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Preface
Jeffrey J. Lockman,    Department of Psychology, Tulane University, New Orleans, LA, USA


With this volume, I am delighted to assume the editorship of Advances in Child Development and Behavior. Since its inception in 1963, the Advances series has played a singular role in the child development field, designed to engage both specialist and nonspecialist alike.

In their opening preface to Volume 1 of this series, founding editors Lew Lipsitt and Charles Spiker (1963) wrote,
Advances in Child Development and Behavior is intended to provide scholarly reference articles in the field and to serve two purposes. On the one hand, it is hoped that teachers, research workers, and students will find these critical syntheses useful in the endless task of keeping abreast of growing knowledge in areas peripheral to their primary focus of interest. There is currently an indisputable need for technical, documented reviews which would facilitate this task by reducing the frequency with which original papers must be consulted, particularly in such secondary areas. On the other hand, the editors are also convinced that research in child development has progressed to the point that such integrative and critical papers will be of considerable usefulness to researchers within problem areas of great concern to their own research programs.

Those visionary words still apply almost 60 years later. The vast and ever-changing literature in developmental science makes it challenging for the specialist, let alone nonspecialist, to remain current in the field. The reviews contained in the Advances series are designed to address this need. They promote integration and highlight new directions for theoretical and empirical inquiry, within and across developmental domains. I am honored to continue this enduring editorial mission.

Volume 61 is comprised of 11 chapters that collectively span the infancy to adult period, innovate with regard to theory and translation, and are diverse with respect to populations and methods. In Chapter 1, Hoehl and Bertenthal examine recent research on infant social attention and highlight how understanding the dynamics of infant-caregiver joint attention can inform theory and improve translation. Chapter 2, by Korom and Dozier, reviews research related to an impressive home intervention program that enhances sensitive interactions in vulnerable caregiver-infant dyads. The intervention is borne of theory that stresses the importance of parental sensitivity in early child development, and has widespread implications for public policy.

The next two chapters consider the effects of biculturalism on development, but in different domains. In Chapter 3, Dalal Safa and Umaña-Taylor synthesize over four decades of research on the effects of biculturalism on adjustment and physical health in US Latinos. In their careful review, they identify several different conceptualizations of biculturalism that have appeared in the past work and discuss how these different conceptualizations have influenced measurement and findings. In Chapter 4, Hoff addresses the critical question of individual differences in language development in young children who are being raised in dual language environments: children from Spanish speaking homes in South Florida, but who are being educated in English language schools. Hoff's incisive analysis has far-reaching implications for educational practice and more theoretical issues about language acquisition.

In Chapter 5, Hecht, Yeager, Dweck, and Murphy use the affordance notion, originally formulated to study how environments are perceived in terms of opportunities for action, to address how educational environments invite adolescents to act on their beliefs. The authors describe how this relational perspective can pave the way for a new wave of research on growth mindset interventions in academic settings. In Chapter 6, Tsui, Marchman, and Frank offer a cogent analysis of how different types of large-scale data approaches can yield reliable and replicable insights into language development. Their assessment of big-data approaches, although focused on the language area, is applicable to other domains of development as well. Chapter 7, by Nyhout and Ganea, reviews work on the development of counterfactual reasoning, a topic that has been the subject of considerable controversy in the developmental literature. Nyhout and Ganea's review brings order to this lively research area and shows how early forms of counterfactual reasoning scaffold young children's scientific reasoning and concept learning.

The next two chapters examine how parental input shapes early learning. In Chapter 8, Rao, Cohrssen, Sun, Su, and Perlman adopt a broad international perspective to ask how early child development is influenced by what caregivers have and/or do. The authors present new findings from a large-scale multicountry dataset to address these questions empirically and in relation to social policy at a global level. In Chapter 9, Douglas, Zippert, and Rittle-Johnson zero in on the numeracy beliefs of parents from different demographic/socioeconomic backgrounds, and how parents’ beliefs relate to the types of numeracy support that they provide to their preschool children. The review can lead to new interventions to promote school readiness.

The final two chapters introduce new areas of inquiry for developmental researchers. In Chapter 10, Nielsen, Fong, and Whiten highlight the idea that screen-based social learning must be understood within not only a developmental context but also a historical one. As screen-based social learning becomes the norm in many cultures, findings from prior developmental studies on social learning may need to be reconsidered. In the final chapter, Shutts and Kalish introduce the notion of “intuitive sociology” as an emerging area of study for developmentalists. The authors marshal a large body of evidence to identify core aspects of social group understanding, and consider how these core aspects pattern and change across development.

An edited volume such as this depends on the collective efforts of many individuals. I am grateful to the authors whose vibrant and forward-looking scholarship is represented in the pages before you. I would also like to express my gratitude to the expert and conscientious editorial staff at Elsevier, especially Naiza Ermin Mendoza and Dr. Andrea Gallego Ortiz, who have made this volume possible. Finally, I wish to express my deepest thanks to Dr. Janette Benson, the immediate past editor of Advances in Child Development and Behavior, for her sage counsel, and her contributions to the field as editor of this serial over the past decade.

I welcome you to Volume 61 of Advances in Child Development and Behavior.




Chapter One
An interactionist perspective on the development of coordinated social attention
Stefanie Hoehla* and Bennett I. Bertenthalb,    aUniversity of Vienna, Austria,    bIndiana University, Bloomington, IN USA,    * Corresponding author:, stefanie.hoehl@univie.ac.at


Abstract
Infants' ability to coordinate their attention with other people develops profoundly across the first year of life. Mainly based on experimental research focusing on infants' behavior under highly controlled conditions, developmental milestones were identified and explained in the past by prominent theories in terms of the onset of specific cognitive skills. In contrast to this approach, recent longitudinal research challenges this perspective with findings suggesting that social attention develops continuously with a gradual refinement of skills. Informed by these findings, we argue for an interactionist and dynamical systems view that bases observable advances in infant social attention skills on increasingly fine-tuned mutual adjustments in the caregiver-infant dyad, resulting in gradually improving mutual prediction. We present evidence for this view from recent studies leveraging new technologies which afford the opportunity to dynamically track social interactions in real-time. These new technically-sophisticated studies offer unprecedented insights into the dynamic processes of infant-caregiver social attention. It is now possible to track in much greater detail fluctuations over time with regard to object-directed attention as well as social attention and how these processes relate to one another. Encouraged by these initial results and new insights from this interactionist developmental social neuroscience approach, we conclude with a “call to action” in which we advocate for more ecologically valid paradigms for studying social attention as a dynamic and bi-directional process.
Keywords
Social attention; Predictive processing; Mutual engagement; Reciprocal interaction; Dynamical systems; Eye tracking; Hyperscanning
1 Introduction
Humans are social creatures from birth and devote a great deal of time attending to faces, bodies, and actions throughout their lives. Of course, this is not surprising given that social attention and interpreting others' actions are foundational to how we communicate, learn about the social and physical world, regulate emotions, and develop attachments with others. By adulthood and most likely long before, we are all experts in our social understanding of other people. The central question that we ask in this chapter is how social attention develops and how it relates to social understanding.

In this chapter, we define social attention as a dynamic process involving the selection and interpretation of biological motions, such as gaze cueing, pointing, facial expressions, head and body orientation, and goal-directed actions as well as other social cues involving speech and prosody, smell, and touch. Critically, social attention is not just a product of development, but it is a process as well. Infants enter the world seeking social information, which is important not only for its survival value, but also because it enables social interactions and social learning (Schultz, Klin, & Jones, 2015). By directing attention toward the social world, infants gain increasing experience with their caregivers and other people with whom they interact. Initially, this experience is limited to reflexively seeking social stimulation drawn from the sights, sounds, and smells of their caregivers (e.g., Bartocci et al., 2000; Bushnell, 2001; DeCasper & Fifer, 1980), but, in turn, caregivers and others respond contingently to this attention (Bigelow & Power, 2014; Tronick, 1989). Over time, this information seeking by infants evolves into social interactions involving mutual and reciprocal behaviors that are dynamically coordinated between individuals (Gallagher, 2013).

Early on, infants' actions while socially interacting are highly variable, but are gradually shaped by the feedback they receive from their social partners. Through repeated cycles of selecting and then responding to social stimuli, infants' responses to social information become more finely attuned with experience. For example, infants become increasingly sensitive to multimodal sources of social information specifying contingent vs. non-contingent responses (Smith & Gasser, 2005). Such experiences explain why successful adaptation to the social environment leads to new and more advanced social behaviors that are mediated by the brain. In turn, behavior exerts powerful influences on the development of neural systems by selecting inputs that dynamically modulate neural activity, thereby shaping brain structure and function (Byrge, Sporns, & Smith, 2014). As such, this perspective represents an epigenetic view of development that offers a valuable framework for evaluating the contributions of social attention not only during infancy but later in life as well.

The key significance of this framework is that it focuses on the function of social attention rather than merely on the development of this construct. Currently, there is a voluminous literature on the development of social attention, especially with regard to faces and eyes (e.g., Bertenthal & Boyer, 2015; Salley & Colombo, 2016). Yet, there is little known about how and why it develops. Some theorists suggest that social attention is primarily innate (e.g., Baron-Cohen, 1995), but this view does not satisfyingly explain the substantial changes that continue to occur during the first year as the infant progresses from seeking social stimuli to dyadic and finally triadic interactions (Hoehl & Striano, 2015). The research literature also demonstrates that responses to social cues vary among individuals and even within an individual across time. Moreover, many other factors, such as social cognition or state or emotion regulation contribute to inter-individual variability, and thus make it extremely challenging to observe systematic changes across individuals (Rothbart & Derryberry, 1981). These complex interactions illustrate that social behavior cannot be fully investigated within a deterministic and stationary model of human development, although this is currently the common state of affairs.

Although we acknowledge that the study of social attention encompasses different models and methods, virtually all posit that behavior can be analyzed by decomposing the problem space into static variables or systems that are linearly related to each other. Currently, most of the research focuses on infants' responses to a social cue, such as gaze direction or facial expression, but much less is known about how and when infants begin to dynamically interact with a social partner. One reason for the sparseness of relevant findings is that most studies focus on a single individual, the infant. Oftentimes, infants are presented social stimuli from a third-person perspective, such that they are tested for their observation and representation of a social stimulus, but not for their interaction with that stimulus (Boyer, Harding, & Bertenthal, 2020). This type of paradigm obviates the need for infants choosing between different stimulus cues. For example, infants are presented with a sequence of events, such as an actor eliciting an infant's attention, and then looking or pointing in a specific direction, followed by an object appearing either in that direction or the opposite direction; infants merely have to attend to the stimuli in the order they appear and not choose when and what to look at (e.g., Bertenthal, Boyer, & Harding, 2014; Gredebäck, Melinder, & Daum, 2010; Senju & Csibra, 2008). Moreover, the person with whom the infant interacts is following a pre-recorded script that may or may not be responsive to the infants' behaviors. Furthermore, this person is simply repeating the same stereotypical behavior over a series of trials. As a consequence, researchers are only measuring infants' responses to a specific social cue, but then they are generalizing these responses to continuous and ongoing social interactions (Schilbach et al., 2013).

We contend that the prototypical paradigm for studying infants' social attention is insufficient for explaining how it develops. Consider, for example, the simple act of looking at someone else's eyes. The act of looking cannot explain why this occurs, especially when looking at a real person, because looking serves a dual function. On the one hand, it is designed to acquire information from the individual who is the focus of attention, while, on the other hand, it is signaling information about the motives and intentions of the looker (Nasiopoulos, Risko, & Kingstone, 2015). These behaviors will mutually influence each other and dynamically change over time. As such, infants will construct an understanding of these social cues from the multifarious experiences that they engage in with others.

In more naturalistic situations, such as an infant interacting with a caregiver in a cluttered room among a set of objects over an extended period, the caregiver might alternate between looking at the child and the objects and jointly playing with those objects or showing them to the child. The caregiver will also be communicating with the infant via her facial expressions, vocalizations, and a host of other cues. The question then becomes, how much will infants' social attention be guided by the actions of the social partner, such as eye gaze, gestures and goal-directed actions, the orientation of her face, her body posture, or changes in her object-directed actions? This is a critical question because infants' systematic selection of social information in triadic interactions may not only precede but catalyze their appreciation of shared intentions or common ground (Boyer et al., 2020; Mundy & Newell, 2007). In other words, these preferences establish new opportunities for social interaction and social learning, which might very well contribute to infants' social understanding.

The key point here is that in order to understand how social attention contributes to social understanding, we must go beyond assessing infants' understanding of different social cues in dyadic and triadic interactions. It is not enough to study infants' responses to social cues, such as faces or eyes, because these studies focus on what infants know, but not how they know the meaning of this information. Social knowledge derives from the repeated actions by infants and the responses by the social partners. It is therefore necessary to place emphasis on social interaction rather than social attention, per se. These interactions involve a mutually engaged and co-regulated coupling between infant and caregiver such that they mutually affect each other (Gallagher, 2013). As such, meaning is derived from neither the perspective of the infant or the caregiver, but rather is a construction of the mutual and co-regulated coupling between the two subjects. This emphasis on a second-person perspective is beginning to receive serious attention in the developmental literature (Hoehl & Markova, 2018; Reddy, 2003; Schilbach et al., 2013), but there is still much work to be done if this perspective is to deliver on its promise of explaining how social understanding develops.

In the remainder of this chapter, we will attempt to flesh out the ideas that we have outlined above. In Section 2, we will begin by discussing what contributes to learning and development. In particular, we will discuss how predictive processing and corrections from errors will result in a more adaptive understanding of the social and physical worlds. The next section (Section 3) will briefly review what we have learned about social attention from a third-person perspective (i.e., measuring infants' responses when they observe other people acting or communicating), and then highlight some of the theoretical limitations of this approach. In Section 4, we will address the need for real-time process-oriented research to explain how social interaction is the engine for the development of infants' social understanding. Examples of this research involving eye tracking and hyperscanning studies will be discussed. Lastly, Section 5 will highlight emerging themes and future directions as we continue to benefit from new technologies to study the development of social attention and social understanding.
2 Development of social attention through the lens of predictive processing

2.1 Learning in response to prediction errors
When learning how to navigate their complex social and physical environment, infants constantly have to adjust their mental representations of the world, of other people and of themselves in order to become more and more proficient social agents. Predictive processing (PP) has become a prominent theory in the cognitive neurosciences (Clark, 2013) and provides a useful framework for understanding learning in early human development (Köster, Kayhan, Langeloh, & Hoehl, 2020). According to the PP account, the brain does not passively receive and process sensory input. Instead, the brain constantly forms predictions about upcoming inputs and events and dynamically updates internal predictive models based on sensory information (Friston, 2005, 2010). These generative models exist at every level of the neural hierarchy from basic sensory and motor regions to networks engaged in higher-order reasoning and complex problem solving. Furthermore, these models are not rigid, but dynamically adapted based on incoming information, which serves to successively minimize prediction errors in the long run. These generative models are not deterministic, but rather probabilistic and based on the extraction of statistical regularities in the sensory input that the organism encounters. Two principal types of inferences are employed whenever a prediction error occurs: (1) active inference, that is adjusting the world according to internal models through action and/or (2) perceptual inference, that is adjusting internal models of the world according to new sensory information (notably, these notions of active and perceptual inference resemble Piaget's concepts of assimilation and accommodation, respectively; Piaget, 1952).

To give a simple example of an everyday situation, an infant may want to grab a toy offered to her by her older sister. Shortly before reaching the toy, the older sister retracts her hand and puts the toy out of reach again. The infant, having expected to be handed the toy from her sibling, will now experience a prediction error and may update her mental model of the ongoing interaction through perceptual inference. She may, for instance, look into her older sister's face and spot a mischievous smile, indicating that her sister is not helping her to get the toy at all, but rather teasing her (Striano & Vaish, 2006). Alternatively, the infant may now, depending on her motor and communication skills, through active inference, try to change the interaction back to a give-me-the-toy situation, by protesting loudly or by grabbing the toy out of her older sister's hand.

As argued previously (Köster et al., 2020), it is exactly these kinds of situations inducing prediction error, in the developmental literature often termed violation of expectation, that offer important learning opportunities for infants (Stahl & Feigenson, 2015). Perceptual inference, in particular, allows infants to generate better, more useful models of the world. In the physical domain this is reflected, for instance, in infants' highly effective learning about the hidden properties of objects that behave in unexpected ways, such as seemingly defying gravity (Stahl & Feigenson, 2015). Köster et al. (2020) suggest that infants are motivated to minimize prediction errors in the long run, inducing them to seek out information specifically about objects that behave in an unpredicted manner and to update their mental models of the world accordingly. They argue that predictive processing is a general learning mechanism, which applies widely to different domains from learning about the physical world to infants' motor learning as well as their social learning (see next section). Human infants possess near endless curiosity and drive to learn and they readily leave their comfort zones in order to explore, for instance when standing up trying to walk after just having mastered crawling or crawling up and down inclined surfaces after just having learned to crawl (Adolph, Bertenthal, Boker, Goldfield, & Gibson, 1997). According to PP accounts of infant learning, infants are motivated to generate predictive models that allow them to act on and move through the world in increasingly apt ways in the long run, instead of relying permanently on sub-optimal solutions that they acquired early on (Kayhan & Kwisthout, 2017; Köster et al., 2020). Thus, infants would not be content with acquiring one way of locomotion that affords only a limited view of the surroundings, such as crawling (Hoch, Rachwani, & Adolph, 2020; Kretch, Franchak, & Adolph, 2014). Instead, they would continue to explore and acquire new action possibilities, for example, walking, even though transitions between different ways of solving a problem usually entail particularly high degrees of uncertainty. In other words, infants learn to move, but they just as much move in order to learn (Adolph, 2008).
2.2 Implications of predictive processing for social learning
How can the PP framework be applied to the development of social attention and social understanding? Social interactions afford infants with manifold learning opportunities, gradually helping the infant to resolve uncertainties, to generate better-adapted models and to derive more and more accurate predictions from these models that allow them to act in increasingly proficient ways. There are at least two relevant facets of social learning that are probably tightly entwined, but often researched independently from each other. First, the infant learns about the physical world through others. Provided that an infant repeatedly learns from or with the same person, for example, a caregiver or a sibling, this will likely result in more and more mutually aligned representations of the world and increasing common ground between infant and caregiver. Second, the infant learns about the social world, that is about other people, their intentions and perspectives, as well as their mutual relationship.

To give an example, learning about the physical world entails learning about the emotional valence and potential dangers of objects as operationalized in classic social referencing paradigms. In these studies, infants around their first birthday are typically exposed to an unfamiliar, often ambiguous object, such as a toy robot (Gunnar & Stone, 1984; Hornik, Risenhoover, & Gunnar, 1987; Klinnert, Emde, Butterfield, & Campos, 1986; Moses, Baldwin, Rosicky, & Tidball, 2001; Mumme, Fernald, & Herrera, 1996). Infants will orient toward adults (their caregivers or an experimenter) when encountering such an ambiguous object, that is they actively seek information about something they are not yet able to mentally represent or whose behavior they cannot reliably predict. Infants then usually adjust their behavior toward the object according to the emotional signals they receive from adults: They are more inclined to approach and touch the objects after receiving encouraging, positive expressions from the adult than when the adult expresses a negative emotion such as fear, disgust or anger.

Interestingly, several studies report that infants are more susceptible to adults' emotional signals when encountering ambiguous (i.e., unpredictable, objects or situations) rather than clearly aversive or potentially dangerous objects or situations (Campos, Thein, & Owen, 2003; Gunnar & Stone, 1984). This observation is in line with the notion that infants seek out additional information especially when their mental models of the world do not yet afford them reliable predictions (Köster et al., 2020). Repeatedly learning about the world from or with particular others, such as caregivers or siblings, will likely lead to more overlapping mental models and predictions among these individuals. These could be manifested at the level of dyads or small groups as more similar neural responses to the same stimulation (Parkinson, Kleinbaum, & Wheatley, 2018, see further discussion below) and at the level of cultural groups as more similar ways of perceiving and acting on the world (Nisbett & Masuda, 2003).

Learning about the social world from and with other people entails, for instance, making better predictions about others' actions based on their inferred goals or mental states. For example, 12-month-old infants seem to take into account the efficiency of a simple action, such as turning on a touch-sensitive light, and they will reenact an inefficient action (using the head instead of the hand) specifically only when they cannot make out a rational reason for the inefficient action, for example, the hands were occupied (Gergely, Bekkering, & Kiraly, 2002). Consistent with the view that infants experience a prediction error when observing such an inefficient head-touch action, one of us, and colleagues, recently found an increased neural Nc response, associated with increased attentional orienting. In addition, there was an N400-like component response, associated with detecting semantic violations, when 1-year-old infants observed a head-touch as opposed to a hand-touch action (Langeloh, Buttelmann, Pauen, & Hoehl, 2020). Furthermore, infants showed higher neural motor activation for the observation of unexpected head-touch compared to expected hand-touch actions, suggesting updating of their action predictions in motor regions of the brain (Langeloh et al., 2018).

We can imagine a myriad of ways in which such social learning affects social coordination at the level of dyads, larger groups or even cultures. In particular, achieving an instrumental goal using an inefficient action strategy has been associated with learning about social behavioral norms and rituals (Kenward, Karlsson, & Persson, 2011; Keupp, Behne, & Rakoczy, 2013; Legare & Nielsen, 2015; Wen, Herrmann, & Legare, 2016). It seems plausible that quickly learning and conforming to the behavioral norms established in a group renders individuals' actions more mutually predictable, thus minimizing prediction errors and enabling smoother social exchanges within the group (Veissiere, Constant, Ramstead, Friston, & Kirmayer, 2019).

Crucially, neither social learning about the physical nor about the social world are uni-directional exchanges; instead, social interactions are fundamentally bidirectional (Beebe & Steele, 2013; Cohn & Tronick, 1988). Thus, as the infant learns about the physical and social world through the caregiver, the caregiver's representations of the world will most likely also be affected by the exchanges with the infant. At the same time, the caregiver will also learn about the infant and will improve predicting the infants' needs and actions (Fotopoulou & Tsakiris, 2017). Tracking and understanding these dynamic and bidirectional processes requires taking a second-person perspective (Schilbach et al., 2013) on early social interactions (Hoehl & Markova, 2018; Reddy, 2003). Here, the infant is studied as an active participant in mutual and reciprocal exchanges with social partners. The dyad is the unit of observation rather than the individual. From this view, it is insufficient to record infants' behaviors and brain responses in experimental paradigms where the infant is merely an observer to someone else acting or communicating (so-called third-person approach).

We should strive to better understand how dynamical, reciprocal exchanges unfold and lead to changes in the generative models of the infant as well as the caregiver. Recent neuroscience research in adults has demonstrated that friends respond with more similar brain activity patterns to the same audio-visual stimuli than strangers (Parkinson et al., 2018). Furthermore, shared understanding of narratives goes hand in hand with more similar neural responses across individuals (Nguyen, Vanderwal, & Hasson, 2019). Simply put, closely affiliated adults perceive the world more similarly. Yet, it is currently unknown how these patterns of brain activity come about and whether they rely on shared experiences. People may seek out as friends other people with similar ways of seeing the world. Keeping in mind, however, that completely accurate and objective mental representations of the world are impossible to achieve based on incomplete and messy sensory input, it is unlikely that merely idiosyncratic individual learning experiences shape the way people respond to the world. It seems much more likely that social learning, starting in early development, plays an important role and leads to the co-creation of shared representations across infants and their caregivers and later their peers and friends. In this view, social learning leads to more or less similar models of the world and thus more or less similar patterns of responding and acting on the world across people depending on the quality and frequency of their shared experiences.

In the next section, we outline briefly what we have learned about the early development of social attention from traditional research on how infants perceive and respond to social signals from a third-person perspective before highlighting the limitations of these conventional approaches. We will discuss why, in our view, social attention should be studied as a bidirectional process of mutual prediction and inference in order to gain deeper insights into the mechanisms through which infants become increasingly proficient social agents and come to co-create shared representations of the world with their caregivers and other people.
3 A brief review of current findings and theories of social attention

3.1 Empirical research from a first- or third-person perspective
Research into the perceptual preferences of newborn human infants has consistently demonstrated their preference for looking at faces with open eyes (Batki, Baron-Cohen, Wheelwright, Connellan, & Ahluwalia, 2000) and direct gaze (Farroni, Csibra, Simion, & Johnson, 2002; Farroni et al., 2005). Along with perceptual biases toward faces in general (Johnson, Dziurawiec, Ellis, & Morton, 1991), biological motion (Simion, Regolin, & Bulf, 2008), and voices (Vouloumanos, Hauser, Werker, & Martin, 2010), this preference ensures that the infant will preferentially orient toward other people. This ensures that in a normal environment, with caregivers around, the infant will receive ample sensory input of faces, biological motion and speech, kicking off a process of interactive specialization of brain regions involved in the processing of social information (Blasi et al., 2011; de Haan, Johnson, & Halit, 2003; Johnson, 2000; Johnson et al., 2005). Interactive specialization refers to a probabilistic epigenetic process in which brain regions are functionally specialized through the interaction of the organism with the environment and the coordination of brain activities across neural networks. For instance, a brain region initially responding to a range of visual objects will be gradually tuned to the processing of upright human faces and specifically faces belonging to the race and ethnicity infants encountered most frequently. Evidence for this theory comes from, among other sources, electrophysiological research into the development and fine-tuning of face-specific brain responses (de Haan et al., 2003). By contrast, reduced early orienting toward social stimuli, and faces in particular, is associated with a lack of neural specialization in individuals with Autism Spectrum Disorder (Johnson et al., 2005).

As reviewed extensively elsewhere (Hoehl et al., 2009; Hoehl & Striano, 2015), research on infants' behavior and neural processes as a spectator (third-person perspective) of social information has shown that across the first 2 years after birth, infants become increasingly more accurate in detecting the targets of other people's head and gaze direction. Starting out from attention cueing effects in computerized paradigms (Farroni, Massaccesi, Pividori, & Johnson, 2004; Hoehl, Reid, Mooney, & Striano, 2008; Hood, Willen, & Driver, 1998; Reid & Striano, 2005), infants become increasingly able to follow others' attention direction toward referents across greater spatial distances (Butterworth, 1998; D'Entremont, Hains, & Muir, 1997), behind occluders (Csibra & Volein, 2008; Moll & Tomasello, 2004) and behind themselves (Deak, Flom, & Pick, 2000). Infants also seem to develop an understanding that open eyes are needed for seeing (and consequently stop following adults with closed eyes) around the end of the first year (Meltzoff & Brooks, 2007). At this point, infants also start to actively engage others in sharing visual experiences by pointing toward interesting events (Liszkowski, Carpenter, Henning, Striano, & Tomasello, 2004) and checking back with the social partner to determine whether both are actually paying attention to the same thing (Carpenter, Nagell, & Tomasello, 1998). Thus, beyond merely following the attention direction of others, infants at this point are able to engage in more sophisticated forms of shared attention (Siposova & Carpenter, 2019), displaying evidence of being aware that they are sharing experiences with their social partners. Here it is useful to distinguish between responding to joint attention, including following gaze and pointing on the one hand, and initiating joint attention, that is actively pointing and sharing attention on the other hand, both of which have been linked to differentiable neural processes and functional brain networks (Mundy, Card, & Fox, 2000; Mundy & Jarrold, 2010).

This extensive empirical research offers multiple insights into how social attention develops across the first few years. By focusing, however, on the infant instead of the dyad as a system and adopting a first- or third-person view, we argue that findings from this line of research are incomplete, and primarily descriptive rather than explanatory (see also, de Barbaro, Johnson, & Deák, 2013). In particular, we now know very well when in development infants typically acquire certain social attention skills, but we do not really know how or why they show this developmental progress.
3.2 Illustrative theories for explaining the development of social attention
One prominent theoretical account posits that infants acquire a concept of seeing and of other people possessing their own visual perspectives through a so-called “like me” mechanism (Meltzoff, 2007; Meltzoff & Brooks, 2007, 2008). According to this view, infants link their own first-person experiences with their visual environment to others' visual experiences, which the infant can only track from a third-person perspective. Thus, based on their own experiences with closure or occlusion of eyes, the infant learns to infer that someone else with closed or occluded eyes cannot visually perceive a potential referent in the environment and they stop following this person's head direction accordingly. Meltzoff and Brooks (2008) demonstrated in an elegant experiment that personal experience with eye occlusion through a blindfold facilitated infants' understanding of eye occlusion and decreased their gaze-following behavior of another blindfolded person. While convincingly making the point that infants are able to learn through linking their own first-hand experiences with the experiences they observe from a third-person perspective in others, this account does not explain how and why infants reach the developmental milestone of understanding eyes as instrumental for seeing by around 12- to 18-months of age. Moreover, it remains unclear why infants apparently do not learn about seeing from opening and closing their own eyes before the age of 12 months.

Tomasello and Carpenter (2007) offer another influential theoretical account aimed at explaining why infants seem to shift in their behavior from merely following the attention cues of others early in the first year to checking back with them and actively engaging them in episodes of shared attention, for example, through pointing, around 1 year of age. According to the “shared intentionality” account, infants start to recognize other people as intentional agents with different experiences, perspectives, and goals of their own around the end of the first year. In a similar vein, it was suggested that infants around 9 months of age develop secondary intersubjectivity, meaning that they acquire the new capacity to represent triadic (person-person-object) relations (Trevarthen & Aitken, 2001; Trevarthen & Hubley, 1978). These accounts, however, leave open the question of how and why such a major shift in infants' perception of and reasoning about their social partners and their relations comes about at exactly this age. More importantly, this view has been criticized on the basis of empirical data consistently showing a gradual development of social attention skills across the first year (de Barbaro et al., 2013; Deák, Krasno, Jasso, & Triesch, 2018; Lavelli & Fogel, 2005; Striano, Stahl, & Cleveland, 2007), rather than a sudden shift at some particular age.
3.3 Social attention develops continuously and involves improving mutual prediction
Empirical evidence collected in longitudinal studies on social attention in naturalistic interactions paints a clear picture of continuous development in infancy (de Barbaro et al., 2013; Striano et al., 2007), or perhaps an overlapping waves model (Lavelli & Fogel, 2005), rather than a stage model based on cross-sectional experimental data such as reviewed in Sections 3.1 and 3.2. For instance, Lavelli and Fogel (2005) observed mother-infant face-to-face interactions in families' homes weekly between birth and 14 weeks of age. They report a gradual increase of infants' facial expressions co-occurring with gaze at mothers' faces, thus providing evidence for increasingly active and emotionally positive forms of attention toward the mother across the first 3 months.

A second study was conducted longitudinally at 4, 6, 9, and 12 months of age and consisted of a micro-analysis of triadic interactions involving infant, mother, and objects (de Barbaro et al., 2013).
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