 2005b) has been demonstrated to be critical for many aspects of their development (Carpenter et al., 1998). There is evidence to suggest the object of triadic interaction can influence joint attention. Sato and Uchiyama (2012) observed that the highest levels of joint attention were observed between infants and caregivers during book play, in comparison to play with toys, or a ‘no materials’ condition. Many socio-cultural factors can influence infant engagement in joint attention (Gavrilov et al., 2012), including parent education level, gender, and the toy’s social connotations and conformance to tradition. There is evidence for cultural differences in responsiveness to infant attentional focus during triadic interactions, such that Western caregivers tend to follow the infant’s lead in joint attention engagement, whereas eastern caregivers orient and direct infants’ attention (Vigil, 2002).
	Book reading has been demonstrated to be an exceptional opportunity for joint attention (Karrass et al., 2003). Furthermore, joint picture book reading specifically has been demonstrated to correlate strongly with infant language acquisition (DeBaryshe, 1993; Payne et al., 1994; Snow & Goldfield, 1983), and is widely regarded as a successful technique for caregiver labelling opportunities which support learning (Ninio & Bruner, 1978). Picture book reading has the benefit of presenting opportunities to discuss new words and situations that are outside the norm of everyday life (DeTemple & Snow, 2003). Interaction with books at earlier ages is also linked with more advanced literacy and numeracy ability at older ages (Wade & Moore, 1998). The level of parental involvement during reading is also critical, as some research suggests that parental teaching during interactions is a key factor for later literacy ability (Sénéchal & LeFevre, 2002).
	The way in which language is introduced to infants, including direct labelling of items, is considered key for infant language acquisition (Ninio, 1983). There is a relationship between language exposure and an infant’s later language development as early as the neonatal period (Caskey et al., 2014). Additionally, the type of play being engaged with can influence the way caregivers use language with their infants. Yont et al. (2003) demonstrate that different types of utterances are used by caregivers between book play and toy play with infants. However, it is unclear whether there will be differences in language use when the same story is presented in different formats. 
	Yu et al. (2019) consider not only parental naming alone, but in combination with infant attentional state, i.e., whether the infant is also in a period of joint, or sustained attention. They suggest that the attentional phase the infant is in is the most critical aspect for predicting later development. Specifically, they found that infant sustained attention during naming is the strongest predictor of later language ability. Given that Sato et al. (2016) found evidence for differences in infant attention between story play across different media, it is important for our investigation that we examine if these attentional differences can also be found during caregiver naming events. Yu et al. (2019) also found that total parental naming did not correlate with the proportions of time infants spent in sustained or joint attention during naming, suggesting that caregiver language use is not simply random, and timed for use on occasions where infant attention is directed opportunely. Previous analysis on a subset of this data has examined only the attentional differences between conditions (Sato et al., 2016). However, it may be that no attentional differences are observed when they are only analysed during moments of language use.
Stories that are read during shared reading in joint attention episodes can now be presented in more modern formats such as eBooks. It has been suggested that many eBooks are lacking in terms of their offerings as an alternative to traditional paper book reading (de Jong & Bus, 2003). In a world of constantly evolving technology and mobile media, the affordances of alternative media are not only improving rapidly (Miller & Warschauer, 2014), but reaching children at subsequently younger ages (Kabali et al., 2015). These devices may be beneficial for sustaining infant attention, as infants from 12 months tend to orientate themselves to more complicated stimuli, such as animations on a screen (Richards & Anderson, 2004). Given the associations between naming during sustained attention and later language outcomes (Yu et al., 2019), this may be considered a desirable feature of eBooks.
Cross-cultural analysis on caregiver-infant interactions has demonstrated differences in infant directed speech (IDS), such that Japanese and English caregivers vary in both vowel duration and speech when engaging in IDS (Werker et al., 2007). There is also evidence for a transient asymmetric pattern in how English speaking and Japanese infants discriminate vowel length (Mugitani et al., 2009), which may mean that certain utterances are better understood by infants in one language depending on their age and the phonetic qualities of the utterance. Cross-cultural comparison of word frequency provides mixed evidence, and there is some suggestion that Japanese caregivers produce more utterances during interactions compared to US caregivers (Crane & Fernald, 2017), whereas other research suggests that US caregivers label objects more frequently (Fernald & Morikawa, 1993). It may be the case that US caregivers use more of a particular utterance type such as nouns, whereas Japanese caregivers use other utterances such as verbs or non-propositional speech, like onomatopoeic sounds. 
There is evidence of cultural differences in the triadic (subject-interlocutor-object) dynamic with older infants. When looking at images, Western (Canadian) caregivers make more references to the focal point of an image, whereas Japanese caregivers make more references to its background features (Senzaki et al., 2015). During play, Western (U.S.) mothers tend to emphasise autonomy and individual experience, whereas Japanese mothers showed more focus on relatedness and shared experience (Dennis et al., 2002). This research also finds that US mothers engaged in significantly more joint attention with their infants than Japanese mothers (Dennis et al., 2002). If this finding extends to Western culture more generally (i.e., to UK mothers), then we might expect more joint attention during play from the UK sample compared to the Japanese sample. Furthermore, if joint attention serves as a facilitator to infant sustained attention (Suarez-Rivera et al., 2019), then we might also expect higher proportions of sustained attention in the UK sample too.
	Our hypotheses for this investigation are as follows. Hypothesis 1 is that caregiver language use will vary depending on whether a story is presented in a book, an eBook with sound, or an eBook without sound. Hypothesis 2: in line with evidence that suggests parental language use is not random, we would anticipate no differences in attentional states (joint or sustained attention) during naming between each of the conditions. Hypothesis 3: we anticipate higher proportions of both sustained and joint attention will be observed during naming events in the UK sample compared to the Japanese sample. Finally, hypothesis 4 states that caregivers in the British sample will use more direct/ labelling utterances, and the Japanese caregivers will use more overall utterances.

Methods

Participants
	Participants consisted of 22 parent-infant dyads, from both the United Kingdom and Japan. The British sample consisted of twelve pairs of infants (Mean age = 12 months (range 10-14 months, SD = 0.95), with six males) and their caregivers. The Japanese sample comprised of ten infants (mean age of 12 months (range and SD not yet identified by the Japanese team), with five males) and their caregivers. Participants were recruited after having registered at the BabyLab of each respective institute to express their interest in being involved in research. All caregivers gave informed consent for themselves and their infants to take part in this study.

Design
	This study comprised a mixed design, in which two populations (British and Japanese) each took part in three conditions. Each pair of participants engaged in triadic interaction with a story presented in three different formats; a paper storybook, an eBook presented on a laptop without sound, and an eBook presented on a laptop with sound. The story was the same for every condition and only the presentation format varied. Conditions were counterbalanced using a Latin square procedure between participants to mitigate order effects.


Procedure
	Upon arrival at the lab, caregivers were asked to complete a short questionnaire requesting demographic information for the infant. Participants then had the opportunity to ask the researcher any questions they had about the study prior to commencing. 
They were then taken to the room where the experiment would take place. This was a large square room, equipped with four wall-mounted cameras used to record the interaction. In the centre of the room there was a chair, and a low desk that would be used to rest the laptop and book on. Participants then took part in the three counter balanced conditions. Caregivers read a story to their infant which was presented in either a book, a laptop without sound, or a laptop with sound. The story was the same for every condition and consisted largely of onomatopoeia with only a few words presented on each page, and took dyads approximately 3 minutes to read. The plot described a yellow ball labelled “Mari”, and its journey across various surfaces described with onomatopoeia such as “splat”, “clunk” and “whizz”. The eBook “pages” could be turned by pressing the spacebar on the device, and for the “with sound” condition this would also trigger a voice that would read aloud the text on the page (e.g., “boing, boing, boing”, “splash”). The book and audio were translated into English for the UK sample. An example of a page from the book is included in Figure 1.


Figure 1
An excerpt from the book ‘Mari’ used in this study.
[image: Inserting image...]

Once the caregiver had finished reading the story to the infant, the experimenter re-entered the room and set up the next stimulus, during which time the infant had a brief recess from focussing on the story. Once all stories had been completed, the participants were debriefed and thanked for their participation in the study. Families were offered a book to take home as compensation for their time.

Coding 
	Coding was conducted in Blender (Blender Online Community, 2018) to allow for frame-by-frame coding of the video recordings. We coded both the type of utterance made by the caregiver, and the attentional state the infant was in during these utterances (joint or sustained attention). Utterance type was divided into three categories, which were both exhaustive and mutually exclusive. Namely, language use that described, or was read literally from the text or images in the story (e.g., “the yellow ball”, “boing, boing, boing”). Language use that encouraged interaction with the story (e.g., “look at this”, “can you turn the page”), or language unrelated to the activity (e.g., “sit still”, “are you cold?”). For the purpose of reporting, these will be referred to as Described, Directed and General utterances respectively.
	The infant’s attentional states were coded at the moments where utterances were made by the caregiver. Both sustained and joint attention were assessed, with joint attention having two definitions. Following Yu et al. (2019), sustained attention was classified as a look of three seconds or longer to the storybook, with the utterance taking place at any point during these three second plus attentional bouts. We classified joint attention as either a bout of parallel attention (Yu et al., 2019), or alternating attention (Osório et al., 2011). Parallel attention was defined as a period where both parties looked at the object at the same time for a period of 500ms or more (following Yu et al., 2019), within a three second period after the utterance. Alternating attention was defined as a look from the story to the caregiver, occurring within a three second period either before or after the utterance (Osório et al., 2011). Infants could be categorised as being in a period of both sustained and joint attention, but only one type of joint attention type was coded for at a time: i.e., they could be in both sustained attention and parallel (or alternating) attention, but not alternating joint attention and parallel attention.

Results
	Due to the limited sample available for this investigation, non-parametric tests were conducted to allow for more robust analyses. These analyses looked to compare both the whole sample (British and Japanese data), as well as a cross cultural comparison. We compared the total language input across conditions via Friedman’s tests to test hypothesis 1, followed by Wilcoxon Ranked Sign’s tests to identify where the differences lied. Similarly, these tests were used to indicate differences in attention states during naming for hypothesis 2. Hypothesis 3 used Wilcoxon tests to establish if there were differences in the proportion of utterances occurring in sustained or joint attention across the sample. Finally, Wilcoxon tests were also used to assess hypothesis 4, comparing the number of total utterances, and the number of Directed utterances, across the two samples. 
Given that assumptions of normality were violated, Friedman’s and Wilcoxon Ranked Sign’s tests were carried out to assess if there were differences between conditions/ populations. Kendall’s W Coefficient of Concordance was used as an estimate of effect size. For the UK sample, Inter-rater reliability analysis was conducted on 25% of the data and found that agreement was 92.17% for utterance codes (κ = .92), and 85.88% for attention phase codes (κ = .86), indicating “strong” agreement for attention phase coding and “almost perfect” agreements for utterance coding (McHugh, 2012).

Full Dataset
Utterances Between Conditions
	We measured the frequency of utterances produced by the caregiver in each condition. Descriptive statistics can be found in Table 1.

Table 1 
Table showing the median (mean, and standard deviation) frequency of utterance type used by caregivers across both UK and Japanese samples across conditions.
	
	Book Condition
	Laptop Without Sound
	Laptop With Sound

	
	Median
	Mean (SD)
	Median
	Mean (SD)
	Median
	Mean (SD)

	Total Utterances
	40.00
	43.36 (18.38)
	34.50
	35.77 (16.78)
	21.50 
	24.91 (20.74)

	Described
	22.50
	25.23 (9.33)
	15.50
	16.95 (10.78)
	3.50
	10.55 (12.52)

	Directed
	5.50
	7.73 (6.60)
	4.50
	6.77 (5.95)
	4.50
	5.45 (5.51)

	General
	9.00
	10.41 (7.18)
	13.00
	12.05 (8.55)
	8.00
	8.91 (6.84)


There was a significant difference in the total number of utterances produced by the caregiver depending on the format in which the story was presented (χ2(2) = 21.09, p < .001, W = .48), see Figure 2. Wilcoxon Signed Rank tests were used to identify where the significant differences could be found between conditions by running three pairwise comparisons (p value significance threshold adjusted to .017). There were significantly more caregiver utterances in the book condition (Median = 40.00) compared to both the laptop without sound condition (Median = 34.50) (Z = -2.84, p = .005), and also the laptop with sound condition (Median = 21.50) (Z = -3.90, p < .001). There were also significantly more utterances in the laptop without sound condition, in comparison to the laptop with sound condition (Z = -3.43, p < .001). 

Figure 2
Dot plot showing the distribution and median utterance frequency of caregivers across each condition.
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We can examine this relationship further by assessing each specific type of utterance across each condition. For the Described utterances, there was a significant difference in the frequency of use across story types (χ2(2) = 24.58, p < .001, W = .56). Wilcoxon signed-rank tests indicated there was a significant difference between both the book (Median = 22.50) and laptop without sound conditions (Median = 15.50) (Z = -3.25, p = .001), and laptop with sound condition (Median = 3.50) (Z = -3.94, p < .001). There was also a significant difference between the laptop without sound and the laptop with sound conditions (Z = -2.59, p = .01). A full breakdown of utterance frequencies across conditions is provided in Table 1.
There was no significant difference in Directed utterances between conditions (χ2(2) = 5.09, p = .079, W = .12), or General utterances between conditions (χ2(2) = 3.56, p = .169, W = .08).

Utterances Within Conditions
	For the book condition, there was a statistically significant difference in the type of utterances used by the caregiver (χ2(2) = 29.61, p < .001, W = .67). Wilcoxon signed-rank tests showed that there were significantly more Described utterances (Median = 22.50) than both Directed utterances (Median = 5.50) (Z = -4.02, p < .001), and General utterances (Median = 9.00) (Z = -4.08, p < .001), which were not different (Z = -1.50, p = .13).
	There was also a significant difference in the type of utterances used by the caregiver in the laptop without sound condition (χ2(2) = 11.54, p = .003, W = .26). There were significantly more Described utterances (Median = 15.50) compared to Directed utterances (Median = 4.50) (Z = -3.30, p < .001). There was no significant difference between Described and General utterances (Median = 13.00) (Z = -1.54, p = .12), or between Directed and General utterances (Z = -1.54, p = .12).
	There was no significant difference in the frequency of utterance types used by the caregiver in the laptop with sound condition (χ2(2) = 5.19, p = .08, W = .12).

Attentional States
	For the analysis of attentional states, both alternating joint attention and parallel attention were combined for a single measure of joint attention. We then calculated the proportion of utterances that took place during periods of sustained and joint attention, by dividing the number of utterances that occurred during a given attentional state, by the total number of utterances. The median and mean values for each condition are reported in Table 2.

Table 2
	
	Book
	Laptop Without Sound
	Laptop With Sound

	
	Median
	Mean (SD)
	Median
	Mean (SD)
	Median
	Mean (SD)

	Sustained
	61.02%
	65.37% (22.58%)
	65.65% 
	63.25% (24.01%)
	73.21% 
	67.70% (26.87%)

	Joint 
	78.03% 
	74.72%, (23.66%)
	78.89%
	73.67% (24.75%)
	77.69% 
	76.76% (24.25%


Table showing the median (and mean) proportion of utterance type used by caregivers occurring in both Sustained and Joint Attention across each condition.

There was no significant difference in the proportion of utterances that occurred during sustained attention between conditions (χ2(2) = 1.73, p = .42, W = .04), or utterances that occurred during joint attention (χ2(2) = 1.24, p = .54 W = .03).




British Dataset
Utterances Between Conditions
We measured the frequency of utterances produced by the caregiver in each condition. Descriptive statistics can be found in Table 3.

Table 3
Table showing the median (and mean) frequency of utterance type used by British caregivers across conditions.
	
	Book Condition
	Laptop Without Sound
	Laptop With Sound

	
	Median
	Mean (SD)
	Median
	Mean (SD)
	Median
	Mean (SD)

	Total Utterances
	37.50
	45.08 (22.65)
	32.50
	38.75 (20.91)
	26.50
	31.00 (25.82)

	Described
	21.00
	25.25 (9.48)
	 18.50
	21.25 (10.24)
	5.00
	13.58 (15.37)

	Directed
	7.50
	9.08 (8.14)
	4.00
	7.00 (6.80)
	5.00
	7.00 (6.74)

	General
	9.00
	10.75 (8.84)
	11.00
	10.50 (8.57)
	12.00 
	10.42 (7.97)



There was a significant difference in the frequency of utterances produced by caregivers depending on the story format (χ2(2) = 6.04, p < .05, W = .25). There were significantly more caregiver utterances in the book condition (Median = 37.50) compared to the laptop with sound condition (Median = 26.50) (Z = -2.63, p < .01). There was no difference found between the book and laptop without sound condition (Z = -1.69, p = .09), or that between the laptop with and without sound (Z = -2.08, p = .04).
	For the Described utterances, there was a significant difference in the frequency of use across story types (χ2(2) = 9.44, p < .01, W = .39). This was a significant between the book (Median = 21.00) and laptop with sound conditions (Median = 5.00) (Z = -2.72, p < .01). There was no significant difference between the book and the laptop without sound condition (Z = -1.53, p = .13), or between the laptop without sound and with sound condition (Z = -1.96, p = .05).
	No significant differences were found between conditions for the frequency of Directed utterances (χ2(2) = 3.54, p = .17), or General utterances (χ2(2) = .20, p = .91).

Utterances Within Conditions
	In the book format, there was a significant difference in the type of utterances used by the caregiver (χ2(2) = 17.26, p < .001, W = .72). Wilcoxon Signed Rank tests showed that there were significantly more Described utterances (Median = 21.00) compared to both Directed utterances (Median = 7.50) (Z = -2.93, p < .01), and General utterances (M = 9.00) (Z = -3.06, p < .01). No significant differences were found between Directed and General utterances (Z = -.58, p = .56).
	In the laptop without sound condition, there was a significant difference in the type of utterances used by the caregiver (χ2(2) = 16.17, p < .001, W = .67). There were significantly more Described utterances (Median = 18.50) compared to Directed utterances (Median = 4.00) (Z = -3.06, p < .01). No differences were found between Described and General utterances (Z = -2.32, p = .02), or Directed and General utterances (Z = -1.43, p = .15).
	There were no differences found between the types of utterances used by the caregiver in the laptop with sound condition (χ2(2) = 4.13, p = .13).

Attentional States Between Condition
	We calculated the proportion of utterances corresponding with infants’ periods of sustained and joint attention for the British sample. The median and mean values for each condition are reported in Table 4.


Table 4
	
	Book
	Laptop Without Sound
	Laptop With Sound

	
	Median
	Mean (SD)
	Median
	Mean (SD)
	Median
	Mean (SD)

	Sustained
	81.30%
	77.13% (14.52%)
	74.75%
	75.64% (14.02%)
	81.59%
	80.41% (22.75%)

	Joint
	85.98%
	84.63% (11.28%)
	80.13%
	81.28% (13.52%)
	86.50%
	80.77% (21.75%)


Table showing the median (and mean) proportion of utterance type used by British caregivers occurring in both Sustained and Joint Attention across each condition

	There was no significant difference in the proportion of utterances that occurred during sustained attention between conditions (χ2(2) = 3.17, p = .21), or utterances that occurred during joint attention (χ2(2) = .55, p = .76).

Japanese Dataset
Utterances Between Conditions
We measured the frequency of utterances produced by the caregiver in each condition. Descriptive statistics can be found in Table 5.


Table 5
Table showing the median (and mean) frequency of utterance type used by Japanese caregivers across conditions.
	
	Book Condition
	Laptop Without Sound
	Laptop With Sound

	
	Median
	Mean (SD)
	Median
	Mean (SD)
	Median
	Mean (SD)

	Total Utterances
	40.00
	41.30 (12.37)
	34.50
	32.20 (9.84)
	14.50
	17.60 (8.97)

	Described
	23.50
	25.20 (9.66)
	 12.00
	11.80 (9.41)
	3.50
	6.90 (7.32)

	Directed
	5.50
	6.10 (3.90)
	5.50 
	6.50 (5.10)
	3.50
	3.60 (2.88)

	General
	9.00
	10.00 (4.92)
	14.00
	13.90 (8.60)
	6.50
	7.10 (4.98)



Significant differences were found in the total number of utterances produced by caregivers depending on the method in which the story was presented (χ2(2) = 16.80, p < .001, W = .84). There were more caregiver utterances used in the book condition (Median = 40.00) compared to the laptop with sound condition (Median = 14.50) (Z = -2.80, p < .01). The laptop without sound condition Median = 34.50) also had significantly more utterances than the laptop with sound condition (Z = -2.81, p < .01). There was no difference found between the book and the laptop without sound condition (Z = -2.04, p = .04).
For Described utterances, there was a significant difference in the frequency of use across story types (χ2(2) = 16.80, p < .001, W = .84). This was significant for the book (Median = 23.50) and laptop with sound conditions (Median = 3.50) (Z = -2.81, p < .01), and also between the book and laptop without sound condition (Median = 12.00) (Z = -2.80, p < .01). There was no significant difference between the book and laptop without sound condition (Z = -1.74, p = .08).
There were no significant differences between conditions for the frequency of Directed utterances (χ2(2) = 2.39, p = .30), or General utterances (χ2(2) = 5.00, p = .08).
Utterances Within Conditions
	For the book condition, there was a statistically significant difference in the type of utterances used by the caregiver (χ2(2) = 12.60, p < .01, W = .63). There were significantly more Described utterances (Median = 23.50) compared to both Directed (Median = 5.50) (Z = -2.81, p < .01), and General utterances (Median = 9.00) (Z = -2.70, p < .01). No significant differences were found between Directed and General utterances (Z = -1.69, p = .09).
There was no significant difference in the frequency of utterance types used by the caregiver in either the laptop without sound condition (χ2(2) = 1.40, p = .50, W = .07), or the laptop with sound condition (χ2(2) = 1.39, p = .50, W = .07).

Attentional States Between Conditions
We calculated the proportion of utterances corresponding with infants’ periods of sustained and joint attention for the British sample. The median and mean values for each condition are reported in Table 6.

Table 6
	
	Book
	Laptop Without Sound
	Laptop With Sound

	
	Median
	Mean (SD)
	Median
	Mean (SD)
	Median
	Mean (SD)

	Sustained
	55.10%
	51.26% (22.95%)
	43.83%
	48.38% (25.59%)
	52.37%
	52.45% (24.04%)

	Joint
	68.93%
	62.83% (29.37%)
	72.13%
	64.54% (32.18%)
	64.40%
	71.94% (27.33%)


Table showing the median (and mean) proportion of utterance type used by Japanese caregivers occurring in both Sustained and Joint Attention across each condition.

There was no significant difference in the proportion of utterances that occurred during sustained attention between conditions (χ2(2) = 0.00, p = 1.00, W = .00), or utterances that occurred during joint attention (χ2(2) = 3.80, p = .15, W = .19).

Cross-Cultural Comparison
	Independent Samples Mann-Whitney U tests were conducted to establish if there were differences in utterance frequency and proportion of attentional states between each sample. 
There was no significant difference in the frequency of utterances in the book condition between samples (U = 60.00, p = 1.00, η2 = .00), in the laptop without sound condition (U = 53.50, p = .67, η2 = .01), or laptop with sound condition (U = 43.50, p = .28, η2 = .05).
There was a significant difference in the number of Described utterances used between samples in the laptop without sound condition, such that, UK caregivers produced significantly more utterances (Median = 18.50) than Japanese caregivers (Median = 12.00) (U = 49.50, p < .01, η2 = .35). There was no significant difference in the frequency of Described utterances in the book condition between samples (U = 17.50, p = .82, η2 = .00), or in the laptop with sound condition (U = 49.50, p = .50, η2 = .02). 
There was no significant difference in the frequency of Directed utterances in the book condition between samples (U = 51.00, p = .58, η2 = .02), in the laptop without sound condition (U = 64.00, p = .82, η2 = .00), or laptop with sound condition (U = 44.00, p = .31, η2 = .05).
There was no significant difference in the frequency of General utterances in the book condition between samples (U = 61.50, p = .92, η2 = .00), in the laptop without sound condition (U = 76.50, p = .28, η2 = .05), or laptop with sound condition (U = 46.50, p = .38, η2 = .04.
There were significant differences in the proportion of time spent in sustained attention during caregiver utterances across every condition (see Figure 3). UK infants had higher proportions of utterances in sustained attention in the book condition (Median = 81.30%) (U = 18.00, p < .01, η2 = .35), laptop without sound (Median = 74.75%) (U = 22.00, p = .01, η2 = .29), and laptop with sound condition (Median = 81.59%) (U = 20.50, p = .01, η2 = .31), compared to Japanese infants (Medianbook = 55.10%, Medianno sound = 43.83%, Msound = 52.37%) respectively. 
Figure 3
Dot plot showing median differences in the proportions of utterances occurring during sustained attention (SA) in both the British and Japanese samples. 
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Note: Median lines marked with an asterisk (*) denote those belonging to the British sample. Significant differences were found in all three conditions.
There was a significantly higher proportion of joint attention in the UK sample during the book condition (M = 85.98%) compared to the Japanese sample (M = 68.93%) (U = 20.00, p = .01, η2 = .32) (see Figure 4). There were no differences in joint attention for the laptop without sound (MUK = 80.13%, MJpn = 72.13%) (U = 43.00, p = .28, η2 = .06) or the laptop with sound condition (MUK = 86.50%, MJpn = 64.40%) (U = 39.00, p = .18, η2 = .09).

Figure 4
Dot plot showing median differences in the proportions of utterances occurring during joint attention (JA) in both the British and Japanese samples.
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Note: Median lines marked with an asterisk (*) denote those belonging to the British sample. ** indicates a significant difference.
Discussion

Caregivers in both cultures made significantly more utterances during book play in comparison to story reading using a laptop, and more during laptop play without sound compared to with sound. This supports our first hypothesis, that the medium in which a story is presented influences the frequency of caregiver language use. When examined in more detail, we can see from the breakdown that this relationship is specifically driven by the number of direct labelling/ naming/ describing utterances relating to the content of the story that are used by the caregiver. 
The fact that shared reading with a sound-producing device significantly decreases caregiver naming may be of concern to frequent tech users. Caregivers may be unknowingly reliant on the sound produced by the device as a stimulant for their infants, causing a decrease in their own input to the interaction. Whilst the onomatopoeic words on the page were ‘read’ by the device during the ‘with sound’ condition, there are many other utterances to support learning which occur during shared reading that caregivers can engage in that extend beyond what is written on the page (such as describing images, asking questions, sustaining child interest with positive affect; DeBruin-Parecki, 1999). Given the importance of caregiver naming for infant language acquisition (Ninio, 1983), this could potentially be detrimental to infant learning. However, given that recent evidence from Yu et al. (2019) suggests that it is primarily naming occurring during periods of infant sustained attention that relate to later language ability, there may be less cause for concern as the proportion of naming during sustained attention was consistent across conditions, supporting hypothesis 2.
Additionally, this variance in the proportion of utterances during sustained and joint attention is partially in line with previous research that suggests higher joint attention occurs in Western (US) cultures compared to Japanese (Dennis et al., 2002). Whilst we did not find support for hypothesis 3 during joint attention for two out of three conditions, we did find differences for sustained attention across every condition. This pattern may differ as the age of this sample is lower than that in Dennis et al. (2002), and it may be the case that this effect is more easily detectable through its scaffolding of sustained attention in this age group rather than of joint attention directly. As western mothers tend to focus more on the infant’s individual experience in contrast to the shared experience Japanese mothers emphasize (Dennis et al., 2002), this may explain why more sustained attention was observed in our British (Western) sample, as these mothers may place more emphasis on the infant’s individual experience with the object, and scaffolded the interaction to facilitate this. We would expect, based on Yu et al. (2019), that this would provide more quality learning opportunities for infants in the UK sample. Further research involving later language measures would be required to establish this.
 	We found partial support for hypothesis 4. Utterance frequency seemed to be very similar across British and Japanese cultures, the only significant difference being that British caregivers produced more direct labelling/ naming/ describing utterances than the Japanese sample during play with laptops that did not produce sound. This is in line with Fernald and Morikawa’s (1993) claim that Western caregivers use more nouns/ labels in comparison to Japanese caregivers. Unlike Crane and Fernald (2016), we did not find that Japanese caregivers used more utterances overall. When we observe each sample in isolation, we see that the UK sample shows no significant differences in utterances for the laptop without sound condition compared to the other two, whilst the Japanese sample shows a significant difference between the laptop without sound condition and the laptop with sound condition. For both populations there was no difference between the interaction with a book and a laptop without sound. However, in one sample we observe a difference in the laptop conditions depending on whether sound is present. It may be the case that the presence of sound is more influential to the Japanese sample compared to the UK sample. It is unclear as to why this may be the case, and further investigation is required to draw any conclusion as to why we observe this pattern.
	This study is primarily concerned with the use of electronic media for story reading. However, research shows that young infants also use electronic media for activities such as looking at photos, videos, using baby apps, puzzles, games and music (Cristia & Seidl, 2015). Caregivers may interact differently in triadic interactions with their infants when the subject of play changes, for example engaging in a FaceTime or Skype call using a smartphone or playing interactive games on a touchscreen tablet. As is evident from the results of this research, not all types of play are created equal, and it may be the case that caregivers provide more scaffolding, or incorporate more child-centred language, in certain types of tech play compared to others. Additionally, given the cultural variations in infant development (Halberstadt & Lozada, 2011), it is also important for future research to assess more closely how technology influences both the use of devices like tablets and accompanying social interaction in populations as different as the UK and Japan. Caregivers from different countries report significantly different perceptions of infant capabilities (Joshi & MacLean, 1997), which may influence the perceived capacity of their infant to engage in meaningful interactions with modern technology. More detailed exploration and comparison of triadic interaction involving electronic media in comparison to traditional toys is a valuable avenue for future research.
4.1	Statement of Continual Thesis Commentary
	Chapter 4 offers insight into how technology, both sound producing and non-sound producing, can have an impact on the quality of interaction between adult and 12-month-old infants. However, this chapter is primarily concerned with shared book reading, as opposed to play, which will be explored in the next Chapter (5). In this chapter, the infants recruited were around 9 months of age, as this is when Tomasello (1999) posits that infants develop a greater capacity for engaging in joint attention, and also as the existing literature does not yet account for how infants this young experience such media within triadic interactions, despite having access to and using such devices (Common Sense Media, 2020).
	We can ask whether it is really fair to compare a paper book to a sound producing eBook? There are things that technology can do that traditional formats simply cannot, and therefore we may just be measuring the differences in these capabilities, rather than anything intrinsic about the formats themselves. In the following Chapter (5), I examine how the nature of the interaction changes as a result of engaging with either an electronic touchscreen tablet, or with traditional toys. In order to ensure a level playing field, the media selected for this study were carefully and deliberately matched on a number of criteria to ensure the toys had similar capabilities to the tablet, such as, they had the ability to produce sound, were interactive, and could generate motion. Images of these stimuli can be found in Appendix C, and the use frequency questionnaire can be found in Appendix B.
	This paper also utilises state of the art dual head-mounted eye tracking technology. This allowed for precise, moment to moment monitoring of the infant’s attention and visual field, and allowed us to identify even the most subtle saccade or break in infant attention. This enables us to be incredibly specific in our appraisals of infant attention. In this paper we transition to measuring joint attention as parallel, or coordinated attention, in order to make our results as comparative as possible to similar existing literature (Yu et al., 2019). The data presented here are part of a larger set of data collected at the same point of observation, which will later be reported in Chapter 6. Data collected during this investigation but not reported in this Chapter (5) include a habituation paradigm assessing the longest looks to a series of geometric stimuli, and an assessment on the Bayley Mental and Motor Scales if Infant Development (Bayley, 1993).

Chapter Publication: Hudspeth, K. M., & Lewis, C. (2024). Touchscreens can promote infant object-interlocutor reference switching. Infant Behavior and Development, 74, 101914.


5	Chapter 5: Touchscreens Can Promote Infant Object-Interlocutor Reference Switching

Abstract
We re-examine whether the type of toy played with influences parent-infant joint attention. A within-participants comparison of 24 parent-9-month-old dyads, used head-mounted eye-tracking to measure parental naming and infant attention during play with touchscreen apps or matched interactive toys. Infants engaged in sustained attention more to the toy than the tablet. Parents named objects less in toy play. Infants exhibited more gaze shifts during tablet play. Contrasting previous studies, these findings suggest that joint tablet play can be more interactive than with toys, and raise questions about the recommendation that infants should not be exposed at all to such technology.

Keywords; joint attention, sustained attention, infant development, screen time, triadic interaction, eye-tracking


Introduction
Between 2011 and 2013, the proportion of infants who interacted with mobile technology in the United States increased from 10% to 38% (Common Sense Media, 2013) and the pace of change has gathered speed (Common Sense Media, 2020; Kabali et al., 2015; Levine et al., 2019) particularly since the COVID-19 pandemic (Bergmann et al., 2022; New York Times, 2021; “UK Lockdown”, 2020). This dramatic increase has been linked to parenting pressures, with screen time being used as an alternative to social interaction and childcare (Hartshorne et al., 2021). This comes despite advisory bodies worldwide recommending that parents should avoid exposing infants up to 18-24 months to digital media (Council on Communications and Media, 2016), with one hour per day at most beyond 24 months (World Health Organisation, 2019; American Academy of Pediatrics: Hill et al., 2016). Despite the call for monitoring of screen time exposure levels for young children, the majority of parents may underestimate their child’s media use (Radesky et al., 2020).
Few studies have addressed how infants engage with these devices, particularly those under one year (Emond et al., 2021; Hourcade et al., 2015; Wan et al., 2021). Most research focusses on toddlers and pre-schoolers (Jusienė et al., 2020; Myers et al., 2017). Frequent touch screen users at 18 and 42 months are faster in exogenous visual search screen tasks (e.g., searching for a red apple amongst blue ones; Portugal et al., 2021a), but at the cost of being slower to disengage from a central to a peripheral stimulus (Portugal et al. 2021b). Two-year-olds will even cut out a parent attempting to share attention to the screen (Munzer et al., 2019b). Even infants fixate on a screen when the computer omits attention grabbing sounds (Sato et al., 2016). Toddler-parent dyads may take fewer conversational turns and exhibit fewer reciprocal vocalisations when interacting with computerised displays in both one- (Sosa, 2016) and two- (Munzer et al., 2019b, 2021) year-olds and high screen-time use has been correlated with poorer fine-motor skills at age 3 (Webster et al., 2019), decreased endogenous attentional control (Portugal et al., 2021b), and less disengagement of attention at 42 months (Portugal et al., 2021b). In longitudinal research, screen use around the child’s second birthday predicts less time reported in positive learning activities such as reading at age 3 (McArthur et al., 2021).
Children in the late preschool period may not learn from their attention to screens (e.g., Calvert et al., 2005), but other studies suggest that even young infants can learn from digital media (Anderson & Hanson, 2010; Barr, 2013; Griffith et al., 2020). Their engagement with interactive tablet videos correlates with faster early word acquisition (Kirkorian et al., 2016), despite concerns that apps for young children are not based on educational research (Rich, 2020). It has long been assumed that learning from any medium is maximised via joint engagement with a caregiver (Baldwin, 1995; Carpenter et al., 1998; Healey et al., 2019; Mundy & Jarrold, 2010; Tomasello & Todd, 1983; Vaughan Van Hecke et al., 2007). Simultaneous attention to a tablet may increase 15-month-olds’ object identification, linking touch screen images to 3D (Zack & Barr, 2016), even when the other interactant is a peer (Lytle et al., 2018). Toddlers learn a word from a video when a caregiver provides verbal support and encouragement (Strouse & Troseth, 2014). Infants increasingly participate in shared attention ‘within’ screen technology, e.g., in video chat with a grandparent, and become highly skilled by their second birthdays (McClure et al., 2018). Additionally, caregivers can improve infant responsiveness when engaging with others over video chat (Myers et al., 2017). It is important to consider media use in terms of what the screens are being used for, as opposed to simply for how long they are being engaged (Radesky, 2021).
The literature summarised above suggests that the impact of screen media on the quality of infant-caregiver-object triadic interaction is not yet fully understood. Most research focusses on older children (Carr & Dempster, 2021), and there is a greater concern with the interruptive power of screens, i.e., in terms of ‘technoference’ (Corkin et al., 2021), or as a background distractor during interactions, which can negatively influence the quality of joint attention episodes (Sato et al., 2016). 
There is a prevailing assumption in policy statements (World Health Organisation, 2019) and research (Munzer et al., 2019b; Sato et al., 2016) that computer screens grab attention to the exclusion of social interaction. This is resonant with studies showing that screens in general do not lead to learning – the ‘video deficit effect’ that peaks at 15 months (Barr, 2010). We term this the Social Inhibition hypothesis. We examined how interactive touchscreen media can influence infant-caregiver interactions, at the age when joint attention is emerging (Tomasello, 1995). We reasoned that modern touchscreen technology is more comparable to toys in 3D, compared with more traditional (and passive) screen media such as televisions – the focus of most research to date (Barr, 2010). Current software offers more similar affordances in the way tablets can be held, grabbed, lifted, placed, and touched (Hiniker et al., 2015). The appeal of many toys is that they have inbuilt sounds which are comparable to such displays in contemporary screens. We set up a study in which both touchscreen activities and toys were designed to be interacted with – each omitting a sound and/or motion when touched (tablet) or manipulated (toy) – and examined infants’ attention to the object and to their accompanying parent while they engaged with the toy or tablet., we surmised that tablets with such software would hold the infant’s attention more than toys during the interaction, resulting in more infant sustained attention, fewer looks between the object and social partner, and reduced caregiver language input. We termed this the Social Facilitation hypothesis, that more interactive software would reduce sustained attention and increase infant-caregiver interaction.
We focussed particularly on joint attention. We defined this as inherently social, as two social partners mutually share an experience of an object (Tomasello, 1995). We selected participants in late infancy, as mutual engagement in activities grows most rapidly from nine to ten months (Carpenter et al., 1998), accompanied by the emergence of social referencing and gestures like giving, showing and pointing (for a review, see Guevara & Rodríguez, 2023). Infants’ ability to engage in joint attention has been measured in a variety of ways, often within discrete controlled trials (Brooks & Meltzoff, 2005; Reid & Striano, 2005; Scaife & Bruner, 1975), or in their responses to bids (Kasari et al., 1990; Osório et al., 2011). Many researchers have used coordinated looking (Brooks & Meltzoff, 2008; Butterworth, 1995; Koşkulu et al., 2021b; Yu & Smith, 2013), for a predetermined duration (e.g., 500ms in Yu et al., 2019). This, however, presents us with a conceptual challenge as it does not require interactants to monitor the other’s attention, let alone share the experience (Tomasello, 1995).
The literature which cautions against the exposure of young children to screen time assumes that tablet computers grab children’s attention to the detriment of joint attention coupled with a decrease in the parent’s interactive and language bids which solicit such exchanges (e.g., Sato et al., 2016). This is potentially damaging, as a key component of joint attention is the ability to alternate attention between the stimuli and social partner (Carpenter & Liebal, 2011; Field, 1981; Osório et al., 2011; Tomasello, 1995). We assessed the nature of infants’ concentration on tablets and matched toys by examining their sustained attention for periods of three or more seconds to the object of play or caregiver (Ruff & Lawson, 1990; Yu & Smith, 2016) and compared these with the frequency of their gaze shifts (as a measure of social engagement) between the object (toy or screen) and the caregiver during the interaction. Given the recent interest in parental naming during sustained attention (e.g., Yu et al., 2019) and a longstanding research interest in parents’ use of nouns to how adults offer new words in child-directed speech across different languages (e.g., Clark & Wong, 2002), we examined parents’ use of nouns to assess references or instructions to act on the objects discussed. We added verb use as these are also used more by adults to one-year-olds when the interaction does not refer to toys, but nouns are used more when the same interaction refers to the provided toys (e.g., Goldfield, 1993).

Methods
Participants
We recruited thirty-three parent-infant dyads who had volunteered at the BabyLab at Lancaster University, following ethical approval from the University Ethics Committee (FST18070, 30/04/2019). Nine infants were excluded due to fussiness (Mage = 9.14 months, SD = .52), and twenty-four were included in analyses (Mage = 9.09 months, SD = .5). Parents on the database of infants were contacted and agreed to attend the lab to participate. For details of sample ethnicity and gender, see Table 1. SES of this volunteer sample was mixed, with primarily white-collar participants. They provided written informed consent on arrival at the BabyLab and were compensated a set rate for their travel expenses (£10) and a book for the infant to take home. 
Procedure
While infants familiarised themselves with the laboratory, caregivers first completed a questionnaire involving demographic questions and a measure of their infant’s current touchscreen contact (Cristia & Seidl, 2015). The infants were then seated at a table in a highchair, with their caregiver beside them at a 90-degree angle, facing a screen at the other end of the table, to prevent the infant becoming distracted. Positive Science, LLC (Franchak et al., 2010) head mounted eye trackers were then set up and calibrated for both the caregiver and infant (See Figure 1). A wall-mounted remote camera also captured the interaction and sound. Parents were informed that we were investigating how infants engage with toys and tablets during play and were not given specific details regarding how to engage with their infant, to ensure that communication between them was as natural as possible. Infant-caregiver dyads then engaged in two play sessions, with either the toys or the tablet, for six minutes. Conditions were counterbalanced to control for order effects. The age-appropriate mental assessment tasks from the Bayley Scales of Infant Development, Second Edition (Bayley, 1993) (BSID II) were then administered at the table, following which the corresponding motor assessment was conducted on the floor space in the lab. Caregivers were then debriefed and thanked for their participation.
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Figure 1: Positioning of participants and their eye trackers in the tablet condition 

Stimuli
The tablet used was an Amazon Fire 7 For Kids, with a yellow (gender neutral) ‘child-proof’ cover, with applications aimed at very young infants. All dyads began on the same app (RosiMosi LLC, 2012) as it provided several simple interactive scenes (farmyard, aquarium, zoo, balloon popping) which produced sounds and animations when tapped. Two apps also aimed at young infants were installed in case the infant did not find the first engaging (an interactive piano keyboard (Superb Apps, 2015) and a popular ‘baby shark’ app (The Pinkfong Company, 2016) but these were very rarely utilised. Toys suggested to be age-appropriate and gender-neutral (Alexander et al., 2009) (pop-up toy with three animals that emerged when buttons were manipulated, stackable helter-skelter with marbles and a rainmaker) were selected. The aim was to equate the interactive components of the apps and the 3D toys. For example, both pressing a cow on the app or a button on the pop-up toy produced a visual and auditory change in the object pressed, while some icons, like the sun, produced more general animations across the screen, equivalent to the motion produced of the marble on the helter-skelter.
Outcome Variables 
The outputs of the eye-tracker and video were analysed in Blender (Blender.org, n.d.). The blended data files for maternal and infant looks were coded to identify periods of looking at either the object/tablet or the caregiver: [1] sustained attention was defined as infant looks of three seconds or longer in duration (Yu et al., 2019) [2] Caregiver language use was measured in both the total number of object names/labelling (nouns) and verbs used in the period, excluding repetitions when the gaps between words were less than one second. [3] We identified an infant gaze shift when he or she alternated their attention between the object and the caregiver (and vice versa). We tallied the total number of these shifts for each infant. 
Three infants became distressed before the end of the six-minute play periods (range 5 mins – 5 mins 32 secs), due to the discomfort/distraction of the head-mounted eye tracker. The activity was terminated, and their data scaled. Intra-rater reliability was obtained by re-coding 10% of the data two years after it was first coded. Intraclass correlation was calculated using the ICC() function from the psych package (Revelle, 2018) in R Studio (R Core Team, 2022) and confirmed consistency of 94% for visual attention and 99% for gaze shifts.

Results
Nine infants refused to wear an eye tracker and/or became fussy, so testing was ended. Therefore, twenty-four sets of looking data were included in the analysis (M = 9.09, SD = .5, 54.17% Male). The audio was corrupted on two files, so 22 sets of data were included for analyses involving parental language. A priori power analyses were conducted using G*Power version 3.1.9.6 (Faul et al., 2009), to inform us of the minimum required sample size necessary to obtain results of sufficient power. Post hoc power analysis for a matched pairs t-test, with an effect size d = 1.16, at a significance criterion of α = .05, has power > .99. G*Power suggests we would need a minimum sample size of 7 to achieve power = 80% in a matched pairs t-test, which was exceeded in all analyses (including missing values). Data were sufficiently normal to allow for parametric analyses. All questionnaire responses and the infants’ psychometric test data are presented in Table 1. Means and standard errors for all variables are presented in Figure 2.

Table 1 
Participant characteristics: from the 24 participants whose looking time data was included in the analysis.

	Caregiver Relationship
	Mothers
	22

	
	Fathers
	2

	Ethnicity
	White
	23

	
	Asian
	1

	Age of infant (months)
	Mean(sd)
	9.09 (.5)

	Gender
	Male
	13

	
	Female
	11

	Birth Order
	1
	11

	
	2
	12

	
	3
	1

	Bayley II Mental Scale
	Mean(sd)
	72.54(3.48)

	Bayley II Motor Scale
	Mean(sd)
	55.29(2.29)

	Older sibling that has not reached developmental milestones
	
Speech Delay
	
1

	

Touchscreen Use Frequency*
	0
	0

	
	1
	17

	
	2
	3

	
	3
	2

	
	4
	1

	
	5
	1

	

Things Infants Use Touchscreens to Look At
	Photos
	11

	
	Videos
	11

	
	Puzzles
	0

	
	Facetime
	12

	
	Baby Apps
	1

	
	Other
	6

	

Parental Report: Gestures Used When Engaging With Touchscreen
	Open Hand Hit
	20

	
	Tap
	8

	
	Flick
	4

	
	Press and Drag
	4

	
	Swipe
	3

	
	Pinch
	3

	
	Spread
	0



[bookmark: article1.body1.sec8.sec1.p4][bookmark: article1.body1.sec8.sec1.p5][bookmark: article1.body1.sec8.sec1.p6][bookmark: article1.body1.sec8.sec1.p7]*    Parental-reported infant touchscreen use frequency: 0 = “never seen or touched; there are no tablets or smartphones at home”, 1 = “never used such technology, although he/she may have seen me and other family members interact with one”, 2: has occasionally used such technology, but not more than once a month”, 3 = “occasionally uses such technology, but not more than once a week”, 4 = “regularly uses such technology, but not more than once a day”, 5 = “uses such technology every day”

We conducted a series of analyses to test the two contrasting hypotheses outlined in the introduction. Within this controlled laboratory environment, infants looked at the object of attention for the majority of the exposure period. Compared with sustained attention to the toys (M = 329.59 seconds seconds/ 360 maximum possible, SD= 21.83), children engaged significantly less (t(23) = 3.54, p = .002, d = 1.16) to the tablet (M =300.01 seconds, SD = 28.57). There was no significant relationship between time spent in sustained attention during tablet play and toy play (r(22) = -.31, p = .14).
           Infants spent longer sustaining their attention to their caregiver in the tablet (M = 16.29 seconds, SD = 10.21) than the toy (M = 6.54, SD = 6.60) condition, t(23) =3.72, p = .001, d = 1.13. Again, there was no significant relationship between time spent attending to the caregiver between conditions (r(22) = -.13, p = .55). Infants also made significantly more gaze shifts in the tablet condition (M = 38.96, SD = 15.01) than the toy condition (M = 25.79, SD = 10.39), t(23) = 3.19, p = .004, d = 1.02. Their shifts in looking were not correlated between conditions (r(22) = -.24, p = .26).
	We checked that infant attention to the object was not influenced by their developmental levels, assessed by the Bayley II Mental (rtoy (22) = .13, p = .55; rtablet (22) = .25, p = .25), or Motor (rtoy (22) = .07, p = .74; rtablet (22) = -.12, p = .59) scale scores, even though infants’ scores on the former correlated with total caregiver naming (r(20) = .47 p = .02). In contrast to previous analysis (Portugal et al., 2021) we found no difference between those with (N= 7) vs. without (N= 17) experience groups in the time spent sustaining attention to the touchscreen t(9.15)= 1.31, p = .22, d = .62). We tested the role of parental language in the interaction by examining the parent’s object naming and verbs in each condition. Significantly more nouns were used by the caregiver in the tablet condition (M = 21.86, SD = 15.95) t(22) = 3.96, p = .001, d = .86) than the toy condition (M = 10.50 , SD = 9.84), see Figure 2, but there was no difference between conditions in the number of verbs used by caregivers (t(22)=.57, p = .57, d = .12).
	The number of infant gaze shifts was negatively associated with sustained attention to the object in both the toy (r(22) = -.88, p < .001) and the tablet condition (r(22) = -.45, p = .03). However, infant gaze shifts were positively associated with sustained looking to the caregiver in both the toy (r(22) = .63, p < .001) and the tablet (r(22) = .43, p = .04) conditions.
Figure 2 
Mean frequency (with S.E. bars) of infant bouts of sustained attention to the object and caregiver, parental language, and changes in infant attention in each condition
G S

SA-O = Infant sustained attention to the object; SA-C = Infant sustained attention to the caregiver; O N = Caregiver object naming (nouns regarding the toy/tablet); V = caregiver use of verbs; G S = Infant gaze shifts between the object and caregiver

*       p < .05
**     p < .01
***   p < .001

Discussion
Previous research suggests that computer screens hook young children in more than other objects like toys or books (Munzer et al., 2019b), to the detriment of cooperative interaction with a caregiver (Carr & Demster, 2021; Sato et al., 2016), in keeping with many studies which show little generalisation from TV and video to objects in the child’s environment (reviewed by Barr, 2010). These data all add to a Social Inhibition hypothesis tested here – that children’s focus on screens prevents the enriched parent-child interaction that normally leads to learning (Lauricella et al., 2016). In contrast, we found that the attention-grabbing toys used here elicited more sustained attention than their electronic equivalents. This coincided with more looking at the caregiver, more caregiver object naming and more shifting of attention when infants played with a tablet, thus supporting the Social Facilitation hypothesis. The results are also different to the literature on parental access to the child’s attention when the latter is facing a screen (Munzer et al., 2019a) and the finding that shared screen viewing to a television can reduce the quality and quantity of caregiver language input on less interactive screen media (Lavigne et al., 2015) and tablet computers (Sosa, 2016). Our results therefore suggest that touchscreens do not necessarily encourage solipsistic activity on the part of the young child. That there was less en-face interaction and fewer shifts in the infants’ looks in the toy condition does not imply that directives should be issued to parents for toys to be withheld from infants. Rather it alerts researchers and professionals to the possibility that the objects that children are exposed to are not as important as the activities which we share with them (Lewis & Gregory, 1987).
Nevertheless, throughout these observations the infant’s sustained attention to the object was over ten times as long as that to the caregiver. Both the tablet and the toys grabbed the child’s attention. While electronic toys have been deemed to be detrimental to the quality of joint attention (Sosa, 2016), recent evidence using the technology employed in this study shows that the infant’s increased sustained attention during triadic (infant-caregiver-object) interaction predicts later language ability, even when infant-caregiver interaction is taken into account (Yu et al., 2019). This suggests that the role of the parent in such activity may be more about keeping the infant on task than the adult imparting knowledge on her offspring.
	Our findings should be tempered by the size and characteristics of the sample, as a majority were white and white collar, and the simplicity of the manipulation made to compare toys and tablets. It is possible that the infants engaged in more social interaction with the caregiver due to the unfamiliar nature of the touchscreen, and were seeking guidance or assistance due to the novelty of the stimulus. Whilst many parents reported their infants had “used” touchscreens for FaceTime and photo/video viewing, the majority indicated this was through ‘watching’ someone else control the device as opposed to the infant handling it themselves. Different results may have been obtained had the infants had more screen experience. This should be explored in further studies. The contrast between our findings and those of other similar experiments may also stem from the age of the infants. Longer looking at tablets have been found in toddlers over the age of 12 months (Aziz, 2013; Portugal et al., 2021b) so comparisons of infants and toddlers should be made to test our results further. 
	These results should only be considered in one context of which the touchscreen was used, that is, interactively during joint play within a laboratory setting with provided tablets, software and toys. Whilst in everyday life screens are used for a variety of activities, such as during car rides or at mealtimes to keep infants happy or on task, this is a very different kind of passive screen use which was not explored in this investigation. While observed sessions in the laboratory may lack ecological validity, recent research has shown lab-based interactions are highly comparable to those in the home (Suarez-Rivera et al., 2022).
	Future studies should also seek to establish more precisely young infants’ capacity for performing touchscreen-appropriate gestures. Most existing literature relies on parental self-report (Cristia & Seidl, 2015), or uses very broad categories (e.g., 0-2 years, Livingstone, 2016), which makes it difficult to establish capabilities at specific ages. Some experimental studies suggest that infants only explore touchscreens with appropriate gestures by 15 months of age (Ziemer et al., 2021). However, Ziemer et al.’s (2021) research focuses on infant’s exploration of screens alone, rather than shared interactions which are modelled, scaffolded and supported by a caregiver.
Our findings may be reassuring for those concerned about the seemingly all-consuming power of computer technology for infant attention. Using touchscreens with software designed to elicit a reaction seemed to promote social interaction. If our results are confirmed and extended, current advice that screen time should be discouraged for children under 18 months of age (Hill et al., 2016) should perhaps be modified to emphasise the engagement in co-viewing with screen media (Padilla-Walker et al., 2020). Our finding that parents named objects on the tablet more than they did the toys supports the idea that touchscreen technology may have educational value (Couse & Chen, 2010; Ginsburg, 2014; Haßler et al., 2016; Kosko & Ferdig, 2016; Montrieux et al., 2015), as caregiver naming is related to language acquisition (Ambridge et al., 2015; Diessel, 2007; Ellis, 2002). Touchscreens have the potential to present a variety of images and means for learning and social interaction.


5.1 	Statement of Continual Thesis Commentary
There is substantial evidence that sustained attention is both negatively, and positively, related to later developmental abilities, depending upon the context it is examined in (Colombo, 1993; Slater, 1995; Yu et al., 2019). Until now, such evidence had only been examined from data on unrelated samples. In the following paper, I aimed to clarify our understanding of sustained attention by exploring, within the same sample, the relationship between sustained attention during naming, as well as longest looks during habituation, on later language development.
	Infants who had previously visited the laboratory at 9 months, were assessed on their speech production and comprehension using the UK-CDI (Alcock et al., 2020) at 18 months. During the visit to the lab at 9 months, these infants also took part in a habituation paradigm. By combining these sustained attention measures with longitudinal data, I hoped to better understand the relationships between the conflicting accounts of sustained attention in the context of a habituation (Colombo, 1993; Slater, 1995) compared to during triadic interaction at naming moments (Yu et al., 2019). I also included a measure to account for social reciprocity and infant alternating looks, to assess their engagement with the caregiver as well as the object during this investigation. The relationships between these variables and later developmental abilities are discussed.
	Due to the interesting findings presented in this paper, it was initially constructed for publication in Developmental Science, who have published similar work in this area (Yu et al., 2019). For the best chance of acceptance, we decided to present this as a Brief Report, and as a result had to shorten the paper considerably. As such, extra information pertaining to the methodology, statistical analyses, and data visualisation are presented in Appendices C and D.

6	Chapter 6: Does Infant Sustained Attention During Parental Naming or Infant Alternating Looks Predict Early Language Development?
Abstract
Infant engagement in joint attention episodes has been demonstrated to predict positive later developmental outcomes, including language ability. However, recent evidence suggest that it may be infant sustained attention (during naming), and not joint attention, driving this positive relationship. There are contrasting accounts from sustained attention occurring within habituation paradigms, suggesting a negative relationship between sustained attention and later ability. This study aimed to examine these conflicting accounts together, to clarify the relationship between early triadic interactions and later language ability. Nine-month-old infants (N=20) and their caregivers engaged in play episodes in the laboratory using dual head-mounted eye tracking. Interactions were coded for infant sustained attention, the number of looks infants exchanged between the object and the social partner, caregiver language utterances, and the attentional states in which these utterances occurred. Infants also took part in a habituation paradigm, in which the longest look to a series of abstract stimuli was recorded. When the infants were 18 months old parents completed the UK-CDI to assess infant speech comprehension and production. The results provide some support for each account. Sustained attention during naming was positively associated with later speech production, whereas longest looks during habituation showed a negative relationship. Additionally, we found that infant alternating looks was positively associated with later speech comprehension. These findings suggest that infants’ grasp of social reciprocity plays a crucial and complementary role to parental naming during their sustained attention in predicting later language skills.
Keywords: Joint attention, sustained attention, language, infant development, triadic interaction

 Introduction 
	A recent study (Yu et al., 2019) has challenged a longstanding assumption that joint attention is the fundamental predictor of later language ability (Bates, 1979; Bruner, 1974; Tomasello 1988). Yu et al. suggested that parental naming of objects while the infant is in sustained attention is the driving force behind the link between joint attention and later language development. Infants spend more time engaging in sustained attention during triadic interactions compared to solo play (Wass et al., 2018), so a key question concerns which skills influence the infant’s communicative abilities. Yet, the concept of sustained attention is ambiguous (Hudspeth & Lewis, 2021), and we cannot be sure that it predicts later language ability. Some research has even suggested that longer looks in infancy are associated with poorer outcomes (e.g., Freeseman et al., 1993). This paper examines Yu et al.’s claims alongside competing interpretations of the association between verbal labelling during infant sustained attention and subsequent language skills.
	Joint attention has been considered a key prerequisite for infant early language (Baldwin, 1995; Markus et al. 2000; Tomasello & Todd 1983), symbolic thinking (Mundy & Jarrold, 2010), social development (Vaughan Van Hecke et al., 2007) and emotional regulation (Morales et al. 2005). Such consistency across different domains has strengthened the case that it is fundamental (Carpenter et al., 1998). Yu et al.’s (2019) finding that joint attention during parental naming predicted later language ability was analysed in terms of its component parts. Periods of infant sustained attention without parent-infant coordinated attention predicted later toddler communication, but the opposite (joint- without sustained-attention) was nonsignificant. This may suggest that joint attention provides the necessary but not sufficient conditions for language development (Scofield & Behrend, 2011). If true, joint attention may be considered a facilitator of sustained attention, as parental naming and gestures may prolong infants’ focus on objects (Suarez-Rivera et al., 2019; Wass et al., 2018). 
	Sustained attention in infancy has recently been suggested as an important possible predictor of later cognitive ability (Fisher, 2019). This applies to communicative development (Yu et al., 2019), problem solving (Choudhury & Gorman, 2000), and vocabulary acquisition (Brooks et al., 2018) in typical and atypically developing children (Ebert & Kohnert, 2011; Garretson et al., 1990; Seidel & Joschko, 1990; Shalev et al., 2019). Given the broad applications of this behavioural phenomenon, it is important to address the theoretical inconsistencies in the literature (Hudspeth & Lewis, 2021).
	To explore differences in the long-term predictions of sustained attention, we need to consider the nature of the measures taken in the two sets of studies. During habituation procedures, infants’ attention to visual displays is measured. Longer periods of sustained attention are found to predict lower cognitive abilities at later ages (Colombo 1993, Colombo et al., 1991). ‘Longer lookers’ may have slower information processing capabilities (Slater, 1995). Thus, Hypothesis 1a predicts that nine-month-olds who make longer looks in habituation procedures will have less advanced language at 18 months. 
	The evidence suggesting a positive connection between sustained attention and later cognitive performance assesses infants’ attention to objects during social interaction, particularly when parents name objects (Yu et al., 2019). Yu et al. classified sustained attention as looks longer than three seconds. We replicated their methods and measures to test Hypothesis 1b that sustained attention would predict enhanced language development at 18 months, to contrast with the opposite claim of Hypothesis 1a.
In Yu et al.’s (2019) analysis joint attention is assessed by the infant and parent attending to the same object, known as coordinated looking (Koşkulu et al., 2021b). Yet, this construct can also be theorised (Tomasello, 1995) and assessed (Osório et al., 2011) in terms of infants’ propensity to shift gaze between the object and their interlocutor. We thus added a measure of gaze shifting to broaden our operationalisation of joint attention, and Hypotheses 2 states that it is these that predict later language development, as they identify true coordination between parent and child.
Our next two hypotheses are exploratory and attempt to identify the nature of sustained attention. We aimed to identify the possible causes of variation in the child’s ability to focus on the toys, and explored two factors which are known to vary in early language development. The first is gender, as triadic interactions have long been shown clear sex differences in caregiver-infant interaction (Tronick & Cohn, 1989) and its effects on motor (Dinkel & Snyder, 2020), cognitive (Hindmarsh et al., 2000) and communication (Berglund et al., 2005) skills. Secondly, a relationship between birth order and later development has been identified many cultures (e.g., Belmont & Marolla, 1973; Cherian, 1990; Kaur & Dheer, 1982), particularly the quality of firstborns’ interaction time with their caregivers (Birdsall, 1991; Price, 2008) and their more advanced lexical and grammatical ability (Hoff-Ginsberg, 1998). Hypotheses 3 and 4 predict that the amount of quality learning opportunities (sustained attention during naming) infants are exposed to will be predicted by birth order (with firstborns scoring highest) and higher in girls. 
 Yu et al.’s (2019) measure of attentional states focused on parental object naming. Yet, nouns only represent a portion of the total language input during free play (Tamis-LeMonda et al., 2019), as verbs are also a feature of language input by caregivers that is associated with later language development (Nomikou et al., 2017a), such that a higher frequency of parental verb use is positively associated with later language acquisition (Naigles & Hoff-Ginsberg, 1998). Infants initially produce fewer verbs than nouns, although their comprehension skills may be as good (Goldin-Meadow et al., 1976). Hypothesis 5 predicts that infant attentional states during parental verb use would also relate to early language development. 
Finally, we return to the crux of the paper. The majority of studies have examined sustained looking without specifying the context (Brandes-Aitken et al., 2019; Colombo, 2001; Fisher & Kloos, 2016; Frick et al., 2018; Johansson et al., 2015; Richards, 1989; Xie et al., 2018). Yu et al. (2019) were specifically interested in the conjunction of parental naming and longer looks on the infant’s part. Following them, Hypothesis 6 predicts that it is parental naming during infant sustained attention that is related to language development. We re-examine this relationship found in their study, considering the other research issues, particularly Hypothesis 3 concerning the role of the infant’s coordination of looking between the caregiver and the toy, as a more appropriate measure of joint attention.

Method
Participants
	Thirty-three typically developing full-term nine-months-olds (M = 9.11 months, SD = .5 months, range = 8.25 – 9.25 months, 17 males) whose parents (Mothers = 31, Fathers = 2; White = 32, Asian = 1) volunteered at Lancaster University Baby-Lab and provided written consent participated in a lab session. We derived our sample size based on similar previous research (Sosa, 2016; Yu et al., 2019). Twenty-four of these completed the UK-CDI as a follow up nine months later. Four participants had incomplete data due to the infants becoming fussy, and therefore had to be excluded, and so 20 sets of data were used for the longitudinal analysis. 


Materials
	Eye tracking data and wide-angle video were collected using the Positive Science, LLC (Franchak et al., 2010) head mounted eye-tracking hardware and analysed frame-by-frame in Blender (Blender Online Community, 2018). Infants were tested on the Bayley Scales of Infant Development (BSID II; Bayley, 1993), and their language skills at 18 months were measured using the UK Communicative Development Inventory (Alcock et al., 2020). Three age-appropriate, gender-neutral toys (rainmaker, stacking ball slide &, pop-up animals) were provided. The habituation stimuli consisted of 20 geometric images created in Microsoft PowerPoint. The infant-caregiver dyads also engaged in 6 minutes of interaction with a touchscreen tablet that is not reported here. 

Procedure
	After the caregiver had completed a demographic questionnaire including their children’s birth order, the infant was seated in a highchair at a table, with the caregiver at a 90-degree angle. Both faced a screen to avoid distraction. Their head-mounted eye trackers were set up and the caregivers reminded that the research examined how infants engage with toys and tablets during play, to ensure their interaction was as natural as possible. Infant-caregiver dyads then engaged in two six-minute periods of triadic interaction with each type of medium (counterbalanced). The infant then took part in a habituation task, with each stimulus presented for six seconds on a screen one metre distant with the lights dimmed, followed by the Bayley II (1993) Mental and Motor Scales for this age group. 

Results
	Following Yu et al., (2019), all infant looking time data were coded for periods of sustained attention of 3 or more seconds, to either the toy or to the caregiver. Joint attention was coded if the parent and infant attended to the object for 500ms, or longer (which could include a brief, 300ms saccade elsewhere). Following their system, the caregiver’s utterance of a noun or verb was recorded along with the infant’s attentional state (sustained attention, joint attention, both, or neither). Habituation scores consisted of the ‘longest look’ to a stimulus during the habituation task (Colombo, 1993). 
	Given that the parent-child dyads also interacted with a tablet, within a counterbalanced design, we conducted a preliminary check to test for order effects of the conditions on the amount of time infants spent in sustained attention during each. This was nonsignificant so the whole database of toy play was used. Raw naming scores were converted into ‘per minute’ values for each participant, following Yu et al. (2019).
	The descriptive statistics are summarised in Table 1. Parental use of nouns was lower than reported in Yu et al. (2019), who found naming instances per minute ranged from 4.43 – 16.42 (M = 9.62, SD = 2.31). Table 1 shows that verbs were uttered significantly more frequently than nouns, t(23) = 7.18, p < .001, d = 1.64, presumably because the toys were selected for their interactive capacity. The proportion of time spent in joint attention while the parent was naming one or more objects was twice as frequent as in Yu et al.’s data, where the mean was 21.07%, and even higher for verbs, although the ranges for each were very wide. Infant sustained attention during parental naming was twice as high in this sample compared to Yu et al., who recorded a mean of 25.78%, which was equivalent to verb use during sustained attention in this study. Table 1 also reports the frequency of infant shifts in attention from toy to caregiver, or vice versa.



Table 1 
Descriptive statistics of parental total language use and looks between the toy and caregiver per minute, and the percentage of utterances (Nouns and Verbs) which occurred in both joint (JA) and sustained attention (SA).
	
	Mean
	Standard Deviation
	Range

	Nouns (total)
	1.82
	1.63
	0 – 5.83

	Verbs (total)
Looks Caregiver ßà Toy
	5.91
           3.14 
	3.14
1.72
	1.50 – 11.67
.67 –  6.67

	Nouns (JA)
	41%
	30%
	0  –  100%

	Verbs (JA)
	53%
	17%
	14  – 83%

	Nouns (SA)
	59%
	38%
	0 – 100%

	Verbs (SA)
	23%
	17%
	4 - 68%



A key set of findings of Yu et al. (2019) was the absence of correlations between the proportions of time that the infant engaged in joint or sustained attention, and their relation to the total frequency of parental naming. They suggested that parents who produced more names did not provide proportionally more/less effective learning instances. This study replicates the first for these findings (r(22)= .11, p = .61), but did show a significant relationship between the infant’s sustained attention during the parent’s naming events and the latter’s total noun use (r(22)= .49, p = .02). We found no such relationships for verb use and either form of infant attention (rJA(22) = .21, p = .32; rSA(22) = -.15, p = .48).
We might expect that infants’ sustained attention to the toys would correlate with a higher proportion of parental utterances to keep them on task. In general, this was not the case for either parental noun (r(21) = .28, p = .19) or verb (r(21) = .11, p = .62) use. However, infants’ attention did seem to vary in systematic ways. Their times spent sustaining attention to the caregiver and to the toys were negatively correlated (r(23) = -.71, p < .001). When parents named objects, infants’ proportion of time in joint attention and was strongly positively correlated with the proportion of time in sustained attention (r(22) = .79, p < .001), but these were negatively correlated during verb use (r = -.63, p = .001). One interpretation of this finding might be that parents name objects whilst infants are already orientated towards them, potentially to extend their engagement with them, whereas verbs may be used more to reorientate infants, and attract their attention to the toys.
Next, we wished to specify more precisely what predicted the infant’s propensity to engage in sustained attention at the earlier period. We conducted a standard multiple regression, where infant sustained attention during noun use was the outcome variable and total caregiver noun use, verb use, total time spent in sustained attention to the toys (regardless of language use), birth order, gender and habituation score were entered as predictor variables. The model was significant (F(6, 15) = 71.65, p < .001, R2 = .97, R2adj = .95), but only birth order (B = -2.28, p = .01) and gender (B = 2.4, p = .01) were significant contributors. By removing the lowest nonsignificant contributors individually to identify the best fitting model, each time the F value was larger. This model, summarised in Table 2 (F(4, 19) = 112.90, p < .001, R2 = .96, R2adj = .95), identified the infant’s birth order (B = -2.44, p = .004) and gender (B = 2.00, p = .02), plus total parental noun (B = .77, p < .001) and verb use (B = -.05, p < .04) as significant predictors. 




Table 2  
Details of each predictor variable in the best fit regression model predicting time spent in sustained attention during noun events at 9 months.
	Variable
	Coefficient
	Standard Error
	t 
	p 

	Constant
	2.41
	1.84
	1.31
	.20

	Birth Order
	-2.44
	.75
	-3.23
	.004**

	Total Noun Use
	.77
	.05
	14.49
	.000***

	Total Verb Use
	-.05
	.02
	-2.26
	.04*

	Gender
	2.00
	.81
	2.47
	.02*


* = p ≤ .05, ** = p < .01, *** = p < .001

	To establish whether parental naming during the infant’s joint and sustained attention are predictors of later language ability, we followed Yu et al. (2019) by first examining the correlations between these variables and later infant language. Secondly, we derived interaction terms separately for sustained and joint attention, denoted in Table 3 as Noun/Verb use x JA and Noun/Verb use x SA. This reports both Production, which is equivalent to the ‘Vocabulary’ measure used by Yu et al., and an additional measure of Comprehension which is assessed in the UK version (Alcock, et al., 2020). Replicating Yu et al.’s findings, the correlation between the interaction term Noun use x SA at 12 months and word Production at 18 months was significant (see Table 3). They also produced an effect of naming during joint attention, but this was not quite significant in this sample. For our additional measures concerning parental verb use, neither interaction term was associated with later language, but a significant correlation was found between total parental verb use and word Production at 18 months. The left-hand column in Table 2 shows only one significant positive correlation between parental naming at 12 months and the child’s language comprehension at 18 months, concerning the frequency of infant caregiver-toy attentional shifts.

Table 3
Correlations between UK-CDI scores at 18 months, and measures derived from naming instances during play at 9 months; total noun/ verb use, and the interaction terms of noun/verb use and joint attention, and noun/verb use and sustained attention.
	
	Comprehension
	Production

	Noun use (total)
	.30
	.40+

	Noun use x JA
	.24
	.42+

	Noun use x SA
	.28
	.45*

	Verb use (total)
	.31
	.47*

	Verb use x JA
	.31
	.35

	Verb use x SA
Looks Caregiver ßà Toy
	.03
.45*
	-.05
.40+


+ p < .10,  * = p ≤ .05, ** = p < .01

	We followed Yu et al.’s (2019) procedures to follow up these correlations. First, we conducted regressions to compare the competing variables as predictors of later language development identified in Table 3. For Comprehension there was only one predictor, so we did not conduct further analysis. For Production the regression with parental noun use during infant sustained attention and total parental verb use was significant (F(2, 17) = 3.67, p = .047, R2= .30, R2adj = .22) but neither variable was a significant contributor to the model, so we could not identify whether one factor was more important than the other. We next derived terms that reflected naming during periods of (1) joint attention but no sustained attention (JA w/o SA), (2) sustained attention but no joint attention (SA w/o JA), and (3) joint and sustained attention occurring together (JA and SA). Six interaction terms were then created with these items multiplied by naming frequency, labelled nouns/verbs x (JA w/o SA), nouns/verbs x (SA w/o JA), and nouns/verbs x (JA and SA). Correlations between these and the two language measures can be found in Table 4. The original study found significant relationships for SA w/o JA, and JA with SA, but not JA w/o SA. We replicated one of these links, between the interaction of noun use and sustained attention without joint attention, and speech production at 18 months (r(18) = .44, p = .05). To check for the specificity of sustained attention during naming, we measured total sustained attention the infants engaged in across the whole interaction. There was no relationship between total time spent in sustained attention to the toys and language comprehension, (r(19) = -.20, p =.37) or speech production (r(19) = -.19, p =.42)

Table 4
Correlations between the interaction terms of noun/verb use frequency and attentional phase, and scores on the UK-CDI at 18 months.
	
	
	Comprehension
	Production

	
	JA w/o SA
	.13
	.25

	Nouns
	SA w/o JA
	.28
	.44*

	
	JA and SA
	.22
	.38

	
	JA w/o SA
	.15
	.09

	Verbs
	SA w/o JA
	.03
	-.05

	
	JA and SA
	.28
	.36


* = p ≤ .05, ** = p < .01

	There was some support for Hypothesis 1a (following Colombo et al., 1991; Colombo, 1993), that longer habituation at 9 months would predict poorer later language ability. Earlier habituation scores correlated with lower speech production at 18 months (r(18) = -.45, p < .05). No significant relationship was found for Comprehension scores (r(18) = -.24, p = .32).
Following Colombo (1991, 1993) and Yu et al. (2019), we also predicted that longer habituation would be associated with less time spent in sustained attention during the toy play. We found no correlations between habituation score, and the total time spent in sustained attention during the interaction as a whole (r(22) = .18, p = .40), or during parental noun (r(20) = -.07, p = .74) or verb (r(20) = .11, p = .61) use. Finally, we used linear mixed models (the “stats” core package in R) to assess the relative impacts of sustained attention during parental naming and infant habituation scores on infant speech Production at 18 months. The overall model was significant (F(2, 16) = 5.46, p = .02, R2adj = .33). Both predictors were significant, with sustained attention during noun use showing a positive effect (B = 13.64, p = .04), and earlier Habituation scores (B = -4.10, p = .03) negatively predicting later language production.

Discussion
The results of this study provide some support for each of the three of the main hypotheses. Aspects of both joint (Hypothesis 2) and sustained (Hypothesis 6) attention were significant predictors of the infant’s language development nine months later, and habituation to geometric images at nine months was a negative predictor (Hypothesis 1b). We will discuss in turn the relative roles of infant looking patterns at stimuli, joint attention and the specific link between parental naming and the infant’s attention to objects. 
The final regression analysis conducted showed one predictor of language production nine months later, was the length to which infants focus upon novel stimuli. Longer looks were associated with poorer subsequent verbal output. This replicates the series of studies from over 20 years ago which find similar negative predictions (Colombo 1991, 1993). The trend showing that infants’ sustained attention to toys during their interaction with their parents to predict poorer language comprehension, provides further evidence that infant looking at objects is a sign of poorer processing (Slater, 1995) and should be taken into account in further research on the links between infants’ focus on objects. 
Our measure of joint attention, reciprocal looking between parent and toy, correlated with later language comprehension. This ability to triangulate between the interlocutor and the object may aid, or reflect, comprehension (see Chapman, 1991). The correlation supports the view that joint attention represents important developmental milestones for infants (Tomasello, 1995) and requires the ability to detect another’s attention and orientate their own attention within social referencing (Bruner, 1995; Carpenter & Tomasello, 2000; Kaplan & Hafner, 2006; Mundy & Newell, 2007). It also reinforces the position that coordinated gaze does not necessarily mark joint attention (Kaplan & Hafner, 2006), but requires the ebb and flow of interaction (Kidwell & Zimmerman, 2007; Murray & Trevarthen, 1986). As Carpenter et al. (1998) showed, a sufficient measure needs to identify infants’ actions like gaze or point following, identifying whether their own gestures direct the caregiver’s attention (Bates et al., 1975), or ‘checking back’ with the caregiver to ensure that the interaction is reciprocal (Osório et al., 2011). The longitudinal predictions identified here suggest that examining infant look exchanges between the caregiver and object should be used in studies of the precursors of language. It is perhaps only with such measures that research will test the claim that joint attention serves simply as a facilitator for the infant’s sustained attention (Wass et al., 2018).
We found support for previous accounts which suggest a relationship between total verb exposure and later language outcomes (Naigles & Hoff-Ginsberg, 1998). Given that joint attention is known to facilitate learning (Baldwin, 1995), we may have expected to see a relationship for the Verbs x JA measure as well as for the total frequency. Given that the sample size was slightly underpowered due to lockdown restrictions, this may be why our .31 and .35 correlations failed to reach statistical significance. Alternatively, as verbs generally relate to ‘actions’ rather than physical objects, it may be that the infant’s attentional orientation to the object is less important in comparison for the direct mapping of object-label that we see in the relationship between attention and nouns (Yu et al., 2019). It could also be explained from an embodied account, given that caregiver verb use is often applied simultaneously with infant actions, or very responsively to infant actions, which is associated with later infant verb acquisition (Nomikou et al., 2017a). This suggests that the mechanism for verb acquisition may differ from what we know about how object labels are learned, which could explain why we only found a relationship between total verb use and later speech production in this study.
 Following Yu et al. (2019) we found that it was the combination of parental naming and infant sustained attention that predicted later toddler language production, particularly when not combined with shared reference with the parent. Indeed, periods of sustained, without joint, attention during naming were correlated with speech production at 18 months. Our data raise three further issues which need to be addressed. First, that both of our social correlates, birth order and gender, were related to the amount that infants engaged in sustained attention suggests that infants’ orientation to stimuli has its origins in their social experience. It alerts us to the need to explore the way in which the child becomes focused upon the objects of shared attention. 
Secondly, as with the habituation measure, the link between infant sustained attention to the object and poorer later language production, coupled with the finding that sustained attention to the caregiver was positively related to toddler word production, suggests that research should examine the dynamics of interactions involving the child’s attention, in that parental naming when infants look may be part of a more complex interactive and developmental tapestry. It is seen, for example, in studies of younger infants, where parental language redirections correlate with joint attention at six and eight months (Saxon, 1997).
The contrasting relationship between sustained attention in the context of habituation, and at naming moments during triadic interactions, may be due to the fact we are observing different underlying processes. The combination of language exposure and infant sustained attention during triadic interaction may be a mechanism by which learning is achieved, whereas longer looks during a habituation paradigm may be a marker for a different underlying cognitive process. Neural evidence suggests the ‘jointness’ of the interaction achieved through engaging with a social partner, may serve to facilitate the infant’s ability to focus their attentions (Striano et al., 2006b). Elsewhere, research has demonstrated that joint engagement heavily mediates the effectiveness of joint attention intervention programmes and increases infant initiated joint attention (likely a result of endogenous attentional control, Phillips et al., 2023), which in turn is associated with better language outcomes (Shih et al., 2021). The ability to selectively sustained attention in the presence of distractors reflects an early developmental foundation for executive function (Fisher, 2019), and this process of actively attending to a stimulus combined with meaningful language input, may reflect the mechanism by which infants acquire object labels (Yu et al., 2019). 
Conversely, when infants are placed in a controlled environment without the presence of distractors competing for their attention (i.e., in a habituation paradigm), they are not necessarily needing to selectively sustain their attention, given that the screen stimuli they are presented with will be the only thing they have to attend to. In this case, we are not assessing a mechanism of attention, just a marker (or proxy) that reflects a slower ability to process information (Colombo, 1991). Associations have been found between longer lookers and the ability to disengage attention, such that infants who are longer lookers are slower at disengaging their attention (i.e. exercising their endogenous attentional control) in the presence of a distractor compared to shorter looking infants (Frick et al., 2003). This suggests that what we observe during habituations may be a different process to what we observe in the context of a triadic interaction, such that longer looking (i.e. slower processing) where exercising endogenous attentional control to selectively sustain attention is not necessary may reflect weaker processing abilities. Whereas, selectively focussing and attending in the presence of distractors and utilising endogenous control of attention may represent more superior cognitive capabilities.
	Finally, the differences between these data and those of previous studies should be explored further. It is perhaps unsurprising that total verb use is related to later speech production, given that frequency of language exposure is a key factor in how infants acquire language (Shi et al., 2006). Verb use may simply indicate more language exposure for the infant. Our data did not distinguish between verb usage across attentional states, but the total verb use was predictive when parental naming during sustained attention was taken into account. These data suggest that further research must specify which aspects of parental input and the child’s attention reliably predict later language. It has been shown that infants have greater difficulty identifying verbs compared to nouns even when controlling for frequency and phonotactics (Willits et al., 2014), so our findings might be a proxy for factors such as phoneme structure (Mattys & Jusczyk, 2001) or rhythmic sequence (Echols et al., 1997). By extending Yu et al.’s (2019) finding of a link between parental naming with infant sustained attention and later language, this study reveals that we have much to learn about the causes and links of this association.





7	Chapter 7: General Discussion
This thesis offers contributions to both the research into how infants and caregivers interact with traditional toys and electronic devices, as well as the theoretical literature on both sustained and joint attention stemming from the findings of our laboratory work. Infant interaction with electronic media is at its highest in human history, and the need for understanding of how this medium influences such a critical component of their development, namely, joint attention, is essential for guidelines prescribing recommendations for infant screen exposure. Coupling this modern type of exchange between infants, caregivers and technology, with the extensive forty-year history of joint attention literature, facilitates a step towards a fresh perspective on the phenomenon of joint attention from the perspective of the object, as opposed to traditional accounts that focus on the social partners. In contrast to previous work examining the differences across varying media, this research placed emphasis on matching the interactive and attention-grabbing components from the electronic media to the traditional toys, in order to assess the influence of these stimuli on a level playing field. This is also a first step in comparing such interactions with infants of this age, with the majority of the literature on touchscreens focussing on older populations, despite prevalent exposure of such technology within this age group.  
This general discussion will first provide a summary of chapters which will recap the main findings and conclusions from each of the papers presented within this thesis. I will then draw together the key strands from each paper and discuss in reference to the main topics of this thesis: infant interaction with digital media, sustained attention, joint attention, and social influences of language development. Next, I will reflect on some of the limitations of this thesis, before considering potential avenues for future research, and drawing final conclusions. 
 
7.1	Summary of Chapters	 
The empirical research conducted in this thesis demonstrates many of the nuanced differences in how infant and caregiver dyads engage in triadic interactions with various types of media. Chapter 4 presents evidence that the same activity, namely shared book reading, influences the dynamic of the interaction depending on the format in which the story is presented in, be that paper, or electronic (with and without sound). Our findings are in line with existing literature, such as Sosa (2016), where it was found that caregivers produce less language during electronic toy play in comparison to book play. Caregivers in our study tended to produce significantly more utterances when engaged in shared reading with a paper book, in comparison to a laptop that produced sound. We additionally found that the British infants were exposed to more utterances during sustained attention across all three conditions, and more joint attention in the paper book condition in comparison to the Japanese sample. 
Chapter 5 focuses on play rather than shared reading, specifically play with traditional toys compared to an electronic tablet. Unlike the previous study where some formats had the capacity to produce sound and others did not, we sought to match the capabilities of the two types of media on criteria such as this, as well as interactivity. Insufficiently matched stimuli are a potential confound in previous research, and so this study aimed to ensure the toys used had potential to be as equally captivating as the interactive, and sound producing tablet. In doing so, we found the opposite to what we might have anticipated based on previous research (Sato et al., 2016), that infants spend longer attending to toys in comparison to the electronic device and spend longer engaging to their caregiver in the electronic device condition. Additionally, we found that caregivers produced significantly more nouns during play with an electronic tablet in comparison to toys, in contrast to the effect that electronic media has previously been demonstrated to have in the previous chapter, during shared reading.  
The theoretical contributions of Chapter 3 sought to highlight a critical yet overlooked disparity between accounts for the predictive capacity of infant sustained attention for later development. The stark difference in findings between sustained looking to visual displays (being negatively associated with later ability), and Yu et al.’s (2019) account that suggested a positive relationship between sustained attention and later language ability. The observations made in this paper informed the development of Chapter 6, the first attempt to observe these conflicting predictive capacities of sustained attention (between habituation and during triadic interaction) within the same sample. 
Chapter 6 aimed to replicate and extend the findings from Yu et al. ‘s (2019) influential paper, which suggested that sustained, but not joint attention, was predictive of later language ability. Not only did we produce a partial replication for these findings, but our investigation as extended to include play across differing media, and combined with the conflicting account from habituation paradigms (Slater, 1995). Unlike the original paper, we found that total language use (specifically, verb use), was predictive of infant speech production at 18 months. This is supported by other areas of the literature that also show support for the importance of total language exposure (Caskey et al., 2014). We also found a relationship between infant looks from social partner to the shared object (and vice versa) were associated with speech comprehension at 18 months. Our regression analysis found a significant negative effect for the contribution of social influences (birth order) to the proportion of nouns occurring during infant sustained attention. In addition to this, higher birth order was also related to lower proportions of total time in sustained and joint attention over the course of the interaction.  
Chapter 1 brings together many of the key themes present throughout the rest of this thesis. Exploring how the nature of triadic interactions, including both joint and sustained attention, varies as a result of manipulating the object of the interaction. Our theoretical understanding of joint attention has progressed a long way since describing it as simply two people looking at the same thing at the same time (Butterworth, 1995), thanks to the contributions of Tomasello (1995) emphasising joint attention as social cognition. The majority of current contributions focus on either the role of the infants and their capacity to engage jointly, or on the caregiver and their monitoring of the interaction, input and responsivity. What, I suggest, can be taken from this thesis is that to fully appreciate a triadic interaction, we must approach it with an understanding of the role of the object. 
 
7.2	Infants and Screen Media  
This thesis has examined the exploration of infant interaction with digital media in two ways. First, from the perspective of shared book reading, with the same story presented in three different formats (two of which being electronic). Secondly, by exploring infant play with touchscreen tablets, in comparison to traditional toys. Given the differences between the types of media used in each study, it is important to revisit and compare these findings.  
This thesis contains both consistencies and conflicts with existing literature regarding infants’ interaction with screen media within triadic interactions. First, the evidence suggests that multisensory stimuli (i.e., sound and visual producing media such as tablets/ laptops) are more efficient at attracting infant sustained attention (Curtindale et al., 2019). In Chapter 4, the story format did not influence the proportion of sustained attention during caregiver naming. This does not necessarily mean that the format did not influence infant attention, as caregiver naming may not occur randomly, and instead could be used selectively when infants are in optimal attentional states. For Chapter 5, we ensured, as far as is possible, that our toys and tablets were matched on interactive capacities, and their ability to produce motion and sound. As a result, we found that infants engaged in sustained attention longer to the toys than to the tablet, whereas previous literature that did not use the same matching approach found electronic media detrimental to the social nature of the interaction (Sato et al., 2016; Sosa, 2016). 
In Chapter 4 we found that shared reading with a book resulted in more caregiver utterances than reading with an eBook on a laptop. This is not necessarily sufficient reason to rule out potential benefits of eBook as a medium for reading, given that, by applying certain techniques to eBooks (e.g., characters modelling dialogic reading), we can dramatically increase adult utterances during these interactions (Troseth et al., 2020). Equally, as we observe in Chapter 5, there are situations where electronic media can actually elicit more naming than traditional, non-electronic formats. There are a few reasons why we might observe differences in these findings. First, the infants in the shared reading study were, on average, three months older than the infants who took part in the tablet play study. Whilst three months may not sound like a long time, at such a young age, this is a very formative developmental period and a lot can change in a short space of time. As such, they may behave differently (therefore leading caregivers to behave differently) despite taking part in very similar study designs. Secondly, there is a nuanced difference in the activity being engaged with across each of these studies. In Chapter 4, the activity that social partners are engaged in is shared book reading, as opposed to Chapters 5 and 6 where dyads are engaged in free play. Sosa (2016) demonstrates there are differences between variations of play with toys compared to shared reading, and it may be that the differences in each kind of activity influence the impact of the inclusion of screen-based media. Finally, the type of screen employed in each of these studies varies too, as the shared reading study used a laptop whilst the joint play papers used a touchscreen tablet. Whilst these are both screen-based media, they each have different affordances which affects how they can be used jointly within the interaction. For example, a touchscreen tablet (in a child proof case) can be directly held and engaged with physically by the infant. They can tap and press the screen, and hold the device themselves, supported and directed by their social partner. In doing so, they experience first-hand the causal dynamics between pressing an image on a screen, and seeing the resulting animation and sound effect. With the laptop in the shared reading study, this device was not handled directly by the infants. Instead, it was placed on a table in front of the dyads, and was primarily controlled by the caregiver given that these devices are less robust and require more technical ability and control to use successfully. This means that each electronic device played a slightly different role in the interactions. It would be interesting for future research to establish whether we observe the same effects as we did in the shared reading study in Chapter 4, if the digital stories were presented on handheld touchscreen tablets as opposed to a more remote laptop. 
 
7.3	Infant Sustained Attention 
The papers presented in this thesis all centre around the concept of sustained attention, particularly in relation to its role in joint attention. The longitudinal results from Chapter 6 help us understand the role of sustained attention in later language development, from both the perspective of triadic interaction as well as during a habituation-style setup. Firstly, we will review how the findings from this thesis fit into the literature. Secondly, these empirical findings also raise theoretical questions which will be explored, developing from the considerations presented in Chapter 3. 
The relationship between infant sustained attention and other components of development has generated conflicting narratives in the existing literature (Slater, 1995; Yu et al., 2019). This research is the first attempt to examine these conflicting relationships between interaction and habituation within the same sample. We found support for both perspectives, that infant sustained attention during a habituation paradigm at 9 months was negatively associated with language ability at 18 months, and sustained attention during naming at 9 months was positively associated with language ability at 18 months. In an extension of Yu et al.’s (2019) findings, we also measured the total amount of sustained attention during the course of the interaction. We did not find any significant relationship between total sustained attention and later development irrespective of naming, which provides support for Yu et al.’s claim that the role of parental language input is fundamental in driving this relationship we observe between sustained attention and positive developmental outcomes.  
To develop the construct further in theoretical terms, it is perhaps necessary to focus on our understanding of the internal processes that take place during sustained attention. Whilst in Chapter 3 I suggested definitions of Sustained Attention that refer to ‘internal thought processes’ (Richards & Casey, 1992) are vague, establishing what these processes are may aid us in explaining how we observe different relationships. We need to explore further whether the processes that are engaged during these extended looks are objectively different to shorter look glances, in terms of both what they constitute and their influences on later development. It may well be that a longer looking/ focus simply channels the same kind of processes as shorter looks, but they give the infant more time to absorb whatever information is being attended to. 
In addition to considering what sustained attention is, it is also necessary to consider when attention is sustained attention. Even if we accept that 3 seconds is the minimal threshold for establishing when an individual is in a period of sustained attention, does this mean that infants (and possibly older children) process objects, and their interactions with them, differently before and after the threshold? If so, then we would have to accept that there is something objectively different about a look of 2.99 seconds and a look of 3+ seconds. It feels unlikely that this is the case, but only by exploring sustained attention further can we establish what changes internally, between short and extended looks. Additionally, we can consider if the level of focus achieved during a bout of sustained attention begins from the onset of the look, or whether it only progress to this after 3 seconds. If this level of focus is something which simply increases in intensity over time, does this increase exponentially after 3 seconds has elapsed? Is a look of 12 seconds inherently more focussed or attentive than a sustained bout of 3 seconds? Again, the role of context becomes critical, given that sustained looks during a habituation paradigm are negatively associated with later development, whilst in the context of naming during interactions, it is positively associated. 
In the same way that it may serve as a proxy for joint attention (Yu et al., 2019), it is possible that sustained attention may be masking another phenomenon. It could be that during triadic interactions, infants are exercising selective, endogenous attentional control, in the presence of many competing stimuli vying for their attention (Fisher, 2019). In contrast to the sustained looking we observe during habituations (focussing for an extended period of time), selective attention refers to the ability to select and focus on a specific input for deeper processing, simultaneously filtering out less relevant or distracting stimuli (Johnston & Dark, 1986). There are two possibilities for which mechanism is responsible for the looking measured during a habituation. In these controlled habituation settings, potentially distracting visual stimuli are controlled for, and infant attention to the screen may be primarily driven by the exogenous pull of the visual display (given no other salient stimuli are present). If indeed endogenous attentional control is a more sophisticated skill that develops with age (Colombo & Cheatham, 2006), and as this may not be required in a habituation (given other competing stimuli are reduced/ eliminated), we might not be capturing endogenous processes during this paradigm. This would align with the finding that longer looking in this context is a marker for slower cognitive processing (Colombo, 1991), suggesting these two contexts (in a triadic interaction vs. in a habituation) may assess different cognitive mechanisms. Alternatively, it could also be argued that the attention assessed as part of a habituation may still be a reflection of endogenous processes which are keeping the infant on target, but those with more developed cognitive abilities (i.e., higher endogenous attentional control), are completing whatever “processing” is taking place cognitively, sooner (Slater, 1995). This account may not hold up to scrutiny, when we consider broadly evidence associated with endogenous attentional control and cognitive ability (ref to say endo is a skill). It would be conflicting to accept that longer lookers are slower processors, and also suggesting that habituations assess endogenous attentional control, as we would logically expect those with weaker attentional control (i.e., less developed cognitive abilities) to get distracted from the novel setup sooner and spend less time looking towards the stimuli. This perspective therefore does not align with the evidence we see between habituations and later cognitive abilities (Colombo, 1993), meaning we might accept the first account, that when we assess attention during a habituation, we’re capturing the mechanism of exogenous attentional pull of the stimuli. Further research should strive to disentangle these mechanisms that may be at play during sustained attention in different contexts.
Sustained attention implies continuous processing, but EEG data suggest that attention is modulated periodically (Busch & VanRullen, 2010). It may be the case that the use of eye tracking measures of visual attention may inhibit researchers’ ability to assess selective attention, and in fact employing neuropsychological methods may allow us to differentiate between selective and sustained attention. In general, habituation paradigms present fewer stimuli competing for infant attention, given that these usually take place in a dark room with the infant orientated deliberately towards the screen. In triadic interactions, infants have the freedom to explore the room, both visually and in terms of movement, plus they have a social partner engaging dynamically (and usually, vocalising), as well as many other stimuli that could potentially draw attention. It is highly likely that the dynamic of selective attention within sustained attention varies across each context. 
Ultimately, we cannot discuss sustained attention without consideration of joint attention, given that it occurs within the same framework. This thesis has explored sustained attention in both isolation (habituation) and within the joint attention paradigm, which will be discussed in more detail next.  
 
7.4	Joint Attention and Triadic Interaction 
Each paper in this thesis is concerned in some capacity with the nature of infant joint attention. In this section I will first pull together the strands pertaining to joint attention from each paper, and revisit the underlying mechanisms which may be at play during joint attention episodes. Next, I will posit suggestions for future research directions that stem from the findings presented in the thesis. Finally, I will reflect upon the use of remote cameras in comparison to head-mounted eye tracking (and the methods used to code this), in their ability to reliably and accurately code infant joint attention. 
Joint attention has historically been oversimplified in some areas of research, in terms of its operationalisation (Butterworth, 1995). More recently there has been a transition towards acknowledging the complexity of the joint attention dynamic (Gabouer & Bortfeld, 2021; Jacobson & Degotardi, 2022; Siposova & Carpenter, 2019; Suarez-Rivera et al., 2022), yet, as suggested in Chapter 2, these accounts fail to sufficiently acknowledge the role of the object in shaping the dynamic of the interaction. Recent challenges from the concept of sustained attention have generated new debate about the role of this concept within the joint attention framework (Yu et al., 2019). It is unlikely to fully account for the relationships we observe between joint attention and later development, given that the social interaction that is fundamental to joint attention directly facilitates infant sustained attention (Wass et al., 2018). This key component of joint attention, the social interaction between interlocutors about an object or topic of shared reference, is why, fundamentally, attempting to measure it by way of coordinated attention is flawed. Whilst Yu et al.’s findings pertaining to sustained attention are interesting, and seemingly robust, it seems dangerous to conclude that sustained is more important than joint attention, when their measure of joint attention does not capture the essence of what joint attention is – a social interaction. As we can see from Chapter 6, our measure of infant alternating looks (irrespective of language used by the caregiver), was predictive of later language comprehension. This demonstrates the value of examining the infant’s capacity to demonstrate their attempts to share the object with their social partner, and why this ability should not be overlooked in our appraisals of joint attention interactions. This thesis offers a starting point for isolating the contributions of the social components of joint attention from other elements such as naming during sustained attention. Future research should aim further to examine isolated components of the interaction, and their respective associations with later development. In doing so, the evidence suggests that we need to develop our understanding of the cognitive processes associated with specific dynamics of the interaction. 
We found some support for existing literature suggesting that Western cultures exhibit higher levels of joint attention in comparison to Japanese cultures (Dennis et al., 2002), as we observed higher levels of joint attention in one of the three conditions, but higher proportions of sustained attention in all three conditions. Not only does this suggest that joint attention manifests differently between dyads from different cultures, it is also unclear whether these differences manifest in variation in the development of language acquisition, or any of the other outcomes known to be related to engagement in joint attention. Research comparing social approaches to child education between Japanese and Western cultures (USA) has found cultural differences within early school years settings (Tobin et al., 2009) and parent-infant interactions (Kawakami et al 1994). Both types of studies observe that Japanese mothers and educators are less reactive than their Western counterparts, as the Japanese approach is more reserved. Adults tend to watch, monitor, allow children to initiate interactions, and in preschool to make mistakes in order to learn from them. Considering this in the context of triadic interactions, it is unsurprising that the British sample engaged in more joint attention, particularly if it is the case that, culturally, Japanese adults emphasise children’s explorations over the dynamics of interaction. Future research could seek to clarify more precisely the differences that occur culturally within triadic interactions, potentially expanding to consider many global cultures. Additionally, it would be interesting to examine whether these differences influence the processes in which infants develop, and which developmental outcomes they are associated with.
It is challenging to unravel the underlying mechanisms at play during joint attention which facilitate language learning, based on behavioural data, given the complex dynamic tapestry that constitutes joint attention. There has been promising work recently conducted by Yu et al. (2019) which begins to isolate these mechanisms, highlighting that during naming it is actually sustained attention, not coordinated looking, that is predictive of later language ability. This may serve to explain why we see associations between joint attention and later ability elsewhere (Bakeman & Adamson, 1984), given that coordinated looking alone is insufficient in predicting later ability (Yu et al., 2019). Yu and colleagues posit the mechanism by which learning occurs is through mapping of the object label during these periods of sustained looking, meaning they can connect the two concepts. This is partially supported by the findings in Chapter 6, as we also found a significant positive relationship between naming during sustained attention and later ability. Crucially, there was no relationship between overall sustained looking and language outcomes (Chapter 6), demonstrating that it is not just sustained attention occurring in a triadic context which is important (as opposed to a habituation), but sustained attention combined with naming. This highlights the need to take a holistic and multimodal approach when considering joint attention as a concept.
It is important to clarify that the role of the caregiver need not be reduced to just ‘language inputter’ during these interactions, as there are additional contributions which may well serve to scaffold sustained attention during these naming moments. Adult orientation towards the object of interest allows the infant to gaze follow and visually identify the object being referred to (Brooks & Meltzoff, 2008; Slaughter & McConnell, 2003). Observed in isolation, coordinated looking may be considered an insufficient measure of joint attention, given that it is perceptually indistinguishable from dyadic interaction (Kaplan & Hafner, 2006). That is not to say joint attention is never occurring during coordinated looking, just that we cannot discern between when there is ‘jointness’ cognitively between social partners, and when it is just individual engagement with an object. By engaging in looks back to the social partner, the infant can both check-in with the gaze of the social partner, engage in exchanges of affect (Striano & Stahl, 2005), and receive ostensive cues that can promote gaze following (Senju & Csibra, 2008). Similarly, this alone may be insufficient as an assessor of joint attention, given that looking does not necessarily mean attending to something (Posner et al., 1980). Furthermore, Akhtar and Gernbacher (2008) highlight that we should be wary of crediting eye-contact as a fundamental indicator of social engagement, given that there are vast cultural difference in how infants are typically held and carried (Feldman et al., 2006; Fogel et al., 1999), such that many parent-infant dyads do not spend as much time engaging face to face (Ochs et al., 1984; Richman et al., 1992), suggesting that physical touch may serve to play a similar role to eye contact for these infants (Akhtar & Gernbacher, 2008)
Furthermore, there may be some additional mechanism associated with social cognition that serves to facilitate learning that is not yet fully understood or explored. Evidence from Lytle et al. (2018) suggests that at 9 months, infant language learning from digital media can be enhanced in the presence of a peer (in comparison to learning alone). Evidently, a 9-month-old pre-verbal peer is not what we might recognise as a more knowledgeable other (Vygotsky, 1978), and therefore there must be some other mechanism at play to support this enhanced learning if it can occur without educated instruction. One explanation for this finding is that the mechanisms involved in acquiring language are ‘gated’ (Kuhl, 2007, p110) by social interaction, with the authors (Lytle et al., 2018) suggesting this could be influencing motivation (Walton et al., 2012). Lytle and colleagues also posit that gaze cues from the social partner occurring during the interaction could also serve to facilitate learning (Brooks & Meltzoff, 2005), despite the fact these come from a peer as opposed to an adult social partner. Crucially, these findings from Lytle et al. (2018) were identified through neural findings rather than behavioural evidence, which have allowed for the detection of learning which otherwise would not have been evident from behavioural measures alone. Depending on the variables we are interested in (in this case, speech-sound learning), neurological approaches may yield us greater insights than relying on behavioural measures, given that this can occur at a pre-attentive level (Tremblay et al., 1998). This further supports the notion that we should take a broader perspective when evaluating developmental outcomes in relation to social interactions, and future research is required to better understand the mechanisms at play.
Depending on the object being engaged with during a triadic interaction, the nature of the joint attention episode looks different. These changes may be desirable or undesirable, and this is contingent on the goal or purpose of the interaction as determined by the object. There are several potential investigative avenues that could be explored in relation to this. First, it would be interesting to establish, qualitatively, how parents describe the goal or purpose in their interactions with their children. This could offer insight into how the adult social partners are intending to scaffold the interactions, and what they are hoping their child’s responses and engagement will be. Ideally this would take a grounded theory or phenomenological approach, in order to develop understanding of the parent’s perceptions of the purposes and goals of various types of triadic interactions. An additional research approach would be to attempt to document the ways in which infants’ capacity to engage with different types of media develops over time, and as they pass various developmental milestones. The object of attention offers particular affordances for the infant to engage with, and the ways in which they are able to interact with them (and their social partner) change as they develop. Understanding specifically the capabilities of infants at particular developmental levels, the behaviours in which they can successfully engage with varying types of media, can help us in appraising the success of an interaction. Different objects also influence the way the adult social partner shapes and scaffolds the interaction. Similarly, it would be interesting to examine more closely the ways in which caregivers scaffold interactions with infants as they develop. This may consist of examining how they use gesture during this development, the number of bids for attention they use, how much they encourage independent object manipulation as opposed to managing the object themselves, whether their utterances change from being more descriptive to more directive, etc. In terms of how infants are able to engage with certain media, research should explore the ways in which caregivers support those interactions, and their intentions behind those supportive actions. Such developments in research may offer us new perspectives for theoretically conceptualising successful joint attention episodes. 
 
A Reflection on the Use of Eye Tracking and Remote Cameras 
Historically, joint attention has been appraised in a number of ways. Previous research has employed discrete, trial-based set-ups (Brooks & Meltzoff, 2005), and also recordings of free-flowing interactions using remote cameras (Wass et al., 2018). More recent work has begun expanding into the use of head-mounted eye tracking technology, which allows for more precise tracking of infant eye gaze (Slone et al., 2018; Suarez-Rivera et al., 2019). This thesis examines data collected both with remote cameras (Chapter 4), and head-mounted eye tracking with an additional remote camera (Chapters 5 and 6). Here, I will offer some reflection upon the use of these methods for their ability to accurately measure joint attention. 
Remote cameras allow for a broad perspective over the whole scene of the interaction. This allows us to see what each party is doing, as well as objects of engagement, at any given point. The use of a single remote camera may potentially mean aspects of the scene become obscured: for example, if the infant turns their back to the camera, or an object being played with is not visible due to body positioning. This is easily rectified by adding a second camera at an opposing angle to ensure the full scope of play is detectable. Despite the detailed overview of the scene that these cameras provide, very subtle changes in visual attention that are not accompanied by a head or body position change, may easily be missed by coders. This could include brief saccades, glances, or even whole eye movements across large portions of the scene, which may not be detectable from a distance, particularly if an infant is looking downwards. This is where the head-mounted eye tracker comes into its own. Having a camera pointed both at the infant’s eye, and at the scene in front of the infant, allows us to detect clearly those subtle changes in gaze that otherwise may not have been noticeable. Additionally, it allows for extra conviction in where the infant truly is looking. During an interaction an infant may look up and in the direction of their interlocutor, at which point it might be easy to assume that they are looking at their caregiver, but they may in fact be attracted to the window immediately behind the caregiver. Such a subtle difference may be missed with a remote camera, but with a head-mounted eye tracker it would be discernible.  
Whilst the head-mounted eye tracker may seem like the obvious choice based on accuracy, I did recognise several limitations of this technology during testing and coding. First, I believe it may potentially weaken the ecological validity of testing. Despite testing occurring (in these studies) in a laboratory, we hope to capture an episode of as close to naturalistic play as possible. Given that the head-mounted eye trackers must be worn, these were in many cases, very distracting for the infants during the sessions. Secondly, many of the infants refused to wear the cap necessary for attaching the eye tracker. Of those who were willing to cooperate with the cap, many grew tired of it and attempted to pull it off during the session (which skewed the calibration), and many were successful in removing it. In order to record the eye, one of the cameras hangs slightly forward in front of the field of view, which again is obviously distracting for many infants. Whilst a few were able to forget it was there and proceed with play, many grew distracted by the equipment during the testing.  
Furthermore, caregivers were also given eye trackers so we could accurately code episodes of coordinated attention. For the infant, seeing their caregiver wearing this strange equipment also caused many to attempt to reach and grab it at times. Equally, this would have partially obscured the caregiver’s face, which may have been an unusual experience for the infant who is obviously used to seeing the social partner’s full face during interactions. Therefore, such visually intrusive technology may weaken the ecological validity of the play session. It is important to note that this only pertains to infants of this age (9 months), as it may be that older infants and toddlers are able to ‘look past’ this unusual kit and behave as if it were not there, but I am unable to comment on the extent of distractibility this technology induces in infants other than 9 months of age. 
The coding of the data offered further insight as to the useability and accuracy of these data. For this study, a blended approach to coding was taken, in that, the infant head-mounted eye tracking data was used primarily, but additional cameras were used where necessary to validate or clarify looks that were, for any reason, ambiguous or undetectable. This allowed us to discern most accurately what was going on in the interaction, and offered us multiple views of the scene of play. Head mounted eye tracker calibration was done in Yarbus by Positive Science LLC (Franchak et al., 2010). I found this software easy to use, and it seemed to provide (mostly) accurate output. An example of this output is presented in Appendix C, Figure 2. There were occasional moments where the crosshairs seem jittery or would skew out of position (despite there being no change in gaze), but these were easy to discern from genuine look changes, given the perspective of the camera on the eye. The software produced by the hardware developers to code the content of the videos, I found less successful with this kind of data. GazeTag (Franchak et al., 2010) will automatically group similar frames together that contain the same items (e.g., the object of the interaction or the caregivers face), allowing you to label them and, essentially, attempt to code the data for you. Whilst I appreciate this may be a great time saver for certain experimental setups, upon reviewing these automatic codes, I found that a lot of frames (I would estimate an average of between 20-50%) were incorrectly labelled, or had detected components of the scene the infant was not necessarily looking at. Due to the sheer volume of inconsistencies, the data were instead coded frame by frame in Blender instead, to achieve the highest level of accuracy. 
I had originally intended to write a short standalone chapter on the accuracy of this methodology, and so I ran some brief analyses to compare the values obtained for sustained attention episodes 1) from coding the remote camera, 2) the head-mounted eye tracker coded by GazeTag, and 3) the head-mounted eye tracker coded manually, frame by frame in Blender (p values adjusted to .017 for multiple comparisons). Proponents of eye-tracking approaches may be surprised that there was a high level of similarity between the remote camera and the Blender coded eye tracker data (r(11)= .74, p = .004), and these outputs were significantly correlated. At the same time, the GazeTag codes did not have significant or strong correlations with either the remote camera data (r(11)= .32, p = .29), or the Blender coded eye tracker data (r(16)= .44, p = .07). The GateTag coding was so different that a paired t-test showed that the exact same video coded by hand in Blender was not likely to be from the same population (t(17) = 4.33, p < .001). For these reasons I would suggest, to reliably code interaction data, it is necessary to take the time to code frame by frame rather than relying upon auto-detection software such as GazeTag to do it for you. 
Given the high levels of similarity between the remote camera and the head-mounted eye tracker, we can question whether such technology is worth the extra expense and time. Despite these concerns regarding the effectiveness of such technology on the ecological validity of studies of parent-infant interaction, I feel the precision of such equipment allows the researcher to detect minute changes in visual attention, so it is very much worth the loss of participants. I propose the most effective means of recording interactions is to utilise both a remote and head-mounted eye tracker, enabling interactions not only to be coded in instances where the infant may remove the device part-way through the interaction, but also as a means of ensuring a broad overview of the scene of play. The methodological literature on infant research would greatly benefit from further investigation into the reliability of coding across various methods of recording infant visual attention. 
 
7.5	Are There Social and Environmental Predictors of Language?  
This section considers first, the evidence that caregiver language input is influenced by the object of the interaction. Secondly, I suggest how the components of language currently distinguished in the literature may be explored further in relation to the findings of this thesis. I draw upon the data relating to language drawn from the empirical papers reported here and discuss these in relation to the theoretical concepts of sustained and joint attention. Finally, I reflect upon the use of the language measure (UK-CDI) used in the empirical investigation presented in Chapter 6. 
Caregivers use language differently depending on the medium being engaged with (Sosa, 2016), be that for shared reading or traditional toy play (Lewis & Gregory, 1987). Shared book reading is an important caregiver-child activity, as caregivers generally produce higher quality language during shared reading in comparison to other activities (Ece Demir-Lira et al., 2019), and increased shared reading is positively associated with later developmental outcomes (Karrass & Braungart-Rieker, 2005). Furthermore, different types of language use can be positively associated with the reciprocal and responsive nature of joint attention (Menashe & Atzaba-Poria, 2016). Parents who used higher levels of language encouraging exploration had higher levels of ‘dyadic mutuality’ (reciprocal and responsive) joint attention, whereas controlling language did not influence dyadic mutuality ratings, even when parental behaviours of sensitivity and non-intrusiveness were controlled for (Menashe & Atzaba-Poria, 2016). It is therefore important to discern not just the amount of language used, but the differences in types of utterance.  
Language is an incredibly complex phenomenon, which can be broken down and examined in a multitude of different ways. In this thesis, the difference between descriptive, directive, and general utterances, as well as some elements of syntax (nouns and verbs) are examined. We can examine language from many other perspectives. As mentioned, we can also examine parental utterances in terms of exploration encouraging versus controlling (Menashe & Atzaba-Poria, 2016), but also question asking (Sheehan et al., 2019), utterance length (Leung et al., 2021; Quigley & Nixon, 2022), utterance complexity (Ece Demir-Lira et al., 2019; Quigley & Nixon, 2022), vocabulary diversity (Ece Demir-Lira et al., 2019), prosody (Morningstar et al., 2019), or their specific content (e.g., about a particular subject) (Hendrix et al., 2019). Future research could examine whether there is any interplay between these factors, using attentional episodes as explored within this thesis. It may be the case that some of these factors interact with infant attentional states, such as sustained attention, or their ability to alternate gaze and engage in reciprocal social interaction. As with Yu et al. (2019)’s finding that naming during sustained attention was a critical predictor of later ability, it may be the case that many of these other components of language have similar relationships to specific attentional states. 
Chapter 4 demonstrated that caregivers use significantly more descriptive utterances (i.e., language describing something directly related to the story) in comparison to utterances that encouraged interaction or language unrelated to the activity. Given our subsequent findings that naming during sustained attention facilitates later development, if activities such as reading promote increased description and labelling from the caregiver, this supports the idea that such activity may be particularly beneficial for later development. However, given that modern shared reading involves the capacity for engagement with eBooks presented on laptops, tablets, mobiles and various other screen media, consideration of how this influences language is essential for informing how best to maximise shared reading. Our results showed that the most language used by caregivers occurred during reading with traditional paper books, as opposed to either of the electronic alternatives. This supports a lot of existing literature that suggests that electronic media can impede the quality of triadic interactions (Miller et al., 2017; Sosa, 2016). Cultural differences were observed between the number of Described utterances during play with non-sound producing eBooks, such that British caregivers used more of these utterances in comparison to Japanese sample. Whilst this is in line with research suggesting Western caregivers use more labels (Fernald & Marikawa, 1993). As discussed previously, this may be a result of cultural differences between Western and Japanese adults, where the latter take a more distanced approach to education, allowing children to explore and make discoveries for themselves (Tobin et al., 2009). It is unclear without any longitudinal data whether these cultural differences in labelling influence later language development. Further research could explore these cultural differences in more detail, to establish whether there are relationships between the differences in caregiver language use and later infant ability. 
In Chapter 6, we examined the relationship between sustained attention in different contexts and later language abilities. By using the UK-CDI (Alcock et al., 2020), we were able to distinguish between speech comprehension and speech production in infants’ longitudinal language development. This is an important distinction to draw given that, whilst neurologically closely related (Fairs et al., 2022; Okada & Hickok, 2006), the literature provides some evidence to suggest that comprehension and production belong to separate cognitive systems (Meyer et al., 2016). Whilst research in this area primarily uses adult participants (Fricke et al., 2016; Tamargo et al., 2016), this research may offer insight into the speech production and comprehension in 18-month-old infants. We found that the number of social orientation changes an infant engaged in, directly between the social partner and the object of attention during play at 9 months, was positively correlated with speech comprehension at 18 months. There was, however, no correlation between orientation changes and speech production.  
Similarly, we found positive relationships between naming during sustained attention and total verb use during the interaction at 9 months and speech production at 18 months, but no relationship to comprehension. Social reciprocity (which we observe in measuring orientation changes) is fundamental to joint attention interactions (Tomasello, 1995), but is not accounted for in the operationalisation of joint attention used in some research (Yu et al., 2019). The evidence presented here suggests that it plays a role in development that is specifically associated with comprehension as opposed to production. Perhaps this ability to orientate and control social attention facilitates better understanding, and therefore comprehension, of the social partner? Or alternatively, the ability to exercise such advanced social behaviours early in infancy may be a mark of higher intelligence. The bouts of sustained focus on the object during an interaction when the caregiver names objects seem to primarily influence speech production, which corroborates findings from Yu et al. (2019). This relation between naming and sustained attention appears to be related to production (and not comprehension), and this may be because these naming moments offer an opportunity for the infant to consolidate the pairing between the label (i.e., parental utterance) and the referent (i.e., the object), whilst they are attending to it. This may not extend to a deep, complex mental understanding, or comprehension of the object, but allows the infant to develop their cognitive pairing of object plus label. Comprehension may be more closely associated with the alternating, social reciprocity, component of the interaction as an infant’s ability to triangulate their focus between the social partner and the referent they are sharing an experience of, may reflect a deeper process of attempting to understand, or comprehend, the experience. These findings, particularly if replicated, pose interesting theoretical considerations for the systems of human speech comprehension and production. Whilst it is still unclear whether comprehension and production are related (Meyer et al., 2016), or whether there are theoretical benefits of combining or separating the two, I hope that the findings from this thesis can offer insight for psycholinguists into the early origins and differences between these concepts. 
 
A Reflection on the use of the UK-CDI 
Here I will critically reflect upon the use of the UK-CDI in this research. This measure was selected primarily in order to replicate, as closely as possible, the findings from Yu et al., (2019) to ensure that our results on language outcomes were comparable. Given that our sample were British and not American, it seemed most appropriate to utilise the UK-CDI (Alcock et al., 2020) as opposed to the MacArthur-Bates CDI (Fenson et al., 1993). The UK-CDI makes a distinction between speech comprehension and production. However, there are theoretical questions to be raised around the way in which the UK-CDI draws this distinction, and also how it obtains its scores. 
First, the way in which the UK-CDI discerns between scores for ‘comprehension’ versus ‘production’ is potentially challenging. For scores of comprehension, the UK-CDI asks parents to indicate which of the listed words, their child ‘understands’. For the speech production measure, parents are asked to indicate which scores their child both ‘understands and says’. This has the potential to fundamentally confound the two aspects, as the criterion for comprehension is also a necessary criterion for speech production. This is problematic because, as previously discussed, theoretically and empirically we do not fully understand the extent to which the concepts of production and comprehension are related. If these are in fact, two distinct and unrelated cognitive faculties, this crossover in how they are measured does not allow us to discern words infants may say, but that they do not fully understand. Children use words incorrectly on a regular basis, whether this is incorrectly labelling their father ‘mummy’, using the wrong name for a toy, or using a word they have overheard in adult conversation that they do not know the meaning of. Whether children understand or comprehend a word does not inhibit their ability to produce the word. If what we are interested in is truly ‘words that an infant can produce’, adding in a criterion that the infant must also understand the word they are saying does not measure speech production in its fullest sense. In this measure, speech production could be considered an extension of, or even a progression from, speech comprehension. As formulated the measure implies that words must necessarily be understood in order to be produced, which is not always the case. It may also mean that we miss important relationships during research, as with this measure, children would not be credited for being able to produce a word if the parent/ scorer did not believe that the child understands it. 
This issue feeds into my second point, that parental self-report may not be the most accurate measure of infant language ability. Given the longitudinal component of my research took place during the COVID-19 lockdown, it was necessary that the measure selected was plausible to be employed remotely, which self-report measures facilitated. However, it is important to acknowledge the limitations of these. First, social desirability biases may lead parents to declare their child to be more competent than they actually are. They may have been more likely to credit their child with understanding or being able to produce a word if they were unsure, in order to make their child appear more cognitively advanced, which they may feel is a reflection of their parenting skills. Secondly, given that parents are very closely attuned with the ways in which their child communicates, they may understand what their infant means by something, but it might not be an actual complete utterance or articulate the whole word. Their child may have a unique way of referring to something, that would not be correctly identified by someone who was not familiar with that child’s communication. The UK-CDI does allow parents to give credit for using alternative words with the same meaning (e.g., baby talk, such as ‘goggy’ for dog). Whilst this may be advantageous because it allows for flexibility in vernacular usage whilst still ensuring the meaning of the words stays the same, the manual is unclear in its instructions for incomplete words. For example, if an infant could not say the word ‘broken’ and instead said ‘bo-un’, would, or should, this be credited as successful speech production? The UK-CDI does not offer instructions for caregivers on what to do in these instances. Ambiguities such as these may be resolved differently by each parent. Some may conclude this is not a successful utterance and therefore not provide credit, whereas others may credit their child with successful production because they ‘know what they mean’. This may result in inconsistency between scorers. 
An alternative would be to examine infant actual language use in free-flowing interactions. This could consist of inviting dyads to an extended play session in a laboratory, or recording infant language output in the home, from which the infant’s language use is transcribed and coded for factors such as complexity, semantics, utterance lengths, diversity etc. Whilst this would require more time and resources in comparison to a parental self-report measure, it would eliminate concerns regarding social-desirability bias, and parents misinterpreting or over crediting utterances. Potentially such an investigation could be used in tandem with measures such as the UK-CDI, to see how accurately parental self-report aligns with actual language use in a play setting. This would provide more credibility to self-report measures such as the UK-CDI, meaning we could trust they provide a valid reflection of infant language capabilities. 
 
7.6	General Limitations  
As with all research, there are general limitations of the investigations conducted in this thesis which will be discussed here. It is important to acknowledge and reflect on how far we are able to extend the findings, particularly in relation to ecological validity and the sample used for this research. 
The decision was made to collect the triadic interaction data in the laboratory rather than in the home for this thesis. This was primarily made because it then allowed us the use of the cutting-edge dual head mounted eye tracking hardware, a much newer and accurate tool for assessing infant looking directions compared to remote cameras alone. Additionally, it allowed us to observe free-flowing, dynamic triadic interactions to measure joint attention, rather than relying on discrete trial-based methods (Brooks & Meltzoff, 2005) which lack ecological validity (Schmuckler, 2001). It could still be argued, however, that the controlled nature of the lab is very different from infant home environments where triadic interactions typically occur. The trade-off seemed justifiable in order to utilise such precise eye tracking methodology, as we were able to obtain accurate readings that allowed for a much more detailed insight into the moment-to-moment dynamics of infant-caregiver interactions. Recent research also suggests that naturalistic home-based studies of infant joint attention episodes are comparable to data obtained in the laboratory (Suarez-Rivera et al., 2022), and so I feel these findings do in fact offer reliable insight into the nature of joint attention.  
As outlined in the COVID-19 declaration at the start of this thesis, government restrictions on household mixing meant that I was unable to collect as much data as I had hoped for when I commenced my studies and, therefore, the sample sizes are smaller than intended. Whilst the studies may benefit from more data for the analysis, the effect sizes reported are respectable, and there are many comparable studies in the literature with similar sample sizes (Sosa, 2016; Yu et al., 2019) and the numbers of significant results were above 5% of the statistical tests conducted, so it is possible tentatively to conclude that the sample sizes do not necessarily challenge the integrity of the findings. Additionally, the analyses conducted are comparable to similar research in this field (Yu et al., 2019). Yet is it important to conduct additional research to consolidate these findings, given that many of the correlation results from Chapter 6 indicate insignificant p values for correlations of .40, a value that would normally be significant in a slightly larger sample size.  
Whilst Chapter 4 provides a comparison of triadic interactions across two diverse cultures, the data from our second and third study were only collected at one research facility, reflecting primarily (but not exclusively) white British parents and children. Given that increasing access to screen media is not limited to the UK, it would be beneficial for future research to establish whether similar effects of screen media on triadic interactions are observed within a broader spectrum of cultures, especially given that media engagement levels are known to vary geographically (Ribner & McHarg, 2021). It may well be the case that countries with different screen use recommendations, or different cultural uses and reliance on screens, reveal that the way in which screens are both utilised by the parents and also received by the infant during these interactions vary across cultural and social groups. 
It is also important to note that the findings reported in this thesis are only generalisable to infants of the age ranges observed, that being 12 months old for Chapter 4 and 9 months old for Chapters 5 and 6. These ages are younger than what is usually sampled for research into screen media (Madigan et al., 2020). Our findings are in contrast to much of the previous literature in this area, such literature which has undoubtably been used to provide the guidance issued by advisory bodies regarding children’s use of screen media. The infants used in this study were selected because the research is yet to fully include samples of this age. We found that 9-month-olds did not cut out their social partner, and parents used more naming during tablet play. This may not necessarily extend to older infants and young children. It is important to recognise these findings reflect the behaviours of infants at this age, and further investigation is required to establish how far this pattern of results extend, and if not, at what age is the pivotal moment at which behaviour turns to mirror the detrimental influence of electronic media found elsewhere in the literature. 
 
7.7	General Future Research Directions 
Whilst many suggestions for future research have been offered throughout this discussion, I have a few more general suggestions for avenues of exploration which future research may consider. These are broader suggestions, pertaining to general findings from this thesis. 
The longitudinal research included in this study provides support for the overall quantity of language exposure being of importance for later language development. This is in accordance with a large proportion of existing literature that cites quantity of exposure as positively related to later development (Caskey et al., 2014; Rowe, 2012; Zimmerman et al, 2009), despite there being many studies that do not manage to find support for such an effect (Yu et al., 2019). We additionally provided data to suggest a role of the quality of language input as well as an effect of quantity, with quality identified by utterances which occurred whilst infants are engaged in a period of sustained attention (Yu et al., 2019). Whilst quality input can be considered as naming/ labelling during a period of infant sustained attention within a triadic interaction, there are many other factors that influence the quality of joint attention as outlined in Chapter 2, such as sustained attention, alternating gaze, coordinated attention, distractions or background stimuli. Given that joint attention is multimodal (Suarez-Rivera et al., 2022), it is important to take a holistic approach to examining joint attention. Multiple regression analyses could be utilised to explore the relative influences of the possible components of the interaction aside from language that have been less explored in relation to later development, to help build a richer picture of how multimodal components of joint attention interactions can influence infant cognitive development. An example of this might be proximity of social partners during interactions. Whilst in Chapters 5 and 6 were constructed so proximity of social partners was fixed, other research conducted in the home environment where proximity of social partners is more dynamic shows that when social partners are in close proximity this is related to higher rates of parental touch, gesture, and object related language (Suarez-Rivera et al., 2022). What is yet to be examined, is whether the proportions of time spent in close proximity during interactions are associated with later developmental outcomes. It may be the case that close proximity during interactions and play are beneficial for infant learning than communication that occurs across the room or from a slightly greater distance. It is likely that infants find it easier to triangulate their attention with a social partner in close proximity than when at a distance. This is just one example of the many components of join attention interactions that may play a role in developmental outcomes. 
More research is required to establish whether young infants who have frequent or higher exposure to touch screen technology, have a different quality or quantity of joint attention with caregivers in comparison to infants with low exposure/ familiarity with these types of devices. This was something we had endeavoured to establish within this research. However, the population sampled was predominately a low exposure sample, meaning no meaningful conclusions could be made with such a small number of high exposure infants to compare against. It may well be the case that infants with different familiarity levels with such technology engage in interactions with it differently. Given that infants over time may learn very different and changing skills from such media (Strouse & Samson, 2021), it is reasonable to anticipate infants naïve to such technology do not engage with it in the same way, but we know little about any differences caused by the changes to the technology itself. The existing literature suggests that toddlers who are high frequency touchscreen users have poorer working memory and cognitive flexibility skills in comparison to low frequency use peers (Portugal et al., 2023). It may be that the infants themselves perform differently during these interactions as a result of their familiarity with such devices, or it may be that caregivers model and scaffold the interaction differently, as a result of the infants’ competencies.  
The findings regarding the negative influence of social factors, like the infant’s position in the birth order, on the quality of triadic interactions should be investigated further. As stated in the Chapter 6 discussion, the well-established relationship between birth order and intelligence (Galton, 1875; Bellmont & Marolla, 1973) has incurred much research into explaining it. Whilst there is research denoting explanations for between family variance (Rodgers et al., 2000), there is little explanation to be offered for within family variance. Whilst it is of course possible that caregivers have more care responsibilities with each subsequent sibling, meaning that they have fewer resources to allocate to higher birth order children, this investigation was conducted in a controlled laboratory setting rather than in the home, so distractions from older siblings and associated responsibilities were not there to influence the interaction. It could be the case that what we witness in parent-infant interactions is the pattern of how they normally interact, so birth order effects may reflect this. One possible explanation for the results is that the caregiver may be influenced by a ‘fatigue effect’, whereby with each subsequent child, their input and interaction scaffolding deplete slightly. Further investigation is required to establish if this is indeed the case, and perhaps offer insight into other components of the interaction that are influenced by increasing birth order.  
It would also be worth exploring whether the findings from Chapters 5 and 6 are generalisable to other forms of screen media and activities besides app-based interaction on touchscreen tablets. The most common form of interactive screen media infants are generally exposed to are smart phones as opposed to tablets (Thomas et al., 2020), and the most commonly reporting activity engaged with on said devices is photograph and video viewing (Cristia & Seidl, 2015). It would be good to establish whether similar results are observed when screen media is used in such ways that occur on 1) a more familiar device, and 2) more closely represent the most commonly reported screen activities that infants of this age engage in, such as viewing photos and videos as opposed to engaging with interactive applications.  
Infants’ capacity for sustained attention changes as they develop (Courage et al., 2006), yet it is unclear if the relationships between sustained attention and later developmental abilities change during this transformation too. Additionally, an infant’s capacity to engage both jointly with a caregiver, and physically through their own developing manual dexterity, may influence each other across the course of development too. The evidence suggests that an infant’s capacity for engaging with touchscreen technology is largely contingent on their developmental level (Yadav & Chakraborty, 2022) As stated previously, the findings of this thesis are only generalisable to 12- and 9-month-old infants respectively. Further investigation to establish how consistent these relationships are into later development would help us in further understanding the influence of screens on the dynamics of triadic interactions. 
 
7.8	Conclusions 
In this thesis I have reflected upon both the empirical research on how young infants engage with touchscreen media, and the theoretical literature surrounding the concept of joint attention. This is some of the first research to investigate how infants as young as 9-months-old engage with touchscreen technology, and to compare tablets specifically to play with toys matched on interactive capabilities. I investigated how shared book reading interactions differed depending on the medium that the story is presented in and compared this cross culturally between British and Japanese populations. I also explored how play interactions with 9-month-olds vary as a result of engagement with traditional toys or a touchscreen tablet, and how these differences relate to later language ability at 18 months. Furthermore, this research also address some disparities within the concept of sustained attention that have not been highlighted within the literature, and discuss what our findings mean for the consideration of joint attention as a concept. 
Thus, I conclude, first, that context seems to be crucial for the consideration of triadic interactions relating to electronic media. Chapter 4 demonstrates that joint engagement in electronic media may reduce caregiver language use in the context of shared book reading. Chapter 5 shows that, in the context of free play, electronic media can promote greater caregiver language use. The medium (story books or toys) informs the purpose of the interaction (reading or play), which influences whether the use of electronic media is a hinderance or an aid. Chapter 6 offers support for the notion that naming during sustained attention positively predicts later language development. However, it also suggests that our operationalisations of concepts like ‘joint attention’ need focus also on the social reciprocity of looks by the infant and not merely coordinated looking. Only by considering joint attention from the perspective of the medium can we determine the desirable nuances of an interaction. The studies and theoretical reflections in this thesis suggest that we should move towards a broader and holistic method for operationalising joint attention. Based on the findings in Chapters 5 and 6, I do not suggest that we need to reinvent the wheel regarding our current societal guidance on infant interaction with screens, but the findings of the thesis imply that more research is needed for us to understand the full picture of how young infants experience screen media.
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Appendix A


Figure 1
Bar chart showing the median utterance frequency of caregivers across each condition with 95% confidence intervals.
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Figure 2
Bar chart showing median differences in the proportions of utterances occurring during sustained attention (SA) in both the British and Japanese samples, with 95% confidence intervals.
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Figure 3
Bar chart showing median differences in the proportions of utterances occurring during joint attention (JA) in both the British and Japanese samples, with 95% confidence intervals.
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Appendix B

Use Frequency Questionnaire
From Cristia and Seidl (2015)
Page 1 (Use frequency)
How often does your child use or see touch-screen technology?
0: never seen or touched; there are no tablets or smartphones at home
1: never used such technology, although he/she may have seen me and other family members interact with one
2: has occasionally used such technology, but not more than once a month
3: occasionally uses such technology, but not more than once a week
4: regularly uses such technology, but not more than once a day
5: uses such technology every day
Page 2 (skipped if never used; Contents of use)
What does your child like doing with the touch-screen device? Check all that apply:
Look at photographs
Watch videos
Complete puzzles
Use baby applications where there are images, for instance of a cow, which make sounds when pressed (e.g., moo or hear the name ‘cow’)
Others, please describe:
Page 3 (skipped if never used; Gestures)
Relying on your memory, have you seen your child perform the following gestures?
· bang on screen (with an open hand)
· tap (quick one finger touch)
· flick (quickly brush surface with a fingertip, as if turning a book page)
· press (touch and hold for an extended period of time)
· press and drag (touch with one finger and while holding down, move finger slowly)
· swipe (touch with multiple fingers and while holding down, move them slowly)
· pinch (touch surface with two fingers and move them together, e.g., to zoom out while viewing a photograph)
· spread (touch surface with two fingers and move them apart, e.g., to zoom in while viewing a photograph)

Appendix C

Figure 1
The three toys used in the toy condition, a pop-up animal toy, a stackable toy with balls that roll down platforms, and a rainmaker.
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Figure 2
Single frame of data extracted from infant head-mounted eye tracker.
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Figure 3
An interactive game “Barnyard Games for Kids” used for play on the tablet. The top image depicts the scene before any interaction, the bottom shows examples of the animations after elements of the scene are tapped.
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Figure 4
Stimuli presented individually to infants during habituation to establish the duration of the longest look 
[image: Background pattern
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Figure 5
Waveform extracted from an infant/ caregiver interaction, illustrating criteria for how repeated words be quantified.
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Coding
	To resolve ambiguity in the linguistic coding, the context of some words was considered. For example, for words that could be considered both nouns and verbs (e.g., ‘a strap’ vs. ‘to strap you in’), the context in which it was used determined whether it was coded noun or verb. In instances where words were repeated quickly, we visually assessed the waveform to determine if it was clear these were separate utterances, or if they seemed merged together. The left-hand side of Figure 4 shows where a word was repeated three times, the waveform can clearly recognise these as separate utterances. On the right of Figure 5, the same word was repeated five times in succession, however the waveform only shows one distinct break between these.
	Furthermore, words that are both verbs and onomatopoeia were also categorised based on the context in which they were used in the interaction. For example, the word ‘pop’ can be used to describe the sound a balloon makes when it bursts, and also an action (i.e., ‘to pop the balloon’). In these instances, these utterances were considered verbs if they coincided with an action being performed.  

Data Tidying and Statistical Power
Outliers were adjusted by assigning a raw score a unit higher or lower than the next most extreme score (Tabachnick & Fidell, 2013). Power analyses were conducted using G*Power (Faul et al., 2009), and the anticipated effect size based on findings from Yu et al. (2019). Our main hypothesis for this study was that sustained attention during naming would positively predict language ability at 18 months. Using Yu et al.’s correlation between sustained attention during naming and MCDI score at 15 months (r = .48), a priori power analyses were conducted. G*Power indicated that, to detect an effect size of .48 at 80% power, we would require 25 participants. We recruited 33 for the study, but unfortunately due to attrition relating to the follow up investigation, we were unable to obtain 25 full sets of data for longitudinal analyses (a total of 20 were obtained).


Appendix D
Additional Statistics and Data Visualisation
To verify our findings, following the original analysis, regression was used to establish the relationship of the interaction terms to language ability at 18 months. For the use of nouns, neither joint or sustained attention interaction terms explained a significant amount of variance in speech Comprehension (JA = .5%, p = .31; SA = 2.4%, p = .24). The sustained attention interaction term accounted for 15.96% of variance in speech Production scores (F(1,18) = 4.61, p < .05, R2= .20, R2adjusted = .16). The regression coefficient (B = 14.58) indicated that an increase of one in the sustained attention interaction term at 18 months corresponded with an increase of 14.58 in speech Production scores at 18 months. The joint attention score was a nonsignificant predictor, although there was a trend (JA = 13.43%, p = .06). For the verb usage scores, neither joint or sustained attention interaction terms explained a significant amount of variance in speech Comprehension (JA = 4.4%, p = .19; SA = 5.4%, p = .89) or speech Production (JA = 7.2%, p = .13; SA = 5.3%, p = .82). This is in line with the correlation analysis.
	Table 1 reports the correlations between the proportions of time spent in joint or sustained attention while parents are naming objects or using verbs with the two language measures nine months later. In keeping with Yu et al.’s (2019) analysis, none of these correlations were significant. This indicates that the quality of naming events on their own are not sufficient in predicting later language ability, which supports the findings from the original study. Full correlation r statistics can be found in Table 1.



Table 1 
Correlations between proportion of time spent in joint and sustained attention during noun and verb use, and scores on the UK-CDI at 18 months.
	
	Nouns
	
	Verbs
	

	
	JA
	SA
	JA
	SA

	Comprehension
	.09
	.12
	.19
	-.14

	Production
	.18
	.36
	.04
	-.33



Total naming was not found to predict later language ability in the original study. For noun use, this was also found in this study, with nonsignificant correlations found between noun use per minute and Comprehension scores (r(18) = .30, p = .19), and Production scores (r(18) = .40, p = .08). However, a significant relationship was found for total verb use, with verbs per minute significantly correlating with word Production scores at 18 months (r(18) = .47, p = .04). This effect was not present for word Comprehension (r(18) = .31, p = .18).
Further analysis included an additional linear model, which explored whether infants’ longest looks during habituation could be predicted by their Birth Order and Gender. This model was included to establish if sustained attention during naming in interactions, and sustained attention during a habituation paradigm, were predicted by similar variables. This model was not significant (F(2, 20) = .93, p = .41, R2 = .08, R2adj < -.01), and neither Birth Order (B = 2.19, p = .193) or Gender (B = -.26, p = .889) were significant contributors to the model.

Additional Data Visualisation
Supplementary scatter plots for Chapter 6 can be found below:

Figure 1
Scatter plot showing the interaction term of noun use and infant sustained attention at 9 months, against infant speech production at 18 months. 
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Figure 2
 Scatter plot showing the interaction term of noun use and infant joint attention at 9 months, against infant speech production at 18 months. 
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Figure 3 
Scatter plot showing the longest look during a habituation at 9 months, against infant speech production at 18 months. 
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Figure 4 
Scatter plot showing the number of infant gaze shifts during triadic interaction at 9 months, against infant language comprehension at 18 months.
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Figure 5
Scatter plot showing the number of infant gaze shifts during triadic interaction at 9 months, against infant speech production at 18 months.
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Figure 6
Scatter plot showing the total number of caregiver object labelling (nouns) during triadic interaction at 9 months, against infant speech production at 18 months.
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Figure 7 
Scatter plot showing the total number of caregiver verbs used during triadic interaction at 9 months, against infant speech production at 18 months.
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Additional Discussion
We found an overall relationship between total naming and later language ability, specifically, speech production. This is in contrast to the findings from Yu et al., (2019), who found no relationship between the frequency of naming and later abilities. One potential explanation for this is that Yu et al. do not differentiate between speech comprehension and production in their measure of later ability. Given that we found no relationship for comprehension, it may be that by not drawing that distinction, any relation to production is obscured by the inclusion of comprehension scores within the same variable. The original authors state that the findings that total naming is not related to later ability was important, because it demonstrated the importance of quality in predicting later ability. Whilst we did also find the quality x quantity interaction term was positively associated with speech production, we must also acknowledge that total naming does seem to be associated with later ability independently, in line with previous literature (Caskey et al., 2014; Rowe, 2012; Zimmerman et al., 2009).
An unexpected finding was the negative correlation between the proportion of time spent in sustained and joint attention during verb use, in contrast to the positive correlation observed during noun use. This could be because nouns are references to single objects, whereas verbs detail actions that can reflect motion, change of states, a progression and sometimes a varying ‘before’ and ‘after’ condition of such action. Verbs may encourage more breaks in attention as infants attend to changes in the environment. For example, a parent saying “press this” as they complete an action to trigger a pop-up toy, would encourage the infant to move their visual orientation from the button, to where they anticipate the pop-up toy may appear, and the surprise of such action may cause them to break sustained attention in order to orientate themselves to their caregiver in a joint attention bout. Additionally, it may be the case that caregivers are more likely to use nouns when an infant is already sustaining their attention to an object, and verbs are more often used as a technique to direct infant attention with an action if they are not focussing on what the caregiver is trying to direct to.
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