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Abstract:  The transactional model (Sameroff, 1975) supports the notion that bidirectional 

influences of the child and his/her early caregiving environment have a profound impact 

on child development. Thus, it behooves researchers to consider child and parent 

characteristics, as well as parent-child dynamics, which might lead to more or less 

optimal developmental trajectories. This dissertation used a transactional approach to 

study synchrony during early childhood. In this collection of studies, synchrony is 

defined as the degree to which a parent’s nonverbal and verbal communication follows or 

redirects their child’s focus of attention and action during play (Siller & Sigman, 2002). 

Parent-child dyads engaged in an unstructured free play session with a standardized set of 

toys, which was later coded for Synchrony (Siller & Sigman, 2002, 2008). 1) The first 

study included typically developing toddlers and their mothers. It tested associations 

between synchrony and the Emotional Availability (EA) Scales (Biringen, 2008), and 
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also explored associations between synchrony, EA, child temperament, and toddlers’ 

joint attention abilities. 2) The second study included mothers and typically developing 

infants. It longitudinally explored the stability of synchrony from 9 to 18 months and 

whether synchrony predicted individual differences in the development of joint attention 

from 9 to 18 months and language at 24 months. 3) The third study included mothers and 

infants with an older sibling with autism (sibs-ASD) or without autism (sibs-TD). It 

assessed whether certain parent and child characteristics (e.g., parenting stress, infant 

temperament) contribute to individual differences in synchrony at 12 and 15 months. This 

body of work helps to: establish the stability of synchrony in early childhood, distinguish 

synchrony and EA parent-child interaction measures, clarify how synchrony is related to 

the development of nonverbal and verbal communication, and identify certain parent and 

child factors that predict individual differences in synchrony.  
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INTRODUCTION 

The transactional model proposed by Sameroff in 1975 has profoundly impacted 

the field of child development research. He pronounced that “the development of the 

child is a product of the continuous dynamic interactions of the child and the experience 

provided by his/her social settings” (2009, p. 6). This notion has influenced researchers to 

move beyond the study of the independent and unique features of the child or caregiver, 

toward a more integrated understanding of the complex interwoven processes between 

the two. We have therefore focused our efforts on characterizing relationships between 

children and their caregivers in order to better understand, predict, and influence 

children’s developmental outcomes. Early life may be an especially important window 

during which the influence of caregiving upon a child’s development is at its peak 

(Cicchetti & Curtis 2006; National Scientific Council on the Developing Child, 2007; 

NICHD Early Child Care Research Network, 1999).  

The quality of early parent-child interactions, and the parent-child relationship 

more broadly, has been demonstrated to exert both immediate and extended effects on 

child development (e.g., Belsky, 1999). Many researchers have examined the role of 

parental responsiveness, which includes behaviors that a caregiver directs toward a child 

that are emotionally supportive and appropriately scaffolded (Bornstein, 1989). Studies 

have demonstrated that that caregiver responsiveness toward infants and toddlers is a 

significant predictor of language, cognitive, and social development (e.g., Bornstein, 

1989, Landry, Smith, & Swank, 2006; Lewis & Goldberg, 1969). For example, 

researchers found that positive, meaningful changes in maternal behaviors contingent 

upon children’s behavior at 13 months positively predicted earlier achievement of 

children’s language milestones, such as saying first words and or beginning to combine 
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two or more words expressively (Tamis-LeMonda, Bornstein, & Baumwell, 2001). These 

types of studies tend to focus on behaviors or characteristics of the caregiver, (e.g., 

sensitivity, responsiveness) that do not directly assess behaviors or characteristics of the 

child. Thus, these studies examine parent behavior irrespective to that of the child, 

despite the fact that child behavior may affect the mother’s behavior during the 

interaction (Murray & Trevarthen, 1986). In contrast, one parent-child interaction 

construct that does directly account for both partners in the interaction is synchrony.  

  Synchrony 

Synchrony1 is broadly defined as “an observable pattern of dyadic interaction that 

is mutually regulated, reciprocal, and harmonious” (Harrist & Waugh, 2002, p.557). 

However, the concept of synchrony has been conceptualized and defined in various ways 

throughout the literature. For example, some researchers focus on qualitative, global 

measures of interactions (e.g., Wan et al., 2012), while others’ definitions are much more 

quantitative and behavior-specific (e.g., Siller & Sigman, 2002). Some define dyads 

categorically as either synchronous or asynchronous (e.g., Harrist et al., 1994), while 

others use continuous ratings to define instances of synchrony and asynchrony. For 

example, Isabella, Belsky, and Von Eye coded 45-minute interactions, using predefined 

behaviors to rate each 15-second interval as either synchronous (“reciprocal and mutually 

rewarding behavioral exchanges”) or asynchronous (“one-sided, unresponsive, or 

intrusive behavioral exchanges”; 1989, p. 14). In addition, some definitions seem to 

emphasize the role of either the child or parent (see Fogel, 1993; Stern et al., 1985), while 

                                                
1 For the sake of clarity, unless otherwise noted, “synchrony” refers to parent-child synchrony or dyadic 
synchrony between mothers and/or fathers and their children. “Mother-child synchrony” refers to 
synchrony between only mothers and their children, and cannot necessarily be generalized to father-child 
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others take the interaction of both into account (Belsky, Isabella, von Eye, 1989; Jaffe, 

Beebe, Feldstein, Crown, & Jasnow, 2001; Siller & Sigman, 2008; Wan et al., 2012).   

Harrist and Waugh (2002) explained that when conceptualizing synchrony, many 

researchers confer the responsibility of maintaining synchrony upon the caregiver. They 

posit that characteristics of the caregiver/caregiver behavior, such as responsiveness and 

sensitivity, (Biringen, 1990; Smith & Pederson, 1988) are factors that might contribute to 

synchrony during infancy. There is some research support for a link between synchrony 

and attachment, which is comprised of features such as responsiveness and sensitivity 

(Ainsworth & Wittig, 1969; Ainsworth et al., 2014). For example, two studies found that 

synchronous versus asynchronous interactions at one, three, and/or nine months predicted 

secure attachment at one year (Isabella & Belsky, 1991; Isabella, Belsky, & von Eye, 

1989). Although those studies examined very early synchrony as a predictor of 

attachment styles, secure attachment likely facilitates synchrony over time as well. More 

recently, one study found that both sensitivity as well as mothers’ verbal stimulation of 

their 8- to 12-month-old infants uniquely predicted socioemotional development (e.g., 

establishing eye contact with caregiver, vocalizations in response to caregiver speech; 

Sumner & Spietz, 1994; Page, Wilhelm, Gamble, & Card, 2010). Notably, it was 

mothers’ verbal stimulation that was a strong predictor of infants’ cognitive development; 

sensitivity was not a significant predictor.   

Together, previous studies support the idea that while sensitivity, secure 

attachment, and maternal verbal behaviors are all important positive predictors of child 

development, they may also reflect unique constructs. While sensitivity is likely 

positively related to synchrony, it is important to test whether these two constructs are 

meaningfully distinct. In fact, sensitivity has been described as involving both synchrony 

and dyssynchrony (Biringen, Emde, & Pipp-Siegel, 1997) and that a substantial portion 
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of optimal parent-child interactions involve dyssynchrony and repair (Tronick & Gianino, 

1986; Biringen, Emde, & Pipp-Siegel, 1997). Thus, perfectly attuned interactions actually 

represent a small portion of normal, everyday interactions. In addition, synchrony and 

sensitivity might exert separate effects on different aspects of children’s development, 

such as on language development versus compliance. Thus, further research is necessary 

to better understand how synchrony and sensitivity are similar or different. 

In order to compare and contrast synchrony with sensitivity, it would be 

beneficial to utilize a measure of synchrony that is dyadic rather than a measure that 

solely (or more heavily) considers caregiver behavior. In the autism literature, Siller and 

Sigman (2002) defined synchrony as the degree to which a mother follows or redirects 

her child’s focus of attention and action during play. Thus, synchronized behavior 

consists of following a child’s focus on an object/toy, while unsynchronized behavior 

consists of redirecting a child’s focus or actions. Since this definition accounts for both 

partners in the interaction, it is dyadic and therefore more conducive to a transactional 

approach to analysis and interpretation of results. In addition, it uses proportions to 

quantify discrete observable behaviors, which yields continuous scores of synchrony. 

This allows us to capture information regarding synchrony in a score that may: (1) be 

more sensitive to individual differences than categorical measures (synchrony vs. 

asynchrony) and (2) reflect the continuity of transaction observed among dyads. This 

definition of synchrony is also likely to capture information about the dyadic interaction 

that is distinct from those aspects of parent-child interaction that reflect the emotional 

climate such as sensitivity. Thus, Siller and Sigman’s conceptualization of synchrony 

(2002) may be ideal for testing whether synchrony and sensitivity are differentially 

related to domains of child development. 
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  Synchrony and Language Development 

Synchrony involves parents coordinating their behavior with their child’s focus of 

attention. Following a child’s focus has been shown to increase children’s engagement 

and motivation during the interaction (Bruner & Sherwood, 1983). More specifically, 

researchers have demonstrated that when caregivers describe objects that children are 

attending to, they (1) help children to learn the social functions of communication and (2) 

enhance “word-mapping,” which is when a child learns to match a word label to a 

particular object (Baldwin & Markman, 1989; Bloom, Margulis, Tinker, & Fujita, 1996; 

Carpenter, Nagell, & Tomasello, 1998; Tamis-LeMonda, Bornstein, & Baumwell, 2001; 

Tomasello & Farrar, 1986). Therefore, it follows that synchrony would likely facilitate 

communication development. Accordingly, a handful of studies have examined this link, 

and have demonstrated that synchrony predicts language development. Specifically, 

studies of infants between 9 and 15 months have found that typically-developing (TD) 

children’s rate of language growth was higher when parents’ interactions with them were 

synchronized with their child’s focus of attention (Carpenter et al., 1998). Additionally, 

Siller and Sigman (2008) demonstrated a link between synchrony and language growth in 

young children with Autism Spectrum Disorder (ASD) between the ages of roughly 3.5 

to 7.5 years. Specifically, they found that mothers’ synchrony with their child’s attention 

and activity during play positively predicted children’s rate of language growth. 

However, they did not include a comparison sample, so it remains unclear whether these 

associations can be generalized to TD children of the same chronological or mental age. 

Thus, preliminary studies indicate that synchrony may be an important predictor of early 

language development in both TD children and children with ASD. However, synchrony 
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may be related to communication development more broadly, and not only language 

development. 

  Precursor to Language: Joint Attention 

Nonverbal communication skills, such as the use of eye contact and gestures such 

as showing and pointing, typically emerge before onset of first spoken words (Bates, 

Benigni, Bretherton, Camaioni, & Volterra, 1979, Bates, Camaioni, & Volterra, 1975; 

Capone & McGregor, 2004; Folven & Bonvillian, 1991). One functional category of 

early nonverbal communication that serves as a precursor to language is joint attention 

(Moore & Dunham, 1995). Joint attention is the ability of an individual to coordinate his 

or her attention with that of a social partner in order to create a shared experience 

(Bakeman & Adamson, 1984; Bruner & Sherwood, 1983; Van Hecke & Mundy, 2007). 

There are two types of joint attention: Initiating Joint Attention (IJA) and Responding to 

Joint Attention (RJA; Seibert, Hogan, & Mundy, 1982). IJA involves the use of gestures 

(e.g., pointing, showing) and/or eye contact to direct another’s attention toward objects, 

events, and the self. RJA involves following the direction of gaze and gestures of others 

in order to share a common point of reference (Scaife & Bruner, 1975). Both types of 

joint attention serve to create a shared experience, rather than serving solely to meet an 

individual’s desires or needs. For example, a child who wants a cookie might point at it 

and then alternate his gaze from the cookie to his father’s eyes. This serves to regulate his 

father’s behavior in order to obtain the cookie, and would not be considered joint 

attention. However, if the same boy were to point and look at fireworks in the sky and 

then make eye contact with his father in order to share his excitement/interest in the 

fireworks, this would be considered joint attention. 
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In TD children, joint attention emerges between 3 and 9 months of age (Hood, 

Willen, & Driver, 1998; Toth, Munson, Meltzoff, & Dawson, 2006; Vecera & Johnson, 

1995; Williams, Waiter, Perra, Perrett, & Whiten, 2005), and is largely developed by 

roughly 18 months (Scaife & Bruner, 1975). Using the Early Social Communication 

Scales (ESCS; Mundy, Delgado, Block, Venezia, Hogan, & Seibert, 2003), researchers 

found that the frequency of IJA tends to increase substantially from 9 to 15 months, and 

then plateaus somewhat thereafter. The authors also found that the proportion of RJA 

seems to increase most dramatically from 9 to 12 months, but continues to increase 

gradually through 18 months, at which point children often achieve mastery as indicated 

passing all RJA trials in a given joint attention assessment. These developmental 

trajectories were largely consistent across infants. Nonetheless, meaningful individual 

differences in joint attention skills were observed between infants. For example, 

frequency of IJA was positively predicted by cognitive status, as measured by a 

standardized assessment of early cognitive development (Bayley, 1993; Mundy, Block, 

Delgado, Pomares, Vaughan Van Hecke, & Parladé, 2007). Thus, infants with higher 

cognitive scores tended to engage in IJA more frequently than those with lower cognitive 

scores. In other words, although there is a general pattern of joint attention development 

that is fairly consistent in typically developing children, there are still meaningful 

individual differences in joint attention skills among infants.   

IJA and RJA are thought to be important for early language development and, 

specifically, word learning and mapping (e.g., Baldwin, 2014). For example, a mother 

might point at a toy and label it (e.g., “it’s a bus”), requiring her son to use RJA skills to 

follow her point, correctly identify the object she is labeling, and learn the word, “bus”.  

A child might use IJA by pointing at an object in the sky, and her father then follow her 

point and respond by labeling the object “airplane.” Baldwin (2014) suggested that these 
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processes of shared attention reduce referential mapping errors (when a child attributes a 

label to an incorrect object) in word learning. Beyond theory, numerous studies have 

demonstrated positive associations between joint attention and language development. In 

TD children, joint attention skills positively predict the size of children’s receptive and 

expressive vocabulary and standardized language scores from infancy through 

toddlerhood (Morales et al., 1998; Morales et al., 2000; Mundy & Gomes, 1998).   

Potential Associations Between Synchrony and Joint Attention 

As described above, studies have separately examined concurrent and predictive 

associations between (1) synchrony and language development and (2) joint attention and 

language development. However, little is known of the associations among synchrony, 

joint attention, and language development. One possibility is that, because both 

synchrony and joint attention facilitates language development, one factor may influence 

the relations between the other two. It may be, for instance, that joint attention partially 

mediates the relationship between synchrony and child language abilities. For instance, 

synchrony may facilitate joint attention development, and both in turn may each 

contribute to language development. Before understanding how synchrony, joint 

attention, and language development may all be related, a link between synchrony and 

joint attention should first be established. 

Synchrony and joint attention have been theoretically linked, as the underlying 

mutual engagement of attention present within synchronous interactions with newborns 

and infants may serve as a precursor to the development of joint attention (see Brazelton 

et al., 1974; Harrist & Waugh, 2002). In other words, having a shared focus of attention 

seems to be a necessary part of synchronous interactions. However, synchrony and joint 

attention are not overlapping or redundant constructs. Although synchrony and joint 
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attention both involve dyadic interactions, synchrony focuses primarily on the mother’s 

actions while joint attention focuses primarily on the child’s actions. It would appear that 

joint attention is likely to occur within synchronous interactions, suggesting that 

synchrony would be positively associated with joint attention skills. This is important, 

since in typically developing children, IJA and RJA affect early language development 

via word learning and mapping (e.g., Baldwin, 2014). In fact, individual differences in 

joint attention skills have been found to positively predict children’s receptive and 

expressive vocabularies and standardized language scores from infancy through 

toddlerhood (Morales, Mundy, & Rojas, 1998; Morales et al., 2000; Mundy & Gomes, 

1998). However, this association between synchrony and joint attention has not yet been 

adequately tested empirically in typically developing children.  

Few studies, to date, have examined potential associations between synchrony and 

joint attention. Further, it is important to note that these studies have only been conducted 

in the context of risk for or diagnosed Autism Spectrum Disorder (ASD), a disorder that 

inherently involves impairment in joint attention (American Psychiatric Association, 

2013). Yirmiya and colleagues (2006) used a five-minute play sample to characterize of 

mother-infant dyads as synchronous or asynchronous at 4 months of age. Two groups of 

mother-infant dyads were compared: (1) mothers and infants at increased risk for ASD by 

virtue of having an older biological sibling with ASD (Sibs-ASD) and (2) mothers and 

infants with a typically developing sibling (Sibs-TD). They found that being classified as 

synchronous versus asynchronous at 4 months was not correlated with measures of joint 

attention at 14 months in either the Sibs-ASD or Sibs-TD. The lack of association 

between synchrony and joint attention might be due to using categorical classification of 

dyads as either synchronous or asynchronous, which might artificially restrict the 

variance in synchrony (compared to continuous measures) and limit the ability to detect 
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associations with other variables. Siller and Sigman (2002) found that for children with 

ASD, higher synchrony positively predicted 1-year gains in IJA and RJA scores, as well 

as 10- and 16-year gains in language skills. Nonetheless, they did not analyze 

associations between synchrony and communication development in the typically 

developing or developmentally delayed children. Siller and Sigman (2008) also reported 

that in young children with ASD (ages 2 to 5 years), higher synchrony scores were 

correlated with greater child IJA. Correlations between RJA and synchrony were not 

significant, although RJA and synchrony were each strong independent predictors of 

children’s rates of language growth. While intriguing, these findings should be 

considered preliminary. Furthermore, they do not inform our understanding of how 

synchrony, joint attention, and language development may influence one another in the 

context of typical development.    

Thus, very few studies to date have tested the link between synchrony and joint 

attention skill development, and their findings differ. Furthermore, these studies are 

methodologically limited in their capacity to speak to developmental growth due to their 

reliance on cross-sectional data, or in the case of Yirmiya et al. (2006), limited 

longitudinal data. In order to most accurately form conclusions and implications about 

the trajectory of skills (whether they significantly improve, remain largely stagnant, or 

actually diminish), it is optimal to have a minimum of three data points collected over 

time. Further work must be done to more closely examine whether synchrony accounts 

for some of the individual differences in joint attention skill development in TD children, 

as well as to determine how each may influence language development. 
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Developmental Patterns of Synchrony 

To our knowledge, there has not yet been a longitudinal study of synchrony to 

examine developmental patterns of synchrony and determine whether it is stable over 

time. This would help to inform the conceptualization of synchrony from infancy through 

toddlerhood. In addition, understanding developmental patterns of synchrony is important 

to examining associations between synchrony and joint attention development over time. 

Previous studies of stability of other parent-child interaction domains report mixed 

results. For instance, some studies have reported that Emotional Availability and 

sensitivity are stable over time (e.g., Ainsworth et al, 2014; Biringen & Robinson, 1991; 

Grossman et al., 1985; Pianta, Sroufe, & Egeland, 1989). While other studies have 

reported that specific maternal behaviors, such as prohibitive maternal behavior (e.g., 

saying “no” to the child) increase once children began walking (Hendrix & Thompson, 

2011; Tamis-LeMonda et al., 2007). Thus, there may be developmental patterns in 

synchrony that coincide with developmental shifts such as the onset of walking or certain 

language milestones. However, it seems more likely that while certain maternal behaviors 

may change over time, characteristics of mother-infant interaction will remain relatively 

stable. We predict that synchrony will appear relatively stable during early development, 

but also that there are meaningful individual differences in synchrony that contribute to 

differences in child development (e.g., joint attention and language). If so, then it would 

be reasonable to examine associations between early synchrony and later child outcomes. 

This study will explore developmental trajectories of synchrony between 9 to 18 months 

of age, allowing us to determine if synchrony is stable during infancy and toddlerhood, or 

if patterns of change are evident during infancy and toddlerhood. 
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Factors Influencing Synchrony 

With the understanding that synchrony within parent-child interactions might 

have a lasting effect on child development and functioning, the question arises as to 

which variables contribute to individual differences in synchrony. There are many 

characteristics of the child and caregiver that might affect the way they behave toward 

one another during play, making their dyadic interaction more or less synchronized. 

However, this has not yet been adequately explored in the research literature in either 

typical development or ASD.   

Previous research has suggested that poor caregiver functioning may (1) alter 

parent-child interactions and (2) have a negative impact on child development. For 

instance, Kingston, Tough, and Whitfield (2012) recently conducted a systematic review 

of the empirical evidence regarding the short- and long-term effects of maternal distress 

during infants’ first year of life. They found that postpartum distress (including anxiety, 

depression, and stress) was consistently a significant negative predictor of child 

socioemotional and cognitive development across studies. Mothers with higher anxiety 

symptoms have been found to exhibit more intrusiveness in their interactions with infants 

in comparison to mothers with less anxiety (Feldman et al., 2009). One study of dyadic 

emotional congruence found that mothers with more anxiety displayed more exaggerated 

behavior with their children during play than mothers with less (Kaitz, Maytal, Devor, 

Bergman, & Mukuta, 2010). Some studies have reported that mothers with depression 

display more intrusive or less sensitive interactions with their infants than mothers 

without depression (e.g., Field, 1992). Other studies have demonstrated that mothers with 

depression often exhibit a pattern of withdrawal during interactions with their infants 

(Feldman et al., 2009). Although symptoms of anxiety and depression often co-occur, 
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research on dyadic interactions has predominantly examined these disorders in separate 

studies to differentiate the effects of various maternal symptoms and caregiving 

behaviors associated with each. It would be more informative to study these symptoms 

and characteristics simultaneously to compare their relative contributions to synchrony. 

In sum, studies have shown that parental psychopathology, including symptoms of stress, 

anxiety, and depression, is broadly associated with suboptimal caregiving behaviors. 

Therefore, we predict that these caregiver variables might also be associated with lower 

levels of synchrony.  

While it is important for us to examine parent psychopathology and other risk 

factors that might negatively affect parent-child interactions and child development, we 

must also consider positive, protective factors that might potentially support optimal 

parent-child interactions and child development. With this in mind, it is important to 

distinguish between the simple absence of a risk factor (e.g., low depression score) and 

the presence of a protective factor (e.g., adaptive coping style). With a better 

understanding of how maternal characteristics influence parent-child interactions, it 

might be possible to identify dyads at increased risk for lower synchrony and suboptimal 

caregiving environments for young children. Also, it might be possible to identify parent 

characteristics related to synchrony that are amenable to targeted interventions (perhaps 

parenting stress, for example). For example, it may be helpful to target reductions in 

parenting stress and - more broadly - enhance parents’ skills in order to improve their 

adaptive functioning overall.  

One parent factor that might contribute to greater synchrony is self-compassion. 

Self-compassion refers to kindness to oneself, mindfulness related to negative 

characteristics of oneself, without comparison to others (Neff, 2011). Although this 

construct has not yet been studied in relation to parent-child interactions, it has been 
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found to affect adults’ well-being. Studies have demonstrated that higher self-compassion 

is positively related to favorable factors such as positive affect and social connectedness, 

and negatively related to adverse factors such as anxiety, depression, and self-criticism 

(see Neff, 2009, for a review). Since these adverse factors, such as anxiety and 

depression, predict negative parent-child interactions (Feldman et al., 2009; Field, 1992; 

Kaitz et al., 2010; Kingston et al., 2012), we hypothesize that caregiver self-compassion 

could be positively associated with synchrony.   

Given that synchrony is a construct that reflects the transaction between parent 

and child, it is important to not only examine parent characteristics that may influence 

synchrony, but also child characteristics that may influence synchrony. One child factor 

that may influence synchrony is temperament, which refers to traits related to personality 

that are present in early infancy and remain stable throughout the lifespan (Rothbart & 

Bates, 2006). Shiner & Caspi (2003) explain that children’s temperament styles elicit 

responses from the caregivers in their environment. Accordingly, previous research has 

revealed significant effects of temperament on both child and maternal behavior during 

play. Pesonen et al. (2010) examined associations between toddlers’ temperament 

profiles and temporally coordinated engagement between caregiver and child. They 

found that engagement was negatively correlated with toddlers’ Negative Affectivity, 

which involves discomfort, fear, sadness, and frustration (Putnam, Gartstein, & Rothbart, 

2006). In contrast, they found that engagement was positively correlated with Effortful 

Control, which involves pleasure in low intensity activities, inhibitory control, and 

attention (Putnam et al., 2006). They did not find significant associations between 

engagement and Extraversion, which involves being socially outgoing, impulsivity, 

activity level, and pleasure in high intensity activities (Putnam et al., 2006). Thus, 

negative or difficult child temperament was associated with reduced engagement. 
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However, this measure of parent-toddler engagement focused on the nonverbal matching 

of attention (similar to nonverbal synchrony) between parent and child, whereas the 

measure of synchrony described by Siller & Sigman (2002, 2008) assesses the matching 

of parent verbal and nonverbal behaviors to child attention. Whether child temperament 

is related to verbal and nonverbal synchrony has not been tested. Beyond synchrony, 

researchers have found that negative maternal behavior (i.e., intrusiveness, negative 

affect, hostility) predicted toddlers’ externalizing behaviors, but that this relationship was 

either stronger or only significant for children with more difficult temperaments as 

infants (Belsky, Hsieh, & Crnic, 1998; van Aken, Junger, Verhoeven, van Aken, & 

Dekovic, 2007). Together, these studies suggest that difficult child temperament could be 

associated with maladaptive parent behavior and reduced synchrony.  

It is unclear whether synchrony scores might differ according to children’s 

cognitive abilities. Siller and Sigman have tested these associations in children with ASD 

in two studies. One study (2002) did not find significant associations between children’s 

intelligence quotient (IQ) scores and synchrony scores. A later study (2008) of two to 

five year olds with ASD reported negative correlations between synchrony of maternal 

verbal utterances and children’s nonverbal intelligence quotients. It seems that mothers of 

children with lower cognitive scores followed their child’s focus of attention more often. 

Perhaps mothers of children with higher cognitive scores redirected their children more 

often to scaffold learning of new skills, but this interpretation is speculative and was not 

tested. However, cognitive scores in that sample were also associated with joint attention, 

so the authors controlled for variability in cognitive scores in their analyses. Furthermore, 

there were no significant associations between synchrony of maternal indicating 

behaviors and cognitive scores. It is important to note that the sample in Siller and 

Sigman’s study (2008) was a sample of children with ASD, many of who had profound 
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cognitive deficits. Therefore, their finding of a negative correlation between cognitive 

scores and synchrony might not extend to the normative variability in cognitive scores 

expected in a sample of typically developing children. To our knowledge, no other 

studies have tested whether children’s cognitive abilities predict synchrony scores. In 

contrast to what Siller and Sigman (2008) found, we expect positive correlations between 

children’s cognitive and synchrony scores. 

Synchrony in the Context of ASD 

One population that may be particularly at risk for parent and child characteristics 

that might inhibit synchrony is families of children with ASD. Parents of children with 

ASD often experience elevated levels of depression, anxiety, parenting stress, and 

caregiver burden relative to parents of typically developing children (Duarte et al., 2005; 

Leff & Walizer, 1992; Sanders & Morgan, 1997; Siegel, 1997). Biological parents of 

individuals with ASD have also been shown to score higher (on average) relative to the 

general population on the Autism spectrum Quotient, a measure of autistic traits and 

tendencies (Baron-Cohen et al., 2001; Woodbury-Smith, Robinson, Wheelwright, Baron-

Cohen, 2005). However, studies have not yet explored ways in which these symptoms 

and characteristics might affect synchrony of parents and their children with ASD or their 

later born children who are at risk for ASD.   

Just as having a child with an ASD might affect parent behaviors during parent-

child interactions, being a child with ASD symptoms might also affect child behaviors 

during parent-child interactions. This can include either children with a diagnosis of ASD 

or a subset of children who are at increased risk (Sibs-ASD) and showing some 

symptoms, as either a reflection of subclinical traits or an emerging ASD. ASD 

symptoms might make it more difficult to engage in synchronous behavior during 
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interactions. For example, the child might have fleeting attention toward objects in the 

environment, making it difficult to follow their lead. In contrast, the child might have 

intense, restricted interests in a particular object, causing the parent to either (1) follow 

their focus very easily for long periods, resulting in greater synchrony or (2) attempt to 

redirect their attention repeatedly, resulting in lower synchrony.  

The few studies that have examined synchrony with individuals with ASD or 

Sibs-ASD have yielded mixed results. Yirmiya and colleagues found that Sibs-ASD and 

their mothers were more likely to be characterized as asynchronous than Sibs-TD and 

their mothers (2006). Siller and Sigman (2002) reported no significant differences in 

synchrony between dyads of toddler and preschool-aged children with ASD versus 

developmentally delayed or typically developing children when participants were 

matched on language abilities. Thus, there are only two studies that have examined 

synchrony in the context of ASD, and they have yielded conflicting results regarding 

whether there are significant differences in synchrony scores between children with ASD 

or Sibs-ASD versus typically developing children or Sibs-TD. This warrants further 

examination parent and child characteristics that might be associated with synchrony in 

families of children with ASD.  

Overview of Dissertation Studies 

This dissertation uses a transactional approach to examine synchrony (Siller & 

Sigman, 2002) during early childhood. Together, this collection of studies aims to 

differentiate synchrony and sensitivity, examine developmental patterns of early 

synchrony, explore whether synchrony is related to the development of verbal and 

nonverbal social communication skills, and identify parent and child characteristics that 

contribute to individual differences in synchrony. 
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Study 1 includes typically developing toddlers and their mothers at one time 

point. It examines whether the quantitative behavioral measure of synchrony (Siller & 

Sigman, 2002) is associated with the qualitative measure of Emotional Availability 

(Biringen, 2008). Next, it tests whether the toddlers’ joint attention skills are predicted by 

synchrony and/or Emotional Availability, as well as whether these associations are 

moderated by child temperament. 

Study 2 uses growth curve analyses to longitudinally examine synchrony across 

9-, 12-, 15-, and 18-months-of-age in the context of typical development. It also explores 

whether synchrony predicts individual differences in the infants’ development of 

communication. Communication is assessed via emerging joint attention across 9, 12, 15, 

and 18 months, as well as receptive language and expressive language at 24 months.   

Study 3 includes two groups of mother-infant dyads that vary with regard to the 

infant’s risk for Autism Spectrum Disorder (ASD): (1) dyads that include infants who are 

at increased risk for ASD, by virtue of having an older sibling with ASD (Sibs-ASD) and 

(2) dyads that include infants who are at a relatively lower risk for autism and 

presumably typically-developing by virtue of having an older sibling without ASD (Sibs-

TD). We assess parent and child characteristics that might contribute to individual 

differences in synchrony during infancy (ages 9, 12, and 15 months). Using parent 

surveys, we explore parenting stress, caregiver burden, depressive symptoms, anxiety 

symptoms, and self-compassion. Using parent surveys and the administration of 

developmental assessments we also explore the effects of infant temperament, cognitive 

scores, and risk for ASD.  

These studies are among the first to analyze synchrony longitudinally and whether 

synchrony influences individual differences in early social communication development. 

The goal of this body of work is to examine these relationships in depth prospectively in 
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order to contribute to the greater understanding of the transactional nature of early parent-

child interactions and their effect on early social communication development. 
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STUDY 1: SYNCHRONY IN MOTHERS AND TODDLERS: 
EXAMINING EMOTIONAL AVAILABILITY, TEMPERAMENT, 

AND JOINT ATTENTION 

Introduction 

The first few years of life are an especially important time during which parent-

child relationships exert a profound influence on child development (Cicchetti & Curtis, 

2006; National Institute of Child Health and Human Development Early Child Care 

Research Network, 1999; National Scientific Council on the Developing Child, 2007), 

with both immediate and extended effects (e.g., Belsky, 1999; Fearon, Bakermans-

Kranenburg, van IJzendoorn, Lapsley, & Roisman, 2010). Researchers have therefore 

focused their efforts on characterizing relationships between children and their caregivers 

in order to better understand, predict, and influence children’s developmental outcomes. 

Due to the transactional nature of mother-infant relationships, mother and infant 

behaviors are each influenced by one another in an ongoing dynamic process (Sameroff, 

1975). This study focused on two important measures of mother-infant interaction, 

synchrony and emotional availability (EA).   

Synchrony is broadly defined as “an observable pattern of dyadic interaction that 

is mutually regulated, reciprocal, and harmonious” (Harrist & Waugh, 2002, p.557). 

While there have been multiple operational definitions of synchrony in the literature, this 

paper utilizes the definition proposed by Siller and Sigman (2002). They specified that 

mother-infant synchrony reflects the degree to which a mother follows her child’s focus 

of attention and action during play (Siller & Sigman, 2002). Thus, synchronized behavior 

consists of following a child’s focus on an object or toy, while unsynchronized behavior 

consists of redirecting a child’s focus or actions. In contrast, EA reflects global ratings of 

the mother-child interaction, and it is defined as the “capacity of a dyad to share an 
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emotionally healthy relationship” (Biringen, Derscheid, Vliegen, Closson, & 

Easterbrooks, 2014, p.114). EA is comprised of four adult-centered subscales and two 

child-centered subscales that are combined into a total score. Since synchrony and EA 

account for both partners in the interaction, they are both dyadic measures. However, EA 

is comprised of global affective qualities of the dyad, while synchrony refers to specific 

object-oriented behaviors within the interaction. The first aim of this study was to 

examine patterns of association between synchrony and EA. 

SYNCHRONY, EMOTIONAL AVAILABILITY, AND ATTACHMENT 

The developmental process that is most likely to connect synchrony and EA is 

mother-child attachment.2 Attachment refers to the bond between a child and mother, 

which is formed via attachment behaviors that are exhibited by both the child and mother 

(Bowlby, 1969). For example, attachment is comprised of features of the mother such as 

responsiveness and sensitivity, which both relate to perceiving and reacting to the infant’s 

cues in a timely and appropriate manner (Ainsworth, Blehar, Waters, & Wall, 2014; 

Ainsworth & Wittig, 1969; Bowlby, 1969).  

In their review of the synchrony literature, Harrist and Waugh (2002) posited that 

certain caregiver characteristics and behaviors, such as responsiveness and sensitivity 

(Ainsworth et al., 2014; Biringen, 1990; Smith & Pederson, 1988), might also contribute 

to synchrony during infancy. There is some empirical support for a link between 

synchrony and attachment. For example, two studies found that dyads classified as 

exhibiting the presence or absence of synchrony at 1, 3, and/or 9 months predicted secure 

                                                
2 Attachment refers to the relationship between a child and his or her caregiver(s). 
However, as only mothers were included in the current study, we refer specifically to 
mother-infant attachment. This cannot necessarily be generalized to attachment with 
other caregivers. 
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attachment at 1 year (Isabella & Belsky, 1991, p.376; Isabella, Belsky, & von Eye, 1989). 

These findings suggest that although synchrony and attachment styles are separate 

constructs, they may influence one another during early mother-infant interaction.   

EA is a construct that was developed based on attachment theory (Biringen et al., 

2014). EA has been described as an “affective barometer” of the mother-infant 

relationship, measuring mother and infant attunement to one another’s positive and 

negative emotions (Emde & Easterbrooks, 1985). Mahler, Pine, and Bergman (1975) 

described EA as involving a balance of infant autonomy through exploration with the 

infant’s proximity and contact with the mother, a balance that is critical to the 

development of a secure attachment style. This influence of attachment theory on EA is 

especially pertinent to the EA subscale of adult sensitivity, which reflects a mother’s 

positive affect and responsiveness during mother-child interaction (Biringen et al., 2014). 

Several empirical studies have also demonstrated that higher EA is associated with secure 

attachment during infancy and toddlerhood in typical and atypical development 

(Altenhofen, Clyman, Little, Baker, & Biringen, 2013; Biringen et al., 2012; Biringen et 

al., 2014; Easterbrooks & Biringen, 2008; Koren-Karie, Oppenheim, Dolev, & Yirmiya, 

2009). 

Together, previous studies support the idea that EA and synchrony are both 

related to attachment. Thus, it may be that secure attachment facilitates both EA and 

synchrony during early childhood. On the other hand, the reverse may also be true due to 

the transactional nature of dyadic relationships; EA and synchrony might also facilitate 

secure attachment. Regardless of the direction of the effect (unidirectional or 

bidirectional), and given the shared associations with attachment, we proposed that 

synchrony and EA would be positively associated with one another in early development. 
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However, we also posited that any associations between EA and synchrony would be 

weak to moderate in strength. 

While we expected positive associations between synchrony and EA due to their 

shared association with attachment, there is also evidence to suggest that synchrony and 

EA are not redundant and, in fact, reflect unique constructs that exert distinct influences 

on child development. Evidence that EA and synchrony are not redundant can be drawn 

directly from the primary description of EA; EA involves a balance of synchrony and 

dyssynchrony, which refers to “minor or subtle interruptions in the flow of interaction” 

(Biringen, Emde, & Pipp-Siegel, 1997, p. 6). In addition, researchers have suggested that 

a substantial portion of optimal parent-child interactions involve dyssynchrony and repair 

(Tronick & Gianino, 1986; Biringen et al., 1997). Thus, perfectly attuned, synchronized 

interactions likely represent a small portion of normal daily interactions. In addition, 

synchrony and EA might exert separate effects on different aspects of child development, 

such as on language development and compliance. Gaining a better understanding of 

these measures of parent-child interactions that take into account the dyadic, 

multidirectional, and ecological aspects of child development may help to inform early 

parent-focused interventions for young children. 

SYNCHRONY, EMOTIONAL AVAILABILITY, AND DEVELOPMENTAL CORRELATES 

Previous studies support the idea that EA and synchrony are important positive 

correlates or predictors of child development. One study found that mothers’ verbal 

stimulation of their 8- to 12-month-old infants (e.g., the presence or absence of certain 

types of descriptions, instructions, and supportive statements) was moderately positively 

correlated with socioemotional development (e.g., establishing eye contact with a 

caregiver, vocalizations in response to caregiver speech; Page, Wilhelm, Gamble, & 
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Card, 2010). Furthermore, mothers’ verbal stimulation was strongly positively correlated 

with infants’ cognitive development. Although they did not directly measure synchrony, 

the authors were interested in maternal supportive statements contingent with infant 

attention, which is highly relevant to synchrony (Page et al., 2010). A study of children 

with autism spectrum disorder (ASD; M = 50.3, SD = 11.7 months) found that synchrony 

positively predicted 10- and 16-year gains in language skills, even after controlling for 

initial cognitive, joint attention, and language scores (Siller & Sigman, 2002). Thus, there 

is some preliminary evidence to suggest that synchrony may be positively associated with 

language and/or cognitive development in typically developing children, as well as those 

with ASD. Regarding EA, higher EA has been associated with enhanced emotion 

regulation in 10- and 12-month-olds (Little & Carter, 2005; Martins et al., 2012), 

understanding of others’ goal-directed behavior in 12- and 20-month-olds (Harel, Eshel, 

Ganor, & Scher, 2002), and compliance in 15- through 31-month-olds (Lehman, Steier, 

Guidash, & Wanna, 2002). Higher EA at 15 months also predicted stronger expressive 

language at 21 months and cognitive development at 2 years of age (Moreno, Klute, & 

Robinson, 2008).   

SYNCHRONY, EMOTIONAL AVAILABILITY, AND JOINT ATTENTION 

One domain of child development that might be related to synchrony is 

communication, and more specifically, the development of joint attention skills. Joint 

attention is the ability of an individual to coordinate his or her attention with that of a 

social partner in order to create a shared experience (Bakeman & Adamson, 1984; Bruner 

& Sherwood, 1983; Van Hecke & Mundy, 2007). In early childhood, initiating joint 

attention (IJA) involves the use of gestures (e.g., pointing, showing) and/or eye contact to 

direct another’s attention toward objects, events, and the self. Responding to joint 
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attention (RJA) involves following the direction of gaze and gestures of others in order to 

share a common point of reference (Scaife & Bruner, 1975; Seibert, Hogan, & Mundy, 

1982). Child joint attention can be measured in the context of a child interacting with a 

caregiver, peer, or unfamiliar adult in either a naturalistic or semi-structured assessment.  

Synchrony and joint attention have been theoretically linked, such that the 

underlying mutual engagement of attention present within synchronous interactions 

between caregivers and young infants may serve as a precursor to the development of 

joint attention (Brazelton et al., 1974; Harrist & Waugh, 2002; Trevarthen & Hubley, 

1978). In other words, having a shared, or joint, focus of attention between an infant and 

mother seems to be a necessary part of synchronous interactions. However, synchrony 

and joint attention are not overlapping or redundant constructs. Although synchrony and 

joint attention both involve dyadic interactions, synchrony focuses primarily on the 

mother’s actions while joint attention focuses primarily on the child’s actions. In the 

current study, synchrony and joint attention were measured during separate interactions. 

Synchrony was measured between infants and their mothers, while joint attention was 

measured between toddlers and unfamiliar adults. Specifically, synchrony refers to the 

mother’s use of verbal and nonverbal behaviors to follow the child’s focus during 

unstructured, naturalistic play. As such, neither IJA nor RJA are necessary from the child 

in order for a mother to establish or maintain synchrony with her child. In this study, joint 

attention refers to the child’s capacity to use nonverbal initiations and responses to share 

an experience with an unfamiliar adult during a semi-structured interaction (Mundy et al., 

2003). We theorized that mothers’ synchronous behavior toward their infant during play 

promotes development of infant IJA and RJA skills that can be used with all social 

partners including caregivers, unfamiliar adults, and peers. 
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Few studies, to date, have examined potential associations between synchrony and 

joint attention. Furthermore, it is important to note that these studies have only been 

conducted in the context of risk for or diagnosis of Autism Spectrum Disorder (ASD), a 

disorder that inherently involves deficits in joint attention (American Psychiatric 

Association, 2013). Siller and Sigman (2002) examined synchrony and joint attention in 

toddlers and preschool-aged children with ASD, typically developing children, and 

children with developmental delay who were matched on mental age and language 

ability. They found that for children with ASD, higher synchrony positively predicted 1-

year gains in IJA and RJA as observed during social interaction with an unfamiliar adult. 

These findings offer preliminary support for synchrony positively predicting joint 

attention in a sample of children with ASD. In a subsequent study, Siller and Sigman 

(2008) reported that in young children with ASD (ages 2 to 5 years), higher synchrony 

scores were correlated with greater child IJA during social interaction with an unfamiliar 

adult. However, in contrast to their earlier findings (Siller & Sigman, 2002), RJA was not 

significantly correlated with synchrony (Siller & Sigman, 2008). Yirmiya and colleagues 

(2006) were the first to study synchrony and joint attention with a typically developing 

sample. They compared two groups: (1) mothers and their infants at increased risk for 

ASD by virtue of having an older biological sibling with ASD and (2) mothers and their 

infants with an older biological sibling without ASD. Surprisingly, the presence or 

absence of synchrony at 4 months was not correlated with measures of joint attention 

during social interaction with an unfamiliar adult at 14 months in either group (Yirmiya 

et al., 2006). However, the lack of association between synchrony and joint attention 

might have been due to the authors’ categorical classification of synchrony as either 

present or absent, as opposed to continuous measures of synchrony. This dichotomization 

of synchrony may have artificially restricted the variance in synchrony, and limited the 
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authors’ ability to detect associations between synchrony and other constructs. In 

summary, there have been conflicting findings regarding synchrony and joint attention, 

with one study reporting no associations and two studies reporting positive associations 

between synchrony and joint attention in children with ASD. While intriguing, these 

findings should be considered preliminary. Furthermore, it is unclear as to whether or not 

the positive findings generalize beyond ASD. Thus, the second aim of the present study 

was to elucidate the relationship between synchrony and joint attention in the context of 

typical development. 

 There has been little theoretical discussion or empirical evidence 

suggesting a link between EA and joint attention. In one study, higher maternal 

sensitivity and lower maternal intrusiveness were correlated with greater infant joint 

attention (Hobson, Patrick, Crandell, Perez, & Lee, 2004). Since EA is comprised partly 

of maternal sensitivity, this suggests a potential positive association between EA and 

joint attention. Biringen and colleagues (2014) recently reviewed empirical studies 

involving the EA Scales and a broad range of developmental correlates, including joint 

attention. However, only two studies have directly examined associations between EA 

and child joint attention. Garvin and colleagues (2012) studied children in the United 

States adopted from foreign institutions, as well as children born in the United States who 

had not been adopted. They found that parent EA scores at 18 months were positively 

correlated with children’s IJA bids toward an unfamiliar adult at 18 months, as well as 

emotional understanding at 36 months. They also found that higher parent EA reduced 

the negative association between children’s IJA at 18 months and maladaptive 

indiscriminate friendliness at 30 months, but only for the post-institutionalized adopted 

children. They found no significant associations between EA and joint attention in the 

comparison sample (Garvin et al., 2012). Another study found no significant associations 
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between EA and mother-infant joint attention with typically developing infants ages 9 to 

11 months (Osório, Martins, Meins, Martins, & Soares, 2011). Thus, there is very limited 

data suggesting a positive link between caregiver EA and IJA that may be particularly 

relevant to special populations. Thus, the third aim of the present study was to elucidate 

the relationship between EA and joint attention in the context of typical development. 

ROLE OF TEMPERAMENT 

Due to the transactional nature of mother-infant relationships (Belsky, 1984; 

Sameroff, 1975), it is important to consider characteristics of the child that may affect EA 

and/or synchrony and possibly moderate their associations with joint attention. One 

important child characteristic to consider, particularly when examining dyadic measures 

of parent-child interaction, is temperament (Belsky, 1984; Kochanska, Friesenborg, 

Lange, & Martel, 2004; Milliones, 1978). Temperament refers to traits related to 

personality and how one interacts with their environment that are biologically 

predisposed, present in early infancy, and remain fairly stable throughout the lifespan 

(Chen & Schmidt, 2015; Goldsmith et al., 1987; Rothbart & Ahadi, 1994; Rothbart & 

Bates, 2006). A long line of research has indicated that children’s temperament may be 

particularly important to parent-child interaction, as different child temperament styles 

are known to elicit different responses from caregivers (Collins, Maccoby, Steinberg, 

Hetherington, & Bornstein, 2000; Kiff, Lengua, & Zalewski, 2011; Kyrios & Prior, 1990; 

Lengua, 2006; Shiner & Caspi, 2003; Thomas & Chess, 1977).  

Recent research has also shown that child temperament may act as an important 

moderator between maternal behavior and child outcomes. For instance, researchers 

found that negative maternal behavior at 1.5 and 2 years (i.e., intrusiveness, negative 

affect, hostility) predicted toddlers’ externalizing behaviors at 2 and 3 years, respectively, 
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but this relationship was either stronger or only significant for children with more 

difficult temperament as infants (Belsky, Hsieh, & Crnic, 1998; van Aken, Junger, 

Verhoeven, van Aken, & Dekovic, 2007). Additionally, Cipriano and Stifter (2010) 

found that maternal use of commands and corrective statements conveyed with a positive 

tone at 2 years positively predicted children’s effortful control at 4 years, specifically for 

children with higher temperamental exuberance. Thus, temperament has been observed to 

moderate the effect of maternal behavior on child socioemotional outcomes.   

With regard to synchrony, there are a small number of studies that have revealed 

significant associations between temperament and synchrony during mother-child 

interaction. For example, Pesonen et al. (2010) found that synchrony was negatively 

correlated with 2-year-olds’ negative emotionality, which includes discomfort, fear, 

sadness, and frustration (Putnam, Gartstein, & Rothbart, 2006). Thus, negative or 

difficult child temperament was associated with lower synchrony within dyads. In 

contrast, synchrony was positively correlated with effortful, which includes pleasure in 

low intensity activities, inhibitory control, and attention (Putnam et al., 2006). It is 

notable, however, that the authors did not report on patterns of association between 

surgency and synchrony. In addition, the measure of synchrony reported in Putnam et al. 

(2006) only assessed nonverbal matching of attention between parent and child, whereas 

associations between child temperament and the verbal form of synchrony (Siller & 

Sigman, 2002; Siller & Sigman, 2008) have not been tested. It may be that characteristics 

of difficult child temperament could manifest as socially maladaptive child behaviors 

(e.g., less smiling and seeking engagement with caregiver), which might elicit socially 

maladaptive maternal behaviors (e.g., less attunement with the child’s needs and 

interests), leading to reduced synchrony. 
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Similarly, only one study has directly tested associations between child 

temperament and levels of EA within dyadic interaction (Biringen et al., 2014). In this 

case, Aviezer and colleagues (1999) found no association between temperament and EA 

in infants ages 14 to 22 months. However, other studies have explored associations 

between domains important to temperament and EA. For example, studies have found 

that EA is positively associated with infant emotion regulation in 10- and 12-month-olds 

(Little & Carter, 2005; Martins et al., 2012). Nonetheless, the question remains as to how 

various temperament profiles are associated with differences in EA within dyads. 

While studies of temperament, EA, and synchrony are limited, results of previous 

studies suggest important connections between temperament and joint attention. As such, 

temperament may be a particularly important variable to consider when examining the 

association between parent-child interaction characteristics and joint attention. Social 

motivation theories suggest that certain child temperament profiles, such as low negative 

affectivity, high surgency, and high effortful control, might facilitate joint attention 

development by promoting child social engagement, and in turn increasing IJA and/or 

RJA (Morales et al. 2005; Mundy et al., 2007; Mundy & Sigman, 2006; Van Hecke et al., 

2007). Van Hecke and colleagues (2012) suggested that aspects of temperament such as 

infants’ self-regulation, prosocial motivation, and executive functioning abilities during 

social interactions might explain why differences in temperament are related to joint 

attention skills. Empirical findings also support the link between temperament and joint 

attention. For example, higher positive emotional reactivity was concurrently correlated 

with higher IJA in 9-, 12-, and 21-month-olds (Salley & Dixon, 2007; Vaughan et al., 

2003). Furthermore, greater inhibitory control and higher negative affectivity were 

concurrently associated with lower RJA in 11-, 12-, and 21-month-olds (Salley & Dixon, 

2007; Todd & Dixon, 2010; Van Hecke et al., 2007). Unfortunately, there has been little 
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research directly examining associations between joint attention and aspects of 

temperament such as prosocial motivation, social approach, extraversion, and surgency in 

typical development. Nonetheless, temperament may be a particularly important potential 

moderator when testing potential associations between parent-child interaction 

characteristics, such as synchrony and EA, and joint attention. Thus, a final aim of our 

study was to determine whether children of varying temperamental profiles might be 

more or less susceptible to the influence of mother-infant interaction characteristics on 

joint attention development. 

In conclusion, studies have separately explored the relationships between (1) 

synchrony and joint attention (e.g., Siller & Sigman, 2008) (2) EA and joint attention 

(e.g., Gaffan, Martins, Healy, & Murray, 2010; Garvin et al., 2012), (3) temperament and 

joint attention (Salley & Dixon, 2007; Todd & Dixon, 2010; Van Hecke et al., 2007; 

Vaughan et al., 2003), (4) temperament and synchrony (Putnam, Gartstein, & Rothbart, 

2006), and (5) temperament and EA (Aviezer et al., 1999). Furthermore, researchers have 

theorized that EA is either a necessary component or a construct highly related to 

synchrony (e.g., Harrist & Waugh, 2002). Nonetheless, studies have not quantified the 

association between synchrony and EA, nor have they examined how synchrony and EA 

might separately influence joint attention skill development. To our knowledge, this is the 

first study to examine the associations among synchrony, EA, and joint attention, as well 

as to evaluate whether child temperament moderates the relations between these 

variables. The results of this study provide insight into how specific maternal behaviors 

within naturalistic play may influence child joint attention in typical development.   
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CURRENT STUDY AIMS AND HYPOTHESES 

In this study, we hypothesized small-to-moderate positive correlations between 

EA and synchrony scores due to their shared theoretical underpinnings in attachment. 

Furthermore, we expected differences in how EA and synchrony would be associated 

with individual differences in joint attention skills. Synchrony measures interactions 

between the caregiver and child in relation to objects, whereas EA is a more global 

measure of the mother-child relationship. Therefore, we expected that synchrony would 

be positively correlated with children’s joint attention skills, whereas we expected that 

EA would not be significantly associated with children’s joint attention skills.  

Furthermore, based on previous work, we predicted that child temperament 

characteristics would be associated with synchrony and joint attention skills. Specifically, 

we hypothesized that synchrony scores would be negatively correlated with maternal 

report of negative affectivity and positively correlated with maternal report of surgency 

and effortful control. We also predicted that maternal report of negative affectivity would 

be inversely associated with joint attention scores, whereas maternal report of surgency 

and effortful control would be positively associated with joint attention scores. There has 

been little prior research examining child temperament and EA, however, based on 

broader temperament literature, we expected EA to be negatively correlated with 

maternal report of negative affectivity and positively correlated with maternal report of 

surgency and effortful control. Thus, we generally expected EA and synchrony to have 

similar patterns of association with maternal report of child temperament. 

Finally, past research has also revealed that child temperament can serve as an 

important moderator of the relations between parent behavior and child outcome. As 

such, we predicted that maternal report of child temperament, including negative 

affectivity, surgency, and effortful control, would moderate the relations between 
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synchrony and joint attention. Specifically, we expected that the association between 

synchrony and joint attention would be stronger for children reported by their mothers as 

having lower negative affectivity, higher effortful control, and/or higher surgency. 

Finally, in addition to our hypothesis that there would be no significant main effects of 

EA on joint attention, we also did not expect maternal report of child temperament to 

moderate any associations between EA and joint attention. 

Method 

PARTICIPANTS 

Participants were recruited from a variety of sources in a large Southwestern 

metropolitan area in the United States as part of a larger study of the emergence of 

emotional, prosocial, and externalizing behaviors in toddlers. We predominantly recruited 

participants via a university-affiliated research laboratory. The sample consisted of 

children and their mothers who met the following inclusion criteria: (a) child between the 

ages of 30 to 36 months, (b) caregiver over the age of 18 years (c) caregiver proficient in 

reading, speaking, and understanding English, and (d) child primary language of English 

and/or Spanish. Premature birth (less than 37 weeks gestation) was an exclusion criterion. 

The final sample consisted of 41 children (23 male, 18 female) and their mothers. The 

sample consisted predominantly of families with higher socioeconomic status and highly 

educated mothers (see Table 1).  
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Demographic  

Child age (months) 
M = 32.2, SD = 1.5 

Maternal age (years) 
M = 35.8, SD = 6.1 

Child ethnicity (% of sample)   
African American  4.9 
Asian American 12.2 
European American 51.2 
Other 29.3 
Unknown  2.4 

Hispanic (% of sample)  
Yes  26.8 
No  63.4 
Unknown  9.8 

Maternal education (% of sample)  
High school diploma/GED 2.4 
Vocational/Some college 4.9 
College graduate 53.7 
Graduate/Professional school 36.6 
Unknown 2.4 

Annual household income (% of sample)  
≤$24,999 2.4 
$25,000-$49,000 12.2 
$50,000-$74,999 12.2 
$75,000-$99,999 24.4 
≥$100,000 43.9 
Unknown 4.9 

Table 1: Participant demographic information. 

PROCEDURE 

Before the laboratory session, mothers completed a series of online surveys, 

including a demographics questionnaire and the Early Childhood Behavior Questionnaire 

(Putnam, Gartstein, & Rothbart, 2006). During the laboratory session, the mother and 

child were led into a small laboratory room. First, a female researcher administered the 

Early Social Communication Scales (ESCS; Mundy, Delgado, Block, et al., 2003) to the 
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child with the child’s mother present. Next, the researcher introduced a standardized set 

of toys and magazines in a large basket. These included items such as a barn with 

miniature animals, a jack-in-the-box, a toy telephone, nesting balls, and board books. The 

researcher instructed the mother and child to play as they normally would at home, and 

then the researcher left the room. Each dyad engaged in a play session lasting 

approximately 15 minutes. In order to code both the ESCS and the play session, the entire 

session was video recorded using two cameras and a microphone mounted on the walls of 

the assessment room. Videos were later coded using Noldus, The Observer XT, Version 

11.  

MEASURES 

Synchrony  

Mother-child free play sessions were coded for synchrony according to the system 

developed by Siller and Sigman (2002, 2008). First, observers coded the onset of each 

maternal utterance that was related to the toys. Second, they coded whether each 

utterance was synchronized with (a) the child’s focus of attention and/or (b) the child’s 

actions. Third, they coded the onset of each maternal indicating behavior related to toys: 

pointing toward a toy or showing/demonstrating a toy to the child. Next, they coded 

whether each indicating behavior was synchronized with the child’s focus of attention. 

Finally, they continuously coded the duration of time the child spent either attending or 

not attending to a toy. Siller and Sigman (2008) have used both a continuous and a 

random sampling method of coding and calculating child attention, and report strong 

consistency between the two (intraclass correlation coefficient = .83). In the current 

study, we used the continuous method. The percentage of time the child spent attending 

to toys was calculated by dividing the total duration of the free play session by the total 
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duration attending to toys. Consistent with Siller and colleagues (2013), our analyses 

focused on two synchrony scores: nonverbal synchrony measures the extent to which 

mothers pointed toward, showed, or demonstrated toys to which the child was attending 

and verbal synchrony measures the extent to which mothers’ verbalizations related to the 

toys matched the child’s attention and actions with toys. Each score includes the percent 

of time the child attended to toys as a denominator in order to account for individual 

differences in child attention that might affect a mother’s opportunities to coordinate her 

behavior with the child’s attention (Siller & Sigman, 2002). Consistent with the 

procedures described by Siller and colleagues (2002, 2008, 2013), synchrony scores were 

calculated as follows:  

Nonverbal synchrony =  

(Percent of maternal indicating behaviors synchronized with child attention)  

(Percent of time child attended to toys) 

Verbal synchrony =  

(Percent of maternal utterances synchronized with child attention and action)  

(Percent of time child attended to toys) 

Five undergraduate research assistants were trained to establish interrater 

reliability with the first author using a set of five videos and a reliability threshold of 

intraclass correlations at .80 or above. After achieving reliability with the training videos, 

each observer coded approximately eight videos. Additionally, 20 percent of videos (n=8) 

from the study were randomly selected and all coders scored these videos to estimate 

ongoing interrater reliability. Intraclass correlations suggested good reliability; child 

attention = .97, nonverbal synchrony = .86, and verbal synchrony = .94. 
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Emotional Availability (EA) Scales 

Mother-child interaction videos were also coded using the EA Scales (Biringen, 

2008; Biringen, Robinson, & Emde, 1998) by two trained coders working under the 

supervision of the measure’s first author. The EA Scales reflect six domains of caregiver-

child interaction that take into account the dyadic behavior of both partners. These 

domains are manifest in six subscales: Adult Sensitivity, Adult Structuring, Adult Non-

Hostility, Adult Non-Intrusiveness, Child Responsiveness, and Child Involvement (see 

Biringen, 2008, for details). Ratings were made on specific items for each of the six 

subscales. Then total scores were calculated for each of the subscales, ranging from 0 to 

29 points, with higher scores indicating more adaptive scores. Finally, an EA Calculated 

Total score was derived by summing the total score for each scale (Biringen, 2008). The 

EA Calculated Total was the primary EA score used for analyses in the current study in 

order to reduce the number of comparisons and also to reduce collinearity (the EA 

Calculated Total is highly positively correlated with each subscale of EA). One certified 

EA Scales coder rated all 41 mother-child play videos. Additionally, 16 of 41 videos 

were double-coded by another certified EA coder to establish an estimate of final 

interrater reliability. Coders’ ratings on each scale were analyzed using two-way, mixed-

model intraclass correlations. Intraclass correlations between the coders ranged between 

.70 and .89, suggesting good interrater reliability for each scale and the EA Calculated 

Total. 

Early Social Communication Scales (ESCS) 

Joint attention was assessed using the Early Social Communication Scales (ESCS; 

Mundy et al., 2003). The ESCS is a video recorded, semi-structured experimenter-child 

social interaction paradigm that was designed for infants and toddlers. The ESCS videos 

were coded for nonverbal communication skills including: (1) joint attention (nonverbal 
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behaviors to share the experience of objects or events with others); (2) requests 

(nonverbal behaviors to elicit aid in obtaining objects or events) and (3) social interaction 

(turn-taking interactions). Since the focus of the current study was joint attention, only 

the scores for initiating joint attention (IJA) and responding to joint attention (RJA) were 

included in the analyses. IJA was calculated as the total frequency of child initiated eye 

contact, showing, and pointing for the purpose of sharing. RJA was calculated as the 

percentage of eight trials in which the infant correctly followed the examiner’s head turn, 

eye gaze, and point toward posters on the wall to the left, right, or behind the child. Thus, 

RJA scores ranged from 0 to 100 percent, with higher numbers indicating more correct 

responses. 

 A team of four research assistants, blind to the hypotheses of this study, was 

trained by the first author to accurately identify the target behaviors using the coding 

manual. Following training, initial interrater reliability was established using a set of ten 

reliability videos provided by the ESCS authors and a reliability threshold of intraclass 

correlations at .80 or above (Mundy et al., 2003). Each research assistant coded a subset 

of the videos (approximately 25 percent). Additionally, 20 percent of videos (n=8) from 

the study were randomly selected and double-coded to estimate ongoing interrater 

reliability. Intraclass correlations were .99 and .91 for final IJA and RJA scores, 

respectively, indicating excellent reliability between coders.   

Early Childhood Behavior Questionnaire (ECBQ) 

Mothers completed the Early Childhood Behavior Questionnaire, Very Short 

Form online (ECBQ-VS; Putnam, Gartstein, & Rothbart, 2006). This measure contains 

36 questions designed to elicit information about mothers’ perceptions of their toddler’s 

behavior reflecting temperament. It has demonstrated acceptable internal consistency, 
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satisfactory criterion validity, interrater agreement, and longitudinal stability compared to 

the standard and short forms of the measure (Putnam & Rothbart, 2006). Questions 

include items such as “When he/she was upset, how often did your child become easily 

soothed?” Parent responses are recorded on a seven-point Likert scale from “never” to 

“always.” Responses are scored to yield totals for three subscales: negative affectivity, 

surgency, and effortful control. Negative affectivity reflects fear, discomfort, frustration, 

sadness, and low soothability. Surgency (which is sometimes referred to as extraversion 

for the ECBQ) reflects sociability, activity level, impulsivity, high-intensity pleasure, and 

positive anticipation. Effortful control reflects attention focusing, inhibitory control, low-

intensity pleasure, attention shifting, and cuddliness (Rothbart & Bates, 2006).  

Alpha coefficients were calculated to evaluate internal consistency for the ECBQ 

scales in the current sample. Results indicated acceptable levels of internal consistency at 

the scale level, negative affectivity α = .75, surgency α = .70, effortful control α = .66. 

Of the 14 alphas calculated for each subscale, 9 scales (attentional focusing, cuddliness, 

discomfort, high intensity pleasure, inhibitory control, low intensity pleasure, motor 

activation, perceptual sensitivity, and positive anticipation) were greater than .80, 

indicating very good internal consistency. Alphas for frustration and impulsivity were 

above .70. Alphas for the remaining scales (activity level, attentional shifting, and fear) 

were above .60, indicating adequate internal consistency (DeVellis, 1991). 

 Results 

Descriptive statistics for the synchrony, EA, ESCS, and ECBQ variables are 

presented in Table 2. Preliminary analyses did not indicate significant effects of child 

age, ESCS duration, or examiner on any of the dependent or independent variables of 

interest. However, t-tests revealed that verbal synchrony was higher for males (M = 1.01, 
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SD = .21) than females (M = 1.19, SD = .35, t(39) = 2.07, p < .05), Total RJA was higher 

for males (M = 1.66, SD = .53) than females (M = 1.29, SD = .58, t(38) = 2.10, p < .05), 

and negative affectivity was higher for males (M = 3.28, SD = .82) than females (M = 

2.71, SD = .48, t(37) = 2.76, p < .01). Therefore, sex of the child was entered as a 

covariate in subsequent regression analyses.  

 
Variable M SD Range 

Synchrony 
   

     Nonverbal synchrony 
0.72 0.41 0.00-1.63 

     Verbal synchrony 1.08 0.28 0.49-2.30 
EA      
     EA Calculated Total 148.02 19.70 108.00-173.00 
ESCS    
     IJA   9.56 7.57 1.0-34.0 
     RJA   73.00 29.00 0.00-100.00 
ECBQ      
     Negative affectivity  2.94 0.69 2.14-5.78 
     Surgency  5.25 0.56 3.82-6.51 
     Effortful control 4.91 0.56 3.13-5.99 
 
Table 2: Descriptive statistics of the synchrony, EA, ESCS, and ECBQ variables. 
Note. Nonverbal synchrony = synchronization score based on maternal indicating 
behaviors that were synchronized with children’s attention; verbal synchrony = 
synchronization score based on maternal verbal utterances that were synchronized with 
both children’s attention and their action. EA = Emotional Availability; ESCS = Early 
Social Communication Scales; IJA = Initiating Joint Attention; RJA = Responding to 
Joint Attention; ECBQ = Early Childhood Behavior Questionnaire.  

The zero-order correlations among synchrony, EA, ESCS, and ECBQ are shown 

in Table 3. We tested the hypothesis that synchrony scores would be positively associated 

with EA scores. As shown in Table 3, nonverbal synchrony was positively correlated 

with the EA Calculated Total. However, verbal synchrony was not significantly 

correlated with the EA Calculated Total. Together, these results indicate that maternal 
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indicating behavior synchronized with child attention (nonverbal synchrony) alone was 

moderately positively associated with overall EA.  

 

 
Table 3: Zero-order correlations among synchrony, EA, ESCS, and ECBQ variables. 
Note. EA = Emotional Availability; ESCS = Early Social Communication Scales; ECBQ 
= Early Childhood Behavior Questionnaire; nonverbal synchrony = percentage of 
maternal indicating behavior synchronized with child attention; verbal synchrony = 
percentage of maternal verbal utterances synchronized with child attention and action. 
Missing data excluded pairwise. + p < .10, two-tailed. * p < .05, two-tailed. ** p < .01, 
two-tailed.  

We also hypothesized that synchrony scores would be positively correlated with 

joint attention scores. In contrast to our predictions, the zero-order correlations were not 

significant between IJA and synchrony (nonverbal synchrony or verbal synchrony; see 

Table 3). However, the correlation between nonverbal synchrony and RJA approached 

significance (p = .07). As predicted, the EA Calculated Total was not significantly 

correlated with either IJA or RJA.  

Variable 
Nonverbal 
synchrony 

Verbal 
synchrony 

EA 
Calculated 

Total 

Initiating 
Joint 

Attention 

Responding 
to 

Joint 
Attention 

Negative 
Affectivity Surgency 

Nonverbal Synchrony  −       

Verbal Synchrony  -.24 −      

EA Calculated Total .38* -.13 −     

Initiating Joint Attention .09 .23 .10 −    

Responding to Joint Attention -.29+ .22 .12 -.20 −   

Negative Affectivity -.19 .28 -.09 .13 .30+ −  

Surgency .46** .07 .32* .05 .10 .05 − 

Effortful control -.06 .10 -.19 .07 -.07 -.11 -.27 
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We computed zero-order correlations to explore how child temperament, as 

reported by mothers, is related to synchrony, EA, and joint attention (see Table 3). 

Results indicated that maternal report of child surgency was positively associated with 

nonverbal synchrony and the EA Calculated Total. The hypothesized negative correlation 

between maternal report of child negative affectivity and RJA approached significance (p 

= .07).   

We used hierarchical regression to explore whether synchrony was a significant 

predictor of joint attention scores, and whether child temperament moderated this 

association. Since surgency was the only domain of child temperament significantly 

correlated with joint attention or synchrony, it was the only temperament score included 

in the model. Sex of the child, centered nonverbal synchrony, centered child surgency, 

and product terms between synchrony and temperament scores were entered as predictors 

within a hierarchical regression model using RJA as the dependent variable. The results 

are shown in Table 4. In the final step of the regression analyses, the main effect for sex 

of the child and the interaction between child temperament and nonverbal synchrony 

were statistically significant, while the main effects for child temperament and nonverbal 

synchrony predicting RJA approached significance (p = .07). The significant interaction 

between nonverbal synchrony and surgency predicting RJA suggests that the effect of 

nonverbal synchrony on RJA depended on the level of child surgency reported by 

mothers. Simple slopes for the association between nonverbal synchrony and RJA were 

tested for low (-1 SD below the mean), mean, and high (+1 SD above the mean) levels of 

nonverbal synchrony and surgency. Overall, nonverbal synchrony was negatively 

associated with child RJA. However, the simple slopes tests revealed that this negative 

association was statistically significant at low (β =  -.38, p < .01) and mean levels of 

surgency (β =  -.19, p < .05); the slope test for high levels of surgency was not significant 
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(β =  .01, p > .05). The scatterplot of nonverbal synchrony predicting RJA, with overlaid 

regression lines depicting the moderation effect of surgency, is displayed in Figure 1. 

These results indicate that maternal indicating behavior synchronized with child attention 

(nonverbal synchrony) was a negative predictor of children’s RJA with an examiner, 

specifically for children reported by mothers as having low or mean levels of surgency. 

For children reported to have higher surgency, the relationship between nonverbal 

synchrony and RJA was not significant. Although main effects of synchrony on IJA were 

not significant, we conducted a similar hierarchical regression with the same predictors 

using IJA as the outcome to test for interaction effects, however the results of these 

analyses were not significant. Thus, the results did not support our hypothesis that 

temperament would moderate a positive association between synchrony and IJA. 
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 Model 1 Model 2 Model 3 Model 4 

Variable B ß B ß B ß B ß 

Sex of child -0.37 -.32+ -0.36 -.31+ -0.29 -.25 -0.36 -.30* 

Child surgency/ 
Extraversion   0.04 .07 0.15 .25 0.17 .29+ 

Nonverbal 
synchrony     -0.22 -.38* -0.19 -.32+ 
Child surgency/ 
Extraversion x 
nonverbal 
synchrony       0.19 .33* 

R2  .10  .11  .22  .32 

F for change in R2  3.96+  2.05  3.17*  3.80* 
 
Table 4: Summary of hierarchical regression analysis for synchrony and child 
temperament predicting children’s RJA. 
Note. Child surgency and nonverbal synchrony were centered at their means; nonverbal 
synchrony = percentage of maternal indicating behaviors synchronized with child 
attention. + p < .10, two-tailed. * p < .05, two-tailed. ** p < .01, two-tailed.  
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Figure 1: Temperament as a moderator of the effect of nonverbal synchrony on RJA. 
Note. Nonverbal synchrony = percentage of maternal indicating behaviors synchronized 
with child attention; RJA = percentage of correct Responding to Joint Attention trials; 
Predictors have been centered at their means; Low and High Surgency groups indicate 
scores one standard deviation below or above the mean, respectively, while Average 
represents mean scores. + p < .10, two-tailed. * p < .05, two-tailed. ** p < .01, two-tailed.  

We also used hierarchical regression to test the hypothesis that the EA Calculated 

Total would not be a significant predictor of joint attention scores, even when taking into 

account differences in child temperament reported by mothers. Since surgency was the 

only domain of child temperament significantly correlated with joint attention scores or 

EA, it was the only temperament score included in the model. We also entered sex of the 

child, centered surgency, and the product term between centered EA Calculated Total and 

surgency scores as predictors within a hierarchical linear regression model using RJA as 

the dependent variable. As shown in Table 5, the results of this regression were not 
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statistically significant. Finally, we conducted hierarchical regression with the same 

predictors using IJA as the outcome, but the results were not statistically significant. 

Thus, as expected, EA was not a significant predictor of RJA or IJA scores, even when 

accounting for differences in child temperament reported by mothers.   

 Model 1 Model 2 Model 3 Model 4 

Variable B ß B ß B ß B ß 

Sex of child -0.37 -.32+ -0.36 -.31+ -0.36 -0.31+ -0.41 -0.35* 

Child surgency/ 
Extraversion   0.04 .07 0.03 0.06 0.02 0.04 
 
EA Calculated 
Total     0.03 0.06 0.05 0.09 
 
Child surgency/ 
Extraversion x 
EA Total       0.10 0.19 

R2  .10  .10  .11  .14 

F for change in R2  3.96+  .20  .12  1.32 
 
Table 5: Summary of hierarchical regression analysis for EA and child temperament 
predicting children’s RJA. 
Note. EA = Emotional Availability; Child surgency and EA Calculated Total were 
centered at their means. + p < .10, two-tailed. * p < .05, two-tailed. ** p < .01, two-tailed.  

Discussion 

This study is the first to examine associations between mother-child synchrony 

and EA. We found that EA was moderately positively correlated with nonverbal 

synchrony. The positive association between nonverbal synchrony and EA observed in 



 47 

this study may reflect a shared association with attachment status, a concept that has been 

presented in previous papers. For example, Harrist and Waugh (2002) suggested that 

attachment quality might be a common foundation underlying both EA and synchrony. 

Furthermore, they noted that the same dyadic behaviors that characterize securely 

attached dyads (e.g., mother and infant responsiveness to each other’s cues) might also 

contribute to higher EA and synchrony in those dyads (Harrist & Waugh, 2002). While 

this study did not directly test associations between nonverbal synchrony, EA, and 

attachment status, these findings are consistent with theory (e.g., Harrist & Waugh, 

2002). Potential shared associations between synchrony, EA, and attachment warrant 

direct exploration in future studies.   

This was also the first study to examine whether synchrony and EA scores are 

differentially associated with child joint attention skills in typical development. As 

anticipated, no significant associations were observed between the EA Calculated Total 

and child joint attention, suggesting that the global EA measure may not influence 

children’s joint attention skills or vice versa. This replicates the findings of Osório et al., 

who found that EA scores were not associated with joint attention skills in typically 

developing 9- to 11-month-olds (2011). Although another study found that EA positively 

predicted IJA in 18-month-olds, their sample included a special population of children 

adopted from institutions abroad, which may limit the generalizability of their findings to 

typically developing children. Therefore, the limited data that do exist suggests that EA 

may be important for the development of joint attention in at-risk children. With regard to 

typically developing infants, Osório and colleagues (2011) suggested that while the 

global qualities of mother-infant interaction do not appear to be significantly associated 

with joint attention, more specific maternal behaviors targeting child attention might be 

more relevant to individual differences in child joint attention. The null findings between 
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EA and joint attention in our typically developing sample are consistent with the 

suggestions of Osório et al. (2011).  

Our results were mixed, however, with regard to the associations between 

synchrony and joint attention. Specifically, we found that maternal verbal synchrony 

(synchronization of maternal speech with child attention) was not associated with either 

IJA or RJA. However, we did find that maternal nonverbal synchrony (pointing and 

showing congruent with child attention) was marginally negatively associated with child 

RJA, but not associated with child IJA. While the direction of the RJA association was 

the reverse of our expectations, it might be interpreted that when mothers follow their 

child’s focus more often and redirect their child’s attention less often, children tend to be 

less able to follow another person’s attention when it is different from their own. It is 

possible that this negative association is specific to nonverbal synchrony and RJA, and 

that verbal synchrony could still be positively associated with other specific aspects of 

child functioning, such as cognitive and language development.   

Interestingly, further analyses revealed that surgency moderated the negative 

association between synchrony and RJA. Specifically, synchrony was negatively 

associated with RJA for children rated by their mothers as having low or mean levels of 

surgency. Thus, it may be particularly important to the development of RJA in lower 

surgency infants and toddlers that mothers provide a balance of both synchronized and 

unsynchronized pointing and showing during play. Mothers’ showing and pointing 

toward objects outside of their child’s focus during play might provide opportunities for 

the child to practice following others’ attentional shifts. In contrast, children with higher 

surgency per maternal report tended to exhibit higher RJA skills, regardless of nonverbal 

synchrony. One possible interpretation of these data is that having high surgency and 

being more engaged with the social environment may (1) be protective for RJA skills and 
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(2) make those children less sensitive to differences in synchrony. However, this 

interpretation is offered tentatively, as it may also be the case that the lack of a significant 

effect of synchrony on RJA in high surgency children reflects a statistical limitation of 

these children scoring at the ceiling for RJA. Furthermore, surgency on the ECBQ is 

thought to reflect activity, high-intensity pleasure seeking, impulsivity, and social 

approach (Rothbart & Putnam, 2002). In the current study, RJA was assessed with an 

unfamiliar experimenter, which may have yielded restricted responses from children with 

low to average surgency per maternal report. To address both of these issues, we 

recommend that future studies examine whether surgency moderates the relationship 

between nonverbal synchrony and RJA in the context of play with a familiar caregiver or 

social partner, and in a younger sample of infants/toddlers who are less likely to have 

achieved mastery of RJA.  

Contrary to hypotheses, there were no significant associations between mother-

child synchrony and IJA in the current study. One possible explanation for the lack of 

significant associations is that this sample consisted of older toddlers whose frequency of 

nonverbal initiated joint attention behaviors was lower than observations of younger 

infants and toddlers who rely more heavily on nonverbal behaviors to engage in joint 

attention (i.e., before 2 years of age). In fact, the mean frequency of IJA in this study (M 

= 9.56, SD = 7.57) was notably lower relative to those observed in published studies of 

younger children at 18 months (e.g., M = 19.0, SD = 8.9; as reported in Mundy et al., 

2007). Perhaps the older children included in this study were more likely to use verbal 

than nonverbal communication to initiate joint attention with a social partner. Thus, their 

nonverbal joint attention index may not be a complete measure of their ability to initiate 

joint attention with a social partner. It is unclear whether the same pattern of results 

would be observed in infant or toddler samples for whom IJA is inherently nonverbal. It 
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would be beneficial to test these associations in a younger population that might rely 

more heavily on nonverbal means of IJA behaviors than the older toddlers observed in 

the present study.  

LIMITATIONS AND FUTURE DIRECTIONS 

 An important limitation of the current study is a relatively small sample size. 

This reduced statistical power and potentially limited the generalizability of our findings 

to the broader population. Furthermore, the current study was conducted with older 

toddlers at a single time point. The age of participants likely affected performance on the 

ESCS. As mentioned previously, mean IJA scores for our older verbal toddlers were 

lower than IJA scores observed in younger less verbal infants and toddlers. However, the 

age of our participants may have also affected RJA scores. It is possible that if infants 

and young toddlers, who are less likely to have “mastered” RJA, were included in this 

study, an effect of nonverbal synchrony on RJA may be apparent across all children and 

all levels of surgency. In addition to the potential limitations related to our inclusion of 

older toddlers in this study, we are also limited by our use of a single time-point, cross-

sectional design. Due to the nature of cross-sectional data we are unable to draw 

conclusions as to whether individual differences in EA or synchrony might predict the 

rate of growth in children’s joint attention skills over time. Thus, future studies should 

assess infants longitudinally when individual differences in joint attention skill 

development are most apparent (e.g., between 6 and 24 months of age). A longitudinal 

design beginning earlier during infancy (e.g., 6 or 9 months) may be better suited to the 

study of relations between EA, synchrony, and joint attention.   

Another limitation of the current study is the sole use of maternal reports to assess 

child temperament. Parent-report questionnaires are often used to measure temperament, 
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as they are standardized and relatively convenient to administer. In addition, there is 

evidence for strong interrater reliability, test-retest reliability, and convergent validity of 

standardized parent-report measures of temperament (Gartstein & Rothbart, 2003; 

Putnam et al., 2006; Rothbart et al., 2001; Rothbart, Evans, & Ahadi, 2000). However, 

some researchers have reported divergence between parent and observer reports, while 

others have reported weak to moderate convergence between these sources (Seifer, 

Sameroff, Barrett, & Krafchuk, 1994; Stifter, Willoughby, Towe-Goodman, & The 

Family Life Project Key Investigators, 2008). Researchers have suggested that structured 

observation paradigms may be less biased but may also reflect a limited range of 

behaviors in the laboratory setting, while parent report measures may reflect behavior 

across contexts but may also be prone to subjectivity, including social desirability 

response bias (Bates & Bayles, 1984; Henderson & Wachs, 2007; Kagan, 1998; Wachs & 

Kohnstamm, 2001). Therefore, it would be beneficial to examine temperament based on a 

structured interaction with an unfamiliar observer in addition to parent report. This 

combination of sources and contexts would provide a more comprehensive estimate of 

how individual differences in child temperament relate to mother-infant interaction and 

joint attention.   

CONCLUSION 

In conclusion, this is the first study to demonstrate that synchrony and EA are 

positively associated measures of mother-child interaction. It is also the first study to 

show that EA and synchrony have different associations with individual differences in 

nonverbal joint attention. As predicted, we did not find significant associations between 

levels of EA within mother-infant dyads and child joint attention in our typically 

developing sample. However, in contrast to our expectations, greater nonverbal 
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synchrony was associated with lower RJA skills, except for children whose mothers 

perceived them as having high levels of surgency. Thus, mothers of children with lower 

and average levels of surgency who redirected their child’s attention less often had 

children who were less able to follow an unfamiliar social partner’s redirection of 

attention during social interaction. In light of these findings, perhaps a balance of 

synchronized versus unsynchronized maternal behavior might be optimal to support the 

ability of children with low to average surgency to follow a social partner’s attention as it 

shifts during interaction. Surgency is thought to reflect sociability and social engagement. 

Lower surgency may manifest as the result of various underlying reasons, including 

behavioral inhibition, reduced social interest, or impaired social skills (Coplan & Rubin, 

2010; Rothbart & Bates, 2006). For children who are perceived to be lower in surgency 

and, thus, less socially engaged, exposure to a certain amount of unsynchronized 

behavior may be necessary to scaffold the development of their ability to follow the 

attentional shifts of a social partner. It is also possible that nonverbal synchrony might 

function differently from verbal synchrony in fostering children’s nonverbal 

communication development. For example, excessive nonverbal synchrony (e.g., only 

pointing to objects to which the child is already attending), particularly in the context of 

lower temperamental surgency, may not provide a child with ample opportunity to 

practice following a social partner’s attention (RJA). This work has important 

implications for promoting specific caregiver behaviors during play that support optimal 

joint attention development, with potential benefits for typically developing children as 

well as those at risk for joint attention impairment. This work may be particularly 

relevant to parenting interventions targeting social communication development in 

children at risk for or who have been diagnosed with communication delays, 

developmental delays, and/or ASD. 
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 STUDY 2: SYNCHRONY DURING EARLY PARENT-CHILD 
INTERACTIONS, ALONG WITH JOINT ATTENTION, PREDICTS 

CHILDREN’S LATER RECEPTIVE AND EXPRESSIVE 
LANGUAGE 

Introduction 

SYNCHRONY 

Synchrony is broadly described as a dynamic pattern of dyadic interaction 

characterized by reciprocity and harmonious mutual regulation (Harrist & Waugh, 2002; 

Leclére et al., 2014). More specifically, Siller and Sigman defined synchrony as the 

degree to which a caregiver follows or redirects their child’s focus of attention and action 

during play (2002). Following a child’s focus has been shown to increase children’s 

engagement and motivation during the interaction (Bruner & Sherwood, 1983). As a 

result, synchrony during parent-child interactions has theoretical and empirical support 

for facilitating emotional, communication, social, and cognitive development in infancy 

and early childhood (Belsky, 1999; Harrist & Waugh, 2002; Leclére et al., 2014; Reyna 

& Pickler, 2009).  

To our knowledge, there has not yet been a longitudinal study of synchrony to 

examine developmental patterns of synchrony and determine whether it is stable over 

time. This would help to inform the conceptualization of synchrony from infancy through 

toddlerhood. In addition, understanding developmental patterns of synchrony is important 

to examining potential associations between synchrony and child communication 

development over time. Previous studies testing the stability of other aspects of the 

parent-child interaction report mixed results. Some studies have reported that emotional 

availability and sensitivity are stable over time (e.g., Ainsworth et al, 2014; Biringen & 

Robinson, 1991; Grossman et al., 1985; Pianta, Sroufe, & Egeland, 1989). Other studies 
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have reported that specific maternal behaviors, such as prohibitive maternal behavior 

(e.g., saying “no” to the child) increase once children began walking (Hendrix & 

Thompson, 2011; Tamis-LeMonda et al., 2007). Thus, there may be developmental 

patterns in synchrony that coincide with developmental shifts such as the onset of 

walking or certain language milestones. However, it seems more likely that while certain 

maternal behaviors may change over time, characteristics of mother-infant interaction 

will remain relatively consistent. We hypothesize that synchrony will appear relatively 

stable during early development, but also that there are meaningful individual differences 

in synchrony that contribute to differences in child development (e.g., joint attention and 

language). If so, then it would be reasonable to examine associations between early 

synchrony and later child outcomes. This study will explore synchrony with caregivers 

and infants between 9 to 18 months of age, allowing us to determine whether early 

synchrony is stable within dyads, or if there are distinct developmental trajectories of 

change evident during infancy and toddlerhood.   

SYNCHRONY AND LANGUAGE DEVELOPMENT 

Researchers have demonstrated that when caregivers describe objects that 

children are attending to, they (1) help children to learn the social functions of 

communication and (2) enhance “word-mapping,” which is when a child learns to match 

a word label to a particular object (Baldwin & Markman, 1989; Bloom, Margulis, Tinker, 

& Fujita, 1996; Carpenter, Nagell, & Tomasello, 1998; Tamis-LeMonda, Bornstein, & 

Baumwell, 2001; Tomasello & Farrar, 1986). Therefore, it follows that synchrony would 

likely facilitate communication development. Accordingly, a few studies have indicated 

that synchrony is associated with language development. Specifically, one study of 24 

typically developing infants found that greater synchrony at 15 months was related to 
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greater vocabulary at 21 months (Tomasello & Farrar, 1986). A second study of 24 

typically developing infants found that synchrony at 12 and 15 months (but not 9 months) 

was positively correlated with parent reports of the early receptive and expressive 

vocabulary at 12 and 15 months (Carpenter et al., 1998). However, synchrony was not 

associated with parent reports of gestures in that study (Carpenter et al., 1998). 

Additionally, Siller and Sigman (2008) demonstrated a link between synchrony and 

language growth in 28 children with Autism Spectrum Disorder (ASD) between the ages 

of roughly 3.5 to 7.5 years. Specifically, they found that synchrony at intake positively 

predicted children’s rate of language growth as assessed roughly 1, 2, and 3.5 years later. 

However, they did not include a comparison sample, so it remains unclear whether these 

associations can be generalized to typically developing children of the same 

chronological or mental age. Thus, preliminary studies indicate that synchrony may be an 

important predictor of early language development in both typically developing children 

and children with ASD. However, synchrony may be related to communication 

development more broadly, and not only language development. 

JOINT ATTENTION AND LANGUAGE DEVELOPMENT 

 Numerous studies have demonstrated positive associations between joint 

attention and language development. Joint attention is the ability of an individual to 

coordinate his or her attention with that of a social partner in order to create a shared 

experience (Bakeman & Adamson, 1984; Bruner & Sherwood, 1983; Van Hecke & 

Mundy, 2007). There are two types of joint attention: initiating joint attention (IJA) and 

responding to joint attention (RJA; Seibert, Hogan, & Mundy, 1982). IJA involves the 

use of gestures and eye contact to direct another’s attention toward objects, events, and 

the self. RJA involves following the direction of the gaze and gestures of others in order 
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to share a common point of reference (Scaife & Bruner, 1975). Both types of joint 

attention require a certain amount of social understanding and social intent. As such, joint 

attention does not include instrumental communication for the purpose of requesting.   

In typical development, joint attention emerges between 3 and 9 months of age 

(Hood, Willen, & Driver, 1998; Toth, Munson, Meltzoff, & Dawson, 2006; Vecera & 

Johnson, 1995; Williams, Waiter, Perra, Perrett, & Whiten, 2005), and is largely 

developed by roughly 18 months (Scaife & Bruner, 1975). Mundy and colleagues 

conducted a longitudinal study of joint attention, and found that although developmental 

trajectories were largely consistent across typically developing infants, meaningful 

individual differences in joint attention skills were observed. For example, infants with 

higher cognitive scores tended to engage in IJA more frequently than those with lower 

cognitive scores (Mundy, Block, Delgado, Pomares, Vaughan Van Hecke, & Parladé, 

2007).  

IJA and RJA are thought to be important for early language development and, 

specifically, word learning and mapping (e.g., Baldwin, 2014). For example, a mother 

might point at a toy and label it (e.g., “it’s a bus”), requiring her son to use RJA skills to 

follow her point, correctly identify the object she is labeling, and learn the word, “bus.” A 

child might use IJA by pointing at an object in the sky, and her father then follow her 

point and respond by labeling the object “airplane.” Baldwin (1995) suggested that these 

processes of shared attention reduce referential mapping errors (when a child attributes a 

label to an incorrect object) in word learning. Beyond theory, numerous studies have 

demonstrated positive associations between joint attention and language development. In 

typically developing children, joint attention skills positively predict the size of children’s 

receptive and expressive vocabulary and standardized language scores from infancy 

through toddlerhood (Morales et al., 1998; Morales et al., 2000; Mundy & Gomes, 1998). 
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In summary, although there is a common general sequence of joint attention development 

in typically developing children, there are also individual differences in joint attention 

skills among infants that predict language development (Mundy et al., 2007). 

POTENTIAL ASSOCIATIONS BETWEEN SYNCHRONY AND JOINT ATTENTION 

As described above, studies have separately examined concurrent and predictive 

associations between (1) synchrony and language development and (2) joint attention and 

language development. However, researchers have not simultaneously assessed 

associations among synchrony, joint attention, and language development in typical 

development. One possibility is that, because both synchrony and joint attention 

facilitates language development, one factor may influence the relations between the 

other two. It may be, for instance, that joint attention partially mediates the relationship 

between synchrony and child language abilities. Synchrony may facilitate joint attention 

development, and both in turn may each contribute to language development. Before 

understanding how synchrony, joint attention, and language development may all be 

related, the possible associations between synchrony and joint attention should first be 

examined. 

Synchrony and joint attention have been theoretically linked, as the underlying 

mutual engagement of attention present within synchronous interactions with newborns 

and infants may serve as a precursor to the development of joint attention (see Brazelton 

et al., 1974; Harrist & Waugh, 2002). In other words, having a shared focus of attention 

is a necessary part of synchronous interactions. It would appear that joint attention is 

likely to occur within synchronous interactions, suggesting that synchrony would be 

positively associated with joint attention skills. This is important, since in typically 

developing children, IJA and RJA affect early language development via word learning 
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and mapping (e.g., Baldwin, 2014). In fact, individual differences in joint attention skills 

have been found to positively predict children’s receptive and expressive vocabularies 

and standardized language scores from infancy through toddlerhood (Morales, Mundy, & 

Rojas, 1998; Morales et al., 2000; Mundy & Gomes, 1998). However, this association 

between synchrony and joint attention has not yet been adequately tested empirically in 

typically developing children.  

The few studies that have examined potential associations between synchrony and 

joint attention were conducted in the context of risk for or diagnosed ASD, a disorder that 

inherently involves impairment in joint attention (American Psychiatric Association, 

2013). Yirmiya and colleagues (2006) used a five-minute play sample to characterize of 

mother-infant dyads as synchronous or asynchronous at 4 months of age. Two groups of 

mother-infant dyads were compared: (1) mothers and infants at increased risk for ASD by 

virtue of having an older biological sibling with ASD (Sibs-ASD) and (2) mothers and 

infants with a typically developing sibling (Sibs-TD). They found that being classified as 

synchronous versus asynchronous at 4 months was not correlated with measures of joint 

attention at 14 months in either the Sibs-ASD or Sibs-TD. The lack of association 

between synchrony and joint attention might be due to using categorical classification of 

dyads as either synchronous or asynchronous, which might artificially restrict the 

variance in synchrony (compared to continuous measures) and limit the ability to detect 

associations with other variables. Siller and Sigman (2002) found that for children with 

ASD, higher synchrony positively predicted 1-year gains in IJA and RJA scores, as well 

as 10- and 16-year gains in language skills. Nonetheless, they did not analyze 

associations between synchrony and communication development in the typically 

developing or developmentally delayed children. Siller and Sigman (2008) also reported 

that in young children with ASD (ages 2 to 5 years), higher synchrony scores were 
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correlated with greater child IJA. Correlations between RJA and synchrony were not 

significant, although RJA and synchrony were each strong independent predictors of 

children’s rates of language growth. While intriguing, these findings should be 

considered preliminary. Furthermore, they do not inform our understanding of how 

synchrony, joint attention, and language development may influence one another in the 

context of typical development.    

CURRENT STUDY 

Few studies to date have explored the relationships between synchrony and joint 

attention, and their findings differ. Some have done so in children with ASD or at 

increased risk for ASD. However, these studies often lack control groups and therefore 

have not yet tested these associations in the context of typical development (e.g., Siller & 

Sigman, 2008). Others have separately examined synchrony and joint attention but not 

the relationship between the two (e.g., Yirmiya et al., 2006). Furthermore, these studies 

are methodologically limited in their capacity to speak to developmental growth due to 

their reliance on cross-sectional data, or in the case of Yirmiya et al. (2006), limited 

longitudinal data. In order to most accurately form conclusions and implications about 

the trajectory of skills (whether they significantly improve, remain largely stagnant, or 

actually diminish), it is optimal to have a minimum of three data points collected over 

time. In addition, in order to optimally study the associations between synchrony and 

joint attention, it would be beneficial to assess children at an age when joint attention is 

developing (e.g., Siller & Sigman, 2008). This study will examine joint attention 

development at 9, 12, 15, and 18 months, which is an important developmental period for 

joint attention in typical development (Brooks & Meltzoff, 2005; Carpenter et al., 1998; 

Mundy et al., 2007; Tomasello, 1995).   
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 This is the first study to longitudinally examine associations between synchrony, 

joint attention, and language development during first two years or life. It focuses on the 

following questions. (a) Is synchrony stable over time, or are there patterns of change 

over time? We predict that synchrony will remain relatively stable between 9 and 18 

months. (b) Is there a relationship between synchrony and joint attention? We expect 

positive associations between synchrony and IJA at each time point between 9 and 18 

months. We expect positive associations between synchrony RJA at each time point, as 

well as growth in RJA over time. (c) Does synchrony predict children’s language 

abilities? We hypothesize that synchrony will be positively associated with receptive and 

expressive language scores at 24 months.  

Method 

PARTICIPANTS 

Data were obtained from participants at two different sites: the University of 

Texas at Austin (Site 1) and the University of Miami (Site 2). Internal Review Boards at 

each site approved the procedures for recruitment and data collection. Families at both 

sites participated in multiple waves of data collection in the laboratory including 9, 12, 

15, 18, and 24 months of age.   

Participants at Site 1 were a healthy comparison sample for a longitudinal study 

of infants at increased risk for ASD. Recruitment letters and fliers were distributed via 

university child development centers, community childcare centers, and the university 

community email listserv. Many participants were recruited via birth records from the 

Texas Department of Health. Inclusion criteria were gestation ≥ 37 weeks, English as the 

primary language, having an older full biological sibling, and having a biological mother 
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over age 18 willing to participate. The sample at this site included 21 infants and their 

mothers.   

Participants at the University of Miami (Site 2) were recruited from Miami-Dade 

County birth records as part of a larger longitudinal study of social development (see 

Vaughan Van Hecke et al., 2007). Inclusion criteria for this sample were mothers 18 

years or older and 5-minute Apgar scores at or above 7. Exclusion criteria included 

history of major medical or seizure conditions or congenital and/or chromosomal 

abnormalities. Additionally, we applied secondary exclusion requirements such that (a) 

dyads whose play included languages other than English and Spanish and (b) father-

infant dyads were excluded from this study. These exclusion criteria resulted in a final 

sample of 79 infants and their mothers at the University of Miami. Thus, the combined 

sample from both sites included 100 mother-infant dyads (52% female infants), assessed 

at 9, 12, 15, 18, and 24 months. Maternal age ranged from 18 to 46 years of age (M = 

33.62, SD = 4.94). Regarding levels of maternal education, the sample was comprised of 

8% high school, 16% some college, 33% college degree, and 41% some graduate school. 

Regarding levels of paternal education, the sample was comprised of 7% high school, 

15% some college, 42% college degree, and 33% some graduate school. 

PROCEDURE 

During the laboratory sessions at 9, 12, 15, and 18 months, mother and child were 

led into a small laboratory room containing a standardized set of toys at each site either in 

a large basket (Site 1) or on a play mat (Site 2). These toys varied slightly by site, but 

included a barn with miniature animals, a jack-in-the-box, a toy phone, nesting balls, play 

dishes, and board books. A researcher instructed the mother and child to play as they 

normally would at home, and each dyad engaged in a play session lasting approximately 
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15 minutes at Site 1 or 7 minutes at Site. Children also participated in the Early Social 

Communication Scales (ESCS; Mundy, Delgado, Block, Venezia, Hogan, & Seibert, 

2003) at 9, 12, 15, and 18 months. To assess cognitive abilities, an examiner administered 

the Bayley Scales of Infant Development (BSID; Bayley, 2006) at each site when infants 

were 12 months of age. An examiner evaluated language abilities at 24 months using the 

BSID or Rendell Developmental Language Scales (RDLS; Rendell & Gruber, 1990) at 

Site 1 and Site 2, respectively. Parent reports of language abilities were obtained at 24 

months using the MacArthur Communicative Development Inventory (CDI)– Full Form 

at Site 1 and Short Form at Site 2. Each session was video recorded. Joint attention, 

cognitive, and language data were coded or scored separately at each site, as described 

below. All synchrony coding was conducted at Site 1 from free play sessions video-

recorded at both sites.     

MEASURES 

Synchrony 

Mother-child interactions during the free play sessions at 9, 12, 15, and 18 months 

were coded for synchrony according to the system developed by Siller & Sigman (2002, 

2008). Coding was conducted using video behavior analysis software (NOLDUS 

Observer XT v10.0 and v11.0, Noldus Information Technology). Since free play session 

durations differed between sites (approximately 15 minutes at Site 1 and 7 minutes at Site 

2), we limited analyses from both sites to the first 7 minutes of play. First, observers 

coded the onset of each maternal utterance (distinct phrase) that was related to the toys. 

Second, they coded whether each utterance was synchronized with (a) the child’s focus of 

attention and/or (b) the child’s actions. Third, they coded the onset of each maternal 

indicating behavior related to toys: pointing toward a toy or showing a toy to the child. 
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Next, they coded whether each indicating behavior was synchronized with the child’s 

focus of attention. Finally, they continuously coded the length of time the child spent 

either attending or not attending to a toy. Siller and Sigman (2008) have used both the 

continuous method and a random sampling method of coding and calculating child 

attention, and report strong consistency between the two (intraclass correlation 

coefficient = .83). In the current study, we coded child attention continuously in order to 

simplify coding by omitting random sampling of still frames. The percentage of time the 

child spent attending to toys was calculated by dividing the total time of the free play 

session by the total duration attending to toys. Three final synchrony scores were 

calculated as follows (Siller & Sigman, 2002, 2008; Siller et al., 2013).  

 
MS1 = (Percent of maternal indicating behaviors synchronized with child attention)  

(Percent of time child attended to toys) 
 

MS2 = (Percent of maternal utterances synchronized with child attention)  
(Percent of time child attended to toys) 
 

MS3 = (Percent of maternal utterances synchronized with child attention and action)  
(Percent of time child attended to toys) 

A group of undergraduate research assistants at the University of Texas, blind to 

the purpose and hypotheses of this study, were trained to accurately identify the target 

behaviors. First they established interrater reliability with the first author using a set of 

five videos and a reliability threshold of intraclass correlations at .80 or above. They 

coded all videos from both sites, and then double-coded 20 percent of the videos from 

this study. Intraclass correlations ranged from .74 to .91 for each target behavior, 

suggesting adequate interrater reliability. 
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Early Social Communication Scales (ESCS) 

Joint attention was assessed at 9, 12, 15, and 18 months using the ESCS (Mundy, 

Delgado, Block, Venezia, Hogan, & Seibert, 2003). The ESCS is a video recorded, semi-

structured experimenter-child social interaction paradigm that is designed for children 

between 8 and 30 months of age. The ESCS videos were coded for nonverbal 

communication skills including: (1) joint attention (nonverbal behaviors to share the 

experience of objects or events with others); (2) requests (nonverbal behaviors to elicit 

aid in obtaining objects or events) and (3) social interaction (turn-taking interactions) 

skills. Since the focus of the current study is joint attention, only the scores for IJA and 

RJA were included in the analyses. IJA was calculated as the total frequency of eye 

contact, showing, and pointing initiated by the infant for the purpose of sharing. RJA was 

calculated as the percentage of responses in which the infant correctly followed the 

examiner’s point to images in a book or posters on the wall.   

 A team of four research assistants, blind to the hypotheses of this study, was 

trained by the first author to accurately identify the ESCS target behaviors using the 

coding manual. Following training, initial interrater reliability was established using a set 

of 10 reliability videos provided by the ESCS authors and a reliability threshold of 

intraclass correlations at .80 or above (Mundy et al., 2003). Twenty percent of videos 

from the current study were double-coded for reliability. Intraclass correlations indicated 

adequate interrater reliability (IJA α = .80-.96, RJA α = .86-1.0). 

Bayley Scales of Infant Development, Second and Third Editions (BSID-II, 
BSID-III) 

The BSID is a comprehensive assessment tool for determining developmental 

delays in children one month to 42 months old (Bayley, 1993; Bayley, 2006). During 

administration, the child and parent are seated across from the examiner at a small table. 
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The examiner engages the child in a series of standardized developmental play tasks for 

approximately 30 to 45 minutes. Although the second edition was used at Site 1 and the 

third edition was used at Site 2, both yield comparable standardized scores. In the present 

study, the BSID was used to provide standardized scores of cognitive abilities (Sites 1 

and 2) and receptive language, expressive language, and total language (Site 1).  

Reynell Development Language Scales (RLDS) 

The RDLS is an assessment of receptive and expressive language. During this 

assessment, an examiner presents objects and pictures for which the child is asked to 

perform certain tasks or answer questions. The RDLS yields standardized scores with a 

mean of 100 and a standard deviation of 15. It is designed for use with children 1 to 6 

years of age, and was administered at 24 months at Site 2.   

MacArthur Communicative Development Inventory (CDI) – Full Form, 
Words & Sentences; Short Form, Level 2 

The CDI is a parent report questionnaire that assesses a child’s receptive and 

expressive vocabulary. The Full Form, Words & Sentences, is comprised of a checklist of 

680 words and 119 questions about grammar and sentences that children understand 

and/or say. This measure was administered when participants were 24 months of age at 

Site 1. The Short Form, Level 2, contains a checklist of 100 words, as well as a question 

regarding combining two or more words. This measure was administered when 

participants were 24 months of age at Site 2. Both forms were designed for children ages 

16 months or above. 
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Measure Minimum Maximum M SD 

9 Months (n=98) 
    

     Total IJA 0.00 44.00 14.52 10.65 
     Total RJA 0.00 100.00 20.41 21.30 
     MS1   0.00 2.77 1.20 0.63 
     MS2   0.45 1.29 0.86 0.17 
     MS3   0.00 1.18 0.65 0.23 
12 Months (n=94)     
     Total IJA 0.00 48.00 15.13 10.67 
     Total RJA 0.00 100.00 45.47 24.47 
     MS1 0.13 2.57 1.16 0.54 
     MS2 0.37 1.90 0.87 0.23 
     MS3 0.28 1.07 0.63 0.19 
     Bayley MDI  68.00 135.00 95.98 13.88 
15 Months (n=88)     
     Total IJA 1.00 39.00 12.75 7.85 
     Total RJA 0.00 100.00 60.75 26.91 
     MS1 0.10 2.51 1.15 0.54 
     MS2 0.00 1.45 0.81 0.26 
     MS3 0.00 1.14 0.59 0.22 
18 Months (n=87)     
     Total IJA 0.00 43.00 15.46 9.01 
     Total RJA 13.00 100.00 71.56 22.53 
     MS1 0.00 2.45 1.07 0.54 
     MS2 0.00 1.61 0.80 0.29 
     MS3 0.00 1.46 0.63 0.27 
24 Months (n=77)     
     Language Composite -1.43 1.87 0.06 0.84 
 
Table 6: Descriptive statistics (N = 100). 
Note. RJA = responding to joint attention; IJA = initiating joint attention; MS1 = 
maternal indicating behaviors synchronized with child attention; MS2 = maternal 
utterances synchronized with child attention; MS3 = maternal utterances synchronized 
with child attention and action; MDI = mental development index. 

   Results 

In order to reduce the number of comparisons, as well as issues of potential 

collinearity among language variables, we created a language composite score based on 
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the methods described in previous studies with common measures (Mundy et al., 2007; 

Tamis-LeMonda & Bornstein, 1994). Accordingly, we combined the language measures 

at 24 months, including MDI expressive, Bayley (Site 1) or Reynell (Site 2) expressive, 

and Bayley (Site 1) or Reynell (Site 2) receptive scores) by z transforming and then 

averaging them. Descriptive statistics for each predictor and outcome variable are shown 

in Table 6. There was notable variability in language composite scores (which ranged 

from -1.43 to 1.87) and MDI cognitive scores (which ranged from 68 to 135), suggesting 

that our sample was heterogeneous, and facilitated further analyses predicting individual 

differences in language outcomes.  

EXAMINING SYNCHRONY OVER TIME 

Three separate linear mixed models were conducted to test the hypothesis that 

each synchrony score would be relatively stable during infancy at ages 9, 12, 15, and 18 

months. Results indicated that there was a significant fixed effect for the intercept on 

MS1 (estimate = 1.20, F(1,88) = 403.31, p < .001), but no significant fixed effect of time 

on MS1 (estimate = -0.03, F(1,88) = 0.99, p = .32). Next, there was a significant fixed 

effect for the intercept on MS2 (estimate = 0.86, F(1,90) = 2061.06, p < .001), but no 

significant fixed effect of time on MS2 (estimate = 0.01, F(1,92) = 0.08, p = .78). Finally, 

there was a significant fixed effect for the intercept on MS3 (estimate = 0.63, F(1,89) = 

911.08, p < .001), but no significant effect of time on MS3 (estimate = 0.01, F(1,84) = 

.60, p = .44).  

We also examined the estimates of covariance from the linear mixed models to 

determine whether there was inter-individual variation in the intercepts and/or slopes of 

MS1, MS2, and MS3. For MS1, there was a significant random effect of the intercept 

(estimate = 0.12, Wald Z = 2.30, p < .05), but no significant random effect for the slope 
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(estimate = -0.04, Wald Z = -1.55, p = .12). For MS2, there was a significant random 

effect of the intercept (estimate = 0.01, Wald Z = 2.64, p < .01), but no significant 

random effect for the slope (estimate = 0.01, Wald Z = 0.26, p = .80). For MS3, there was 

a significant random effect of the intercept (estimate = 0.02, Wald Z = 2.65, p < .01), but 

no significant random effect for the slope (estimate = -0.01, Wald Z = -0.69, p = .49). 

Taken together, these results indicate significant individual differences in the starting 

levels of each synchrony score (intercepts), but no significant individual or mean 

differences in synchrony scores over time (slopes). Therefore, we did not proceed with 

analyses examining varying trajectories of synchrony scores in the sample.   
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Table 7: Correlations between predictor and outcome variables. 
Note. MDI = mental development index; MS1 = Maternal indicating behaviors synchronized with child attention; MS2 = Maternal 
utterances synchronized with child attention; MS3 = Maternal utterances synchronized with child attention and action; IJA = total 
frequency of initiating joint attention; RJA = percentage of correct response to joint attention trials. Missing data excluded pairwise. * 
p < .05, two-tailed. ** p < .01, two-tailed.  
 

Variable Sex Site 

MD1  
12 
months MS1 MS2 MS3 

IJA 
9 
months 

IJA 
12 
months 

IJA 
15 
months 

IJA 
18 
months 

RJA 
9 
months 

RJA  
12 
months 

RJA 
15 
months 

RJA 
18 
months 

Site -.01              

MD1 12 months -.01 -.66**             

MS1 .06 -1.6 .26*            

MS2   .09 -.25* .11 .53**           

MS3   .04 .03 -.02 .33** .67**          

IJA 9 months .29** .35** -.31** -.04 -.02 -.03         

IJA 12 months .13 .38** -.22* -.01 -.17 -.09 .35**        

IJA 15 months .24* .39** -.14 .18 -.11 -.25* .26* .36**       

IJA 18 months .22* .44** -.32** .07 -.12 -.23 .49** .29** .52**      

RJA 9 months .11 .40** -.12 -.05 -.08 .03 .30** .30** .21 .30**     

RJA 12 months .04 -.02 .14 .04 -.23* -.18 .04 .13 .17 .21 .18    

RJA 15 months .08 .03 .02 -.13 -.08 -.14 .03 .17 .08 .06 .27* .42**   

RJA 18 months .14 -.33** .17 .11 .13 .07 .05 -.09 -.05 -.07 .08 .20 .28*  
Language 
Composite .28* -.02 .32** .14 .15 -.04 .20 .27* .17 .26* .26* .23* .29* .14 
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TESTING SYNCHRONY AS A POSSIBLE PREDICTOR OF JOINT ATTENTION 

Our next aim was to examine whether synchrony scores affect the growth rate of 

joint attention over time. The Hierarchical Linear Modeling (HLM) procedure was used 

to conduct growth curve analyses, since this method accounts for repeated observations 

within individuals over time, and allows for the inclusion of individuals with missing 

data. The nlme package (Pinheiro, Bates, DebRoy, Sarkar, & R Core Team, 2016) was 

used to run all growth curve analyses, and the psych package (Revelle, 2015) was used 

for descriptive statistics in R.   

Table 7 presents Pearson correlations among site, sex of the child, cognitive (12 

months), synchrony (9 months), joint attention (9 through 18 months), and 24-month 

language composite scores. Point-biserial correlations were used to examine whether sex 

of the child and/or site were associated with any variables of interest. MS2 scores were 

higher at Site 1, but there were no site differences in MS1 or MS3. IJA scores were 

higher at Site 2 at each age. RJA was higher at Site 2 at 9 months, but higher at Site 1 at 

18 months. There were no site differences in 24-month language composites. MDI scores 

at 12 months were higher at Site 1. We further examined site differences according to 

demographic variables using chi-squared tests. There were no significant differences 

according to sex of the child (X2 (1, N = 98), .001, p > .05), maternal race (X2 (3, N = 98), 

1.79, p > .05), paternal race (X2 (2, N = 98), 2.27, p > .05), or maternal education (X2 (3, 

N = 98), 2.93, p > .05). However, there were site differences according to number of 

siblings, paternal education, and language. All participants at Site 1 had one older sibling, 

while approximately 55% had 0 siblings, 30% had 1 sibling, 14% had 2 siblings, and 1% 

had 3 siblings at Site 2, (X2 (3, N = 98), 32.80, p < .001). Regarding paternal education, at 

Site 1 71% of fathers had a bachelor’s degree, 24% completed graduate school, and 5% 
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completed some college. Paternal education at Site 2 was more varied, as 37% completed 

graduate school, 36% had a bachelor’s degree, 18% completed some college, and 9% 

completed high school (X2 (3, N = 97), 9.64, p < .05). There were also significant 

differences in languages to which the infants were exposed at each site. At Site 1, all 

infants were exposed primarily to English, and observed parent-child play was in English. 

At Site 2, 29% were exposed to 1 language, 65% were exposed to 2 languages, and 6% 

were exposed to 3 languages (X2 (2, N = 98), 34.19, p < .001). Specifically, 38% were 

exposed to monolingual English, 22% were exposed to monolingual Spanish, and 39% 

were exposed to varying degrees of bilingual English and Spanish at Site 2, and 1% were 

exposed to English and a language other than Spanish. Next, we examined differences 

according to sex of the child. There were no significant differences in MDI, synchrony, 

or RJA scores based on sex. However, girls demonstrated more frequent IJA at 9 months, 

15 months, and 18 months, as well as higher language composite scores at 24 months. 

Due to these differences, we controlled for site and sex in subsequent analyses. MDI 

scores at 12 months were significantly negatively correlated with IJA and significantly 

positively correlated with language composite scores. Therefore, we controlled for 12-

month MDI scores in order to more conservatively examine potential predictive relations 

between synchrony and joint attention that cannot be accounted for by cognitive abilities.  

Linear mixed effects models were constructed to test for possible main effects of 

time and synchrony, and also a possible interaction effect of time and synchrony on the 

development of: (1) IJA and (2) RJA between 9 and 18 months of age. Total IJA and RJA 

were entered as outcome variables in separate analyses. The three indices of synchrony at 

9 months, MS1, MS2, and MS3, were entered as continuous predictors in separate 

analyses, given that they each measure a different aspect of the interaction and were 

intercorrelated. Since synchrony scores were stable within dyads between 9 and 18 
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months, we chose 9-month synchrony scores for these models in order to concurrently 

and longitudinally predict joint attention scores over time. Time was entered as a 

continuous predictor, while sex and site were entered as fixed factors in each model.  

 

 

Predictor 

Outcome 

Total IJA Total RJA 
Intercept -3.76 (3.62) 18.57 (9.91) 

Site 8.98*** (1.59) 2.46(4.37) 

Sex (0 = male, 1 = female) 3.27* (1.29) 5.66 (3.54) 

Time (0 = 9 months, 1 = 12 months,       
2 = 15 months, 3 = 18 months) 

-0.89 (0.85) 15.80*** (2.27) 

MS1 0.45 (1.39) -1.83 (3.77) 

Time x MS1 0.68 (0.64) 1.22 (1.70) 

 
Table 8: Predictors of joint attention including MS1 at 9 months. 
Note. Values are parameter estimates (standard error). * p < .05, ** p < .01,  *** p < 
.001.  

Results from the analyses using MS1 as a predictor and IJA or RJA as the 

outcome are shown in Table 8. Results from the model using MS1 to predict IJA 

indicated that there was no significant main effect for time (t(220) = -1.05, p > .05), no 

significant main effect for MS1 (t(220) = 0.33, p > .05), and no significant time x MS1 

interaction (t(220) = 1.07, p > .05). The model using MS1 to predict RJA also indicated 

that there was no significant main effect for MS1 (t(220) = -0.49, p > .05), nor was there 

a significant time x MS1 interaction (t(220) = 0.72, p >.05). As expected, however, a 

significant main effect for time was observed (t(220) = 6.95, p <. 001).  
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Results from the analyses using MS2 as a predictor and IJA or RJA as the 

outcome are shown in Table 9. The results are similar to those for the models using MS1 

as a predictor. For IJA, there was no significant main effect for time (t(220) = 0.33, p > 

.05), no significant main effect for MS2 (t(220) = 0.33, p > .05), and no significant time x 

MS2 interaction (t(220) = -0.39, p > .05). For RJA, there was no significant main effect 

for MS2 (t(220) = -1.77, p > .05), no significant main effect for time (t(220) = 1.48, p > 

.05), nor was there a significant time x MS2 interaction (t(220) = 1.66, p > .05).  

 

Predictor 

Outcome 

Total IJA Total RJA 
Intercept -4.33 (6.00) 40.18* (16.14) 

Site 8.73*** (1.64) 1.36 (4.43) 

Sex (0 = male, 1 = female) 3.35* (1.30) 5.88 (3.52) 

Time (0 = 9 months, 1 = 12 months, 2 = 
15 months, 3 = 18 months) 

0.70 (2.08) 8.23 (5.54) 

MS2 1.78 (5.37) -25.60 (14.43) 

Time x MS2 -0.92 (2.38) 10.50 (6.33) 

 
Table 9: Predictors of joint attention including MS2 at 9 months. 
Note. Values are parameter estimates (standard error). * p < .05, ** p < .01,  *** p < 
.001.  

Results from the analyses using MS3 as a predictor and IJA or RJA as the 

outcome are shown in Table 10. Once again, the results are consistent with those 

observed for MS1 and MS2. For IJA, there was no significant main effect for time (t(220) 

= 0.99, p > .05), no significant main effect for MS3 (t(220) = -0.60, p > .05), and no 

significant time x MS3 interaction (t(220) = -1.12, p > .05). For RJA, there was no 
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significant main effect for MS3 (t(220) = -0.84, p > .05), nor was there a significant time 

x MS3 interaction (t(220) = 0.33, p > .05). As expected, however, there was a main effect 

for time (t(220) = 5.10, p < .001). 

 

 

Predictor 

Outcome 

Total IJA Total RJA 
Intercept -1.33 (3.81) 21.67* (10.49) 

Site 8.67*** (1.55) 2.57 (4.30) 

Sex (0=Female, 1=Male) 3.47** (1.27) 5.73 (3.52) 

Time (0 = 9 months, 1 = 12 months, 2 = 
15 months, 3 = 18 months) 

1.18 (1.19) 16.25*** (3.18) 

MS3 -2.23 (3.71) -8.46 (10.14) 

Time x MS3 -1.92 (1.70) 1.52 (4.57) 

 
Table 10: Predictors of joint attention including MS3 at 9 months. 
Note. Values are parameter estimates (standard error). * p < .05, ** p < .01,  *** p < 
.001.  

SYNCHRONY AND JOINT ATTENTION AS PREDICTORS OF 24-MONTH LANGUAGE 
SCORES 

Next we aimed to test the hypotheses that (1) synchrony and joint attention would 

each be positively associated with receptive and expressive language scores and (2) joint 

attention would moderate the relationship between synchrony and child language 

abilities. We conducted three separate hierarchical multiple regression analyses to test for 

main effects of each synchrony score separately. The 24-month language composite score 

was the dependent variable. Site, sex, and MDI at 12 months were entered in Step 1. The 

synchrony score (either MS1, MS2, or MS3) averaged across time within each dyad was 
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entered in Step 2. Since there were no significant changes in synchrony scores within 

dyads between 9 and 18 months, we were able to use the average scores in order to 

eliminate missing data and include synchrony data for the full sample to predict 24-

month language scores. IJA at 12 months was entered in Step 3, and RJA at 12 months 

was entered in Step 4. Finally, interaction terms for synchrony and joint attention scores 

were entered in Step 5. Results are presented in Tables 6, 7, and 8.   

 Model 1 Model 2 Model 3 Model 4 Model 5 

Variable B ß B ß B ß B ß B ß 

Site 
 

.63 
 

.26 
 

.59 
 

.24 
 

.56 
 

.23 
 

.28 .11 .25 .10 

Sex .33 .19 
 

.24 
 

.14 
 

.23 
 

.13 .14 .08 .16 .09 
MDI at 12 
months .03** .45** 

 
.03* 

 
.37* 

 
.02* 

 
.34* .02* .34* .02* .33* 

MS1 mean 
for each 
dyad 

 
 

 
 .50 

 
.22 

 
.51 

 
.23 .55* .25* .66 .30 

RJA at 12 
months 

 
 

 
 

 
 

 
 

 
.01 

 
.09 .01 .05 .01 .20 

IJA at 12 
months       .02* .30* .02 .23 
MS1 mean 
X IJA at 
12 months         .01 .09 
MS1 mean 
X RJA at 
12 months         -.01 -.18 

R2 
 

.21 
 

.25 .26 .33 .33 
F for 
change in 
R2 

 
5.14** 

 
3.12 

 
0.55 

 
5.68* 0.12 

 
Table 11: Summary of hierarchical regression analysis for MS1 mean for each dyad, 
IJA at 12 months, and RJA at 12 months predicting 24-month language composite scores. 
Note. MDI = mental development index; MS1 = maternal indicating behaviors 
synchronized with child attention; RJA = responding to joint attention; IJA = initiating 
joint attention. * p < .05, ** p < .01,  *** p < .001.  
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Table 11 presents the results when MS1 was included. The best fitting model 

(based on R2 and F for change in R2) was Model 4, which indicated that MDI at 12 

months, mean MS1 scores for each dyad, and IJA at 12 months significantly positively 

predicted 24-month language composite scores even while accounting for site and sex. 

The interaction terms to test for moderation effects in Step 5 were not significant, and did 

not improve prediction. The final model demonstrated a large effect size, with Cohen’s f2 

of 0.49. 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Variable B ß B ß B ß B ß B ß 

Site 
 

.63 
 

.26 
 

.81* 
 

.33* 
 

.78* 
 

.43* 
 

.52 
 

.21 .50 .20 

Sex 
 

.33 
 

.19 
 

.32 
 

.18 
 

.31 
 

.18 
 

.24 
 

.14 .22 .13 
MDI at 12 
months 

 
.03** 

 
.45** 

 
.03** 

 
.38** 

 
.02* 

 
.35* 

 
.02* 

 
.35* .03* .37* 

MS2 
mean for 
each dyad 

 
 

 
 

 
1.92** 

 
.37** 

 
1.95** 

 
.38** 

 
1.91** 

 
.37** 1.17 .23 

RJA at 12 
months 

 
 

 
 

 
 

 
 

 
.01 

 
.10 

 
.01 

 
.06 -.01 -.20 

IJA at 12 
months 

 
 

 
 

 
 

 
 

 
 

 
 

 
.02* 

 
.27* .01 .06 

MS2 
mean X 
IJA at 12 
months         .02 .23 
MS2 
mean X 
RJA at 12 
months         .01 .27 

R2 
 

.21 
 

.33 
 

.34 
 

.40 .40 
F for 
change in 
R2 

 
5.14** 

 
10.50** 

 
.74 

 
5.29* 0.21 

 
Table 12: Summary of hierarchical regression analysis for MS2 mean for each dyad, 
IJA at 12 months, and RJA at 12 months predicting 24-month language composite scores. 
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Note. MDI = mental development index; MS2 = maternal utterances synchronized with 
child attention; RJA = responding to joint attention; IJA = initiating joint attention. * p < 
.05, ** p < .01,  *** p < .001.  

Table 12 presents the results when MS2 was included. The best fitting model was 

Model 4, which indicated that MDI at 12 months, mean MS2 scores for each dyad, and 

IJA at 12 months significantly positively predicted 24-month language composite scores 

even while accounting for site and sex. Again, the interaction terms to test for moderation 

effects in Step 5 were not significant, and did not improve prediction. The final model 

demonstrated a large effect size, with Cohen’s f2 of 0.54. 

 Model 1 Model 2 Model 3 Model 4 Model 5 

Variable B ß B ß B ß B ß B ß 

Site 
 

.63 
 

.26 
 

.63 
 

.26 
 

.60 
 

.24 
 

.34 
 

.14 .34 .14 

Sex 
 

.33 
 

.19 
 

.32 
 

.18 
 

.31 
 

.18 
 

.24 
 

.14 .28 .16 
MDI at 12 
months 

 
.03** 

 
.45** 

 
.03** 

 
.40** 

 
.03* 

 
.38* 

 
.03** 

 
.38** .03* .37* 

MS3 mean 
for each 
dyad 

 
 

 
 

 
1.48* 

 
.27 

 
1.51* 

 
.28* 

 
1.49* 

 
.27* 2.74 .50 

RJA at 12 
months 

 
 

 
 

 
 

 
 

 
.01 

 
.09 .01 

 
.04 .01 .31 

IJA at 12 
months 

 
 

 
 

 
 

 
 

 
 

 
 

 
.02* 

 
.28* .04 .53 

MS3 mean 
X IJA at 
12 months         -.03 -.29 
MS3 mean 
X RJA at 
12 months         -.01 -.29 

R2 
 

.21 
 

.28 
 

.29 
 

.35 .36 
F for 
change in 
R2 

 
5.14** 

 
5.63* 

 
.58 

 
5.21* .39 

 
Table 13: Summary of hierarchical regression analysis for MS3 mean for each dyad, 
IJA at 12 months, and RJA at 12 months predicting 24-month language composite scores. 
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Note. MDI = mental development index; MS3 = maternal utterances synchronized with 
child attention and action; RJA = responding to joint attention; IJA = initiating joint 
attention. * p < .05, ** p < .01,  *** p < .001.  

Table 13 presents the results when MS3 was included. The best fitting model was 

Model 4, which indicated that MDI at 12 months, mean MS3 scores for each dyad, and 

IJA at 12 months significantly positively predicted 24-month language composite scores 

even while accounting for site and sex. Again, the interaction terms to test for moderation 

effects in Step 5 were not significant, and did not improve prediction. The final model 

demonstrated a large effect size, with Cohen’s f2 of 0.67. 

Thus, the pattern of results was similar in each hierarchical regression model for 

the three types of synchrony. However, only MS2 and MS3 significantly predicted 

language composite scores in the absence of joint attention scores in the models; MS1 did 

not significantly predict language composite scores unless joint attention scores were also 

added as predictors. Together, these results indicate that greater receptive and expressive 

language abilities at 24 months are significantly positively predicted by (1) the extent to 

which mothers’ verbal and nonverbal communication match their infants’ focus during 

play, (2) infants’ joint attention at 12 months, and (3) infants’ cognitive. 

   Discussion 

There are two major contributions of this study to the literature. This was the first 

study to examine early synchrony longitudinally in a large sample of typically developing 

children. Additionally, this was the first developmental study to assess the relationships 

between synchrony, joint attention, and language.   

STABLE INDIVIDUAL DIFFERENCES IN SYNCHRONY 

Two comprehensive reviews of the synchrony literature have been conducted, and 

surprisingly, both found that there have been no longitudinal studies of synchrony within 
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dyads (Harrist & Waugh, 2002; Leclére et al., 2014). Therefore, to date, studies have 

tended to assess synchrony at only one time point and relied on the assumption that the 

various measures of synchrony are reliably assessing a stable quality of the dyadic 

parent-child interaction. Furthermore, although there has been a rise in the number of 

studies of synchrony in ASD, no studies to date have examined synchrony over time in 

typical development. Thus, this study examined early synchrony longitudinally for the 

first time in typically developing infants. The results indicated that there were no 

significant changes (or trajectories of change) in synchrony across 9, 12, 15, and 18 

months of age. However, we observed substantial variation in synchrony scores between 

dyads at each age. In other words, consistent with our hypotheses, individual differences 

in synchrony scores appear to be significant and stable during the first two years of life in 

typical development. These individual differences in synchrony were of particular 

interest in the current study, as one of the primary aims was to examine how individual 

differences in synchrony (and possibly patterns of synchrony over time) relate to 

communication development.  

SYNCHRONY AND JOINT ATTENTION AS INDEPENDENT PREDICTORS OF LANGUAGE 

A long line of studies has demonstrated the importance of synchrony as a positive 

correlate of broader socio-emotional outcomes in children. In addition, synchrony has 

been theoretically linked with language in typical development (Harrist & Waugh, 2002; 

Leclére et al., 2014; Snow, 1984; Tomasello & Farrar, 1986). Recently, synchrony has 

been empirically linked with joint attention and language development in observational 

and intervention studies for children with ASD that provide parent training to specifically 

enhance synchrony (Green et al., 2010; Siller, Hutman, & Sigman, 2013; Siller & 

Sigman, 2002, 2008). Nonetheless, there was no existing empirical evidence regarding 
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the relationships between synchrony, joint attention, and language development in typical 

development. This study assessed the relationships between synchrony, joint attention, 

and language in a typically developing sample for the first time. These findings can help 

to inform our understanding of how parent-child interactions contribute to developmental 

processes in early childhood, and can also serve as a basis for comparison in atypical 

development (e.g., delayed language, ASD). In contrast to our hypotheses, our findings 

did not support a direct association between either nonverbal (MS1) or verbal (MS2, 

MS3) synchrony and joint attention abilities. However, these findings seem partially 

consistent with those of Siller and Sigman (2008) in a sample of children with ASD. 

Although it was not the main focus of their study, they reported that synchrony scores 

were not significantly correlated with RJA during the ESCS, and only MS3 was 

significantly positively correlated with IJA (MS1 and MS2 were not significant correlates 

of IJA). Harrist and Waugh theorized that, “prolonged engagement in mutual attention 

and turn-taking is a necessary-but-not-sufficient dimension of synchrony” (p. 559, 2002). 

In addition, in both the current study and the study by Siller and Sigman (2008), joint 

attention was assessed during a play interaction with an unfamiliar adult, while 

synchrony was observed with a primary caregiver. It may be that synchrony with the 

caregiver is more directly associated with joint attention specifically within the parent-

child interaction, and that this effect does not necessarily generalize to other interactions.   

Notably, the results of this study lend support to our hypothesis that synchrony 

positively predicts early language abilities in typically developing children. Specifically, 

the children’s receptive and expressive language abilities at 24 months of age were 

predicted by higher rates of synchrony. In fact, all three synchrony scores were 

significant positive predictors of language outcomes. The extent to which mothers 

pointed at, showed, or demonstrated the use of a toy to which the child was already 
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attending was a significant positive predictor of the child’s language at 24 months. The 

extent to which mothers’ verbalizations matched their child’s focus of attention (MS2) 

between 9 and 18 months predicted 24-month language. The extent to which mothers’ 

verbalizations matched both child attention and action (MS3) between 9 and 18 months 

of age also predicted 24-month language. We also replicated the findings of previous 

studies in typical development, Down’s syndrome, language delay, and ASD 

demonstrating that IJA positively predicts later language scores (Landry & Loveland, 

1988; Mundy et al., 2007; Mundy, Sigman, & Kasari, 1990; Sigman & Ruskin, 1999; 

Siller & Sigman, 2008). Furthermore, we found that verbal and nonverbal synchrony 

predicted language above and beyond significant differences in language according to 

site, sex, IQ, and IJA at 12 months. Our findings in typically developing infants are an 

extension of the findings in infants with symptoms of ASD (Perryman, Carter, 

Messinger, Stone, Ivanescu, & Yoder, 2012), preschool children with ASD (Siller & 

Sigman, 2008), and older children with ASD followed over a span of 1, 10, and 16 years 

(Siller & Sigman, 2002). The pattern of results with regard to synchrony is quite similar 

in all three. Across studies, the parents’ responsiveness to their child’s attention and their 

responsiveness to their child’s actions during play were each independent positive 

predictors of the children’s later receptive and expressive language abilities. In addition, 

these effects were significant even after controlling for differences in the children’s IQ 

scores, and each model demonstrated large effect sizes. 

Notably, the parent behaviors described in these studies, as well in the current 

study, reflect mothers’ nonverbal and verbal bids for interaction that follow the child’s 

lead and are undemanding in nature. The undemanding nature of synchronized 

communication directly relates to the strategy of following the child’s lead that is used in 

several empirically supported treatments for children with atypical development. The 
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Early Start Denver Model (Dawson et al., 2010) and Project ImPACT (Ingersoll & 

Wainer, 2013) are examples of interventions (among many others) that incorporate this 

strategy for children either at risk for ASD or diagnosed with ASD (Green et al., 2010; 

Landa, Holman, O’Neill, & Stuart, 2011). The Hanen Programs also use this approach for 

children with language delays and/or ASD (Carter, Messinger, Stone, Celimli, Nahmias, 

& Yoder, 2011; Girolametto, Pearce, & Weitzman, 1996). Furthermore, Parent-Child 

Interaction Therapy (PCIT) emphasizes this strategy of following the child’s lead and 

commenting on (i.e., describing, providing labeled praise) what the child is doing. 

Studies of PCIT for children with disruptive behavior, language delays, and/or ASD have 

demonstrated positive effects on child language outcomes in addition to reductions in 

disruptive behavior (Bagner, Garcia, & Hill, 2016; Garcia, Bagner, Pruden, Nichols-

Lopez, 2015). 

Importantly, the findings of the present study suggest that responsive and 

undemanding parental input during play is also important for typically developing 

children’s language development. Now the question emerges as to how our understanding 

of the links between joint attention, synchrony, and language outcomes can be extended 

to benefit children more broadly. In addition to child symptoms or characteristics, certain 

caregiver characteristics or symptoms (e.g., anxiety, depression, stress) may put dyads at 

risk for lower synchrony and less favorable language outcomes for the child. Further 

studies should be conducted to determine whether synchrony is affected in these 

populations, and if so, whether indicated prevention interventions that increase synchrony 

might contribute to improved parent and child functioning (including language outcomes) 

in these populations. At the wider community level, selective prevention programs could 

either be modified or designed to enhance synchrony in families at broader risk for 

suboptimal caregiving environments and/or maladaptive child outcomes.   
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LIMITATIONS 

A limitation of the current study is that language data was only collected when the 

children were 24 months of age. Therefore, we did not have data to examine both the 

infants’ emerging nonverbal communication (e.g., gestures beyond those captured in the 

ESCS) and verbal communication (babbling, emerging single words) in detail 

concurrently with synchrony during the second year of life. It would have been preferable 

to include a measure such as the MDI Inventory across 9, 12, 15, and 18 months as well. 

Future studies should consider the inclusion of language measures at each age, rather than 

solely using language measures as an outcome variable, which is commonly done.   

Future studies would benefit from the inclusion of father-child interactions. Like 

many prior studies, our analyses were limited to mothers, in part due the very low 

recruitment rate of fathers at Site 2 that would have made it difficult to test differences 

between caregivers. At Site 2, when fathers did participate, it was often at only 1 time 

point (and mothers participated at the other waves of data collection). We therefore 

decided to exclude these observations from our analyses. However, some researchers 

have begun to take a more proactive approach to the targeted recruitment of fathers, 

including at least one study of father-child synchrony (Scarano de Mendonça, Cossette, 

Strayer, & Gravel, 2010). Future studies should also assess synchrony using a 

longitudinal approach in order to replicate the findings of the current study that suggest 

its stability. Moreover, continuing to examine synchrony at two or more time points 

(preferably at least three in order construct parallel process growth curve models) can 

help to clarify the direction of effects between synchrony and other child or caregiver 

variables being considered as predictors or outcomes. Understanding the direction of 

effects is particularly relevant to synchrony, due to the transactional relationships 
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between child variables (e.g., temperament) that can both influence and be influenced by 

parent-child interactions.  

STRENGTHS OF THE CURRENT STUDY 

A notable strength of this study included the fact that joint attention and 

synchrony within each dyad were assessed longitudinally. Furthermore, the data were 

collected in the period during which joint attention emerges in typical development. In 

addition, we combined parent reports and examiner assessments of language, which 

likely provided a more accurate estimate of language functioning at 24 months. This 

study included an adequately sized sample that was relatively diverse. The study used 

data from two sites: a large urban metropolitan area in the east and a smaller metropolitan 

city in the southwest. The sample included mothers with a range of educational 

attainment, socioeconomic status. It was ethnically and linguistically diverse, with a 

substantial proportion of Hispanic families, and primary English, primary Spanish, and 

English-Spanish bilingual families. In addition, the infants in the sample exhibited a 

range of functioning in terms of cognitive, joint attention, and language abilities. The 

diversity of the sample increases the likelihood that the results might generalize to a 

wider population of typically developing infants.   

CONCLUSION 

In summary, the findings of this study support the hypothesis that synchrony of 

maternal verbal and nonverbal behaviors with their infants’ focus seems to be a stable 

early feature of early mother-child interactions. Though stable, there is meaningful 

variability in synchrony between dyads. The results of this study demonstrate that, along 

with joint attention, the level of synchrony observed in mother-infant dyads in the first 

year and a half of life positively predicts receptive and expressive language abilities at 
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two years of age in typically developing toddlers. These findings have implications for 

promoting language development in healthy infants, in addition to infants at risk for 

communication delays, via caregiver interactions that follow the child’s lead and provide 

verbal and nonverbal communication related to the child’s interest and actions with 

objects. 
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STUDY 3: PARENT AND CHILD FACTORS CONTRIBUTING TO 
MOTHER-INFANT SYNCHRONY IN INFANTS AT DIFFERENTIAL 

RISK FOR AUTISM  

Introduction 

The quality of early parent-child interactions has both immediate and extended 

effects on child development (Belsky, 1999; Cohen, 2012). Assessments of parent-child 

interaction that simultaneously consider transactional behaviors of both partners supply 

richer information than those that separately assess the child and/or parent (Sameroff, 

2009; Sameroff & Fiese, 2000). One construct that accounts for parent and child behavior 

is synchrony. Synchrony is broadly defined as a pattern of coordinated, reciprocal, dyadic 

interactions between a parent and child (Harrist & Waugh, 2002; Leclère et al., 2014).  

Studies have demonstrated that synchrony is either concurrently associated with 

or predictive of several domains of child development (Harrist & Waugh, 2002; Leclère 

et al., 2014). In the context of typical development, synchrony has been positively 

associated with mother-infant attachment (Isabella, Belsky, & von Eye, 1989), infants’ 

learning of object labels (Gogate, 2010), infants’ language growth from 9 to 15 months 

(Carpenter, Nagell, & Tomasello, 1998), infants’ symbolic competence (Feldman & 

Greenbaum, 1997), toddlers’ compliance (Rocissano, Slade, & Lynch, 1987), adjustment 

to kindergarten (Harrist, Pettit, Dodge, & Bates, 1994), and adolescent empathy 

(Feldman, 2007). Thus, synchrony appears to have lasting effects on child development 

and functioning. However, we know little about characteristics of mother and/or infant 

that might affect how mothers and infants interact with one another during play, and in 

turn, affect levels of synchrony during mother-infant interaction. More specifically, 

certain child variables might make it either easier or more difficult for a parent to follow 

the child’s focus of attention. Additionally, certain caregiver variables might make a 
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parent more or less likely to follow their child’s focus during play versus redirecting the 

child. However, this has not yet been adequately explored in the research literature on 

either typical development or autism spectrum disorder (ASD).   

PARENT FACTORS 

Previous research has suggested that poor caregiver functioning may (1) alter 

parent-child interactions and (2) have a negative impact on child development. For 

instance, a recent systematic empirical review found that postpartum distress (including 

anxiety, depression, and stress) was a strong negative predictor of child socioemotional 

and cognitive development in the first year of life across studies. Mothers with greater 

anxiety have exhibited more intrusiveness and more exaggerated behavior during 

interactions with infants (Feldman et al., 2009; Kaitz, Maytal, Devor, Bergman, & 

Mukuta, 2010). Furthermore, some researchers have observed more intrusiveness, less 

sensitivity, and/or more withdrawal in mothers with depression during interactions with 

their infants (e.g., Feldman et al., 2009; Field, 1992). More broadly, maternal depression 

has been linked to maternal behaviors that may interfere with synchrony, such as more 

negative affect and less positive affect (Field, Healy, & LeBlanc, 1989), less responsive 

vocalizations and less predictable behavior (Zlochower & Cohn, 1996), and less mutual 

engagement during interactions (Weinberg, Olson, Beeghly, & Tronick, 2006). Mothers 

with depression and mothers with a history of psychosis were both found to exhibit less 

synchronous interactions than mothers without significant psychopathology (Gandillot, 

Wendland, Wolffs, & Moisselin, 2012). However, one limitation of previous studies is 

that, although symptoms of distress (i.e., anxiety, stress, depression) often co-occur 

(Hirschfeld, 2001; Kaufman & Charney, 2000), studies seldom examine multiple 

categories of symptoms concurrently. As such, dyadic studies have often examined the 
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separate effects of anxiety, stress, and depression on caregiving behaviors. The current 

study examines maternal distress symptoms concurrently, in order to test the hypothesis 

that maternal distress, broadly defined, would be associated with lower levels of 

synchrony.  

While it is important to examine maternal distress and other risk factors that 

might negatively affect parent-child interactions and child development, we must also 

consider protective factors that might support optimal parent-child interactions and child 

development. Self-compassion refers to kindness to oneself and mindfulness related to 

negative characteristics of oneself, without comparison to others (Neff, 2011). Although 

this construct has not yet been studied in relation to parent-child interactions, higher self-

compassion has been related to greater positive affect and social connectedness, and less 

anxiety, depression, and self-criticism (Neff, 2009). Theoretically, parents with more 

self-compassion may feel less self-critical and more self-efficacious regarding their 

parenting practices, and may be more likely to maintain appropriate engagement during 

parent-child interactions (Coleman & Karraker, 2003; Duncan, Coatsworth, & 

Greenberg, 2009). Self-compassion predicted well being in parents of children with ASD 

in a recent study, even when controlling for the severity of child ASD symptoms (Neff & 

Faso, 2014). In addition to testing whether maternal distress negatively predicts 

synchrony, we hypothesized that caregiver self-compassion might be positively 

associated with synchrony.   

CHILD FACTORS 

One child factor that may influence synchrony is temperament, which refers to 

traits related to personality that are biologically predisposed, present in early infancy, and 

remain stable throughout the lifespan (Rothbart & Bates, 2006). Children’s temperament 
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styles elicit different responses from caregivers in their environment (Shiner & Caspi, 

2003). It may be that characteristics of difficult child temperament could manifest as 

socially maladaptive child behaviors (e.g., less smiling and seeking engagement with 

caregiver), which might elicit socially maladaptive maternal behaviors (e.g., less 

attunement with the child’s needs and interests), leading to reduced synchrony. A small 

number of studies have revealed significant associations between temperament and 

synchrony during mother-child interaction. Pesonen et al. (2010) found that synchrony 

was negatively correlated with 2-year-olds’ negative emotionality, defined by discomfort, 

fear, sadness, and frustration (Putnam, Gartstein, & Rothbart, 2006). Thus, negative or 

difficult child temperament was associated with lower synchrony within dyads. In 

contrast, synchrony was positively correlated with effortful control, indicated by pleasure 

in low intensity activities, inhibitory control, and attention (Putnam et al., 2006). Notably, 

the authors did not report on patterns of association between surgency and synchrony. In 

addition, their measure of synchrony assessed only nonverbal matching of attention 

between parent and child; associations between temperament and verbal synchrony have 

not been tested. Thus, one of the aims of the study was to test the hypothesis that negative 

affectivity would be inversely associated with synchrony, while orienting/regulation and 

surgency would be positively associated with synchrony. 

Few studies have directly examined whether children’s cognitive abilities might 

be associated with synchrony scores. Siller and Sigman (2002) found no significant 

associations between cognitive scores and synchrony scores in children with ASD (Mage 

= 50.3 months). A later study of 2- to 5 year-olds with ASD and varied cognitive 

functioning reported that nonverbal cognitive scores were negatively correlated with the 

extent to which mothers’ speech followed their infant’s focus and actions, but not 

significantly correlated with the extent to which mothers showed or pointed at toys of 
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focus to the child (2008). However, the results of those studies might not generalize to 

children without symptoms of ASD and/or significant cognitive impairment. In contrast 

to those results, synchrony at 3 and 9 months positively predicted cognitive scores at age 

2 in healthy full-term children (Feldman, Greenbaum, Yirmiya, & Mayes, 1996). 

Cognitive functioning was also positively associated with synchrony in pre-term and full-

term 5-year-olds (Kirsh, Crnic, & Greenberg, 1995). Accordingly, we expected positive 

associations between children’s cognitive and synchrony scores in the current study.   

SYNCHRONY IN THE CONTEXT OF AUTISM SPECTRUM DISORDER 

Parents of children with ASD often experience elevated levels of distress that 

could impact parent-child interaction, including depression, anxiety, parenting stress, and 

caregiver burden relative to parents of typically developing children (Duarte et al., 2005; 

Sanders & Morgan, 1997; Siegel, 1997). Therefore, families of children with ASD are a 

unique population in which to study parent and child characteristics that might impact 

synchrony. However, studies have not yet explored how caregiver distress might affect 

synchrony with children with ASD or later born children at risk for ASD. Child ASD 

symptoms (e.g., difficulties with attention, repetitive and atypical play) might also make 

it more difficult to engage in synchrony. This can include children with a diagnosis of 

ASD or children with an older sibling with ASD (Sibs-ASD), who are at increased risk 

for clinical and subclinical ASD symptoms and developmental delays (Ozonoff et al., 

2011; Rogers, 2009).   

Parent-child interaction has recently become an important topic of study in 

children either diagnosed with ASD or at increased risk for ASD, in addition to typical 

development. For example, Wan et al. found lower infant liveliness and higher maternal 

directiveness in Sibs-ASD versus siblings of typically developing children (Sibs-TD; 
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2012). However, few studies have specifically examined synchrony in the context of 

ASD. Yirmiya and colleagues found lower synchrony between mothers and infants with 

ASD than mothers and infants without ASD (2006). In contrast, Siller and Sigman (2002) 

reported similar rates of synchrony with preschool-aged children with ASD versus 

children with developmental delays or typical development. Thus, there is only 

preliminary, mixed evidence regarding whether synchrony varies in mother-child dyads 

affected by ASD. Furthermore, researchers have not examined synchrony in the context 

of early risk for ASD (and not ASD per se), nor have they tested associations between 

ASD symptom severity and synchrony.   

CURRENT STUDY 

Previous studies have begun to demonstrate the importance of early parent-child 

synchrony to multiple domains of child development. However, we know little about how 

child and caregiver variables influence synchrony. We selected a sample of children at 

increased risk for ASD and a comparison sample, in order to observe adequate variability 

in maternal and child factors. First, we aimed to replicate previous findings of differences 

in maternal functioning in mothers of Sibs-ASD versus mothers of Sibs-TD. As such, we 

predicted that mothers of Sibs-ASD would report higher maternal distress than mothers 

of Sibs-TD, including higher depressive symptoms, higher anxiety symptoms, greater 

parenting stress, and greater caregiver burden. Inversely, we also expected lower self-

compassion to be reported by mothers of Sibs-ASD than mothers of Sibs-TD. Regarding 

child characteristics, and consistent with previous studies, we expected higher ASD 

symptoms, higher negative affectivity, lower surgency, lower orienting/regulation, and 

lower cognitive functioning in Sibs-ASD compared to Sibs-TD.  
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Next, in an extension of prior studies, we sought to examine how differences in 

maternal and child functioning might be associated with individual differences in 

synchrony scores across the entire sample. We predicted that higher maternal distress 

would be associated with lower synchrony scores. In contrast, we predicted that caregiver 

self-compassion would be positively associated with synchrony. Regarding child 

variables, we predicted that ASD symptoms and negative affectivity would be negatively 

correlated with synchrony, whereas cognitive ability, surgency, and orienting/regulation 

would be positively associated with synchrony. Furthermore, the current study aimed to 

test the hypothesis that there are group differences in synchrony between mothers and 

Sibs-ASD versus Sibs-TD. Finally, we sought to explore whether group differences in 

synchrony might be partially explained by differences in parent and child factors. See 

Figure 2 for hypothesized model. 
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Figure 2: Conceptual model of maternal, child, and family factors contributing to 
individual differences in synchrony. 

Method 

PARTICIPANTS 

Mother-infant dyads were recruited to participate in a longitudinal study of infants 

at varying degrees of risk for ASD. Participants were recruited into two groups: children 

with an older sibling previously diagnosed with an ASD, including Autism, Pervasive 

Developmental Disorder, Not Otherwise Specified, or Asperger’s Disorder (Sibs-ASD), 

and children with a typically developing older sibling (Sibs-TD). Families of Sibs-TD 

were recruited via university child development centers, community childcare centers, a 

database of child research participants, and the university community email listserv. 

Families of Sibs-ASD were recruited via local ASD service providers and organizations. 

Participating families met the following inclusion criteria: (a) gestational age ≥ 37 weeks, 
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(b) biological mother over age 18 willing to participate, (c) exposure to English as the 

primary language, and (d) the presence of an infant with an older biological sibling. The  

 

Variable 
Sibs-ASD 
(n = 20) 

Sibs-TD 
(n = 21) 

Full Sample 
(N = 41) 

Child gender 12 m, 8 f 10 m, 11 f 22 m, 19 f 
Sample size 
     Wave 1 – 9 months 
     Wave 2 – 12 months 
     Wave 3 – 15 months 
Child age (months); M (SD) 

 
n = 10 
n = 11 
n = 18 

 
n = 21 
n = 18 
n = 18 

 
n = 31 
n = 29 
n = 36 

     Wave 1 – 9 Months 9.31 (.43) 9.16 (.29) 9.20 (.34) 
     Wave 2 – 12 Months 12.14 (.25) 12.15 (.25) 2.15 (.24) 
     Wave 3 – 15 Months 15.24 (.44) 15.33 (.34) 15.29 (.39) 
Maternal age (years) at Wave 1 37.04 (5.04) 34.91 (3.58) 45.93 (4.41)  
Maternal education (%)    
     High school diploma/GED 0.0 0.0 0.0 
     Vocational/Some college 26.3 14.2 20.0 
     College graduate 31.6 42.9 37.5 
     Graduate/Professional school 42.1 42.9 42.5 
Annual household income (%)    
     ≤$24,999 10.5 0.0 5.0 
     $25,000-$49,999 5.3 4.8 5.0 
     $50,000-$74,999 26.3 14.3 20.0 
     $75,000-$99,999 15.8 23.8 20.0 
     ≥$100,000 42.1 57.1 50.0 
 
Table 14: Participant demographic characteristics. 
Note. Sibs-ASD and Sibs-TD did not differ significantly on age at Wave 1, F(1, 29) = 
0.89, p = .35, Wave 2, F(1, 28) = 0.02, p = .90, or Wave 3, F(1, 34) = 0.53, p = .47. A 
chi-square test of independence indicated no significant differences between groups 
regarding sex of the infants, X(1,  N=39) = 0.23, p = .63.  

sample included full biological siblings except for one pair of half-siblings. The autism 

status of the Sibs-ASD was confirmed with a laboratory administration of the Autism 

Diagnostic Observation Scale-Second Edition (ADOS-2; Lord et al., 2012). All Sibs-

ASD met ASD diagnostic criteria on the ADOS; no Sibs-TD exceeded clinical cutoff on 

the Social Communication Questionnaire (SCQ; Rutter, Bailey, & Lord, 2003).   
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Families participated in 3 waves of data collection in the laboratory when the 

infants were approximately 9, 12, and 15 months of age (+/- 2 weeks). All Sibs-TD 

enrolled at Wave 1, while Sibs-ASD enrolled at any wave due to the low number of 

eligible families expected to be recruited in the local population. The final sample 

included 20 Sibs-TD, 19 Sibs-ASD, and their mothers (See Table 14 for sample 

demographics).   

PROCEDURE 

Before the first laboratory session, mothers completed a series of online surveys, 

including a demographics questionnaire, a screening tool assessing ASD symptoms in the 

older sibling, self-report measures of parent functioning, and a parent-report measure of 

infant temperament. The self-report measures of parent functioning were re-administered 

before each subsequent appointment. During each infant laboratory session, a trained 

doctoral student administered the Bayley Scales of Infant Development and the Autism 

Observation Scale for Infants to the infant (Bayley, 2006). Additionally, the mother and 

child were provided a standardized set of magazines and toys (e.g., barn with miniature 

animals, a jack-in-the-box, a toy telephone, nesting balls, and board books) in a large 

basket. The mother and child were instructed to play as they normally would at home. 

Each play session lasted 15 minutes and was recorded using two cameras and a 

microphone mounted on the walls of the assessment room. Video-recordings were later 

coded using Noldus, The Observer XT, and Version 11. See Table 15 for measures 

administered at each wave of data collection. 
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 Age of Child at Assessment 

Variable 
9 Months 
M (SD) 

12 Months 
M (SD) 

15 Months 
M (SD) 

Mother    
     PSI-SF Total 74.29(25.84) 79.39 (22.89) 84.36 (22.75) 
     CESD Total  9.61(8.37) 9.67 (8.47) 11.22 (9.20) 
     CBI Total - 27.59 (9.26) 31.15 (10.04) 
     SCS Total - 3.40 (0.69) 3.13 (0.62) 
     BAI Total - 8.52 (12.59) 8.21 (7.81) 
Child    
     IBQ: Surgency/Extraversion Total - 4.65 (0.75) - 
     IBQ: Negative Affectivity Total - 3.30 (0.76) - 
     IBQ: Orienting/Regulation Total - 4.35 (0.56) - 
     Bayley: Cognitive Composite -  102.26 (13.77) 
Synchrony    
     Synchrony1   1.88(1.36) 0.64(0.16) 0.60(0.15) 
     Synchrony2 1.12(0.65) 0.80(0.10) 0.77(0.14) 
     Synchrony3   0.81(0.57) 0.59(0.18) 0.61(0.19) 
 
Table 15: Descriptive statistics for mother, child, and mother-child interaction 
variables. 
Note. PSI-SF – Parenting Stress Index, Short Form; CESD – Center for Epidemiological 
Studies Depression Scale; CBI – Caregiver Burden Index; SCS – Self-Compassion Scale; 
BAI – Beck Anxiety Inventory; IBQ – Infant Behavior Questionnaire; Bayley Scales of 
Infant Development; Synchrony1 – Percentage of Maternal Indicating Synchronized with 
Child Attention; Synchrony2 – Maternal Verbal Utterances Synchronized with Child 
Attention; Synchrony3 – Maternal Verbal Utterances Synchronized with Child Attention 
and Action. 

MEASURES 

Autism Diagnostic Observation Schedule, Second Edition (ADOS-2) 

For families with an older child with ASD, diagnostic status of the older sibling 

was confirmed using the Autism Diagnostic Observation Schedule, Second Edition 

(ADOS-2; Lord, Leyster, et al., 2012; Lord, Rutter, et al., 2012). The ADOS-2 is a 

standardized, semi-structured assessment designed to assess ASD symptoms in the 
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domains of communication, social interaction, play, and restricted and repetitive 

behaviors.   

Social Communication Questionnaire (SCQ) 

Mothers of Sibs-TD completed the Social Communication Questionnaire (SCQ) 

to screen for ASD in the older sibling (Rutter, Bailey, & Lord, 2003). This questionnaire 

contains 40 yes or no questions regarding social functioning and communication skills. 

Total scores range from 0 to 39, with higher scores indicating a higher likelihood of 

ASD, and a clinical cutoff of 15. The SCQ has shown high internal consistency and good 

discriminant validity for ASD versus other diagnoses (Naglieri & Chambers, 2009).    

Center for Epidemiologic Studies Depression Scale (CES-D) 

Mothers completed the Center for Epidemiologic Studies Depression Scale when 

infants were 9, 12, and 15 months of age (CES-D; Radloff, 1977). The CES-D is 

comprised of 20 self-report items measuring depressive symptoms experienced in the 

past week. Total scores range from 0 to 60, with a threshold score of 16 or above 

indicating clinical significance.   

Parenting Stress Index – Short Form (PSI-SF) 

Mothers completed the Parenting Stress Index, Short Form, when infants were 9, 

12, and 15 months of age (PSI-SF; Abidin, 1995). The PSI-SF consists of 36 items that 

are answered in a 5-point Likert scale format. The questionnaire was designed to assess 

issues and tension that the mother feels in relation to parenting (in this case specifically 

referring to the older siblings with or without ASD). Responses yield a Total Stress score 

from three scales: Parental Distress, Parent-Child Dysfunctional Interaction, and Difficult 

Child. Total scores range from 36 to 180, with higher scores indicating higher stress. The 
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PSI-SF has demonstrated validity for use with parents of children with and without ASD 

(Dardas & Ahmad, 2014). 

Beck Anxiety Inventory (BAI) 

Symptoms of maternal anxiety were assessed using the Beck Anxiety Inventory 

when infants were 12 and 15 months of age (BAI; Beck, Epstein, Brown, & Steer, 1988). 

The BAI is a self-report questionnaire containing 21 questions. Mothers used a 0 to 3 

scale to indicate how much they have been bothered by a particular symptom in the past 

month. Total scores range from 0 to 63, with higher scores indicating greater anxiety 

symptoms.   

Caregiver Burden Inventory (CBI) 

Mothers completed the Caregiver Burden Inventory (Zarit, Reever, & Bach-

Peterson, 1980) when infants were 12 and 15 months of age to assess the amount of stress 

that mothers were experiencing related to raising their children. This measure contains 22 

questions originally designed for caregivers of individuals with disabilities and/or 

advanced age. The present study used a version adapted for use with parents of young 

children with intellectual disabilities (Gallagher, Phillips, Oliver, & Carroll, 2008). The 

questions were adapted to read “your children” rather than “your relative.” Higher total 

scores indicate higher perceived burden.   

Self-Compassion Scale, Short Form (SCS) 

When infants were 12 and 15 months of age, the 12-item short form of the self-

compassion Scale was used to assess mothers’ thoughts, emotions, and behaviors toward 

themselves during difficult experiences (Raes, Pommier, Neff, & Van Gucht, 2011). 

Scores are computed as the mean response across items, which can range from 1 to 5, 

with higher total scores indicating greater self-compassion. The short form of the scale 
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has demonstrated high concordance with scores on the full-length version (Raes et al., 

2011).  

Bayley Scales of Infant Development, Third Edition (Bayley-III) 

A researcher assessed infants at 12 and 15 months using the Bayley Scales of 

Infant Development, Third Edition (Bayley-III; Bayley, 2006). The Bayley-III assesses 

infant and toddler development (1 to 42 months) across five domains: Cognitive, 

Language, Motor, Social-Emotional, and Adaptive. The present study focuses on scores 

from the Cognitive domain, which are standardized using a mean of 100 and a standard 

deviation of 15. Bayley-III scores have a high degree of test-retest stability between the 

ages of 9 and 26 months (Bayley, 2006). Therefore, Bayley-III Cognitive scores for each 

child were averaged across 12 and 15 months, except for those children with Bayley-III 

scores at only one time point. 

Infant Behavior Questionnaire – Revised, Short Version (IBQ-R) 

Mothers completed the short version of the revised Infant Behavior Questionnaire 

(Putnam, Helbig, Gartstein, Rothbart, & Leerkes, 2014; Gartstein & Rothbart, 2003), 

yielding information regarding infant temperament when the infants were 12 months of 

age. This measure consists of 91 items asking mothers to rate the frequency of certain 

infant behavior occurring within the last week. Total scores were calculated for three 

main domains of temperament: negative affectivity, surgency, and orienting/regulation. 

Negative affectivity reflects fear, discomfort, frustration, sadness, and low soothability. 

Surgency reflects sociability, activity level, impulsivity, high-intensity pleasure, and 

positive anticipation. Orienting/regulation reflects duration of orienting, low-intensity 

pleasure, soothability, and cuddliness. Higher scores on each domain indicate more 
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frequently observed behaviors matching that temperament dimension (Putnam et al., 

2014).   

Autism Observation Scale for Infants (AOSI) 

Early behavioral signs and symptoms of ASD were assessed in the infants at 9, 

12, and 15 months using the Autism Observation Scale for Infants (AOSI; Brian et al., 

2008; Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2007). The AOSI was 

designed for use with infants from 6 to 18 months of age. It is a play-based assessment 

involving a semi-structured interaction between an experimenter and the infant. Based on 

specific presses for behaviors as well as behavioral observations throughout the 15-20 

minute administration, the examiner rates the infant’s behavior using a 0 to 2 or 0 to 3 

scale, with nonzero ratings representing increasing atypicality of infant behavior. The 

AOSI yields a total score ranging from 0 to 50 on 18 items, as well as a number of ASD 

markers representing the sum of items with non-zero scores (maximum =18).   

Synchrony 

Mother-child free play sessions were coded for synchrony based on the system 

developed by Siller and Sigman (2002; 2008). First, observers coded the onset of each 

maternal utterance that was related to the toys. Second, they coded whether each 

utterance was synchronized with (a) the child’s focus of attention and/or (b) the child’s 

actions. Third, they coded the onset of each maternal indicating behavior related to toys: 

pointing toward a toy or showing/demonstrating a toy to the child. Next, they coded 

whether each indicating behavior was synchronized with the child’s focus of attention. 

Finally, they continuously coded the duration of time the child spent either attending or 

not attending to a toy.   
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Siller and Sigman (2008) reported strong consistency between the continuous and 

random sampling methods of coding child attention (α = .83). In the current study, we 

opted to use the continuous method. The percentage of time the child spent attending to 

toys was calculated by dividing the total duration of the free play session by the total 

duration attending to toys. We computed three synchrony scores: the extent to which 

mothers pointed toward, showed, or demonstrated toys to which the child was attending 

(Synchrony1), the extent to which mothers’ verbalizations matched the child’s attention 

toward toys (Synchrony2), and the extent to which mothers’ verbalizations matched the 

child’s attention and actions with toys (Synchrony3). In order to interpret the results as to 

whether variation in synchrony scores is related to differences in maternal behavior 

versus child behavior, we decided to separate maternal behavior and child attention from 

the model. Thus, unlike the approach taken by Siller and colleagues (2002), in which 

child attention to toys was entered as the denominator in each equation, we examined 

child attention to toys as a separate variable. The three synchrony scores were calculated 

as follows:  

 
Synchrony1 = Number of maternal indicating behaviors synchronized with child attention 

            Total number of maternal indicating behaviors 
 

Synchrony2 = Number of maternal utterances synchronized with child attention 
           Total number of maternal utterances 
 

Synchrony3 = Number of maternal utterances synchronized with child attention and action  
          Total number of maternal utterances 

Five undergraduate research assistants were trained to establish interrater 

reliability with the first author using a set of 5 videos and a reliability threshold of 

intraclass correlations at .80 or above. After achieving reliability with the training videos, 

each observer coded approximately eight videos. Additionally, 20 percent of videos (n = 



 102 

20) from the study were randomly selected and double-coded to estimate ongoing 

interrater reliability. Intraclass correlations suggested excellent inter-rater reliability (α = 

.86 - .98).   

Results 

STABILITY OF SYNCHRONY OVER TIME 

Descriptive statistics for maternal, child, and synchrony variables of interest are 

presented in Table 15. First, we examined the stability of synchrony between 9, 12, and 

15 months. The results of one-way repeated measures ANOVAs within subjects indicated 

that synchrony scores did not vary significantly within subjects across 9, 12, and 15 

months for Synchrony1,Wilks’ Lambda = 0.95, F(2, 16) = 0.42, p = 0.66, Synchrony2, 

Wilks’ Lambda = 0.97, F(2, 16) = 0.23, p = 0.80, or Synchrony3, Wilks’ Lambda = 0.90, 

F(2, 16) = 0.87, p = 0.44. Thus, the extent to which maternal indicating behaviors and 

utterances were synchronized with child behavior seemed relatively stable within dyads 

over time. Therefore, we decided to limit subsequent analyses to the synchrony scores 

obtained at 15 months (for which we had the least missing data due to late enrollment of 

some Sibs-ASD into the study).  

Table 16: One-way ANOVA testing differences in synchrony between sibling ASD 
status groups. Note. + p < .10. * p < .05. ** p < .01. *** p < .001. 

  Sibs-ASD Sibs-TD       
  M(SD) M(SD) Groups SS df MS F p 

15
 M

on
th

s 

Indicating 
Total 

67.47 
(21.77) 

40.13 
(22.19) 

Between 5955 1  12.34** .001 
Within 14476 30 483   

Utterances 
Total 

156.53 
(59.51) 

145.20 
(79.37) 

Between 1023 1  0.21 .649 
Within 14486 30 4828   

Synchrony1  
0.59 

(0.16) 
0.62 

(0.14) 
Between 0.01 1   0.453 .506 
Within 0.64 29 0.02     

Synchrony2 
0.71 

(0.14) 
0.85 

(0.10) 
Between 0.15 1   10.05** .004 
Within 0.45 30 0.01     

Synchrony3 
0.62 

(0.16) 
0.61 

(0.22) 
Between 0.01 1   0.012 .913 
Within 1.07 30 0.04     
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GROUP DIFFERENCES IN SYNCHRONY 

We examined whether maternal behaviors during free play and synchrony scores 

differed significantly between groups by conducting one-way ANOVAs. Older sibling 

ASD status (Sibs-TD versus Sibs-ASD) was entered as a binomial independent group 

variable, and synchrony scores were entered as continuous dependent variables. First, we 

compared the average number of utterances and indicating behaviors observed between 

groups at 15 months (as shown in Table 16). Mothers of Sibs-ASD exhibited significantly 

more indicating behaviors than mothers of Sibs-TD. Post-hoc analyses examining 

specific types of indicating behaviors revealed that mothers of Sibs-ASD (M = 56.41, SD 

= 20.71) showed and offered toys more frequently than mothers of Sibs-TD (M = 33.40, 

SD = 20.78), F(1, 30) = 9.81, p < .01. However, there were no significant differences in 

the number of times mothers pointed toward toys during the interaction with Sibs-ASD 

(M = 11.06, SD = 8.86) versus Sibs-TD (M = 6.73, SD = 7.39), F(1, 30) = 2.21, p > .05. 

There were no significant group differences in the number of observed maternal 

utterances. We then compared synchrony scores between mothers of Sibs-TD and 

mothers of Sibs-ASD at 15 months. Synchrony2 was higher for mothers of Sibs-TD than 

mothers of Sibs-ASD (see Figure 3). Thus, mothers’ utterances were more synchronized 

with the attention of Sibs-TD compared to mothers’ utterances toward Sibs-ASD at 15 

months. There were no significant group differences in Synchrony1 or Synchrony3 

scores. 
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Figure 3: Differences in synchrony of maternal utterances with child attention 
(Synchrony 2) between Sibs-TD and Sibs-ASD. 

MATERNAL FUNCTIONING 

We examined the stability of maternal functioning over time (across 9, 12, and/or 

15 months). One-way repeated measures ANOVAs indicated no significant differences 

across 9, 12, and 15 months for PSI-SF, Wilks’ Lambda = 0.83, F(2, 20) = 2.06, p = 0.15, 

or CESD scores, Wilks’ Lambda = 0.86, F(2, 19) = 1.51, p = 0.25. The results of paired 

samples t-tests within subjects indicated that other maternal functioning scores also did 

not vary significantly between 12 and 15 months (BAI t(23) = 0.12, p = 0.90, CBI t(24) = 
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-0.78, p = 0.44, SCS t(23) = 0.14, p = 0.89). Thus, we limited analyses of maternal 

factors to parent reports when infants were 15-months of age. 

We examined whether maternal psychological functioning scores differed 

significantly between groups by conducting one-way ANOVAs. Older sibling ASD status 

(Sibs-TD versus Sibs-ASD) was entered as a binomial independent group variable, and 

scores from maternal self-report measures were entered as continuous dependent 

variables. Mothers of children with ASD reported significantly higher PSI-SF, CESD, 

CBI, and BAI scores (see Table 17). However, there were no significant differences 

between groups on SCS scores.   

Table 17: One-way ANOVA testing differences in maternal functioning between 
sibling ASD status groups. 
Note. + p < .10. * p < .05. ** p < .01. *** p < .001. 

Next, we examined associations between maternal functioning and synchrony. 

Table 18 presents the unadjusted correlations between maternal variables and synchrony 

scores at 15 months across the entire sample. Synchrony1 was moderately negatively 

 

 

Mothers 
of 

Sibs-ASD 

Mothers 
of 

Sibs-TD      

 

  M(SD) M(SD) Groups SS df MS F p 

15
 M

on
th

s 

PSI-SF 
Total 

100.88 
(15.92) 

68.82 
(16.36) 

Between 8467.42 1  32.45** .000 
Within 8088.22 31 260.91   

CESD 
Total 

16.07 
(9.83) 

7.41 
(7.00) 

Between 575.73 1  8.19** .008 
Within 2039.05 29 70.31   

CBI Total 
37.87 
(9.13) 

25.53 
(7.16) 

Between 1212.91 1  18.30** .000 
Within 1987.97 30 66.27   

SCS Total 
3.06 
(0.43) 

3.21 
(0.79) 

Between .181 1  .449 .508 
Within 11.31 28 .404   

BAI Total 
11.67 
(8.16) 

5.59 
(6.48) 

Between 294.42 1  5.50* .026 
Within 1605.45 30 53.52   

Maternal 
Distress 

Composite 
2.21 
(2.38) 

-1.99 
(2.5) 

Between  141  1   23.50*** .001 
Within  180 30 6 
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correlated with BAI scores at 15 months, and there was a trend for Synchrony2 being 

moderately negatively correlated with PSI-SF, CBI, and BAI scores at 15 months. SCS 

and CESD scores were not significantly correlated with synchrony when examined 

individually. Synchrony 3 was not significantly correlated with maternal variables. 
  Synchrony at 15 Months 

 
 Synchrony1 Synchrony2 Synchrony3 

M
at

er
na

l 
V

ar
ia

bl
es

 

     PSI-SF  -0.12 -0.36+ 0.17 
     CESD 0.09 -0.17 0.17 
     CBI -0.15 -0.36+ 0.15 
     SCS 0.02 0.21 -0.29 
     BAI -0.39* -0.35+ -0.03 

Ch
ild

 V
ar

ia
bl

es
 

     Gender (0=male, 1=female) 0.09 -0.17 -0.24 
     Cognitive Composite Score 0.30 0.37+ 0.00 
     IBQ: Surgency/Extraversion 0.09 -0.10 -0.44* 
     IBQ: Negative Affectivity -0.37+ -0.44* -0.11 
     IBQ: Orienting/Regulation -0.10 -0.12 -0.23 
     AOSI Total at 15 months -0.45* -0.45* -0.04 
     Child Attention at 15 months -0.05 0.36+ 0.22 

Table 18: Correlations between maternal and child variables with synchrony scores. 
Note. Data for maternal variables collected at 15 months. Data for Cognitive Composite 
Score and IBQ variables collected at 12 months. + p < .10. * p < .05. ** p < .01. *** p < 
.001. 

Given our limited sample size, we aimed to examine child and parent variables 

predicting synchrony scores while reducing the number of predictors. Many 

developmental researchers have argued for the use of composite scores when examining 

multiple risk factors (see Evans, Li, & Whipple, 2013, for a review). When risk is 

classified as the presence or absence of a risk factor, it is feasible to dichotomize these 

variables and sum them into simple risk scores. However, the use of composite scores 

using standardized continuous variables is also beneficial when dichotomizing variables 
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would artificially restrict variability (Cohen, Cohen, West, & Aiken, 2003). Thus, we 

created a theoretically based composite score consisting of parent variables. First, we 

standardized scores from each maternal measure using Z-scores. Next, we combined 

these Z-scores using formulas to a Maternal Distress Composite. 

We created a Maternal Distress Composite by testing various combinations of the 

PSI-SF, CES-D, BAI, and CBI total Z-scores. We excluded the SCS total from this 

composite and decided to enter it as a separate maternal predictor, since maternal self-

compassion is a theoretically adaptive factor that might contribute to individual 

differences in synchrony separately from the Parent Distress Composite. In order to test 

whether the Maternal Distress Composite predicted synchrony scores, we conducted 

separate hierarchical regressions to predict Synchrony1, Synchrony2, and Synchrony3 

scores at 15 months. We used Akaike Information Criterion (AIC) statistics to choose 

which predictors to retain in the composite score. This enabled us to select the regression 

models with the least mean squared error and best balance between goodness of fit and 

level of complexity. Results indicated that the model including all predictors was the best 

fitting Maternal Distress Composite:  

Maternal Distress Composite = (zPSI-SFTotal + zCES-DTotal + zBAITotal + zCBITotal) 

Higher Maternal Distress scores indicate a greater number of maternal distress symptoms, 

and are therefore conceptualized as maladaptive. Maternal Distress Composite scores in 

the sample ranged from -4.94 to 5.86, M = -0.02, SD = 3.22. As expected, families with 

older children with ASD had significantly higher Maternal Distress Composite scores 

than families without ASD when infants were 15 months of age (see Table 17).   

We conducted separate linear regressions to evaluate whether the Maternal 

Distress Composite predicted Synchrony1, Synchrony2, and Synchrony3 outcome 

variables across the entire sample. At 15 months, Maternal Distress Composite scores 
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negatively predicted Synchrony2 (R2 = .15, F(1,28) = 4.90, p = .04). Thus, mothers who 

reported more symptoms of anxiety, depression, caregiver burden, and/or parenting stress 

exhibited speech that was less synchronized with their child’s attention. However, 

Maternal Distress Composite scores did not significantly predict Synchrony1 or 

Synchrony3 at 15 months in our sample, nor were they significantly associated with the 

raw number of utterances (R2 = .01, F(1,26) = .003, p > .05) or indicating behaviors (R2 = 

.05, F(1,26) = 1.47, p > .05) exhibited by mothers.  

 

Table 19: One-way ANOVA testing differences in child variables between sibling 
ASD status groups. + p < .10. * p < .05. ** p < .01. *** p < .001. 

CHILD FACTORS 

Table 19 presents comparisons between groups according to child factors. Results 

indicated that Sibs-ASD had significantly lower cognitive scores than Sibs-TD, with a 

mean difference of approximately 10 standardized points. Parents reported significantly 

  Sibs-ASD Sibs-TD       
  M(SD) M(SD) Groups SS df MS F p 

15
 M

on
th

s 

Cognitive 
Score  

 96.54 
(16.63) 

 106.39 
(9.82) 

Between 732 1   4.28* .048 
Within 4960 29 171.00   

Surgency/ 
Extraversion 

4.45 
(1.06) 

4.78 
(0.48) 

Between 0.71 1   1.26 .271 
Within 15.14 27 15.14   

Negative 
Affectivity 

3.79 
(0.73) 

 3.01 
(0.63) 

Between 4.14 1   9.23** .005 
Within 12.12 27 0.45   

Orienting/ 
Regulation 

4.13 
(0.65) 

 4.48 
(0.47) 

Between 0.82 1   2.78 .107 
Within 7.96 27 0.29   

AOSI Total  
11.12 
(5.70) 

 4.81 
(4.28) 

Between 237.7 1  12.79** .001 
Within 794.2 31 25.6   

AOSI 
Markers 

7.24 
(2.82) 

3.50 
(3.08) 

Between 115.0 1  13.25*** .000 
Within 269.1 31 8.68   

Child 
Attention  

0.76 
(0.19) 

0.84 
(0.13) 

Between 0.04 1  1.22 .281 
Within 0.03 23 0.03   

 Child 
Composite  

0.32 
(0.93)  

-0.60 
(1.30) 

Between 4.69 1        
Within 29.05  21  1.38 3.39+  .080 
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higher negative affectivity in Sibs-ASD than Sibs-TD at 15 months. However, there were 

no significant differences in parent reports of child orienting/regulation or surgency. Sibs-

ASD had significantly higher AOSI scores than Sibs-TD, indicating the presence of more 

atypical behaviors related to ASD (e.g., stereotyped movements) or the absence of 

expected typical behaviors (e.g., babbling). There were no significant differences 

between groups in the percentage of time that the children attended to toys during play.  

Table 18 presents the unadjusted correlations between child variables and 

synchrony scores at 15 months. There were no significant differences in synchrony scores 

according to child gender. There was a moderate positive correlation between child 

cognitive scores at 15 months and Synchrony2 that approached significance. Regarding 

child temperament reported at 15 months: negative affectivity was moderately negatively 

correlated with Synchrony1 and Synchrony2; surgency was moderately negatively 

correlated with Synchrony3; orienting/regulation was not significantly correlated with 

synchrony scores. Thus, maternal behavior seemed to be less synchronized with children 

reported to exhibit less smiling, vocal activity, overall activity (surgency), and exhibit 

more frustration, fear, sadness, and reactivity (negative affectivity). 

We also tested associations between infant ASD symptoms and synchrony scores. 

AOSI scores at 15 months were strongly negatively correlated with Synchrony1 and 

Synchrony2 scores. This suggests that maternal speech and indicating behaviors were less 

synchronized with children displaying a higher number and severity of ASD symptoms at 

15 months. Next, we found that the percentage of time that infants attended to toys during 

the parent-child interaction was moderately positively correlated with Synchrony2, 

suggesting that maternal speech was more synchronized with children who attended to 

toys more. Child attention was not significantly correlated with Synchrony1 or 

Synchrony3.  
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Next, we created a theoretically based composite score consisting of child 

variables. First, we standardized scores from each child measure using Z-scores. Next, we 

combined these Z-scores using formulas to a Child Composite by testing combinations of 

the cognitive standard score (averaged within subjects across 12 and 15 months when 

available), surgency total, orienting/regulation total, negative affectivity total (entered as 

a negative predictor), and AOSI total (entered as a negative predictor) Z-scores. In order 

to test whether the Child Composite predicted synchrony scores, we conducted separate 

hierarchical regressions to predict MS1, MS2, and MS3 outcome variables. We began 

with all hypothesized predictors in the model and used the AIC statistics to select the best 

fitting model. Results indicated that the following was the best fitting Child Composite: 

 Child Composite = (zNegativeAffectivityTotal + zAOSITotal) 

Higher Child Composite scores are conceptualized as maladaptive, since they indicate 

higher fear, discomfort, frustration, sadness, and low soothability, and/or the presence of 

atypical early behaviors associated with ASD. Child Composite scores in the sample 

ranged from -2.35 to 2.10, M = -0.24, SD = 1.24. There was a nonsignificant trend of 

higher Child Composite scores in Sibs-ASD than Sibs-TD, as shown in Table 19.   

We conducted separate linear regressions to evaluate whether the Child 

Composite predicted Synchrony1, Synchrony2, and Synchrony3 outcome variables. 

Child Composite scores negatively predicted Synchrony1 at 15 months, (R2 = .24, β = -

.05, p = .03). Thus, mothers’ pointing, showing, and demonstrating behaviors were less 

synchronized with their child’s attention when the child had higher AOSI and/or negative 

affectivity scores. Child Composite scores also negatively predicted Synchrony2 at 15 

months, (R2 = .206, β = -.04, p = .04). Thus, mothers exhibited speech that was less 

synchronized with their child’s attention when the child had higher AOSI and/or negative 
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affectivity scores. However, Child Composite scores did not significantly predict 

Synchrony3 scores, (R2 = .003, β = .001, p > .05). 

Discussion 

Researchers have consistently demonstrated the influence that early parent-child 

interactions have on child development, including proximal and distal cognitive, 

linguistic, and social outcomes. Synchrony is one of many measures of dyadic 

interactions that serve as a proxy for the quality of the parent-child interaction and the 

broader parent-child relationship. To date, the most well studied parent factors related to 

the quality of parent-child interactions have been pre-natal and post-partum maternal 

anxiety and depression. Such maternal distress appears to contribute to mothers 

responding less sensitively toward their infants (Crandell, Fitzgerald, Whipple, 1997; 

Field, Healy, & LeBlanc, 1989; Rosenblum, Mazet, & Bénony, 1997; Weinberg, Olson, 

Beeghly, & Tronick, 2006; Zlochower & Cohn, 1996), as well as less favorable 

socioemotional outcomes for children (Kingston, Tough, & Whitfield, 2012). 

Nonetheless, we know very little regarding specific parent and child factors that 

contribute to individual differences in synchrony. Therefore, in order to examine a range 

of maternal and child functioning, this study included a normative comparison sample 

and a sample of families of children with ASD – a population at risk for higher maternal 

distress and maladaptive child symptoms and/or behaviors. 

First, we examined differences in maternal and child factors in families who are 

affected by ASD. We found that mothers of Sibs-ASD were experiencing significantly 

higher maternal distress than Sibs-TD, including depression, anxiety, parenting stress, 

and caregiver burden. This finding is consistent with most prior studies of psychological 

functioning in parents of children with ASD (Duarte et al., 2005; Stuart & McGrew, 
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2009; Sanders & Morgan, 1997; Siegel, 1997). Our findings differ from those of Toth et 

al. (2007), who did not find group differences in parent self-reported mental health, 

stress, and marital functioning. However, Toth and colleagues did not include measures 

specific to caregiver distress (e.g., parenting stress, caregiver burden). Our results also 

replicated findings of other studies that maladaptive child factors such as ASD symptoms 

(measured by the AOSI) and temperamental negative affectivity are more likely to be 

found in Sibs-ASD than Sibs-TD (Brian et al., 2008; Garon et al., 2009; Rogers, 2009). 

Sibs-ASD also had cognitive scores that were 10 standardized points lower than Sibs-TD 

on average, which has been found in previous studies of Sibs-ASD, even in those not 

later diagnosed with ASD (Brian et al., 2008, Stone, McMahon, Yoder, & Walden, 

2007). Although Sibs-ASD and Sibs-TD did not differ in the total duration of time they 

attended to toys across the entire free play session in this study, there may have been 

qualitative differences in the nature of their attention to toys that we did not assess. 

Disengagement of attention has been found to be a difficulty for Sibs-ASD 

(Zwaigenbaum et al., 2005), and often manifests as remaining “stuck” on a particular toy 

for a longer period. This might lead the child to engage with fewer toys and make it more 

likely that a caregiver would redirect the child’s attention, thereby interfering with 

synchrony. Overall, these findings lend validity to the fact that the selected sample 

contained families with varied levels of functioning in each maternal and child domain, 

which provided an opportunity to better examine how maternal and child factors relate to 

synchrony. 

Next, we examined the stability of synchrony over time. As predicted, we found 

that there were no significant changes in the three synchrony scores between 9, 12, and 

15 months in our sample. This finding suggests that synchrony is a relatively stable early 

measure of the parent-child interaction, in the context of early development ranging from 
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typical to atypical. This finding is consistent with the observed stability of other measures 

of early parent-child interactions, such as the Emotional Availability Scales (Biringen et 

al., 2014). Unlike the Emotional Availability Scales, however, synchrony is a quantitative 

approach based on discrete observable behaviors, rather than other more subjective global 

ratings of parent-child interactions. Thus, synchrony may provide an index of a stable 

characteristic of the dyad that may be more straightforward to quantify.  

Next, we sought to examine whether there are group differences in synchrony 

between Sibs-TD versus Sibs-ASD and their mothers. The literature on parent-child 

interactions in dyads with mothers and Sibs-ASD is relatively new and has revealed 

inconsistent findings. In the current study, mothers of Sibs-ASD synchronized 

approximately 71 percent of their speech with their child’s attention, compared to 85 

percent in mothers of Sibs-TD. This suggests that mothers of Sibs-ASD commented more 

often in ways that served to redirect – rather than follow – their child’s focus. Our 

findings contradict those of Siller and Sigman (2002), who found similar levels of 

synchrony between parents and older children with ASD, developmental delay, and 

typical development. However, they included child attention to toys as the denominator 

in their synchrony scores (which likely made it more difficult to detect and interpret 

differences between groups in maternal behaviors), whereas we entered child attention to 

toys as a separate variable. Our findings also differ from those of Wan et al. (2012), who 

reported similar intensity of dyadic engagement and dyadic mutuality between mothers 

and Sibs-ASD versus Sibs-TD. However, the differences we found in how mothers of 

children with ASD interact with their later born children (who are at risk for ASD) are 

consistent with the findings of several recent studies that found higher parent 

directiveness with Sibs-ASD (Baker, Messinger, Lyons, & Grantz, 2010; Wan et al., 

2012; Yirmiya et al., 2006). Similarly, we found measurable differences in the quality of 
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dyadic interactions between caregivers and Sibs-ASD. We observed that mothers of Sibs-

ASD made more verbalizations to their infant overall during the free play session at 12 

months, but the number of maternal verbalizations was similar between groups at 9 and 

15 months. While this finding was not consistent at every age, it suggests that mothers of 

Sibs-ASD may be speaking more in attempt to engage their infants. 

We conducted additional analyses to better understand these group differences in 

synchrony scores. We did not make a priori hypotheses regarding the amount of 

indicating behaviors between groups that we expected to observe during the free play 

sessions. Overall, the percentage of synchronized indicating behaviors did not differ 

significantly toward Sibs-ASD versus Sibs-TD. This suggests that mothers exhibited a 

similar balance of indicating toys of interest of the child versus indicating to redirect the 

child toward a different toy. Upon closer examination, the raw frequency of pointing at 

toys was the same between groups, but mothers of Sibs-ASD showed and offered toys 

more frequently than mother of Sibs-TD at 9, 12, and 15 months. Other studies have 

found Sibs-ASD to be more passive during interactions with caregivers (Wan et al., 

2012). Although we did not find group differences in the overall amount of time that 

children in each group spent attending to toys, we did not directly measure infant 

passivity. One possible explanation for our findings might be that the mothers of Sibs-

ASD were presenting toys more often because their infants may have been less actively 

exploring and manipulating the toys. Again, this suggests that mothers of Sibs-ASD seem 

to be more actively attempting to engage with their infants in general. This interpretation 

is supported by prior findings of reduced infant liveliness and greater maternal 

directiveness with Sibs-ASD (Wan et al., 2012). Sibs-ASD have also been found to show 

less shifting of attention from toys to adult play partners, as well as less preference for 
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infant-directed speech (Nadig et al., 2007). In combination, these behaviors might result 

in the interaction being more one-sided with the mother taking the lead.  

We do not support the notion that differences in synchrony with Sibs-ASD reflect 

inherent differences in mothers of individuals with ASD. Instead, we posit that these 

differences in parent-child interaction and synchrony have several possible explanations 

that are transactional in nature, and thus - by definition - are not mutually exclusive. 

Mothers of Sibs-ASD might have developed or learned different interaction styles due to 

raising an older child with ASD, which could in turn affect their interaction with their 

infants. We posit that maternal distress might partially mediate group differences in 

synchrony.  

Families affected by ASD are a unique population for examining the transactional 

nature of parent-child interactions. The findings of the current study suggest that 

differences in parent and child factors, such as maternal distress and infant ASD 

symptoms, might explain some of the individual and group differences in synchrony. As 

a whole, the pattern of results suggests that there might be the highest levels of distress 

and suboptimal qualities of the parent-child interaction in dyads containing mothers with 

an older child with ASD and an infant exhibiting emerging signs of ASD. Therefore, 

rather than viewing parent functioning as homogenous in families affected by ASD, it 

may be important to assess caregiver functioning specifically in order to inform treatment 

recommendations and improve dyad outcomes. 

As one of the main aims of the current study, we tested how maternal factors are 

associated with synchrony across the entire sample. The results support our hypothesis 

that a significant proportion of individual differences in synchrony can be attributed to 

maternal distress. When examined separately, higher maternal anxiety, parenting stress, 

and caregiver burden were each associated with lower synchrony. This relationship was 
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particularly evident when combining the effects of maternal distress rather than 

examining each separate distress variable. Higher maternal distress (a composite 

including maternal self-reports of anxiety, depression, parenting stress, and caregiver 

burden) predicted lower synchrony of mothers’ speech with their child’s focus. It is also 

consistent with transactional models and empirical evidence that support the examination 

of multiple risk factors and cumulative risk within the child and its environment, which 

are more predictive of outcomes rather than particular single risk factors within the child 

(Kraemer et al., 2005; Rutter, 1979, 1981; Sameroff & Fiese, 2000).  

We did not, find, however, that maternal self-compassion differed across mothers 

of Sibs-ASD versus mothers of Sibs-TD, nor that self-compassion predicted synchrony 

scores. However, it is possible that these groups might differ on other measures of 

adaptive functioning such as coping or social support, or that these other measures of 

adaptive functioning may be more relevant to synchrony.  For example, studies have 

found that low social support is a strong predictor of anxiety and depression in mothers of 

children with ASD (Boyd, 2002).  Based on the current study, it remains unclear whether 

such factors of wellbeing might serve as buffers moderating the effects of maternal 

distress on synchrony. 

 Finally, we also tested child correlates of synchrony. Across groups, we found 

that child negative affectivity was related to lower levels of verbal and nonverbal 

synchrony. This suggests that mothers’ perceptions of child behaviors related to fear, 

discomfort, frustration, sadness, and low soothability affect how mothers and infants 

interact during play. We also found that infant ASD symptoms predicted lower 

synchrony scores. When we analyzed the Child Composite (including negative affectivity 

and ASD symptoms), it negatively predicted synchrony of mothers’ speech and gestures 

with child attention.  Thus, infants presenting with more challenging behaviors/symptoms 
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have mothers whose verbalizations and gestures are less synchronized with the attention 

of their infants.  One question that could not be tested is whether or not parents of 

children with behaviors associated with ASD (as observed during the AOSI in this case) 

experience increased parenting stress, anxiety, depression, and/or caregiver burden that, 

in transaction with the child’s behavioral symptoms, contributes to parent-child 

interactions in which the mother’s verbal and nonverbal communication with the infant is 

less synchronized with the child’s focus. Although we were unable to analyze 

associations between these variables simultaneously due to insufficient statistical power, 

these associations should be examined more closely in future studies to test possible 

mediation effects. 

LIMITATIONS AND FUTURE DIRECTIONS 

One possibility is that maternal distress and infant AOSI scores mediate group 

differences in synchrony. However, the small size of the current sample limited our 

power to test maternal and child factors simultaneously to examine and potential 

mediation and/or moderation effects. The small sample also limited our power to explore 

whether group differences in synchrony might be partially explained by differences in 

parent and child factors. In addition, our comparison sample, mothers of children without 

ASD, reported relatively low levels of distress. Thus, it remains unclear how distress in 

parents without children with ASD would affect synchrony compared to distress in 

parents with children with ASD. In other words, it is difficult to disentangle the effects of 

maternal distress on synchrony in the absence of ASD. Future studies examining 

synchrony and low, moderate, and high maternal distress in families unaffected by ASD 

(e.g., mothers of preterm infants) versus those affected by ASD would shed further light 

on this issue. Future studies examining synchrony should also include measures of 
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additional caregiver well-being factors that may be protective against the negative effects 

of maternal distress, such as coping and social support. 

CONCLUSIONS 

In summary, synchrony during parent-infant interactions was negatively predicted 

by maternal distress, as well as child functioning, as reflected by early autism symptoms 

and negative affectivity. Findings of previous studies have been mixed regarding whether 

there are differences in parent-child interactions between families affected versus 

unaffected by ASD. Some studies have found similar rates of synchrony with caregivers 

and toddlers with versus without ASD (Siller & Sigman, 2002) and similar rates of 

mutuality and intensity of engagement with infants at high versus low risk for ASD (Wan 

et al., 2012). In contrast, some prior studies have suggested higher caregiver directiveness 

(Wan et al., 2012), lower infant liveliness (Wan et al., 2012), and less synchrony 

(Yirmiya et al., 2006) in dyads with children at high risk for ASD. Thus, previous 

findings have been mixed. Moreover, in studies that found group differences it was 

unclear how much of this variability was due to parent and/or child factors. The results of 

the current study have helped to explain the transactional nature of parent and child 

factors leading to reduced verbal synchrony in families with ASD. Overall, our findings 

suggest that these families have characteristics of (a) more challenging infant 

temperament profiles and more early red flags for ASD in the infants and (b) higher 

maternal distress, each of which were found to separately negatively impact synchrony in 

the full sample. In combination, these parent and child factors may lead to parents being 

less likely to match their speech to the child’s focus of gaze and attention toward a 

particular toy or activity.  
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Reduced synchrony could possibly lead to less successful or developmentally 

sensitive scaffolding for the infant. When caregivers describe objects that children are 

attending to, they (1) increase children’s engagement and motivation during the 

interaction, (2) help children to learn the social functions of communication, and (3) 

enhance “word-mapping,” which is when a child learns to match a word label to a 

particular object (Baldwin & Markman, 1989; Bloom, Margulis, Tinker, & Fujita, 1996; 

Carpenter et al., 1998; Tamis-LeMonda, Bornstein, & Baumwell, 2001; Tomasello & 

Farrar, 1986). Therefore, it follows that Synchrony would likely facilitate communication 

and language development. Accordingly, a handful of studies have examined this link, 

and have demonstrated that Synchrony predicts language development. Specifically, 

higher synchrony with typically developing infants was associated with a higher rate of 

language growth (Carpenter et al., 1998). Additionally, one study found that synchrony 

positively predicted the rate of language growth in children aged 3 to 7 years with ASD 

(Siller & Sigman, 2008). Thus, maternal distress and child symptoms may negatively 

influence synchrony. This might then impact the early language-learning environment 

and have negative implications for language development (Carpenter, Nagell, & 

Tomasello, 1998; Gogate, 2010). 

In conclusion, everyday interactions between infants and their caregivers have a 

critical role in supporting optimal child development. This is true for typical 

development, but it is also of particular interest in the context of risk for ASD. Parents are 

increasingly becoming involved in implementing various types of formal interventions 

with their children with ASD or at risk for ASD. One common component of parent 

training programs for children with ASD or at risk for ASD has been teaching the 

caregiver to follow their child’s focus, which is highly relevant to synchrony (Gillett & 

LeBlanc, 2007; Green et al., 2015; Ingersoll, 2010; Ingersoll & Gergans, 2007; Laski, 
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Charlop, & Schreibman, 1988; Rogers et al., 2014; Solomon, Necheles, Ferch, & 

Bruckman, 2007; Solomon, Ono, Timmer, & Goodlin-Jones, 2008). However, the results 

of our study suggest that synchrony seems to be affected by caregiver distress and 

behavioral differences in their infants. Therefore, evidence-based practices for reducing 

caregiver distress and enhancing coping skills might be a necessary component of any 

parent-implemented intervention for families affected by ASD. Improving caregiver 

functioning might increase the likelihood that parents will successfully learn and 

implement evidence-based intervention strategies with their children. This, in turn, has 

the potential to optimize development and treatment progress for children with ASD or at 

increased risk for ASD. In sum, these findings can help to inform early interventions and 

potentially lead to improved outcomes for children at risk for ASD. More broadly, this 

study is a first step toward identifying maternal and child characteristics that may put 

dyads at risk for low synchrony and less optimal learning environments for infants. This 

information could help to identify individual factors that may be amenable to targeted 

behavioral interventions that could, in turn, improve parent-child interaction.   
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GENERAL DISCUSSION 

The three studies presented in this dissertation contribute to our understanding of 

synchrony within early parent-child interactions and how it relates to early social 

communication development. Each study used a transactional framework for examining 

early mother-child interactions, by focusing on behaviors of each partner and the 

synchrony of the dyadic interaction between them. Together, this collection of studies 

differentiated synchrony and emotional availability (EA), established the stability of 

individual differences in early synchrony between 9 to 18 months of age, demonstrated 

the nature of the relations between synchrony and the development of verbal and 

nonverbal social communication skills, and elucidated parent and child characteristics 

that contribute to individual differences in synchrony. Figure 4 presents a conceptual 

model that illustrates the proposed associations between child factors, parent factors, the 

presence or absence of a child with ASD in the family, synchrony, and communication 

development. This model synthesizes the three studies that comprise this dissertation and 

how they each add to our understanding of these transactional developmental processes.  
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Figure 4: Conceptual model of associations between child factors, parent factors, the 
presence or absence of a child with ASD in the family, synchrony, and 
communication development. 

Study 1 demonstrated that although synchrony is positively related to another 

measure of parent-child interaction, EA, they are distinct in their relations to child 

communication development. While EA was not significantly associated with joint 

attention in typically developing toddlers, synchrony was surprisingly negatively 

associated with RJA in children with lower and moderate levels of temperamental 

surgency. Toddlers lower in surgency who had mothers that redirected their attention less 

often tended to be less able to follow an unfamiliar social partner’s redirection of 

attention. These results highlight the transactional nature of parent-child interactions, and 

suggest that there may not be a “one size fits all” approach to caregiving behavior in 

support of social communication development in early childhood. Thus, Study 1 offered a 

first glimpse into associations between synchrony and joint attention in typical 
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development. However, we had expected synchrony to be positively related to 

communication development. Study 1 was a cross-sectional correlational study in a small 

sample of toddlers with more developed verbal communication skills, who were likely 

using language to engage in joint attention as much as nonverbal means of joint attention.  

Furthermore, the study did not include a measure of language. Therefore, we designed 

Study 2 to longitudinally examine synchrony and communication development in depth 

in a larger sample of infants whose joint attention was still emerging.  

First, Study 2 used longitudinal analyses to test stability of synchrony across 9, 

12, 15, and 18 months of age. Our findings suggest that there are significant individual 

differences in synchrony between dyads, and these differences in synchrony appear to be 

stable during the first two years of life in typical development. Second, we replicated the 

findings of previous studies in typical development, Down’s syndrome, language delay, 

and ASD demonstrating that IJA positively predicts later language scores (Landry & 

Loveland, 1988; Mundy et al., 2007; Mundy, Sigman, & Kasari, 1990; Sigman & Ruskin, 

1999; Siller & Sigman, 2008). Third, Study 2 was the first study to date that explored 

whether synchrony predicts typically developing infants’ joint attention and language 

development. In contrast to our hypotheses, our findings did not support a direct 

association between either nonverbal (MS1) or verbal (MS2, MS3) synchrony and joint 

attention abilities. Nevertheless, Study 2 indicated that children’s receptive and 

expressive language abilities at 24 months of age were predicted by greater synchrony 

between 9 and 18 months. Specifically, better language outcomes were predicted by 1) 

the extent to which mothers pointed at, showed, or demonstrated the use of a toy to which 

the child was already attending, 2) the extent to which mothers’ verbalizations matched 

their child’s focus of attention, and 3) the extent to which mothers’ verbalizations 

matched both child attention and action. Furthermore, we found that these measures of 
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verbal and nonverbal synchrony predicted language above and beyond significant 

differences in language according to site, sex, IQ, and IJA at 12 months. The results of 

this study can also serve as a normative basis for comparison with findings in atypical 

development (e.g., children with developmental delays). These findings have 

implications for promoting language development in healthy infants, in addition to 

infants at risk for communication delays, via parent-child interactions that follow the 

child’s lead and caregivers’ verbal and nonverbal input related to the child’s interest and 

actions with objects. 

With the understanding that there are stable differences in synchrony between 

dyads that are important predictors of child communication development, we strived to 

better understand what leads to higher or lower rates of synchrony in dyads. Study 3 

elucidated parent and child factors contributing to synchrony between mothers and 

infants at differential risk for autism (Sibs-TD versus Sibs-ASD).  Our findings revealed 

that mothers of Sibs-ASD reported more depressive symptoms, anxiety symptoms, 

parenting stress, and caregiver burden than mothers of Sibs-TD. This replicates prior 

studies of psychological functioning in parents of children with ASD (Duarte et al., 2005; 

Stuart & McGrew, 2009; Sanders & Morgan, 1997; Siegel, 1997). Furthermore, our 

findings suggest that Sibs-ASD also had greater infant negative affectivity and infant 

autism symptoms than Sibs-TD. Across both groups, mothers with greater maternal 

distress exhibited speech that was less synchronized with their infant’s attention during 

play. Additionally, greater infant negative affectivity and early autism symptoms 

predicted less maternal synchrony during mother-infant play, such that mothers pointed, 

showed, and described the focus of their infant’s attention less often during play. Study 3 

represents a first step in identifying caregiver and child characteristics that might put 

dyads at risk for lower synchrony and less optimal learning environments for infants.  
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 It is important to consider how the findings of these three studies can be 

integrated to inform both future research and clinical practice. Increased maternal distress 

negatively impacted the synchrony of mothers’ speech with their child’s attention. 

Parents of children with ASD tend to have higher rates of distress (as replicated in Study 

3), but these findings also have potential implications for other groups of caregivers. 

Aside from the context of ASD, it would be beneficial to examine synchrony in 

caregivers with anxiety disorders, mood disorders (e.g., postpartum depression), high 

rates of parenting stress (e.g., parents of children with disruptive behavior disorders), and 

high levels of caregiver burden (e.g., parents of children with chronic illness). These 

populations may also be at increased risk for reduced synchrony in early parent-child 

interactions. Infants’ increased autism symptoms and negative affectivity also negatively 

impacted the synchrony of mothers’ verbal and nonverbal communication with their 

child’s attention and actions. It is critical to acknowledge the continuous transactional 

nature of these parent and child factors. For example, the challenges of interacting with a 

child with negative affectivity (i.e., is difficult to soothe and exhibits more fear, 

frustration, discomfort, and sadness) and/or has symptoms of ASD (e.g., reduced social 

interaction, restricted and repetitive behaviors, sensory seeking/avoidance behaviors) 

likely contributes to or exacerbates a caregiver’s symptoms of distress (i.e., anxiety, 

depression, parenting stress, caregiver burden). In turn, a caregiver who is highly 

distressed may interact with their child in a way that is either more intrusive or less 

sensitive (e.g., Feldman et al., 2009; Field, 1992, Zlochower & Cohn, 1996), which might 

further increase the infant’s fussiness and social withdrawal.  

Caregiver distress, infant negative affectivity, and infant behaviors associated 

with ASD all contribute to lower synchrony. Understanding this is critical, since lower 

synchrony predicted lower levels of receptive and expressive language at 2 years of age 
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in our typically developing sample, and predicted lower rates of language development in 

children with ASD in other studies (Siller & Sigman, 2002; 2008). Therefore, it may be 

beneficial to use prevention or intervention strategies to facilitate synchrony in various 

populations. First, reducing caregiver distress and enhancing well-being could 

naturalistically enhance synchrony and promote children’s communication development. 

This has broad applications for caregivers prone to high distress (e.g., mothers with 

postpartum depression, caregivers of young children with chronic illnesses). Second, 

explicitly teaching caregivers to follow their child’s lead during play could enhance 

synchrony and promote children’s communication development. This has applications for 

caregivers prone to high distress and/or children at risk for communication delays (e.g., 

parents of preterm infants). Third, it may be beneficial to incorporate both distress 

reduction strategies and following the child’s lead into parent-implemented interventions 

for communication delays, developmental delays, and ASD. There have been some 

recently emerging randomized trials showing preliminary promise for using parent-

mediated interventions to improve parent-child interactions (e.g., reduce parental non-

directiveness) and, as a result, improve functioning in Sibs-ASD (Green et al., 2015; 

Siller et al., 2013). Future studies along this line should be conducted and evaluate 

whether synchrony actually improves as a result of parent-mediated interventions, and 

whether this increase in synchrony partially mediates treatment effects on any child 

outcomes in the domains of communication, social, emotional, and cognitive functioning. 

Additional recommendations regarding specific directions for future research have been 

outlined in the studies above. Nonetheless, the three studies that comprise this 

dissertation contribute a greater understanding of the transactional nature of synchrony 

within early parent-child interactions and its effect on early social communication 

development in typical and atypical development. 
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