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ABSTRACT
Aspects of Joint Attention in Autism Spectrum Disorder: Links to Sensory Processing, Social
Competence, Maternal Attention, and Contextual Factors
Andrew J. Dakopolos
Background. Autism spectrum disorder (ASD) is a neurodevelopmental disorder
characterized by deficits in social interaction, communication, and restricted and repetitive
behaviors (American Psychiatric Association, 2013). Given the heterogeneity of ASD it is
important to understand individual differences within the disorder that are related to cognitive
and language development, and how such differences may be related to differences in caregiver
behavior or aspects of the social environment. Joint attention is an important component of early
social communication and is considered to be a “core deficit” of ASD (Kasari, Freeman,
Paparella, Wong, Kwon, & Gulsrud, 2005). Individual differences in joint attention during
infancy have been shown to relate to language and cognitive development (Mundy, Block,
Delgado, Pomares, Van Hecke, & Parlade, 2007; Nichols, Martin, & Fox, 2005). Therefore, joint
attention serves an essential role in the study of child behavior within ASD across development.
The present study consists of two manuscripts that explored how joint attention in

children with ASD related to sensory responsiveness and social competence (Study ), and how
child joint attention related to mother attention and contextual factors (Study 2). Specifically,
Study I investigated relations among children's sensory responses, dyadic orienting, joint
attention, and their subsequent social competence with peers. Participants were 38 children (18
children with autism spectrum disorder (ASD) and 20 developmentally matched children with
typical development) between the ages of 2.75 and 6.5 years. Observational coding was
conducted to assess children's joint attention and dyadic orienting in a structured social

communication task. Children's sensory responses and social competence were measured with



parent report. Group differences were observed in children's joint attention, sensory responses,
multisensory dyadic orienting, and social competence, with the ASD group showing significantly
greater social impairment and sensory responses compared with their typical peers. Atypical
sensory responses were negatively associated with individual differences on social competence
subscales. Interaction effects were observed between diagnostic group and sensory responses
with diagnostic group moderating the relation between sensory responses and both joint attention
and social competence abilities.

Study 2 investigated relations between child joint attention and mother attention during
three social contexts (competing demands, teaching, and free play) among 44 children with ASD
between the ages of 2.5 and 5.6 years, and their mothers. Observational coding was conducted to
assess children’s joint attention and mother’s dyadic orienting. Children’s expressive and
receptive language was measured by teacher report. The rate of children’s joint attention, and
mothers’ dyadic orienting differed depending on the context of their interaction. Children’s joint
attention, expressive and receptive language, age, and ASD severity, and mother dyadic orienting
were related, and these relations differed by context. Child initiating joint attention (IJA) was
also related to mother attention, and this relation was moderated by the child’s expressive and
receptive language. A temporal contingency was revealed for the association between child IJA
and mother attention with a bi-directional association such that child IJA predicted subsequent
mother attention, and mother attention predicted subsequent child IJA. When the sample was
split by children’s language ability (i.e., minimally-verbal and verbal groups) there was a group
by receptive language, and a group by expressive language interaction on the contingency
between child IJA and subsequent mother attention.

Conclusion. The results from study 1 and study 2 suggest that individual differences in

children with ASD, including their sensory responses and social competence, as well as mother



attention and contextual factors are related to children’s joint attention. When addressing theory
and interventions for children with ASD, it is important to consider children’s language and
sensory sensitivities, the demands of the interactive context, and factors related to mother

attention and approach to her child.
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ASPECTS OF JOINT ATTENTION IN ASD

|
Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
deficits in social interaction, communication, and restricted and repetitive behaviors (American
Psychological Association, 2013). Our understanding of ASD has changed over time, evidenced
by changes in diagnostic criteria (American Psychological Association, 2013), as well as shifting
understanding of categorization and possible subtypes of ASD (Grzadzinski, Huerta, & Lord,
2013). In 1989, autism prevalence was estimated to be 4 per 10,000 individuals, with
approximately 66% identified as having a concurrent intellectual disability, while more recently,
prevalence is estimated to be 1 in 88 individuals and only 38% in the range of intellectual
disability (Dawson & Bernier, 2013).

Given the heterogeneity of ASD (Grzadzinski et al., 2013), it is important to understand
individual differences within the disorder that are related to cognitive and language development,
and whether such differences are similar to those that emerge during typical development or
those due to other types of developmental delay or psychopathology in children (Sigman &
Kasari, 1995). Children with ASD differ in their ability to regulate emotion and their attention,
and demonstrate variability in their level of social understanding and interest in people (Sigman
& Kasari, 1995). Joint attention, an important component of early social communication in
children (e.g. Adamson & Russell, 1999, Mundy & Gomes, 1998; Mundy & Newell, 2007) is
considered to be a “core deficit” of ASD (Kasari, Freeman, Paparella, Wong, Kwon, & Gulsrud,
2005).

Individual differences among young children during the development of nonverbal
communication skills may contribute to socioemotional and cognitive outcomes (Morales,
Mundy, Crowson, Neal, & Delgado, 2005), and specifically, individual differences in joint
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ASPECTS OF JOINT ATTENTION IN ASD

attention during infancy have been shown to relate to language and cognitive development
(Mundy, Block, Delgado, Pomares, Van Hecke, & Parlade, 2007; Nichols, Martin, & Fox, 2005).
Joint attention therefore, serves an essential role in the study of child behavior within ASD
across development.
Joint Attention

Joint attention consists of an individual’s ability to share attention with a social partner,
and has been shown to relate to language development (Meltzoff & Brooks, 2008, Mundy,
Sigman, & Kasari, 1990), social competence (e.g. Mundy & Newell, 2007; Patten, Ausderau,
Watson, & Baranek, 2013), and sensory responsivity (e.g. Baker, Lane, Angley, & Young, 2008;
Baranek, Watson, Boyd, Poe, David, & McGuire, 2013; Watson, Patten, Baranek, Poe, Boyd,
Freuler, & Lorenzi, 2011) in children with ASD. A robust and well-established body of literature
demonstrates that children with ASD, even those with higher functioning language and cognitive
development, exhibit deficits in joint attention behaviors compared to their typically developing
peers (e.g. Clifford & Dissanayake, 2008; Dawson, Toth, Abbott, Osterling, Munson, Estes, &
Liaw, 2004; Meek, Robinson, & Jahromi, 2012), as well as to chronological and mental age
matched children with intellectual disabilities (e.g. Baranek et al., 2013; Leekam, Lopez, &
Moore, 2000). Despite this rich body of work, there is still much to learn about the role of joint
attention in the development of children with ASD and its links to other aspects of the disorder.

Mundy and Jarrold’s (2010) parallel and distributed processing (PDP) model of joint
attention provides a framework to consider joint attention in children with ASD and the potential
overlap in sensory perception and social attention. The PDP model proposes that through
practice and experience, joint attention serves a social executive function enabling children to
engage in increasingly effortless coordination of social attention that contributes to the
development and efficiency of social learning, symbolic thinking, and social-cognitive problem

2
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solving (Mundy & Jarrold, 2010). As it relates to joint attention, the PDP model may be
supported within Dynamic Systems Theory, which attributes developmental change to self-
organizing fluctuations of elements within an “open system” of factors related to child
development (Thelen & Smith, 1994). The operations in this ‘open system’ change as a function
of individual’s experiences, and what happens on the local level in real-time affects the course of
one’s development (Smith & Thelen, 1993). Within this system, the PDP model views joint
attention as a skill that leads to knowledge development and information sharing, rather than a
static advancement in the development of knowledge (Mundy & Jarrold, 2010; Smith & Thelen,
1993).

Both child-specific and external (i.e. aspects of the context or social partner) factors play
a role in this process. Thus, in the sense that dynamic systems theory accounts for both internal
and external pressures during development, joint attention likely interacts with various other
child developmental processes (Adamson & Russell, 1999; Morales et al., 2005). Within such
frameworks, unsuccessful integration of joint attention may be understood to contribute to
subsequent difficulties in social interaction, above and beyond the child’s ultimate language
abilities (Tomasello, 1995).

Given this broad hypothesis of the role of joint attention in development, Adamson and
Russell’s (1999) affective model of joint attention supports inquiry beyond only cognitive factors
to explain the development of joint attention. They argue that many other developmental
processes including affect and emotion regulation may be critical for the emergence of a stable
organization of joint attention. From a Dynamic Systems Theory perspective, Adamson and
Russell (1999, p. 290) assert:

“the theory's metaphors for developmental change may help us place emotion

regulation relative to a myriad of other factors, including endogenous ones related
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to voluntary attention, cognition, and motor behavior, and exogenous ones such as

a partner's social skill, the infant's interactive history with a specific partner, the

physical arrangement of the environment, and the culture's interpretation of

specific objects.”

The theoretical approaches outlined above fit well within the bioecological model of
development, which identifies individual differences, experiences within an individual’s
microsystem (i.e. experiences with parents, caretakers, relatives, friends, teachers etc.), and
experiences within their broader macrosystem (i.e. larger systems, organizations, culture, and
individuals removed from one’s day-to-day life) interacting across time to describe the
developmental trajectory of people (Bronfenbrenner & Morris, 2006). Provided these important
perspectives, it remains unclear how patterns of joint attention skills may relate to other
individual differences, and whether joint attention behaviors interact with demands placed on the
social dyad through environmental context, as well as how a social partner may support or
discourage joint attention.

Joint Attention and Sensory Experiences

Sensory deficits are an important aspect of ASD and have recently been included in the
DSM-V diagnostic criteria for autism (American Psychological Association, 2013). Sensory
atypicality in ASD is an important strand of inquiry, especially given the growing body of
literature linking individual differences in sensory experiences to core features of ASD including
social interaction (Hilton, Harper, Kueker, Lang, Abbacchi, Todorov, & LaVesser, 2010; Liss,
Sauliner, Fein, & Kinsbourne, 2006) and restricted and repetitive behaviors (RRBs; Kargas,
Lopez, Reddy, & Morris, 2014; Watt, Wetherby, Barber, & Morgan, 2008). Dawson and Bernier
(2013) highlight the complexity of these relations by drawing on studies of children at high risk
for developing ASD. They illustrate that by 12 months of age, children who went on to develop
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ASD exhibited motor delays, unusual repetitive behaviors, atypical visual attention, and deficits
in social communication; however none of these behaviors singularly differentiated ASD
diagnosis. Rather, a complex constellation of such behaviors indicated their increased risk and
subsequent diagnosis (Dawson & Bernier, 2013). Such interrelations warrant further study to
disentangle both the developmental progression, and relations between dimensions of ASD
diagnosis.

Specifically, sensory processing differences may interfere with children’s broader social
attention (Baranek, David, Poe, Stone, & Watson, 2006). Decreased shared attention
mechanisms in ASD may develop as a means to reduce excessive quantities of sensory
information and could lead to atypical social behaviors (Mundy & Newell, 2007). It is important
to understand how these processes work together to influence more global aspects of social
communication and social interaction in children with ASD (Patten, Ausderau, Watson, &
Baranek, 2013).

Purpose of Study 1

The purpose of study 1 was to assess patterns of sensory experiences, social competence,
and joint attention in children with high functioning ASD and a language-age matched sample
with typical development (TD). The study extends previous work and fills a gap in the literature
by examining how sensory responsiveness and joint attention work together to promote social
competence in children with ASD. Specifically, the study examined group differences in sensory
responsiveness, joint attention, social competence and dyadic orienting among children with
ASD with high functioning language and cognitive development. In addition, the study examined
whether sensory responsivity was related to joint attention and social competence, and whether
patterns of relations between sensory responsivity, social competence and joint attention would
be different for children with ASD and their typical peers. This study utilized video-taped
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experimenter-child interactions using the Early Social Communication Scales (ESCS; Mundy,
Hogan, & Doehring, 1996), subsequent observational video coding of child behaviors, and parent
report of child behaviors including sensory experiences and social competence.
The Role of Parent-Child Contextual Factors

Most studies have measured joint attention within either contrived or structured
experimental scenarios. Many strategies exist to measure joint attention in children with ASD,
including parent interactions such as the Communication Play Protocol (CPP; Adamson &
Bakeman, 1999) and Parent-Child Free Play Protocol (PCFP; Bottema-Beutel, Yoder, Hochman,
& Watson, 2014); experimenter interactions such as the Early Social Communication Scales
(ESCS; Mundy, Hogan, & Doehring, 1996) and Autism Diagnostic Observation Schedule
(ADOS; Lord, Rutter, DiLavore, & Risi, 2002); peer interactions (e.g. Bakeman & Adamson,
1984); and even robot interactions (e.g. Daglarli, Daglarli, Gunel, & Kose, 2017). Parent report
such as the MacArthur-Bates Communicative Development Inventory: Words and Gestures
(CDI-WG; Fenson et al., 2007) have been used to measure joint attention as well.

The majority of studies on joint attention have relied on the above-mentioned
standardized tasks or naturalistic play contexts, and have not ventured far outside such social
contexts. Such contrived settings aim to elicit joint attention behaviors whereas unstructured play
settings have been used to demonstrate other behaviors such as joint engagement (e.g. Adamson,
Bakeman, Deckner, & Romski, 2009), symbolic play (e.g. Kasari, Freeman, & Paparella, 2006),
and sensory responsiveness (e.g. Baranek, Boyd, Poe, David, & Watson, 2007). The fluidity of
naturalistic social interactions requires children to constantly assess and reassess the context of
their environment while making judgements about themselves, their social partner, and objects or

events of interest (Mundy & Jarrold, 2010). It may be that the social partner’s behaviors differ
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according to different task demands, and therefore it is important to understand how contextual
differences and task demands may be related to joint attention behaviors of children with ASD.

A number of researchers have explored parent behaviors that may support joint attention
with their child during social interaction, and many of these behaviors have been tested in
intervention settings (e.g. Gulsrud, Hellemann, Shire, & Kasari, 2016). During early
development, an infant’s maintenance of joint attention depends on their partner’s skillful
support (Adamson & Russell, 1999). Such support may consist of managing the child’s
emotions, interpreting the child’s expressions of interest, and modulating their attention to an
object (Adamson & Russell, 1999). The social partner’s level of support may have an impact on
the child’s joint attention outcomes (e.g. Parrinello & Ruff, 1988). When we conceive of joint
attention from the perspective of an engagement state with a social partner, there is evidence that
the social partner’s support of such engagement states is a greater predictor of language
development than coordinated joint engagement, and this pattern of relations is stronger for
children with ASD compared to their typically developing and intellectually disabled peers
(Adamson, Bakeman, & Deckner, 2004; Adamson, Bakeman, Deckner, & Romski, 2009).
Understanding the relations between parental behaviors and the child’s social communication
behaviors during an unstructured social exchange may help us to further target intervention
strategies, and provide a clearer picture of the contextual elements and behaviors of the social
partner that support joint attention in children with ASD.
Purpose of Study 2

The purpose of Study 2 is to examine joint attention behaviors of children with ASD and
their mothers in both structured and unstructured contexts (i.e., competing demands, teaching
and free play with a parent) and to examine the relation between parental behaviors (i.e., dyadic
orienting) and joint attention behaviors of children with ASD. By examining three contexts
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including competing demands, teaching, and free play, it may be possible to gain insights into
aspects of social contexts that promote or discourage joint attention. Each of the three tasks place
different attentional demands on the mother and child. During the competing demands task, the
mother’s focus of attention is away from the child, which provides an opportunity for the child to
initiate attention if they are so inclined. In contrast, in the teaching task, the parent’s focus is
placed solely on the child in order to keep them engaged in completing a construction task.
Moreover, this task consists of a concrete objective. Finally, the unstructured free play task
provides a social context in which the onus of initiation is ambiguous, theoretically allowing for
equal coordination of attention between parent and child. There may also exist differences in
children’s joint attention skills in structured versus unstructured play settings. Children with
ASD may exhibit differences in joint attention skills when they are being explicitly elicited
(structured context) versus observed organically (unstructured context).

The present study adds to the literature by looking at how mothers’ behaviors may be
related to their child’s joint attention, and whether this relation is moderated by task demands.
While joint attention is widely studied in the field of autism research, there has been little inquiry
into specific interactive contextual effects on the joint attention skills of children with ASD.
Study 2 utilized video-taped parent-child interactions across a variety of tasks as well as
subsequent observational video coding of both parent and child behaviors. This study also
examined teacher’s reports on child adaptive behaviors, as well as parent’s reports of other

socio-demographic information through questionnaires.
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I
Review of Literature

The present study seeks to further extend our understanding of joint attention in ASD
relative to child-specific (e.g. sensory responsivity and social attention) and external (e.g. mother
behaviors and social context) factors. The following review of literature will begin with an
examination of joint attention in typical development, leading to a discussion of the relative
difficulties in joint attention skills that children with ASD experience. Such skill deficits will be
examined with respect to child-specific aspects of development including regulation, affect,
language, and specifically sensory responsivity. Subsequently, skill deficits in joint attention for
children with ASD will be discussed in relation to external aspects of development, including
social interactive behaviors of the child’s mother, and the social context of dyadic interactions.
The proceeding review of literature aims to theoretically support study 1, in which the relation
between joint attention and sensory responsiveness, and social competence and sensory
responsiveness are assessed between a group of children with ASD and their language-age
matched typically developing peers; and study 2, in which the relation between children’s joint
attention and mothers’ social behavior, and children’s joint attention and social context are
examined in a group of preschool-age children with ASD.

Joint Attention in Typical Development

Joint attention is a critical early step in the development of language, and is situated as an
important aspect in the development of social communication. Within development of social
communication, infants undergo two integral steps that help “set the stage for subsequent
language acquisition” (Travis, Sigman, & Ruskin, 2001). The first step occurs near the ninth
month, in which the infant begins to demonstrate awareness that signals they produce have an
effect on others (Travis et al., 2001). Next, around 11 months of age, infants begin to integrate
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objects into their communication. During this shift, infants integrate gestures, eye-contact and
verbalizations into symbolic exchanges with others (Travis et al., 2001) for the purpose of
requesting, responding, or sharing attention (Clifford & Dissanayake, 2008; Charman, 2003).
Broadly speaking, these behaviors are considered joint attention.

Joint attention then, can be conceptualized as the ability to coordinate attention with a
social partner (Mundy & Newell, 2007), and takes on two primary forms: responding to joint
attention (RJA), which is the ability to follow the gaze and gestures of others in order to share a
common referent; and initiating joint attention (IJA), which refers to an individual’s use of
gestures and eye contact to direct others’ attention to objects, events or themselves (Mundy &
Newell, 2007). Within an episode of joint attention, the child must coordinate their attention with
an object or event, with another person’s attention and behavior related to that object or event,
and with their own attention and experience of the interaction as a whole (Mundy & Jarrold,
2010).

Theoretical Perspectives of Joint Attention

In typical development, joint attention skills usually emerge between 6 to 12 months of
age (Mundy & Gomes, 1998), and may be promoted by the child’s realization that others are
intentional agents whose behavior is guided by concrete goals or purposes (Tomasello, 1995).
The consolidation of others-as-intentional-agents coincides with the consolidation of joint
attention behaviors into coordinated social engagement during the second year of life (Adamson
et al., 2004), and may also be an essential component in the development of theory of mind
(Tomasello, 1995).

It is well-established that near the end of an infant’s first year, they begin to share
attention with others (e.g. Adamson & Bakeman 1985). For example, Corkum and Moore (1995)
found that 7-month-old infants could not be conditioned to consistently follow the gaze of an
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adult, while their 9-month-old counterparts could. Additionally, they found that 10- and 11-
month-olds did not require conditioning of this sort because they spontaneously followed adult
gaze (Corkum & Moore, 1995).

Tomasello (1995) proposes a developmental model of joint attention that shifts from
following attention through gaze following, social referencing and imitative learning at 9 months,
to directing attention and behavior through coordinated joint engagement, social referencing, and
pointing and symbol use at 12 months. The scope of this theory relies on the infant’s shift in
conceptualizing both themselves and others as separate intentional agents (Tomasello, 1995).
This shift is also captured in Mundy & Jarrold’s (2010) PDP model of joint attention, which
relies on the child’s self-referenced processing to integrate implicit, subjective, and pre-reflective
information into joint attention episodes. In their PDP model, through practice and experience, a
child’s capacity for joint-processing of self-other attention is strengthened and this burgeoning
social executive function contributes to the “development and efficiency of social learning,
symbolic thinking and social cognitive problem solving and development” (Mundy & Jarrold,
2010).

Child-specific aspects of joint attention development. There is a significant period of
time before joint attention behaviors are evident, and many more months before sustained
periods of joint attention are coordinated with people and objects (Bakeman & Adamson, 1984),
therefore, Tronic (1989), and Adamson and Russell (1999) argue emotional variability is an
essential component of early social interaction as the infant navigates the exuberance and
disappointment of social interactions. Such flare-ups place emotional regulation at the forefront
of the development of joint attention (Adamson & Russell, 1999; Sigman & Kasari, 1995). When
considering regulation more broadly from the perspective of sensory arousal, sensory
responsivity may be another mechanism children must regulate and integrate within their social
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behavior. The developmental timing of joint attention is likely not coincidental, and its place
within social, cognitive, and self-regulatory development provides evidence of its role in
language development and possible cascading ontogenetic effects (Mundy & Gomes, 1998).

There is strong evidence that individual differences may account for significant
variability in joint attention (e.g. Morales et al., 2005; Mundy & Gomes, 1997), and a
considerable amount of work has linked differences in joint attention to executive function (e.g.
Dawson, Munson, Estes, Osterling, McPartland, Toth, Carver, & Abbott, 2002; McEvoy,
Rogers, & Pennington, 1993; Miller & Marcovitch, 2015), emotion regulation (e.g. Morales et
al., 2005; Raver, 1996; Sigman & Kasari, 1995) temperament (Vaughan van Hecke, Mundy,
Acra, Block, Delgado, Parlade, Meyer, Neal, & Pomares, 2007; Vaughan, Mundy, Block,
Burnette, Delgado, Gomez, Meyer, Neal, & Pomares, 2003), and theory of mind (e.g. Nelson,
Adamson, & Bakeman, 2008; Miller, 2006).

Many researchers also consider joint attention from a social-motivational perspective
(e.g. Dawson, Bernier, & Ring, 2012; Dawson, Webb, & McPartland, 2005). According to
Dawson et al. (2005), brain regions involved in reward processing for properties such as drugs
and alcohol, sex, and monetary gain are also involved in viewing social stimuli including faces
and when receiving social reinforcement. Adamson and Russell (1999) present this possibility
within the framework of dynamic systems theory, and posit that joint attention interactions may
serve as attractor states for children. Affective arousal or other forms of arousal (e.g., sensory
experiences) could be implicated in this conception because regulation allows for the child to
adapt to the social and non-social world as both motivational and cue-producing functions
(Adamson & Russell, 1999). In their affective model of joint attention, Adamson and Russell

(1999, p. 284) argue that:
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“the key accomplishment of the development of joint attention, the coordination

of attention to both a partner and a shared object, can be rephrased readily in

terms of emotion regulation to focus on the accomplishment of integrating

engagement with social partners with interest in objects.”

There is a need to further explore how aspects of arousal and regulation relate to social
communication development, especially in the realm of joint attention.

External aspects of joint attention development. Other research on joint attention has
focused considerably on the adult’s role in facilitating joint attention capabilities in children. For
example, Dunham and Dunham’s (1995) social contingency hypothesis identifies variability in
the adult’s contingent and reciprocal responses to children’s social overtures as a driver of joint
attention development. Tomasello (1995) acknowledges the role of both adults and culture in
helping shape the infant’s developing communication, a view shared by Bronfenbrenner and
Morris’ (2006) bioecological model of development. The dominant culture helps to frame and
mediate the infant’s social world, as their caregiver provides reciprocal interactions that help the
infant model and imitate, thus providing structure for the development of joint attention
(Tomasello, 1995).

Adamson and Bakeman’s work on joint engagement (e.g. Adamson & Bakeman, 1985;
Adamson et al., 2009; Bakeman & Adamson, 1984) provides a critical structure to consider
parent’s roles in their child’s communicative development. Joint engagement is defined
alongside joint attention, and is characterized by shared attention during “affect-laden and
intention-filled social interactions” (Adamson et al., 2009) punctuated by episodes of joint
attention (Adamson & Bakeman, 2006). Whereas an episode of joint attention is often as brief as
an eye glance or distal point, joint engagement can be seen as an extended, connected, social
interaction marked by such episodes of joint attention (Adamson et al., 2004). In these extended
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joint engagement interactions, it is argued that language is given the opportunity to emerge as
symbols are infused into the interaction between parent and child (Adamson et al., 2004,
Adamson et al., 2009).

Toward this end, joint engagement has been conceptualized as either supported (SJE), or
coordinated (CJE) joint engagement (Adamson et al., 2009). SJE involves a child actively
sharing events or objects without explicitly acknowledging the partner, requiring the partner to
support the engagement state, while CJE involves sustained periods of mutual engagement on a
common topic integrated with explicit reciprocal communicative actions (Adamson et al., 2004).
The link between joint attention, joint engagement, and subsequent language skill is well-
established (e.g. Bottema-Beutel et al., 2014; Adamson et al., 2004). There is evidence that the
caregiver’s role in this process is valuable in that the adult is able to scaffold sufficient, but not
too cognitively demanding engagement with the child, providing co-occurring linguistic input in
which the child can attend to the linguistic aspects of the interaction without having to
concurrently regulate attention between the mother and object of interest (Bottema-Beutel et al.,
2014).

When conceptualizing external aspects of joint attention, it is not only the social partner,
but the greater context of the interaction that may moderate communicative acts within that
interaction (Adamson & Russell, 1999). Revisiting the idea that joint attention may be related to
social motivation, it follows that the goal orientation of the interactive context may play a role in
the child’s communication.

There are numerous child-specific and external factors that are related to children’s joint
attention, adding dimension to possibly complex downstream developmental effects. It is clear
that in order to develop a complete understanding of joint attention and its role in development,
both child factors and social partner factors should be considered (Adamson & Russell, 1999).
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Behavior analytic approach to joint attention. The study of developmental processes
related to language acquisition — including joint attention — have a rich history in the field of
behavior analysis, arguably beginning in the 1950’s with Skinner’s (1957) operational approach
to language development as verbal behavior development. Behavior analytic approaches to
communication often follow stages or hierarchies of skills, building upon one another to
ultimately arrive at social communication as we know it. Tomasello (2008) proposes a general
cooperative communicative infrastructure that organizes language development from both an
evolutionary perspective, as well as a developmental perspective, of which joint intentionality
and joint attention form the foundations.

Within behavioral theories of verbal development, a key skill related to children’s ability
to incidentally learn language is called naming (e.g. Horne & Lowe, 1996; Greer & Longano,
2010; Skinner 1957). Skinner’s (1957) Theory of Verbal Behavior Development, expanded by
Greer and colleagues (e.g. Greer, 2008) identify developmental cusps (i.e., stimulus-stimulus
pairing and consequences of behavior) and capabilities (i.e., acquisition of a cusp leading to a
new way of learning verbal behavior) that allow children to develop language (Greer, 2008).
Greer and colleagues (e.g. Greer & Longano, 2010) argue that naming is possibly the
developmental skill that serves as the impetus for the explosion of language development in
children — usually observed in typically developing children around their third year.

A “naming experience” in the behavior analysis literature has been linked to joint
attention in the developmental literature, requiring the child and caregiver to simultaneously look
at or interact with an object (Greer & Longano, 2010). Thus, a naming experience can be
understood as an instance of triadic joint attention, in which the mother or child initiates and
directs the other’s attention to an object or event of interest. Within the naming framework,
Greer and Longano (2010) posit that in addition to the caregiver and child’s joint focus of
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attention, there is a sensory component to naming, in which the child and caregiver experience
the touch, taste, smell or sound of the object, which integrates both the social and sensory
experience of that specific object into its spoken name. For example, if a mother and child were
playing together and a cat jumped into their play area, the child may initiate joint attention by
pointing to the cat and looking to their mother — possibly touching the cat for a fleeting moment
— followed by the mother responding to her child by exclaiming “a cat!” If a child has acquired
naming as a skill, they would be able to take advantage of this naming experience as an
opportunity to construct correspondence between the object “cat” and the word “cat,” and this
experience would reinforce and help embed “cat” in the child’s developing vocabulary.

Within Greer and colleague’s theory of verbal behavior development, it is possible that
joint attention may facilitate naming experiences, and play a vital role in children’s ability to
develop naming as a skill. Acquiring naming represents the emergence of joint stimulus control
across both speaker and listener responding, such that the child is able to accurately respond to a
given stimulus (e.g. when asked to point to the cat, the child will point to the cat), and accurately
speak when they encounter a particular stimulus (e.g. the child sees a cat, and says, “a cat”;
Greer & Longano, 2010). Overall, naming is highly complex and encompasses levels of
abstraction and generalization (e.g. generalizing “cat” to those of different colors and breeds),
orienting (e.g. someone says, “look at the cat,” and the child visually orients to the cat), and
conditioned seeing (e.g. the child is able to picture “cat” in their mind; Greer & Speckman,
2009). There is evidence that naming may differ for 2-dimensional and 3-dimensional objects,
and that naming may differ across sensory modalities (Greer & Speckman, 2009). While there
has not been widespread cross-disciplinary research between joint attention and naming, parallels

may be drawn between the two, and these important links may further inform our understanding
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of language development in typically developing children and in those with developmental
delays, including ASD.
Joint Attention in Autism Spectrum Disorder

Autism spectrum disorder (ASD) provides an especially important perspective on joint
attention because of social impairments central to the diagnosis, namely deficits in social
interaction and communication (American Psychological Association, 2013; Tomasello, 1995).
There is evidence that if joint attention behaviors emerge in children with ASD, they do so ata
mental age 8 to 16 months later than children with typical development (Clifford & Dissanayake,
2008). Joint attention is also an important area of study in ASD due to its developmental timing;
it serves as one of the best ways to discriminate children with and without ASD at early ages as
joint attention typically emerges before language (Charman, 2003).

In studies that have utilized retrospective video tapes of children’s first birthday parties,
researchers found that children who were later diagnosed with ASD showed impaired joint
attention, oriented less to a name-call, and attended less to people compared to children with
typical development (TD) and developmental disability (DD) (e.g. Osterling & Dawson, 1994;
Osterling, Dawson, & Munson, 2002). In another retrospective analysis of home videotapes,
Clifford and Dissanayake (2008) found that children diagnosed with ASD compared to a
chronological age and verbal and non-verbal mental age matched comparison group showed
significantly less IJA, RJA, and gaze switches in the second year of life, and less eye contact and
response to name in their first year. Werner, Dawson Osterling, and Dinno (2000) also found that
the RJA behavior of orienting to a name call when children were between 8-10 months of age
most strongly differentiated children subsequently diagnosed with ASD.

Retrospective studies such as these illustrate that children with ASD experience
difficulties in social attention and joint attention even before a formal diagnosis can be made,
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highlighting that these social communicative behaviors may be some of the earliest indications
of ASD. Baranek (1999) provided further evidence of the discriminative power of joint attention
behaviors at an early age in a sample of children with ASD, DD, and TD. In her analysis of home
videos taken when the children were between 9-12 months, results revealed that differences in
children’s joint attention and sensory behaviors discriminated between groups with over 93%
accuracy (Baranek 1999).
Relation Between Initiating and Responding Joint Attention

Joint attention inquiry in autism research has provided evidence for a dissociative relation
between IJA (i.e., the ability to initiate triadic attention with a social partner and object or event
of interest) and RJA (i.e., the ability to follow the gaze and gestures of others in order to share a
common referent). Although children with ASD experience deficits in both IJA and RJA, studies
have shown that RJA deficits may decrease in severity with development (Chiang, Soong, Lin, &
Rogers, 2008), while IJA remains relatively impaired (Mundy, 2016). In a longitudinal study of
children with ASD and their DD and TD peers, children with ASD at 24 months of age
demonstrated less joint attention than either comparison group, but by 42 months the differences
observed at 24 months were no longer significant (Naber, Bakermans-Kranenburg, van
Ijzendoorn, Dietz, Daalen, Swinkels, Buitelaar, & Engeland, 2008). In another study, 2 to 4-year-
old children with ASD performed as well as their typically developing peers in RJA, however
they exhibited significantly fewer IJA behaviors including gaze shifts, verbalizations and
gestures (MacDonald, Anderson, Dube, Geckeler, Green, Holcomb, Mansfield, & Sanchez,
2006).
Joint Attention and Language Development in ASD

Deficits in joint attention are increasingly being studied in terms of their downstream
effects, especially on language (e.g. Adamson, Bakeman, Suma, & Robins, 2017; Mundy 2016,
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Bottema-Beutel, 2016). In a meta-analytic review, Bottema-Beutel (2016) found that across 71
studies, the greatest moderator of effect size in both expressive and receptive language was ASD
diagnosis and RJA, thus ASD diagnosis and RJA were found to be the greatest predictors of later
language ability. Bottema-Beutel (2016) hypothesized that joint attention may have a greater
impact on language for children with ASD compared to those with TD because typically
developing children have established a sufficient threshold of joint attention that no longer
requires its support in the development of language, whereas the development of language in
children with ASD may be more contingent upon their joint attention abilities. It follows that the
superior relation of RJA to language development could be explained by its role in social
orienting - a necessary skill for exposure to language in young children (Dawson et al., 2004).

For children with ASD who experience difficulty responding to joint attention, they may
consequently have fewer opportunities for the types of social interactions critical to building
language (Bottema-Beutel, 2016). Adamson et al. (2017) have provided evidence in support of
this hypothesis, and found that in a community sample of children referred for ASD screening,
those with TD who did not meet diagnostic criteria demonstrated a significantly weaker relation
between joint attention and later language ability compared to those ultimately diagnosed with
ASD and DD. Children diagnosed with ASD also demonstrated a significant relation between
their RJA skill and subsequent expressive language, and this relation was strengthened when the
child’s joint engagement was added to the model, whereas for the TD group, there was no
relation between joint attention and language outcome (Adamson et al., 2017).

Supported joint engagement allows for experiences that are heavily supported by an adult
whose efforts to maintain the child’s attention fosters an environment in which language and
social communication become the means by which the child can control the experience
(Bottema-Beutel et al., 2014). For children with ASD, evidence supports the important role of
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RJA in later development of language (Mundy & Jarrold, 2010), whereas 1JA is more strongly
related to children’s concurrent language functioning (Adamson et al., 2017). Accordingly,
Mundy and Jarrold’s (2010) PDP model supports the notion of independent functions of IJA and
RJA in infancy that ultimately converge in social cognitive development.

Joint Attention and Social Competence

The frequency of 1JA is positively related to children’s concurrent language acquisition
and is considered to be a vital component of social competence (Mundy & Newell, 2007).
Difficulties employing social attention may contribute negatively to more global aspects of social
communication such as social competence (Patten et al., 2013). Accordingly, deficits in joint
attention may point toward a weak shared attention mechanism, which may interfere with
children’s ability to take the perspective of another person during social interactions (Mundy,
Sigman, & Kasari, 1994, Mundy & Newell, 2007). Given its developmental timing, it is not
surprising that the majority of studies assessing joint attention in ASD enlist samples of young
children (e.g. 18-24 months). Yet a recent study by Sullivan, Mundy and Mastergeorge (2015)
demonstrated variability in joint attention even among typically developing 4 and 5-year-olds,
supporting the notion that joint attention can be a valid measure of social communication among
older children.

Work on joint engagement in high functioning children with ASD has revealed
significantly fewer initiating bids for joint attention in this group compared to a matched TD
sample during a structured play task with their primary caregiver (Meek, Robinson, & Jahromi,
2012). Moreover, in a study that compared joint attention skills between low and high
functioning preschool children with ASD, and a developmentally disabled (DD) matched control
group using dyadic and triadic orienting through gaze-following and verbal cues, Leekam,
Lopez, and Moore (2000) found that children with high functioning ASD exhibited better joint
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attention skills than the low functioning ASD group, but did not differ from the high functioning
DD group. The authors theorized that children with ASD may need to reach a threshold ability
level before they are able to demonstrate commensurate joint attention abilities with similar-aged
children with DD (Leekam et al., 2000).

Questions regarding the extent to which joint attention deficits are related to meaningful
individual differences in other social behaviors, and the role of sensory processing within the
context of social communication among children with ASD compared to their typically
developing peers remain.

Child-Specific Aspects of Joint Attention in Autism Spectrum Disorder

Children with ASD have been reported to have diminished self-regulatory capacity (e.g.
Hill, 2004). Deficits in aspects of a global structure of self-regulation in children with ASD have
been established in their emotion regulation (e.g. Gulsrud, Jahromi, & Kasari, 2010; Mazefsky,
Herrington, Siegel, Scarpa, Maddox, Scahill, & White, 2013), executive control (for review see
Kenworthy, Yerys, Anthony, & Wallace, 2008), attention regulation (e.g. Jahromi, Chen,
Dakopolos, & Chorneau, 2019; Morales et al., 2005) and regulation of sensory information (e.g.
Wiggins, Robins, Bakeman, & Adamson, 2009). For example, Baum, Stevenson and Wallace
(2015) offer a perspective of sensory responsivity that shifts from a traditional uni-dimensional
focus (i.e. solely auditory, or visual, or tactile sensory responsivity) toward a multisensory
architecture that implicates brain networks involved in regulation such as executive control,
attention, and temporal processes.

It is possible that there exists an imbalance in excitatory and inhibitory processes in
sensory domains in children with ASD (Baum et al., 2015) that affect other regulatory processes
(Green, Rudie, Colich, Wood, Shirinyan, Hernandez, Tottenham, Dapretto, & Bookheimer ,
2013) and exert cascading effects on other developmental domains such as social
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communication. There is growing evidence of a link between indices of attention regulation and
children’s joint attention behaviors (e.g. Adamson & Russell, 1999). In a longitudinal study of
children with ASD and their mothers, children’s RJA skills at 6 months were related to emotion
regulation strategies at 24 months (Morales et al., 2005). Given the developmental timing of the
emergence of joint attention, there may be factors related to both emotion regulation and
cognition that impact joint attention (Adamson & Russell, 1999). With regard to effortful control
more broadly, it was found that children with ASD who produced greater RJA at 12 months
employed better self regulatory strategies as 36 months during a delay of gratification task
(Vaughan van Hecke, Mundy, Block, Delgado, Parlade, Pomares, & Hobson, 2012).
Specifically, RJA was negatively related to the children’s prompting of an adult while they were
waiting, and negatively associated to their anticipation behaviors; children with ASD who
employed more RJA behaviors were also more likely to divert their attention from the tempting
item and utilize more complex distraction behaviors (Vaughan van Hecke et al., 2012).

In another study utilizing a delay of gratification paradigm, a relation emerged between
IJA and temptation-focused behavior, such that children who were /ess focused on the tempting
item exhibited more joint attention initiations (Jahromi et al., 2019). While relations between
joint attention and sensory responsivity are still emerging in the literature (e.g. Baranek et al.,
2013), it may be of utility to consider sensory responsivity from a regulation perspective.
Sensory Responsiveness in ASD

Recent studies on the sensory experiences of children with ASD have reported that
between 69% and 90% of preschoolers with ASD demonstrate sensory atypicality (Baranek et
al., 2013). In its current form, sensory responsivity has been characterized by three primary
components, which include hyporesponsivity (an absence of, delayed, or higher threshold
response to a stimulus), hyperresponsivity (exaggerated, aversive, or avoidant behavioral
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reactions to a stimulus), and sensory seeking (an action that perpetuates or intensifies a sensory
experience; Brock, Freuler, Baranek, Watson, Poe, & Sabatino, 2012; Watson et al. 2011).

The current conception of sensory processing in ASD suggests that varying levels of
sensory hyporesponsiveness, hyperresponsiveness, and seeking co-occur across modalities of
sensory stimuli which produce constellations of sensory experiences (Watson et al., 2011).
Abnormal patterns of sensory responsivity are an important feature of ASD, but there is evidence
that abnormal sensory responsivity may relate to ASD symptoms, rather than the disorder itself.
That is, individuals without an ASD diagnosis, but who exhibit symptoms of ASD, may also
experience sensory abnormalities. In a study of typically-developing individuals by Robertson
and Simmons (2013), self-reported measures of sensory sensitivity and autism symptomology
were found to be significantly positively related. Similarly, Bayliss and Kritikos (2011)
demonstrated that neurotypical individuals who scored above-average on the Autism Spectrum
Quotient (AQ; Baron-Cohen et al., 2001), were less likely than those who scored below-average
to filter out distracting visual stimuli at greater levels of perceptual loads. The results of these
studies suggest that abnormal sensory responsiveness may be closely related to core symptoms
of autism.

There is also evidence that the strength of the association between sensory responsiveness
and core symptoms of ASD may be a function of mental age. In a study of children with ASD,
other developmental disability (DD), and typical development (TD), Baranek et al. (2013) found
a significant interaction between mental age and group affiliation when regressed onto sensory
hyporesponsiveness. Their results indicated that for children with ASD, as mental age increased,
sensory hyporesponsiveness decreased at a significantly greater rate than within either the DD or

TD groups. This evidence supports the notion that patterns of sensory responsiveness may

23



ASPECTS OF JOINT ATTENTION IN ASD

interact with developmental trajectories differently for children with ASD than those with
developmental delay or typical development.

Much of the research to date has relied on parent report to measure sensory abnormalities
(e.g. Sensory Experiences Questionnaire; Baranek et al., 2006; Sensory Profile, Dunn 1999).
These measures generally ask parents to rate the intensity of their child’s sensory responses such
as aversion to touch, or sensitivity to lights. However, a number of studies have also been
successful in creating observational measures of sensory responsiveness. Baranek et al. (2013),
and Baranek, Boyd, Poe, David, and Watson (2007), used the Sensory Processing Assessment
(SPA; Baranek, 1999) to measure sensory hyporesponsiveness and hyperresponsiveness in both
social and non-social domains. Children were presented with a sensory probe (e.g. name call, air
puff, shoulder tap), and experimenters measured whether the child oriented their attention in the
direction of the sensory stimuli. In another study, Leekam and Ramsden (2006) constructed a
measure of attention orienting to auditory, visual, or tactile stimuli, which they termed “dyadic
orienting.” In this study, an experimenter made a request of the child in one of three sensory
domains (auditory, visual, or tactile), and an observational coder measured whether the child
directed their attention to the experimenter. Although Leekam and Ramsden’s (2006) measure of
dyadic orienting was used by the authors to assess joint attention and is not a validated measure
of sensory atypicality, such work may offer a window into sensory elements of social
communication.

Observing sensory responsiveness during a social interaction could help elucidate
communication breakdowns related to social competence and joint attention during the
interaction. Both the SPA and measure of dyadic orienting emphasized sensory elements in

auditory, visual, and tactile domains to measure attention orienting behavior in children with

24



ASPECTS OF JOINT ATTENTION IN ASD

ASD and found significant differences in their respective measure between children with ASD,
and those with TD and DD (Baranek et al., 2013; Leekam & Ramsden, 2006).

Multiple studies have explored links between sensory processing differences and other
core symptoms of ASD such as restricted and repetitive behaviors (Kargas, Lopez, Reddy, &
Morris, 2014; Watt, Wetherby, Barber, & Morgan, 2008). Studies have found a strong
association between sensory hyperresponsiveness and repetitive behaviors for both children with
ASD and their DD matched controls (Boyd, Baranek, Sideris, Poe, Watson, Patten, & Miller,
2010), and in children with high functioning autism (Boyd, McBee, Holtzclaw, Baranek, &
Bodfish, 2009). Leekam, Prior, and Uljarevic (2011) argued that sensory overload could trigger
RRBs due to increased arousal. Importantly, the aforementioned studies have paved the way for
research to more broadly link severity of sensory processing abnormalities with functioning in
other domains and with overall ASD severity (Brandwein et al., 2015; Watson et al., 2011).

Sensory responsiveness and joint attention. Sensory responsiveness has increasingly
been shown to relate to social communication in children with ASD (e.g., Watson et al., 2011;
Baranek, et al., 2013; Baker, Lane, Angley, & Young, 2008). In a study by Watson et al. (2011),
children with ASD and DD were compared on composite measures of sensory hyporesponsive,
hyperresponsive, and seeking behavior taken from four different sensory measures. They found
that patterns of hyporesponsiveness and seeking were related to core social-communication
symptoms of autism. Three other studies, including Liss, Sauliner, Fein, and Kinsbourne (2006),
Hilton, Harper, Kueker, Lang, Abbacchi, Todorov, and LaVesser (2010), and Hilton et al. (2007)
found similar relations between social symptom severity and sensory processing in samples of
children with ASD.

In addition, Baranek et al. (2013) showed that sensory hyporesponsiveness was
negatively correlated with both initiating and responding joint attention for ASD, TD, and DD
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children, with group differences diminishing as mental age increased. This study also
demonstrated that sensory hyporesponsiveness was significantly negatively correlated with
language ability for the ASD group, but not for the TD or DD groups. Evidence from these
studies suggest that individuals with autism demonstrate different patterns of sensory
responsiveness than their neurotypical and DD peers, however further research is required to
understand how patterns of sensory responsiveness relate to other behaviors in children with
ASD.

Watson et al. (2011) proposed a developmental model of sensory responsiveness for
individuals with ASD in which atypical sensory processing during infancy may lead to
consequences in other developmental domains such as social communication later on. Baranek et
al. (2013) refer to this process as “cascading effects” of sensory processing dysfunction. Early
brain development may be impeded by sensory hyperresponsivity and hyporesponsivity, such
that abnormal constraints on information processing in the early developing brain could result in
later abnormal cortical organization and processes in order to accommodate for those initial
constraints (Belmonte et al., 2004). Dysfunction of global neural pathways in autism could help
to put both social communication deficits, and restricted and repetitive behaviors within a
sensory perspective (Brandenwein et al., 2015; Marco, Hinkley, Hill, & Nagarajan, 2011).

Individuals with ASD may be unable to efficiently filter out primary sensory information
due to signal-to-noise interference (Sanchez-Marin, & Padilla-Medina, 2008), processing
latencies (Ferri, Elia, Agarwal, Lanuzza, Musumeci, & Pennisi, 2003), and disrupted cortical
pathways (Courchesne, & Pierce, 2005), resulting in altered or deficient mechanisms necessary
to attend to social and communicative stimuli appropriately (O’Connor & Kirk, 2008). It is

argued that from the earliest months of infancy, top-down underselective sensory processing may
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overload higher-order cognitive processes and in turn sabotage brain areas responsible for
developmental skills (Belmonte & Yurgelun-Todd, 2003).

Differences in sensory responsiveness in ASD may help describe social communication
deficits such as joint attention (Baranek et al., 2013). In a review of literature, O’Connor and
Kirk (2008) hypothesize that atypical social behaviors in ASD are a consequence of greater
neurological processing differences. Decreased shared attention mechanisms in ASD may
develop as a means to reduce excessive quantities of sensory information and could lead to the
atypical social behaviors seen in the disorder (Mundy & Newell, 2007).

Sensory responsiveness and social competence. It may be the case that sensory
challenges are related to social competence due to their impact on children’s social
communication skills, and therefore interfere with children’s broader social competencies. Social
competence can be defined as both risk factors (e.g. aggression, hyperactivity-distractibility,
asocial behavior, anxiety-fearfulness), and promotive factors (e.g. prosocial behaviors, empathy,
cooperation) that influence an individual’s social adjustment (Ladd, 2005). In their study of
typically developing adults in the general population, Robertson and Simmons (2013) found that
sensory processing differences may be implicated in specific social interaction difficulties.
Specifically, autistic symptom severity subscales including attention switching, attention to
detail, communication, and imagination were significantly related to sensory processing
abnormalities. In another study, Hilton, Graver, and LaVesser (2007) found strong correlations
between measures of social competence on the Social Responsiveness Scale (SRS; Constantino
& Gruber, 2005) and sensory processing on the Sensory Profile (SP; Dunn, 1999) in a sample of
36 children with high functioning autism. After splitting their sample into levels of functioning,
they found that increased sensory processing difficulties were related to greater ASD symptom
severity. Additionally, Watson et al. (2011) demonstrated a significant positive relation between
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sensory hyporesponsiveness and social-communication severity within an ASD sample after
accounting for mental age, however this relation was non-significant for a comparable DD
group. Finally, Patten, et al., (2013) showed that sensory hyporesponsiveness and sensory
seeking predicted later verbal or non-verbal status. They provide evidence that heightened or
diminished sensory responsivity may have a negative effect on language development for
children with ASD.

These results suggest that atypical sensory responsiveness may be related to social
interaction difficulties experienced by children with ASD. It will be important to further examine
the relation between sensory processing and social communication for children with ASD who
have commensurate language abilities with their TD peers. It also remains to be determined if a
differential relation between sensory processing and social communication exists for children
with ASD compared to their typically developing peers. To that end, the goal of Study 1 was to
assess patterns of sensory responsiveness, social competence, and joint attention in children with
high functioning autism and a language-age matched sample with typical development (TD). The
study hypothesized that regulation — particularly sensory responsiveness — adversely affects the
social attention and social skills of children with ASD compared to their typically developing
peers. The study aimed to answer the following questions (1) do preschool children with ASD
differ from their typically developing peers in their joint attention skills, social competence, and
sensory responsiveness?; (2) are joint attention, social competence, and sensory responsiveness
related among children in our sample?; and (3) do children with ASD exhibit different patterns
of relations between social skills (i.e. joint attention and social competence) and sensory
responsiveness compared to their typically developing peers? The study predicted that (a)
children with ASD and TD would differ in their sensory responsiveness, social competence
skills, and joint attention skills, with children with ASD showing more impairments in each of
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these domains, and (b) sensory responsiveness would be related to children’s broader social
competences and social-communication skill (i.e., joint attention). Finally, the study explored (c)
whether a differential pattern of relations existed between sensory responsiveness and social
competence, and sensory responsiveness and joint attention for children with ASD as compared
to those with TD.

Figure 1. Study 1 Conceptual Model

ASD and TD Group

Observed Child Joint
Attention
e [nitiating Joint
Attention (IJA)
e  Responding Joint
Attention (RJA)

]

Observed Child Dyadic
Orienting
Child orienting to
experimenter bid during
dyadic interaction

Parent-Reported Child Sensory
Responsivity

Social Hyporesponsivity

Non-Social Hyporesponsivity D Time 1
Social Hyperresponsivity
Non-Social Hyperresponsivity . Time 2

Note. At Time 1 participants were administered the ESCS and parents completed sensory
responsiveness questionnaire. At Time 2, approximately 1-year later, participants caregiver
reported on their child’s social competence
External Aspects of Joint Attention in Autism Spectrum Disorder
There is utility in looking beyond child-initiated attention and consider how other

arrangements of attention may allow children to access language facilitating interactions

(Adamson et al., 2009). It may be that aspects of social partner’s (e.g., parent) behaviors or other
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dimensions of the context (e.g., structure, task goals) may be associated with joint attention
behaviors of children in such situations.
Parent Behaviors and Joint Attention

There is ample evidence that the interactive partner plays an important role in promoting
language and social communication in children with ASD (Adamson et al., 2009; Bottema-
Beutel et al., 2014). From both a skills perspective and an engagement perspective, the adult or
caretaker’s role in joint attention is very important. As joint attention behaviors are dyadic in
nature, the social partner’s ability to scaffold and support the child during social overtures may
be critical to the child’s language development (e.g. Bottema-Beutel, 2016; Kasari, Gulsrud,
Freeman, Paparella, & Hellemann, 2012; Kasari, Paparella, Freeman, & Jahromi, 2008). The
parent’s role in scaffolding social interactions has long been acknowledged in the development
of joint attention (e.g. Adamson & Bakeman, 1985; Bakeman & Adamson, 1984; Baldwin,
1995). Adamson, Bakeman, and colleagues have added to our understanding of the parent’s role
through their work on joint engagement (e.g. Adamson et al., 2009; Adamson et al, 2004;
Adamson and Bakeman, 1985, Bakeman & Adamson, 1984). This work has centered on
distinguishing between supported and coordinated, and symbol-infused versus non-symbol
infused joint engagement (Adamson & Bakeman, 2004).

Supported joint engagement (SJE) is conceptualized as an event in which a child actively
shares events or objects without explicitly acknowledging their social partner, leaving it up to the
social partner to monitor and direct the interaction (Adamson et al., 2009). Coordinated joint
engagement (CJE), on the other hand, consists of sustained periods of social interaction
punctuated by explicit communicative actions such as eye contact, vocalizations, or gestures

(Adamson et al., 2009). Whether symbols are considered to be infused during joint engagement

30



ASPECTS OF JOINT ATTENTION IN ASD

is determined by the level of symbolic acts the child produces or attends to (for examples refer to
Adamson et al., 2009).

The engagement approach to social attention is a complementary view to joint attention,
as joint attention behaviors are conceptualized as skills encompassed within joint engagement
states (Adamson et al., 2017). In a longitudinal study of 56 TD children, observed at 18, 21, 24,
27, and 30 months, Adamson and Bakeman (2004) found that variability in the amount of
symbol-infused supported joint engagement accounted for a significant amount of variation in
the children’s expressive and receptive language at 30 months, controlling for the child’s initial
language level. Symbol-infused supported joint engagement can be understood as a particularly
potent context for language development, especially when considering the supportive nature that
the adult plays during the interaction (Adamson & Bakeman, 2004; Siller & Sigman, 2002). In a
follow-up study utilizing the same method as Adamson and Bakeman (2004), Adamson et al.
(2009) expanded their sample to include children with ASD and Down Syndrome. While
symbol-infused joint engagement emerged as a particularly strong predictor of language ability
for all three groups, the ability to infuse symbols during joint engagement states was dependent
on current language ability, which meant that on average, this skill emerged much later for
children with ASD and Down Syndrome compared to children with TD (Adamson et al., 2009).
Although children with ASD demonstrated significantly fewer coordinated and symbol-infused
engagement states than those with TD, there were no significant differences in the duration of
supported joint engagement states across groups, indicating that parents were equally able to
scaffold social interactions with their children (Adamson et al., 2009).

While there is evidence that parents do not differ in their ability to support joint
engagement states, there is more to be learned about caregivers’ contributions to children’s joint
attention or joint engagement (Adamson et al., 2009), and to break down mother behaviors to
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determine if there are differences in the type, intensity, or level of their behavior that may
facilitate joint attention (Adamson et al., 2009). Siller and Sigman (2002) found that in a sample
of children with ASD, DD, and TD, the frequency of parent behaviors including indicating (i.e.
pointing to, showing, or offering a toy to their child), demanding verbalizations (i.e. demanding
a change in the child’s activity), and undemanding verbalizations (i.e. maintaining the child’s
ongoing activity by offering reinforcement or a comment) did not significantly differ by group.
In addition, all three parent behaviors were related to gains in both initiating joint attention and
responding joint attention one year later (Siller & Sigman, 2002). While Siller and Sigman
(2002) acknowledge that some of their relations may have been driven by outliers, their results
indicate that the parents’ behaviors during social interactions may play a significant role in the
development of joint attention, and that the frequency of these behaviors do not significantly
differ based on the child’s disability.

Parent behaviors synchronous to the attention of their child have been shown to predict
later language ability across a sample of children with ASD, DD, and TD (Siller & Sigman,
2002), as well as for a sample of children with ASD (Siller & Sigman, 2008). These findings are
theoretically supported as Mundy and Gomes (1998) argue that a caregiver’s ability to follow the
line of regard of infants during joint attention interactions is related to language development.

Another research group has conceptualized parent behaviors similarly to Siller and
Sigman (2002). McDuffie and Yoder (2010) have employed the term “follow-in” utterances to
characterize vocalizations made by a social partner that are synchronous with the child’s
attentional focus. Follow-in comments (e.g., an utterance that describes what the child is looking
at or playing with) map onto Siller and Sigman’s (2002) definition of undemanding
verbalizations, while follow-in directives (e.g., a request that the child change some aspect of
their play) are synonymous with demanding verbalizations (Bottema-Beutel et al., 2014).
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Bottema-Beutel et al. (2014) found that parents’ follow-in utterances during episodes of
supported joint engagement were predictive of subsequent receptive language, but not expressive
language in a sample of 63 24- to 47-month-old initially minimally-verbal children with ASD.
Given these results, caregivers provide an important role in promoting language and social
communication in children with ASD (Bottema-Beutel et al., 2014).

Contrary to the findings of Siller and Sigman (2002, 2008) and Bottema-Beutel et al.
(2014), Dawson, Hill, Spencer, Galpert, and Watson (1990) found that although children with
ASD did not differ from their peers in the frequency or duration of social smiles, the mothers of
children with ASD smiled less frequently overall, and responded with a smile to their child’s
smiles less frequently than the mothers of children with TD. Additionally, Adamson et al.,
(2017) found that their measures of quality of parent scaffolding and parent follow-in were
significantly different for the ASD versus TD groups. One explanation they offer for this
difference is that the inherent dyadic nature of the quality of parents’ follow-in and scaffolding
relies in part on the quality of social communication skills that the child brings to the interaction
(Adamson et al., 2017). Currently, it is not clear whether there exists a transactional relation
between parents’ ability to scaffold and support interactions with their child based on their
child’s social communicative abilities.

There is growing evidence that specific parent behaviors during social interactions do in
fact promote children's later joint attention and joint engagement. In one intervention study
focused on enhancing parent responses to the communication of their children with ASD,
synchronous parent communication acts were measured at baseline, and at 12-month follow-up
(Aldred, Green, Emsley, & McConachie, 2012). As a result of the parent education intervention,

the intervention group demonstrated significantly increased parent synchronous behavior as well
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as significant decreases in their children’s social communication ADOS score compared to the
control group (Aldred et al., 2012).

Another intervention that has demonstrated efficacy in increasing joint attention and joint
engagement behaviors of children with ASD is the Joint Attention Symbolic Play Engagement
and Regulation (JASPER) parent-mediated intervention (e.g. Kasari, Gulsrud, Paparella,
Hellemann, & Berry, 2015). Using the JASPER intervention, Gulsrud et al. (2016) identified
four broad parent behaviors embedded in the intervention, including mirrored pacing,
environmental arrangement, prompting, and communication. The parenting behaviors of
mirrored pacing and environmental arrangement were found to significantly increase through
intervention, and were also significant predictors of children’s joint engagement at the
completion of intervention (Gulsrud et al., 2016). These findings support the notion that specific
parent behaviors likely contribute to longitudinal increases in the joint engagement skills of
children with ASD.

Contextual Factors and Joint Attention

An additional aspect of joint attention interactions that is often overlooked is the
environmental context of the interaction. In triadic joint attention, the child, a social partner, and
an object or event of interest are the key players, however during these interactions, there may be
a contextual effect on the coordination of joint attention between the three actors. Although the
question of context has been posed by some (e.g. Adamson & Russell 1999; Chawarska, Ye,
Shic, & Chen, 2016; Sigman & Kasari, 1995) there is little evidence of systematic inquiry of
joint attention abilities across contexts.

One study by Sigman and Kasari (1994; In Sigman & Kasari, 1995) found that across
three contexts including structured play, social referencing (either to fear or amusement), and
response to someone else’s distress, TD children age 8-30 months demonstrated similarities in
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gaze shift across contexts. In another study, children with ASD were found to be more
unengaged during commenting contexts compared to social interaction and requesting contexts,
while children with TD did not demonstrate significant differences between any of these contexts
(Adamson et al., 2009). In addition, the duration of symbol-infused joint engagement was
greatest during commenting tasks for ASD, TD and DD groups compared to the requesting and
interacting contexts (Adamson et al., 2009).

Theoretically, Sigman and Kasari (1995) suggest that children’s goals may differ across
contexts, and that children may exert more effort to share attention and affect in some contexts,
however there may be some common form of social awareness that allows children who are
attentive in one situation, to also be attentive in the others. In a study of children with ASD, TD,
and DD across contexts of parent and experimenter distress, fear, and discomfort, children with
ASD looked at the adult less than the TD or DD children across contexts (Sigman, Kasari,
Kwon, & Yirmiya, 1992). In a study of imitation in children with ASD versus TD, researchers
found a significant interaction between group and imitative context such that children with ASD
were more impaired in imitation ability during spontaneous versus elicited tasks than their
typically developing peers (Ingersoll, 2008). Despite these interesting findings, little is still
known about differences in the frequency of joint attention of children with ASD across
contexts.

There are many instruments used to measure joint attention and social communication
behaviors (see Anagnostou et al., 2015 for a detailed review). One of the most common tools, the
Early Social Communication Scales (ESCS; Mundy et al., 1996) utilizes a standardized set of
toys and objects to elicit joint attention behaviors from children in a structured play setting with

an experimenter. The coding scheme for the ESCS allows researchers to adapt the measure based
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on the developmental level and characteristics of the sample (e.g. Clifford & Dissanayake, 2008;
Jahromi et al., 2009; Sullivan, Mundy, & Mastergeorge, 2015).

The Autism Diagnostic Observation Schedule (ADOS; Lord, Rutter, DiLavore, & Risi,
2002), a clinical diagnostic tool for autism has also been utilized to measure joint attention (e.g.
Chawarska, Klin, Paul, Macari, & Volkmar, 2009), as single measures of IJA and RJA are
obtained during the clinician-led play-based administration. Other measurement tools include
The Communication and Symbolic Behavior Scales (CSBS; Wetherby & Prizant, 1993);
Caregiver-Infant Reciprocity Scale (CIRS; Apicella, Chericoni, Costanzo, Baldini, Billeci,
Cohen, & Muratori, 2013); Screening Tool for Autism in Toddlers (STAT; Stone et al., 2000),
and The Social Communication Assessment for Toddlers with Autism (SCATA; Drew, Baird,
Taylor, Milne, & Charman, 2007).

Joint engagement has also been measured using similar methods, such as the
Communication Play Protocol (CPP; Adamson et al. 2004) and the Parent-Child Free Play
Procedure (PCFP; Bottema-Beutel et al., 2014). Each of these measurement instruments
incorporate a play component with an adult, along with coding of behaviors emitted by the child,
and in some instances, the social partner as well. During the CPP, children engage with an adult
in three contexts including commenting, where children share pictures and discuss objects in a
container; requesting, in which the child must elicit help obtaining toys from a high shelf and
operating complex toys; and social interaction, in which the experimenter shares music with the
child and engages in turn-taking (Adamson et al., 2004).

Joint attention is typically measured by behavioral observations during structured (e.g.
Chiang, Soong, Lin, & Rogers, 2008; Kasari, Sigman, Mundy & Yirmiya, 1990) or unstructured
(e.g. Casenhiser, Binns, McGill, Morderer, & Shanker, 2015) play with an experimenter (e.g.
Drew et al., 2006) or caregiver such as a parent (e.g. Meek, Robinson, & Jahromi, 2012). A
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number of studies have also used retrospective home videos of children to subsequently code
joint attention and joint engagement (e.g. Apicella et al., 2013; Baranek, 1999; Osterling et al.,
2002; Osterling & Dawson, 1994).

As measurement modalities and technology have improved, measurement of joint
attention has increasingly utilized eye-tracking paradigms in which children look at a computer
or television screen and their eye movements and eye gaze are recorded in real time (e.g.
Campbell, Shic, Macari, & Chawarska, 2013; Chawarska et al., 2016; Fletcher-Watson, Leekam,
Benson, Frank, & Findlay, 2009; for review see Guillon, Hadjikhani, Baduel, & Roge, 2014).
Virtual reality (VR) scenarios have also been utilized to measure joint attention (e.g. Cheng &
Huang 2012; Courgeon, Rautureau, Martin, & Grynszpan, 2014), including the use of
electroencephalography (EEG) based brain-computer interface with VR goggles to help train
individuals with ASD on joint attention skills in an online simulated interaction (Amarel,
Simoes, Mouga, Andrade, & Castelo-Branco, 2017). There is evidence that the social partner
may influence the social attention of children (Sigman & Kasari, 1995), and to that end,
researchers have extended this line of inquiry to autonomous robots (e.g. Bekele, Crittendon,
Swanson, Sarkar, & Warren, 2014; Bekele, Lahiri, Swanson, Crittendon, Warren, & Sarkar,
2013).

Although there is some evidence that different measurement instruments of joint attention
may not fully align when measuring certain joint attention behaviors (Ellawadi & Weismer,
2014), results across instruments have consistently identified relative deficits in joint attention
skills for children with ASD. The present study sought to assess the joint attention behaviors of
children with ASD in contexts that may moderate those social behaviors including a competing
demands task, teaching task, and unstructured free play task. The specific qualities and
communicative opportunities for the child within each context are of particular interest. It was
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predicted that competing demands may elicit self-regulatory behaviors and seeking of parent
attention (e.g. Jahromi et al., 2009); teaching may diminish opportunities for child initiation
depending on parent behaviors (e.g. Fogel et al., 2002); and an unstructured free play context
may create an environment in which naturalistic communication between the parent and child
may be observed, unencumbered by the necessity to elicit any specific behaviors (e.g. Ungerer &
Sigman, 1981).

The purpose of study 2 was to assess joint attention skills of preschool children with ASD
in relation to parent behaviors and across different social contexts including unstructured play,
competing demands, and teaching. The study hypothesized that children’s joint attention would
be related to, and moderated by their mother’s attention and contextual factors. Study 2 aimed to
address the following research questions: (1) does children’s joint attention relate to their
developmental characteristics and their mothers’ attention?; (2) does child joint attention and
mother attention differ depending on the social context of their interaction?, and (3) is child joint
attention and mother attention temporally related? The study predicted that (a) children’s joint
attention in the competing demands, teaching, and free play tasks would relate to children’s
developmental characteristics and mother’s attention, as measured by mothers’ successful dyadic
orienting in each task, and (b) the rate of children’s initiating joint attention, children’s
responding to joint attention, and mothers’ dyadic orienting would differ as a function of context
(i.e., competing demands, teaching, and free play contexts). The study also predicted that (c) a
temporal association existed between joint attention and dyadic orienting, such that the more
joint attention children with ASD directed toward their mothers, the more attentive mothers
would be toward their children, and conversely, the more attentive mothers were to their

children, the more joint attention children would direct toward their mothers.
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Figure 2. Study 2 Conceptual Model
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e Differential relations were found between sensory
responses, social competence, and joint attention for chil-
dren with autism compared with those with typical
development.

e Individuals with ASD may process sensory stimuli differ-

ently compared to individuals with TD.
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1 | INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits in social-emotional com-
munication and restricted and repetitive behaviours and interests (American Psychological Association, 2013).
Although unusual sensory responses are considered an aspect of autistic symptomology by many, it has only been
recently that the American Psychological Association (2013) formalized abnormal sensory experiences and interests
into its ASD diagnostic criteria. There is a need to better understand sensory behaviours in various subpopulations of
children with ASD, including populations with fewer cognitive or language delays. In addition, there is more to be
known about the extent to which challenges associated with sensory responses are related to broader social compe-
tence with peers for children with ASD and, more specifically, social communication behaviours (Watson et al., 2011).

1.1 | Sensory responses

Recent studies on the sensory responses of children with ASD have reported that between 69% and 90% of pre-
schoolers with ASD demonstrate sensory atypicality (Baranek et al., 2013). There is growing evidence supporting
the view that sensory processing is a central component of ASD and a means to better understand the disorder
(for review, see Baum, Stevenson, & Wallace, 2015). In their current form, sensory responses have been characterized
by three primary components, which include hyporesponsivity (an absence of, delayed, or higher threshold response
to a stimulus), hyperresponsivity (exaggerated, aversive, or avoidant behavioural reactions to a stimulus), and sensory
seeking (an action that perpetuates or intensifies a sensory experience; Watson et al., 2011; Brock et al., 2012).
Within the sensory literature, some researchers use terminology such as sensory reactivity and sensory sensitivity
interchangeably, whereas others differentiate between the two. In the present study, the focus is on observable sen-
sory reactivity (i.e., sensory responses). The current conception of sensory responses in ASD suggests that varying
levels of sensory hyporesponsiveness, hyperresponsiveness, and seeking co-occur across modalities of sensory stim-
uli, which produce constellations of sensory experiences (Watson et al., 2011). Abnormal patterns of sensory
responses are an important feature of ASD, but there is evidence that abnormal sensory responses may relate to
ASD symptoms, rather than the disorder itself. That is, individuals without an ASD diagnosis but who exhibit symp-
toms of ASD may also experience abnormal sensory responses. In a study of typically developing individuals (Robert-
son & Simmons, 2013), self-reported measures of sensory sensitivity and autism symptomology were found to be
significantly positively related. Similarly, Bayliss and Kritikos (2011) demonstrated that neurotypical individuals who
scored above average (i.e., those who reported more autism symptoms) on the autism spectrum quotient (Baron-
Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001)—a self-reported measure of autism symptoms designed for
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typically developing or high-functioning individuals with ASD in social and attention domains—were less likely than
those who scored below average (i.e., fewer autism symptoms) to filter out distracting visual stimuli at greater levels
of perceptual loads. The results of these studies suggest that abnormal sensory responses may be closely related to
core symptoms of autism. There is also evidence that the strength of the association between sensory responses and
core symptoms of ASD may be a function of mental age. In a study of children with ASD, other developmental dis-
ability (DD), and typical development (TD), Baranek et al. (2013) found a significant interaction between mental age
and group affiliation when regressed onto sensory hyporesponsiveness. Their results indicated that for children with
ASD, as mental age increased, sensory hyporesponsiveness decreased at a significantly greater rate than within either
the DD or TD group. This evidence supports the idea that patterns of sensory responses may interact with develop-
mental trajectories differently for children with ASD than those with developmental delay or TD.

Much of the research to date has relied on parent report to measure sensory responses (e.g., Sensory Experi-
ences Questionnaire [SEQ], Baranek, David, Poe, Stone, & Watson, 2006; Sensory Profile, Dunn, 1999). These mea-
sures generally ask parents to rate the intensity of their child's sensory responses such as aversion to touch or
sensitivity to lights. However, a number of studies have also been successful in creating observational measures of
sensory responses. Baranek et al. (2013) and Baranek, Boyd, Poe, David, and Watson (2007) used the sensory pro-
cessing assessment (SPA; Baranek, 1999) to measure sensory hyporesponsiveness and hyperresponsiveness in both
social and nonsocial domains. Children were presented with a sensory probe (e.g., name call, air puff, and shoulder
tap), and experimenters measured whether the child oriented their attention in the direction of the sensory stimuli.
In another study, Leekam and Ramsden (2006) constructed a measure of attention orienting to auditory, visual, or
tactile stimuli, which they termed “dyadic orienting.” In this study, an experimenter made a request of the child in
one of three sensory domains (auditory, visual, or tactile), and an observational coder measured whether the child
directed their attention to the experimenter. Although Leekam and Ramsden's measure of dyadic orienting was used
by the authors to assess joint attention and is not a validated measure of sensory responses, such work may offer a
window into sensory elements of social communication. Observing sensory differences during a social interaction
could help elucidate communication breakdowns related to social competence during the interaction. Both the
SPA and measure of dyadic orienting emphasize sensory elements in auditory, visual, and tactile domains to capture
attention-orienting behaviour in children with ASD and indicate significant differences between children with ASD
and those with TD and DD (Baranek et al., 2013; Leekam & Ramsden, 2006). Using the SPA, Baranek et al. (2013)
found that at 6 months mental age, children with ASD oriented significantly less to both social and nonsocial stimuli
compared with their TD and DD peers; however, at a mental age of 60 months, these differences between groups
were no longer evident. In Leekam and Ramsden's study utilizing their measure of dyadic orienting, they found that
children with ASD responded to significantly fewer dyadic bids than those with DD, as well as fewer vocal bids than
the DD group. Although children with ASD responded to fewer dyadic bids that combined two or more modalities

(e.g., vocal bid accompanied by touch) than the DD group, this difference did not reach statistical significance.

1.2 | Sensory responses and social competence

Multiple studies have explored links between differences in sensory responses and other core symptoms of ASD such
as restricted and repetitive behaviours (RRBs) (Kargas, Lopez, Reddy, & Morris, 2014; Watt, Wetherby, Barber, &
Morgan, 2008). Studies have found a strong association between sensory hyperresponsiveness and repetitive behav-
iours for both children with ASD and their DD matched controls (Boyd et al., 2010) and in children with high func-
tioning autism (Boyd, McBee, Holtzclaw, Baranek, & Bodfish, 2009). Leekam, Prior, and Uljarevic (2011) argued
that sensory overload could trigger RRBs due to increased arousal. Importantly, the aforementioned studies have
paved the way for research to more broadly link severity of sensory responses with functioning in other domains
and with overall ASD severity (Brandwein et al., 2015; Watson et al., 2011).

Specifically, sensory responses may also interfere with children's broader social competencies. Social compe-
tence can be defined as both risk factors (e.g., aggression, hyperactivity-distractibility, asocial behaviour, and
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anxiety-fearfulness) and promotive factors (e.g., prosocial behaviours, empathy, and cooperation) that influence an
individual's social adjustment (Ladd, 2005). In their study of typically developing adults in the general population,
Robertson and Simmons (2013) found that sensory response differences may be implicated in specific social interac-
tion difficulties. That is, autistic symptom severity subscales including attention switching, attention to detail, com-
munication, and imagination were positively related to sensory response abnormalities. In another study, Hilton,
Graver, and La Vesser (2007) found strong correlations between measures of social competence on the social respon-
siveness scale (Constantino & Gruber, 2005) and sensory responses on the Sensory Profile (Dunn, 1999) in a sample
of 36 children with high-functioning autism. After splitting their sample into levels of functioning, they found that
increased sensory response difficulties were related to greater ASD symptom severity (Hilton et al., 2007). Addition-
ally, Watson et al. (2011) demonstrated a significantly positive relation between sensory hyporesponsiveness and
social communication severity within an ASD sample after accounting for mental age; however, this relation was
non-significant for a comparable DD group. Finally, Patten, Ausderau, Watson, and Baranek (2013) showed that sen-
sory hyporesponsiveness and sensory seeking predicted later verbal or non-verbal status. They provide evidence that
atypical sensory responses may have a negative effect on language development for children with ASD. These results
suggest that atypical sensory responses may be related to social interaction difficulties experienced by children with
ASD. It will be important to further examine the relation between sensory responses and social communication for
children with ASD who have commensurate language abilities with their TD peers. It also remains to be determined
if a differential relation between sensory responses and social communication exists for children with ASD compared

with their typically developing peers and compared with peers with other developmental disorders.

1.3 | The role of joint attention

It may be the case that sensory responses are related to social competence due to their impact on children's social
communication skills, such as joint attention. Joint attention refers to an individual's ability to coordinate visual atten-
tion with a social partner in conjunction with an object of interest or event and is a fundamental aspect of early social
development (Mundy & Gomes, 1998). Forms of joint attention include initiating joint attention (IJA; i.e., the ability to
initiate triadic attention with a social partner and object or event of interest) and responding joint attention (RJA; i.e.,
the ability to follow the gaze and gestures of others in order to share a common referent). Typically developing
children acquire joint attention in the first 2 years of life, but joint attention skills have consistently been shown
to be weaker in children with ASD (American Psychological Association, 2013; Mundy & Gomes, 1998; Mundy &
Newell, 2007).

The frequency of IJA is positively related to children's language acquisition (Mundy & Newell, 2007). Difficulties
employing social attention may contribute to negative downstream effects on aspects of social communication such
as joint attention (Patten et al., 2013). Accordingly, deficits in joint attention may point toward a weak shared atten-
tion mechanism, which may interfere with children's ability to take the perspective of another person during social
interactions (Mundy & Newell, 2007; Mundy, Sigman, & Kasari, 1994). Given its developmental timing, it is not sur-
prising that the majority of studies assessing joint attention in ASD enlist samples of young children (e.g., 18-
24 months) as joint attention serves as one of the best ways to discriminate children at risk for ASD at early ages
due to its emergence before language (Charman, 2003). However, a recent study by Sullivan, Mundy, and
Mastergeorge (2015) demonstrated variability in joint attention even among typically developing 4 and 5-year-olds,
supporting the notion that joint attention can be a valid measure of social communication among older children.
Work on joint engagement in high-functioning children with ASD has revealed significantly fewer initiating bids for
joint attention in this group compared with a matched TD sample during a structured play task with their primary
caregiver (e.g., Meek, Robinson, & Jahromi, 2012). Moreover, in a study that compared joint attention skills between
low- and high-functioning preschool children with ASD and a DD-matched control group using dyadic and triadic
orienting through gaze following and verbal cues, Leekam, Lopez, and Moore (2000) found that children with high-
functioning ASD exhibited better joint attention skills than those in the the low-functioning ASD group but did not
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differ from the high-functioning DD group. The authors theorized that children with ASD may need to reach a
threshold ability level before they are able to demonstrate commensurate joint attention abilities with similar-aged
children with DD (Leekam et al., 2000). Similarly, there is evidence that if joint attention behaviours emerge in chil-
dren with ASD, they do so at a mental age 8 to 16 months later than children with TD (Clifford & Dissanayake, 2008).
Questions remain regarding the extent to which joint attention deficits are related to meaningful individual differ-
ences in other social behaviours, and the role of sensory responses within the context of social communication

among children with ASD compared with their typically developing peers.

1.4 | Sensory responses and joint attention

Limited research has explored joint attention and sensory responses in children with ASD. In their review of sensory
literature, Glod, Riby, Honey, and Rodgers (2015) only identified one study (i.e., Baranek et al., 2013) since 1997 to
have explicitly examined joint attention and sensory responses in children with ASD. Although this construct has pre-
viously been examined (e.g., Mundy, Sigman, & Kasari, 1994), no relation was found between joint attention skills in
the early social communication scales (ESCS; Mundy et al., 2003) and sensory behaviours measured by subscales of
the Autism Behavior Checklist (Krug, Arick, & Almond, 1980). However, sensory responses have increasingly been
shown to relate to social communication in children with ASD (e.g., Watson et al., 2011; Baranek et al., 2013; Baker,
Lane, Angley, & Young, 2008). In a study by Watson et al. (2011), children with ASD and DD were compared on com-
posite measures of sensory hyporesponsive, hyperresponsive, and seeking behaviours taken from four different sen-
sory measures. They found that patterns of hyporesponsiveness and seeking were related to core social
communication symptoms of autism. Three other studies, including Liss, Sauliner, Fein, and Kinsbourne (2006), Hilton
et al. (2010), and Hilton et al. (2007) found similar relations between social symptom severity and sensory responses
in samples of children with ASD. In addition, Baranek et al. (2013) showed that sensory hyporesponsiveness was neg-
atively correlated with both 1JA and RJA for ASD, TD, and DD children; whereas there were no significant group dif-
ferences between the TD and DD groups, the significant differences observed between the ASD group and others
diminished as mental age increased. This study also demonstrated that sensory hyporesponsiveness was significantly
negatively correlated with language ability for the ASD group but not for the TD or DD groups. Evidence from these
studies suggest that individuals with autism demonstrate different patterns of sensory responses than their
neurotypical and DD peers, however research is necessary to further understand how patterns of sensory responses
relate to joint attention behaviours in children with ASD.

Watson et al. (2011) proposed a developmental model of sensory responses for individuals with ASD in which
atypical sensory responses during infancy may lead to consequences in other developmental domains such as social
communication later on. Baranek et al. (2013) refer to this process as “cascading effects” of sensory dysfunction.
Early brain development may be impeded by sensory hyperresponsivity and hyporesponsivity, such that abnormal
constraints on information processing in the early developing brain could result in later abnormal cortical organization
and processes in order to accommodate for those initial constraints (Belmonte et al., 2004). Dysfunction of global
neural pathways in autism could help to put both social communication deficits and restricted and repetitive behav-
iours within a sensory perspective (Brandwein et al., 2015; Marco, Hinkley, Hill, & Nagarajan, 2011). Individuals with
ASD may be unable to efficiently filter out primary sensory information due to signal-to-noise interference (Sanchez-
Marin & Padilla-Medina, 2008), processing latencies (Ferri et al., 2003), and disrupted cortical pathways (Courchesne
& Pierce, 2005), resulting in altered or deficient mechanisms necessary to attend to social and communicative stimuli
appropriately (O'Connor & Kirk, 2008). It is argued that from the earliest months of infancy, top-down underselective
sensory processing may overload higher order cognitive processes and in turn sabotage brain areas responsible for
developmental skills (Belmonte & Yurgelun-Todd, 2003). In a review of literature, O'Connor and Kirk (2008) hypoth-
esize that atypical social behaviours in ASD are a consequence of greater neurological processing differences.
Decreased shared attention mechanisms in ASD may develop as a means to reduce excessive quantities of sensory
information and could lead to atypical social behaviours seen in ASD (Mundy & Newell, 2007).
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1.5 | The current study

The purpose of the present study was to assess patterns of sensory responses, social competence, and joint attention in
children with ASD (without cognitive delays) and a language-age matched sample with TD. There is evidence that the
developmental trajectory of joint attention and sensory behaviours may show improvements with age, especially in chil-
dren who are higher functioning in terms of cognitive and language development (Baranek et al., 2013, Lord & Jones,
2012). We hypothesized that (a) children with ASD and TD would differ in their sensory responses, social competence
skills, and joint attention skills, with children with ASD showing more impairments in each of these domains and (b) sen-
sory responses would be related to children's broader social competences and social communication skill (i.e., joint
attention). Finally, we explored (c) whether a differential pattern of relations existed between sensory responses and

social competence and sensory responses and joint attention for children with ASD as compared with those with TD.

2 | METHOD

2.1 | Participants

Participants included 38 children (34 males) ranging from 2.6 to 6 years of age. The participants were part of a larger
study of children's social and emotional development. The sample was drawn from a local autism family resource cen-
tre and two university-based preschools in a metropolitan area in the Southwestern United States. The sample
consisted of 18 children with autism (Mgg = 57.94, SD = 11.66 months), each of whom had a DSM diagnosis of
autism at the time of the study provided by developmental paediatricians or clinical psychologists, and whose
research diagnosis was further confirmed with the Autism Diagnostic Interview (ADI-R; Lord et al., 1994) conducted
at the time of study, and 20 typically developing children (Mg, = 50.20, SD = 11.12 months) who formed a matched
comparison group. Children in the ASD group were excluded if they had other diagnoses, as reported by the parent. It
was also confirmed that no biological relatives of the TD sample had a diagnosis of ASD or PDD. The majority of chil-
dren's parents identified as White (77.5%), with 10% Latino, 7.5% Asian, and 5% identifying as “Other/Mixed,” and
the majority of parents were married (97.3%). In terms of educational attainment, 47.2% of mothers completed a
graduate degree, 50% completed college, and 2.8% completed high school. For fathers, 47.2% completed a graduate
degree, 47.2% completed college, and 5.6% completed high school.

In order to ensure that participants would be of adequate developmental level to participate in all tasks within
the study, inclusion criteria required children to have verbal language, and possess the ability to put together complex
sentences. Subsequently, children with receptive language levels of at least 3 years were included. Subjects were
matched based on sex and expressive language level (Charman, 2003). Finally, no significant differences were found
between the groups in terms of mental age or receptive and expressive language (see Table 1).

2.2 | Procedures

Data were collected during two laboratory visits that occurred approximately 1 month apart. A follow-up question-
naire was completed approximately 1 year later to measure children's social competence with peers. At the first visit,

TABLE 1 Developmental characteristics of study participants by group

Characteristics Autism (n = 18) Typical (n = 20) Statistics
Mean SD Range Mean SD Range t p
Chronological age 57.94 11.96 40-77 50.20 11.12 33-78 2.09 0.04
Mental age 57.25 17.20 32.2-93.3 52.95 13.66 28.7-85.8 0.85 0.39
Receptive language age 58.89 13.49 39-81 58.05 11.63 45-81 0.20 0.83
Expressive language age 55.50 12.21 32-83 58.05 12.01 37-81 -.64 0.52
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children's cognitive and language assessments were conducted, and parents of children with autism completed an
ADI-R interview. During the second visit, children and parents engaged in a series of laboratory tasks, including a
measure of the ESCS (Mundy et al., 2003) adapted to assess joint attention in higher functioning and older children
(see Jahromi et al., 2009), which was videotaped for subsequent coding. The task consisted of a semistructured inter-
action between the experimenter and child using a variety of toys. Parents also completed a series of questionnaires
during this visit, including the measure of sensory experiences (Baranek et al., 2006). The follow-up assessment was
conducted approximatelyl year (M = 1.845 years; SD = 0.67) after the completion of the initial study, to assess par-
ents' ratings of their children's social competence (Ladd & Profilet, 1996). The follow-up was conducted at a time
point that marked most participants' transition from preschool to kindergarten to measure social competence with

children they were likely to spend more time in a group and/or peer setting.

2.3 | Measures

2.3.1 | Autism diagnosis and developmental status

To confirm the diagnosis of children in the autism group, their parents completed the Autism Diagnostic Interview-
Revised (ADI-R; Lord et al., 1994), a standardized, structured parent interview that assesses the presence and sever-
ity of symptoms of autism. Children's expressive and receptive language was assessed using the Preschool Language
Scale 4, an assessment of language abilities in children 12 months through 6 years and 11 months of age
(Zimmerman, Steiner, & Pond, 2002). From this assessment, children's expressive language age and receptive lan-
guage age were derived. Children's mental age was assessed using the Differential Abilities Scale I, a comprehensive
assessment used to evaluate the cognitive abilities of children ages 2 years and 6 months through 17 years and
11 months (Elliott, 2007). This measure yields a global composite ability (GCA) score from which we derived chil-
dren's mental age (mental age = chronological age GCA/100).

2.3.2 | Social communication

An adapted version of the ESCS (Mundy et al., 2003) designed to be developmentally appropriate for higher function-
ing preschoolers was administered to capture initiating joint attention (IJA) and response to the experimenter's bids
for joint attention (RJA). The adapted version has been used in previous work on older children with pervasive devel-
opmental disorders (Jahromi et al., 2009) and includes only those items that differentiated children with autism from
children with nonspecific developmental delays and typically developing children in previous research (Mundy,
Sigman, Ungerer, & Sherman, 1986). During the ESCS, an experimenter and child sat facing one another at a table,
while the experimenter engaged in a semistructured interaction with the child using a variety of toys including
wind-up toys, books, glasses, pictures on the wall, a silly hat, and toy cars. The procedure was videotaped and sub-
sequently coded. Coding was completed by an observer who was blind to diagnostic status, and measures of reliabil-
ity were conducted with an independent coder. Instances of each behaviour were tallied and then summed to derive
a total score. After reaching an acceptable level of agreement for coding, coder drift reliability was assessed on 18%
of the sample. The intraclass correlation coefficient (ICC) reliability was 0.98 for IJA and 0.92 for RJA.

2.3.3 | Social competence

Social competence with peers was assessed using the Child Behavior Scale (CBS; Ladd & Profilet, 1996), a 59-item
parent report. The CBS consists of subscales, which include prosocial behaviours (i.e., helping, cooperation, and kind-
ness; Cronbach's a = 0.83), asocial behaviours (i.e., solitary play and peer avoidance; Cronbach's a = 0.88), exclusion
by peers (i.e., the extent the child is excluded from peer activities; Cronbach's a = 0.92), aggression (i.e., the child's
verbal and physically aggressive behaviours; Cronbach's a = 0.52), hyperactive distractibility (i.e., restlessness and lack
of attention; Cronbach's a = 0.77), anxious fearfulness (i.e., sad, worried, or distressed behavioural displays;
Cronbach's a = 0.79). An overall social competence score was derived from the subscales.
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2.34 | Sensory responses

The SEQ (Baranek et al., 2006) was used to measure children's sensory responses. The SEQ asks parents to respond
to 30 questions about the frequency of their child's responses to typical encounters of sensory stimuli. The SEQ has
been validated for children with autism, DD, and TD children ages 6 months through 6 years, with a demonstrated
ability to discriminate sensory features among known diagnostic groups (Baranek et al., 2006). Summary scores were
derived for hyporesponsiveness and hyperresponsiveness in both social (e.g., name call; dnypo = 0.53; dpyper = 0.41)
and nonsocial (e.g., flashing light; dnypo = 0.59; dnyper = 0.55) domains.

2.3.5 | Dyadic sensory orienting

Dyadic sensory orienting was measured according to the procedures described in Leekam, Nieto, Libby, Wing, and
Gould (2006), who coded dyadic orienting between the experimenter and child during the ESCS (Mundy et al.,
2003). The coding method was adapted for the present study to account for the developmental level and age of
the sample. Coding was conducted by an observer who was blind to diagnostic status of participants and who did
not code the joint attention in the ESCS. Reliabilities were conducted with an independent coder. Attention bids
made by the experimenter were coded as auditory (a verbal request), visual (a visual prompt such as extending their
hand to ask for a toy), tactile (e.g., a shoulder touch), and multisensory (consisting of any combination of the previous
bids in conjunction with one another). For each attention bid made by the experimenter, the coder recorded whether
the child attended to the bid or not. An “attend” was coded if the participant looked at the eye region of the exper-
imenter, complied with the request, or verbally acknowledged the experimenter's request regardless of whether the
child complied. A “failure to attend” was coded if the child failed to look at the eye region of the experimenter or
failed to look in the direction of the stimulus (e.g., the experimenter pointing to a poster on the wall). Tactile dyadic
orienting occurred infrequently and was therefore not included in subsequent analyses. After reaching an acceptable
level of agreement for coding, coder drift reliability was assessed on 15% of the sample. The ICC reliability was 0.87
for auditory attention failures, 0.94 for visual attention failures, and 0.85 for multisensory attention failures.

3 | RESULTS

3.1 | Sensory responses

To test for differences in sensory responses of the ASD and TD groups, four one-way ANCOVAs with mental age as
the covariate and the participant group as a fixed factor were tested with hyporesponsiveness and
hyperresponsiveness in both social and nonsocial domains as dependent variables. Results of the analysis revealed
significant group differences for social hyporesponsiveness (partial n? = 0.42, F(1, 34) = 25.17, p < 0.001), nonsocial
hyporesponsiveness (partial n? = 0.20, F (1, 34) = 8.63, p = 0.006), and social hyperresponsiveness (partial n? = 0.19,
F(1, 34 = 8.00,p = 0.008), however there was no evidence of a difference in groups for nonsocial
hyperresponsiveness (partial n? = 0.092, F(1, 34) = 3.45,p = .07). In these analyses, Type 1 error rate was controlled
using Holm's correction method (Holm, 1979). Overall, the ASD group obtained significantly higher mean scores than
the TD group on measures of sensory responses in both social and nonsocial domains after accounting for differences
in mental age (see Figure 1).

ANCOVA models were also fit to test group differences for dyadic sensory orienting. Given that these scores
were derived from an observed interaction, receptive language age and mental age were used as covariates. Results
of the ANCOVA revealed non-significant differences in mean auditory attention failures (partial n2 = 0.05, F(1,
34) = 1.94, p = 0.17) and in mean visual attention failures (partial n? = 0.07, F(1, 33) = 2.54, p = 0.12) for the ASD
and TD groups. For multisensory attention failures, we found that the ASD group had significantly more multisensory
failures than the TD group (partial n? = 0.32, F(1, 34) = 16.24, p < 0.001) after adjusting for mental age and receptive
language age (see Figure 1 for group means and standard deviations).
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FIGURE 1 Means and standard deviations of study variables. ASD, autism spectrum disorder; TD, typical
development

3.2 | Social competence

To test for differences in social competence between the ASD and TD groups, a one-way ANCOVA with mental age
as a covariate and the participant group as a fixed factor was tested with a composite social competence variable as
the dependent measure. Results revealed that children with ASD had significantly lower levels of social competence
than their typically developing peers after accounting for differences in mental age (F (1, 29) = 5.37, p = 0.027). In
addition, a MANCOVA model consisting of social competence subscales (aggressive with peers, prosocial with peers,
asocial with peers, excluded by peers, anxious-fearful, and hyperactive-distractible) as dependent measures, with
group as a fixed factor and mental age used as a covariate resulted in an overall significant model, Wilks A (6,
28) = 3.63, p = 0.009. Follow-up pairwise comparisons using Bonferroni corrections revealed significant group differ-
ences on prosocial with peers (F (1, 28) = 4.84, p = 0.03), excluded by peers (F (1, 28) = 6.55, p = 0.01), and hyper-
active-distractible (F (1, 28) = 20.93, p < 0.001), indicating that the ASD group was less prosocial with their peers,
more excluded by their peers, and had greater levels of hyperactive distractibility than the typically developing group
after accounting for differences in mental age. Group differences in social competence subscales including aggressive
with peers (F(1, 28) = 2.91, p = 0.09), asocial with peers (F(1, 28) = 2.53, p = 0.12), and anxious-fearful (F(1,
28) = 0.19, p = 0.66),were found to be non-significant after controlling for mental age.

3.3 | Joint attention abilities

To test for differences in joint attention abilities between the ASD and TD groups, a one-way ANCOVA with mental
age as a covariate and the participant group as a fixed factor was tested with 1JA used as the dependent measure.
Results revealed that children with ASD had significantly fewer initiations for joint attention than their typically
developing peers after accounting for differences in mental age (F (1, 31) = 21.52, p < 0.001). Similarly, a one-way
ANCOVA with mental age as a covariate and group as a fixed factor was tested with RJA used as the dependent mea-
sure. This analysis controlled for the number of attentional bids made by the experimenter to account for opportunity
for response. Results revealed no significant difference in RJA after accounting for the number of attentional bids

made by the experimenter. Refer to Figure 1 for means and standard deviations.
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3.4 | Associations between sensory responses and dyadic sensory orienting

Partial Pearson correlations were conducted to examine the relation between sensory responses and dyadic sensory
orienting (see Table 2). After controlling for mental age, results revealed that multisensory attention failures were sig-
nificantly correlated with social hyporesponsiveness (r(31) = 0.40, p = 0.02). Visual and auditory attentional failures,
however, had non-significant relations with all levels of sensory responses.

3.5 | Sensory responses and social competence

Partial Pearson correlations were conducted to examine the relation between measures of sensory abnormalities
(dyadic sensory orienting and sensory responsiveness) and social competence (see Table 2). After controlling for men-
tal age, results revealed that observational measures of dyadic sensory orienting and parent report of sensory respon-
siveness were related to subscales of social competence. Multisensory dyadic orienting was related to the
hyperactive-distractible subscale r(31) = 0.46, p = 0.007. Social hyporesponsiveness, nonsocial hyporesponsiveness,
social hyperresponsiveness, and nonsocial hyperresponsiveness were all significantly positively related to hyperac-
tive-distractibility and excluded by peers and significantly negatively related to the composite social competence
measure. In addition, sensory hyporesponsiveness in both social (f(31) = -0.39, p = 0.02) and nonsocial
(r(31) = -0.50, p = 0.003) contexts were significantly negatively related to prosocial with peers, whereas nonsocial
sensory hyporesponsiveness was significantly positively related to aggressive with peers ((31) = 0.47, p = 0.005)
and anxious-fearful subscales (r(31) = 0.43, p = 0.01). Finally, social sensory hyperresponsiveness was significantly
positively related to the aggressive with peers subscale (r(31) = 0.43, p = 0.01). Across each of these relations, greater
levels of atypical sensory responses correlated with poorer social competence after controlling for mental age.

To further assess the relation between social competence and sensory responsiveness, linear models were fitted
(see Figure 2). Each model used the group factor (ASD, TD), sensory variable (i.e., social hyporesponsiveness, nonso-
cial hyporesponsiveness, social hyperresponsiveness, and nonsocial hyperresponsiveness), and interaction between
the ASD group and sensory variable to predict social competence. Social competence scores were derived from sub-
scale scores (e.g., hyperactivity, aggressive with peers, and accepted by peers) and combined to obtain a total score.

Lower values of social competence are indicative of better overall social competence, so lower scores are more

Social Competence and Sensory Responsiveness
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FIGURE 2 Social competence as a function of sensory responses controlling for mental age
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desirable than higher scores. Each model first controlled for mental age. The purpose of each model was to test
whether the association between sensory variables and social competence differed for the ASD versus typical group.
Results of the analyses revealed a significant model (adjusted R? = 0.38, F (5, 29) = 3.59, p = 0.012) and significant
interaction between the ASD group and social hyporesponsiveness when regressed onto social competence (partial
n? = 0.126,F (1, 29) = 4.19, p = 0.04), indicating that for the ASD group, increasing levels of social hyporesponsive-
ness resulted in poorer social competence scores, but for the TD group, greater levels of social hyporesponsiveness
resulted in better social competence. A similar relation was found for the interaction between the ASD group and
nonsocial hyperresponsiveness when regressed onto social competence (partial n? = 0.13, F(1, 29) = 4.58,
p = 0.04), indicating that for the ASD group, greater levels of nonsocial hyperresponsiveness related to poorer social
competence scores, yet for the TD group, greater levels of nonsocial hyperresponsiveness were related with better
social competence (full model; R? = 0.36, F(5, 29) = 3.37, p = 0.016) . The other two models examining social com-
petence and nonsocial hyporesponsiveness (full model; adjusted R? = 0.49, F(5, 29) = 5.73, p = 0.001) and social
competence and social hyperresponsiveness (full model; adjusted R? = 0.37, F(5, 29) = 3.42, p = 0.015) were signif-
icant overall, however their interactions were non-significant (partial n2 = 0.11,F(1, 29) = 3.67, p = 0.06; partial
n?=0.03, F(1, 29) = 1.11, p = 0.30, respectively).

3.6 | Sensory responses and joint attention

Partial Pearson correlations were conducted to examine the relation between sensory responses and joint attention
skills (see Table 2). After controlling for variability in mental age and number of opportunities for children to respond,
a significant relation was found between RJA and nonsocial hyperresponsiveness (r(31) = 0.39, p = 0.02). In addition,
1JA was significantly negatively correlated with both auditory (r(31) = -0.39, p = 0.02) and multisensory (r(31) = -0.46,
p = 0.007) dyadic orienting failures. This pattern suggests that higher levels of atypical sensory responses were neg-
atively related to both responding and initiating joint attention.

To further assess the relation between joint attention skills and sensory responsiveness, linear models were
fitted (see Figure 3). Each model used the grouping factor (ASD, TD), sensory variable (i.e., social hyporesponsiveness,
nonsocial hyporesponsiveness, social hyperresponsiveness, and nonsocial hyperresponsiveness), and interaction

Initiating Joint Attention and Sensory Responsiveness
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FIGURE 3 Initiating joint attention as a function of sensory responses controlling for mental age
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between the ASD group and sensory variable to predict joint attention skills. Each model first controlled for mental
age. The purpose of the regression model was to test whether the association between sensory variables and IJA dif-
fered for the ASD versus typically developing group. Results of the analyses revealed a significant interaction
between the ASD group and social hyporesponsiveness when regressed onto IJA (partial n?> = 0.167, F(1,
29) = 6.19, p = 0.01), indicating that for the ASD group, IJA levels remained relatively stable regardless of level of
social sensory hyporesponsiveness, but for the TD group, greater levels of social hyporesponsiveness resulted in
more instances of IJA (full model; R? = 0.57, F(5, 31) = 8.28, p < 0.001). When regressing the ASD group, nonsocial
hyperresponsiveness and their interaction onto IJA, a significant interaction effect was also found (partial n? = 0.149,

F(1,31) = 5.43, p = 0.02), which demonstrated that for the ASD group, nonsocial hyperresponsiveness was negatively
related to IJA, whereas for the TD group, nonsocial hyperresponsiveness was positively related to IJA (full model;
R? = 0.49, F(5, 31) = 6.03, p = 0.001). The interaction model including nonsocial hyporesponsiveness was found
to be significant, R? = 042, F = 451, p = 0.003, however the interaction term was non-significant; the inclusion
of the interaction term did not account for a significant increase in explanatory power in the model (partial
n2 =0.023, F(1, 31) = 0.72, p = 0.40). In addition, similar results were found for social hyperresponsiveness. In that
model, the interaction term did not account for a significant increase in explanatory power, n? = 0.007, F(1,
31) = 0.21, p = 0.64.

Finally, despite our acknowledged small sample size, which generally limits a study's ability to show significant
effects while controlling for multiple comparisons, we attempted to account for multiple comparisons among the
interaction terms using the Benjamini-Hochberg procedure (Benjamini & Hochberg, 1995), which is designed to con-
trol for the false-discovery rate. When applying this procedure, the interaction between group and social hypore-
sponsiveness and the interaction between group and nonsocial hyperresponsiveness regressed onto IJA remained
significant, whereas; the other two originally significant interactions terms between group and social hyporesponsive-
ness and group and nonsocial hyperresponsiveness regressed onto social competence were non-significant using the
Benjamini-Hochberg procedure.

4 | DISCUSSION

This study sought to better understand patterns of relations between children's sensory responses, social compe-
tence, and joint attention among preschoolers with ASD and TD. As hypothesized, we found significant group differ-
ences in several indices of sensory responses, joint attention, and social competence, and correlations among these
variables that varied by group. Although a number of our results validated prior research, a unique aspect of our work
is that we identified a differential pattern of relations between sensory responses and social competence and sensory
responses and joint attention for children with ASD as compared with those with TD in our sample. Increased sensory
responses related to poorer joint attention and social competence for the ASD group, and these responses predicted
higher levels of joint attention and improved social competence for the TD group.

4.1 | Differences in sensory responses, social competence skills, and joint attention skills

This study sought to contribute to the literature by addressing the relation between sensory responses, social com-
petence, and joint attention skills among preschool children with ASD. One strength of this study was its use of
multimethod approach (i.e., both parent report and observed measures corroborate one another). Our results indi-
cated that even among a high-functioning group of preschoolers with autism, children were reported to have more
atypical sensory responses than a developmentally matched sample of their typically developing peers in both social
and nonsocial sensory domains and that these differences were present for both hyperresponsiveness and hypore-
sponsiveness to sensory stimuli. Moreover, the laboratory measure of dyadic sensory orienting corroborated these
results and provided evidence that as a higher sensory perceptual load (i.e., greater multisensory failures) was placed
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on the children with ASD, their social attentional orienting capacity was significantly reduced compared with their
typically developing peers. Together, our findings are consistent with previous research describing sensory responses
in children with ASD (Ben-Sasson, Carter, & Briggs-Gowan, 2010). We did not find significant group differences in
the single modality measures of visual and auditory dyadic sensory orienting. The children in our sample with ASD
may have effectively tuned out the requests of the dyadic partner due to a perceived overload in sensory stimuli
in the environment (O'Connor & Kirk, 2008) or may have experienced relatively greater difficulty filtering out salient
information when multiple modalities of sensory information were presented compared with that from a single
modality. It is also important to note that heightened sensory arousal is common during early development irrespec-
tive of diagnosis (e.g., DeGangi & Greenspan, 1989). Baranek et al. (2013) demonstrated that across groups of chil-
dren with TD, DD, and ASD, there was a negative relation between mental age and sensory hyporesponsiveness,
such that as mental age increased, sensory responsiveness decreased. Thus, when measuring sensory aspects of chil-
dren's behavior, it may be important to consider the child's course of development as well.

Despite their relatively high-functioning levels and match to peers with TD in mental age, it is important that chil-
dren with ASD in our sample nevertheless showed significantly poorer social competence and joint attention skills.
Interestingly, we found that the ASD group exhibited significantly fewer social initiations than the TD group, but
no differences emerged between groups in their RJA skills once we controlled for opportunity (attentional bids). Joint
attention is a skill that is often measured when children are in preverbal stages of development (i.e., 6-18 months),
yet consistent with Sullivan et al.'s (2015) findings, our sample of children with higher chronological ages demon-
strated significant variability in IJA. Joint attention assessment may be a useful tool for understanding individual dif-
ferences related to social behaviour development for school-age children (Sullivan et al., 2015). Meek et al. (2012)
provided evidence that higher instances of child-initiated social interactions with a parent predict greater social com-
petence with peers after controlling for mental age for a sample of preschoolers with ASD and TD. In light of these
results, even after controlling for mental age in our higher functioning sample, joint attention skills can appear to
show meaningful variability in the preschool years.

Our findings also point to important links between sensory responses, social competence, and joint attention.
Specifically, multisensory dyadic orienting was found to be correlated with parents' report of their child's social
hyporesponsivity. Our measure of dyadic orienting may exclusively tap into suppressed sensory responses in social
contexts. Other researchers have found significant relations between observational sensory response measures
and parent report of sensory responses (e.g., Baranek et al., 2007; Baranek et al., 2013), but our other non-significant
relations between dyadic orienting and the SEQ indicate some degree of disconnect between the two measures.
Watson et al. (2011) conducted a factor analysis model that included two parent report sensory measures and two
observational sensory measures that loaded onto three distinct constructs including hyporesponsiveness,
hyperresponsiveness, and seeking behaviour. Constructing multimodal models such as this may provide a richer
and more nuanced account of sensory responses in children. Our replication of Leekam et al.'s measure of dyadic
orienting may still be tapping into aspects of atypical sensory responses in children with ASD. Our findings are com-
mensurate with Patten et al. (2013), who argue that attention orienting may not be clearly separable from sensory
hyporesponsiveness. It remains to be determined if the underlying constructs of sensory processing and dyadic
orienting are related or if they may be tapping slightly different aspects of a broader construct such as attention (Pat-
ten et al., 2013).

We also found important links between sensory responses and discrete aspects of social competence. Sensory
measures taken from the SEQ (Baranek et al, 2006) including sensory hyporesponsiveness and sensory
hyperresponsiveness in both social and nonsocial domains were significantly positively related to social competence
subscales of excluded by peers and hyperactive distractible, such that more extreme levels of sensory responses were
related to increased exclusion by peers and higher levels of hyperactivity and distractibility. These results indicate
that children who exhibit comparatively heightened sensory responses also experience a higher degree of exclusion
by their peers, as well as more frequent behavioural manifestations associated with attentional difficulties. Addition-
ally, greater nonsocial sensory hyporesponsiveness was significantly related to higher levels of aggression toward
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peers, higher anxiety and fearfulness, and less prosocial behaviours with peers. Finally, there was a significant positive
relation between social sensory hyperresponsiveness and aggression toward peers, as well as a significant negative
relation between social sensory hyporesponsiveness and prosocial behaviours. Taken as a whole, this pattern of rela-
tions between social competence and sensory responses shed light on important aspects of social functioning that
may be implicated in atypical sensory responses. Heightened and/or diminished sensory reactivity may manifest in
atypical behavioural responses such as distractibility, aggression, and anxiety, which in turn can alienate children from
others and/or potential social interactions. This may be particularly true for children with ASD who have difficulty
initiating and engaging in social interactions, and whose differences in sensory responses could exacerbate chal-
lenged social interactions. Our findings support previous research that has found relations between sensory
responses and decreased social competence (e.g., Hilton et al., 2007, 2010). It is possible that disrupted early-stage
sensory processing may contribute to poor attentional mechanisms, which subsequently interfere with important
social learning opportunities integral to the development of social competence skills (Patten et al., 2013).

Finally, we had a different pattern of relations overall between children with ASD and those with TD. Interest-
ingly, for the children with ASD, sensory responses were related to negative social outcomes (poorer IJA and poorer
social competence), but the reverse pattern appeared for TD children. These results suggest that individual with ASD
may process sensory stimuli differently compared with individuals with TD. When looking at the interaction plots
(Figures 2 and 3), increased levels of sensory responses (at low intensity) predicted better joint attention performance
for the TD group, whereas at the higher intensity of sensory responses reported for the ASD group, sensory
responses were not related to joint attention ability. Indeed, the ASD group slopes were all relatively flat, suggesting
that deficits in IJA may not depend on their sensory sensitivities, but rather, are quite robust to individual differences
in sensory responses. The results may support the notion of a “threshold” when considering the meaning of sensory
“issues,” such that at low levels (i.e., for the TD group) scores reflect sensory perception or perceptual sensitivity more
broadly, which can be conceptualized as a positive capacity that facilitates social interaction (Dunn, 2001).

The pattern of relations between sensory responses and social competence for the children with ASD compared
with those with TD may provide additional evidence for the groups' differential sensory responses. For children with
ASD, greater sensory responses predicted poorer social competence, whereas the children with TD exhibited gener-
ally flat slopes, indicating that their social competence remained at high levels regardless of their sensory responses.
There is evidence that greater sensory atypicality is related to restricted and repetitive behaviours in ASD (e.g., Boyd
et al.,, 2009; Chen, Rodgers, & McConachie, 2009), and these and other adaptive behaviours such as aggressiveness
or distractibility may be related to differences in sensory responses (Dunn, Little, Dean, Robertson, & Evans, 2016)
and subsequent social stigma. Sensory responses were found to be related to fewer prosocial behaviours and the
child's exclusion by peers. Heightened sensory responses may contribute to or exacerbate social communication dif-
ficulties associated with ASD. It may also be that for children with ASD, atypical sensory responsiveness during
development hinders their ability to learn important social behaviours due to poor social attention, and these missed
opportunities in early development can impact later social competencies (Patten et al., 2013).

Our study was not without limitations. Due to the small sample size, we may have lacked sufficient statistical power
to identify group differences. Additionally, the heterogeneous nature of ASD and the wide range of child functioning
across the spectrum make the analysis of specific groups within the spectrum important, thus we focused on higher
functioning children in the present study. However, focusing on a more homogeneous group limits the degree to which
a particular study can be generalized to the greater population of children with autism. Our focus on a relatively homog-
enous sample of high-functioning children with autism limits our ability to generalize to children with ASD in general.
Although our interactions help us to understand patterns of differences, they should be interpreted with caution as con-
trolling for multiple comparisons indicated that interactions within the social competence domain were no longer signif-
icant. In addition, our measure of joint attention and social competence were taken 1 year apart. Although we expect
that the vast majority of children with ASD received a range of interventions during that time, our research did not track
the specific interventions of our participants. It would be important for future work to explicitly examine whether inter-
vention moderates associations reported in the present study. Future research should also attempt to validate these
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findings through more objective measures of sensory processing abnormalities. Given our consolidated measure of RJA,
future research is also needed to further parse these behaviours to better understand differences in the types of
responding behaviours frequently utilized by children with ASD and their typical peers. Due to the strong correlation
between IJA and multisensory failures, as well as between measures of dyadic sensory orienting and the SEQ, the con-
ception of dyadic orienting as a sensory measured should be further explored and validated. Given the interesting pat-
tern of findings concerning the different relations between sensory responses and joint attention between groups,
future research should expand this line of work with other samples, including children with DD, and further investigate
the positive role that sensory responses may play in relation to joint attention in children with TD. Finally, future work
should aim to include observational measures of social competence with peers to better understand how sensory
responses during such social interactions may interfere with children's healthy social functioning.

In conclusion, sensory responses were found to be related to social communication and social competence in
preschool children, and these relations differed for children with high-functioning autism and TD. Future social com-
petence interventions should consider and intervene on sensory responses in children with ASD, especially during
early development. In addition, there are many peer interventions aimed at integrating children with ASD into typi-
cally developing peer groups and inclusive settings (e.g., Kasari, Rotheram-Fuller, Locke, & Gulsrud, 2011). Future
peer interventions may consider addressing sensory responses among children with ASD in addition to the other foci
of peer training. Sensory responses have received increased attention in the study of ASD in recent years, and a
broader understanding of their relation with adaptive functioning, behaviour, and social communication is emerging
(Baum et al., 2015; Dunn et al., 2016). Future work also might consider how sensory responses are implicated in
other aspects of children's social competence such as behavioural self-regulation, affect, and temperament.
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Table 1. Developmental characteristics of study participants by group

Characteristics Autism (n = 18) Typical (n = 20) Statistics

| Mean SD Range | Mean SD Range | t p
| Chronological Age | 57.94 | 11.96 | 40-77 | 50.20 | 11.12 | 33-78 | 2.09 | .04
Mental Age 57.25 17.20 32.2-933 5295 13.66 28.7-85.8 .85 .39
Receptive Language Age  58.89 1349  39-81 58.05 11.63 45-81 20 .83
Expressive Language Age 55.50 12.21 32-83 58.05 12.01 37-81 -.64 .52
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v
Study 2 Method

Participants

Participants in the study included 48 children with a disability ages 30-66 months who
attended a specialized pre-school and their biological mothers. Inclusion criteria for the study
required that children have a current diagnosis of autism verified by the Autism Diagnostic
Observation Scale (ADOS; Lord, Rutter, DiLavore, & Risi, 2002), and that their biological
mother be available to participate in the study. Of the original sample of 48 children, two did not
meet diagnostic criteria for autism spectrum disorder, and data for four participants was
corrupted due to technological error and excluded from subsequent analyses, leaving a final
sample of 44 children with ASD (35 males) between the ages of 30 and 66 months (M,g.= 49.33,
SD = 10.01 months). Mothers were between the ages of 27 and 47 (Muge= 36.62, SD = 4.10
years) and 40.5% identified as White, 28.6% Hispanic, 19% Black, and 9.5% Asian or Pacific
islander, and one participant (2.4%) did not identify her race. The majority of mothers (76.2%)
reported that they were married, while 4.8% said that they were divorced, 4.8% identified as
separated, and 14.3% indicated that they had never been married or partnered. Mother’s highest
level of education also varied, with 4.8% earning a high school diploma or GED, 11.9%
attending some college, 45.2% earning a bachelor, associate or professional degree, and 33.4%
earning a masters or doctoral degree.
Procedures

Data were collected during an assessment session located at the child’s preschool. The
mother and child were asked to complete a twenty-minute interaction together, and afterward,
the mother completed a parent questionnaire. For the purposes of the present study, parent and
child behaviors in three tasks from the parent-child interaction were observed, including
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competing demands, teaching and free play, each of which lasted 5 minutes. These tasks were
designed to elicit child-behaviors during common mother-child interactions. Each task
commenced when the experimenter left the room and closed the door and terminated when the
experimenter entered the room to deliver instructions to the parent. All interactions took place in
a small room that was approximately 10 x 10 feet in measurement. In the center of the room was
a small table and two chairs positioned on a common corner of the table. Near the back of the
room was a square cushioned play mat. No toys or other objects were initially placed inside the
room. Two GoPro video cameras were affixed to opposing walls of the room in order to capture
the faces and actions of both the parent and child regardless of their orientation in the room. The
parent wore a small cordless microphone on her shirt collar to capture the verbal expressions of
the mother and child. Videos were edited to synchronize audio and combine both camera angles
in one frame for subsequent video coding. In addition to the assessment session, children were
administered the ADOS (Lord, Rutter, DiLavore, & Risi, 2002) by research reliable doctoral
research assistants. Finally, each child’s teacher provided adaptive behavioral ratings using the
Vineland Adaptive Behavior Scales III (VABS II; Sparrow, Cicchetti, & Saulnier, 2016).
Parent-Child Interaction

Competing demands task During the 5-minute competing demands task, an
experimenter provided the mother and child with a brief overview of the interaction activities,
and inquired whether large or small Lego blocks would be most appropriate for the child in the
following task. The experimenter then provided the mother with the parent questionnaire and
instructed the parent to begin filling it out while the researcher went to retrieve the blocks. The
researcher also intentionally “forgot” their iPad on the table to serve as an enticing object for the

child. The parent and child were left in the room without any instructions other than for the
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mother to complete the forms. The task is designed to capture children’s behaviors when their
parent is busy or otherwise occupied.

Teaching task. During the 5-minute teaching task, the mother and child were presented
with either Lego or Duplo blocks, as requested by the mother in the previous competing demands
task. During the teaching task, the experimenter provided the mother with a picture of a
completed Lego or Duplo block structure, and directed the mother to teach their child how to
build the completed structure. The task was designed to be slightly demanding for the child so
that some assistance from the parent would be needed. Once the instructions were given to the
mother, the researcher left the room.

Free play task. During the 5-minute free play task the researcher entered the room with a
brightly colored bag filled with toys including a Magna Doodle, a family of small dolls, an
inflatable ball, crayons, paper, toy phone, a set of matchbox cars, and the Legos or Duplos from
the teaching task. These toys were spread out across the play mat near the back of the room and
the parent and child were instructed to play as they normally would.

Measures

Autism diagnosis. The Autism Diagnostic Observation Schedule-2 (ADOS-2; Lord,
Rutter, DiLavore, Risi, Gotham, & Bishop, 2012) was used to confirm ASD status. The ADOS-2 is a
standardized play-based observation used to diagnose autism. Children in the study were
administered either module 1, module 2, or module 3 based on language ability and adaptive
functioning. Doctoral researchers were trained on ADOS-2 administration until research
reliability (above 80% agreement on coding) was achieved. The ADOS-2 is split into five
domains to be coded by the evaluator which include language and communication, reciprocal
social interaction, play/imagination, stereotyped behaviors and restricted interests, and other
abnormal behaviors. Only select codes from the language and communication, reciprocal social
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interaction, and stereotyped behaviors and restricted interests domains are used to calculate the
final ADOS-2 score. Children had to score a 3 or higher to meet ASD criteria per the tool, and to
meet eligibility criteria for the study.

Joint attention. An adapted version of the Early Social Communication Scales (Mundy
et al. 2003) was administered to capture the child’s initiations of joint attention (1IJA), and
response to the mother’s bids for joint attention (RJA). The adapted version has been used in
previous work on older children with pervasive developmental disorders (Jahromi et al., 2009),
and includes only those items that differentiated children with autism from children with
nonspecific developmental delays and typically developing children in previous research (Mundy
Sigman, Ungerer, & Sherman, 1986). Coding was completed by two research assistants who
were blind to diagnostic status, and measures of reliability were conducted with an independent
coder. Instances of each behavior were tallied and then summed to derive a total score. After
reaching an acceptable level of agreement for coding, coder drift reliability was assessed on
approximately 20% of the sample. The ICC reliability for the components of IJA were: .74 for
alternating eye contact, .85 for showing, .79 for point to share, .85 for eye contact, and .82 for
verbal initiations. The ICC reliability for the components of RJA were: 1.0 for giving, .91 for
orienting, and .72 for verbal responses to the mother’s joint attention.

Mother behaviors.

Dyadic orienting. Dyadic orienting was measured according to the procedures described
in Leekam et al. (2006), who coded dyadic orienting between the experimenter and child during
the ESCS (Mundy et al., 1996). The coding method was adapted for the present study to measure
the mothers’ attention orienting to her child, and to account for the developmental level and age
of the sample. Coding was conducted by an observer who was blind to diagnostic status of
participants. Reliabilities were conducted by an independent coder. Attention bids made by the
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child were coded as auditory (a verbal request), visual (a visual prompt such as extending their
hand to ask for a toy), tactile (a shoulder touch), and multi-sensory (consisting of any
combination of the previous bids in conjunction with one-another). For each attention bid, the
coder recorded whether the partner attended to the bid or not. An “attend” was coded if the
responder looked at the eye region of their partner, complied with the request, or verbally
acknowledged their partner’s request regardless of whether the responder complied. A “failure to
attend” was coded if the responder failed to look at the eye region of their partner or failed to
look in the direction of the stimulus (e.g. the mother pointing to an object of interest). After
reaching an acceptable level of agreement for coding, coder drift reliability was assessed on
approximately 20% of the sample. ICC reliability was .97 for auditory attention successes, .85
for visual attention successes, and .87 for multi-sensory attention successes.

Number of spoken words. The total number of words spoken by the mother in each
context was gathered in order to measure the amount of language used by the mother. Transcripts
from the interaction were used to obtain a total word count for the mother in the competing
demands, teaching, and free play task.

Adaptive behavior. Children’s adaptive behavior was measured with the Vineland
Adaptive Behavior Scales III (Vineland III; Sparrow, Cicchetti, & Saulnier, 2016). The
Vineland-III is a parent or teacher report, and for the present study, was completed by each
child’s classroom teacher. The Vineland-III produces standardized scores in the domains of
communication, daily living skills, socialization, motor skills, and maladaptive behaviors,
however for the present study, the communication domain was of primary interest. The
communication domain consists of receptive, expressive, and written communication, and has

reported internal consistency between o = .84 to o = .93 (o = .85 in the present study).
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A\
Study 2 Results
Descriptive Statistics of Primary Study Variables

Tables 3, 4, and 5 provide descriptive statistics for the sample. Table 3 provides
descriptive data for primary study variables, Table 4 provides descriptive statistics for primary
study variables split by the verbal grouping of children in the sample (minimally verbal and
verbal groups), and Table 5 provides a summary of maternal demographic variables.

Relation between demographic, developmental and mother variables. Table 6
provides correlations between demographic and child developmental variables. Of the mothers in
the study, 19 (43.2%) identified as White. Mothers who identified as White were more likely to
be married ( (41) = 0.38, p = .01). Mothers who identified as White also had significantly higher
incomes than the other mothers (r (38) = 0.40, p = .01). There were 12 mothers (27.3%) who
identified as Hispanic, and these mothers were less likely to be married (» (41) = -0.39, p = .009)
and have a lower income (7 (41) =-0.39, p = .01). Within the sample, 34 mothers (77.3%)
indicated that they were either married or in a committed partnership, and being married or in a
committed partnership was related to a significantly higher household income (» (39) = 0.63, p <
.001). Household income was positively related to mothers’ education level (» (39) = 0.58, p <
.001).

Mothers who identified as White were more likely to speak more during the competing demands
task (» (41) = 0.32, p = .04). Mothers who emitted more spoken language during the competing
demands task had more years of education (r (41) = 0.34, p = .03), and the number of words the
mother spoke during the competing demands task was positively correlated to their child’s
receptive (7 (42) = 0.40, p = .006) and expressive language (r (42) = 0.36, p = .02). The mother’s
number of spoken words during the teaching task and free play task were also significantly
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related to their child’s receptive and expressive language, as well as the child’s age (see Table 6).
Maternal age (M = 36.75, SD = 4.05) was negatively related to their child’s ADOS-2 severity
scores (r (39) =-0.46, p = .002), such that as mother’s age increased, their children were rated as

having less severe autism on the ADOS-2. Finally, children’s expressive language was

Table 3. Means and standard deviations of primary study variables

Variable n  Minimum Maximum Mean SD
Child Age 44 2.52 5.56 4.14 0.84
Expressive Language 44 0 61 19.25 1842
Receptive Language 44 0 52 2393 11.25
ADOS-2 Score 41 2 10 727  2.16
Maternal Age 44 27 47 36.75 4.05

Initiating joint attention

Competing Demands Task 44 0 14 395  3.35
w4 oy e
Elrlet;aglrij;z;attentlon 440 6 157 177
Competing bamands Tagh # 0 7186 L6
?::};Eir;dgn}rgajs (1)(1nt attention 0 10 si6 266
lljreesel:) ;rlfymfg;s(ﬁm W a0 12 345 276
g(})]i;i;t?r?geg:ﬁands Task a4 0 1 0.62 0.26
?g;jﬁfnzrlTe::stll(ng a4 0 1 0.81  0.30
Sy “ o0 L 08 0

Note. Units for variables are: child age and maternal age measured in years; child’s expressive
language and receptive language are raw scores from the Vineland Communication Domain;
initiating joint attention and responding joint attention in each context are frequency counts; and
dyadic orienting in each task is a proportion of child bids attended to by their mother divided by
total number of child bids for attention
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Table 4. Means and standard deviations of study variables by verbal ability groups
(minimally verbal vs verbal) and results of MANOVA with Type I error adjustments

Variable Minimally Verbal (n = 21) Verbal (n = 20) Statistics®d-
Mean SD Range Mean SD Range F p

LJA competing 280 231 00-80 538 381 1.0-140 437 .04
demands
IJA teaching 085 184 00-80 195 156 00-60 281 .10
IJA free play 065 075 00-20 248 154 00-60 2056 <.001
RJA competing 200 178 00-70 186 1.62 00-70 032 .58
demands
RJA teaching 330 256 0.0-100 329 272 00-80 029 .60
RJA free play 315 135 00-50 348 320 00-—120 005 .83
Dyadic orienting 060 031 00—10 065 020 22—-10 008 .78
competing demands
Dyadic orienting

: 078 031 00-10 08 030 00-10 .12 .73
teaching
Dyadic orienting 070 043 00-10 094 022 00-10 402 .05
free play
ADOS-2 score 770 211 3-10 686 218 2-10 267 .11
Expressive language  3.10 3.92 0-12 3290 14.17 4-6l1 9795 <.001
Receptive language  14.85 6.60 0-30 31.57 8.38 18—-52 4645 <.001
S;e‘ld chronological /1o ggr 26 55 403 080 25-55 103 32

Note. Units for variables: initiating joint attention (IJA) and responding joint attention (RJA) in

each context are frequency counts; dyadic orienting in each task is a proportion of child bids
attended to by their mother divided by total number of child bids for attention; ADOS-2 score

derived from instrument algorithm for respective module and represents overall autism severity
(greater value is more severe); child’s expressive language and receptive language are raw scores
from the Vineland Communication Domain; child age measured in years. Statistics*¥ indicates
p-values that underwent Bonferroni Type-I error adjustment
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significantly related to their ADOS-2 score ( (39) = -0.32, p = .04) such that greater expressive
language ability related to lower autism severity scores, however there was a nonsignificant
relation between receptive language and ADOS-2 scores (7 (39) =-0.26, p = .10).

Demographic Variables and their relation to study variables. Table 5 summarizes
maternal demographic variables and their relation to primary study variables in each context (i.e.,
competing demands, teaching, and free play). Maternal age was positively related to child
initiating joint attention in the competing demands task (r (42) = 0.32, p = .03). Mother’s level of
education was also related to both child responding to joint attention and mother dyadic orienting
in the competing demands task 7 (41) = 0.31, p = .04, and » (41) = 0.35, p = .02 respectively.
Mother’s number of spoken words in the competing demands task was positively related to
mother dyadic orienting during competing demands (» (42) = 0.39, p = .01). There were no other
statistically significant associations between demographic variables and primary study variables.

Children within the sample were split into two groups based on the module of the ADOS-
2 they were administered. There are strict criteria to determine which module of the ADOS-2 to
administer, which are primarily based upon the child’s language ability (for more information
see Lord et al., 2012). Within the sample, 20 children were administered module 1, 14 children
were administered module 2, and 7 children were administered module 3. Two groups were
created for subsequent analyses; the minimally-verbal group (n = 20) consisted of children who
were administered module 1, and the verbal group (n = 21) consisted of children who were
administered either module 2 or module 3 (see table 4 for descriptive statistics split by verbal
group).

A MANOVA was run to test for group differences in primary study variables and
covariates between the minimally verbal and verbal groups (see Table 4). Results of the analysis
revealed an overall significant group factor (Wilk’s A = 3.36, F (13, 24) = 6.21, p <.001). When
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examining follow-up pairwise comparisons using Bonferroni corrections, significant group
differences emerged for child initiating joint attention during the competing demands task (£ (1,
36) =4.37, p = .04), initiating joint attention during the free play task (¥ (1, 36) = 20.56, p <
.001), as well as receptive language (F' (1, 36) = 46.45, p <.001) and expressive language (F (1,
36) =97.95, p <.001), with the verbal group exhibiting more initiating joint attention bids and
higher receptive and expressive language ability compared to the minimally-verbal group.

Interestingly, there were no significant group differences in terms of child RJA or mother
dyadic orienting in any of the contexts (i.e. competing demands, teaching and free play), nor
were significant group differences identified in children’s age (F (1, 36) = 1.03, p =.32), or
ADOS-2 severity score (£ (1,36) =2.67, p=.11). Figure 6 summarizes descriptive statistics for
observed parent and child behaviors within each social context, and Figure 7 summarizes
developmental variables and covariates.

Testing Research Questions
All hypotheses were tested with R Version 3.5.2 (R Core Team, 2013).

Research Question 1. To examine whether children’s joint attention in the competing
demands, teaching, and free play tasks were related to children’s developmental characteristics
and mothers’ attention, as measured by mothers’ successful dyadic orienting in each task, a
correlation analysis of the study variables was conducted (see Table 7) followed by regression
models with interaction terms. Results of the analyses revealed significant relations between
child joint attention and proportion of successful dyadic orienting by the mother. Children’s joint
attention and mothers’ successful dyadic orienting were also related to children’s developmental
characteristics including receptive and expressive language as measured by the Vineland

Communication Domain. initiating joint attention in the free play task was related to the
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proportion of successful mother dyadic orienting in the free play task. There were no other

significant relations between initiating joint attention and dyadic orienting.

Figure 6. Means and standard deviations of study variables by minimally-verbal and verbal
groups across contexts
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Child initiating joint attention in the competing demands, teaching, and free play tasks
was positively related to the child’s receptive language ( (42) = .32, p =.04; r (42) = 36, p =
.02; r (42) = .53, p <.001 respectively), and also the child’s initiating joint attention in the
competing demands and free play task was positively related to the child’s expressive language
(r (42) = .39, p = .008; r (42) = .54, p < .001 respectively). Importantly, both initiating joint
attention and responding to joint attention in the free play task was related to the child’s ADOS-2
severity score, such that greater frequency of initiating joint attention and responding to joint
attention related to lower ASD severity on the ADOS-2 (IJA,  (42) =-.32, p =.04; RJIA, r (42) =
.31, p =.04). Child initiating joint attention during free play was also the only joint attention
measure related to chronological age (r (42) = .39, p = .009).

Furthermore, regression models were constructed to identify moderating effects of child
developmental characteristics including receptive language and expressive language on the
relation between joint attention and dyadic orienting in each context. A total of 12 models were
constructed (see Table 8). Models were built for each context (competing demands, teaching,
free play), and each model’s dependent variable was either initiating or responding joint attention
and included the child’s age as a covariate. Then, either expressive or receptive language, mother
dyadic orienting, and the interaction between expressive/receptive language and mother dyadic
orienting was added to the model. Each model was assessed for violations of statistical
assumptions. For each model, QQ plots and histograms of residuals were visually inspected, and
Shapiro-Wilk tests for normality were conducted. If model assumptions were violated, square
root transformations of the dependent variable were conducted, and in all cases, subsequently
satisfied model assumptions. Table 8 summarizes the moderator effect in each model. During the
teaching task, expressive language and receptive language moderated the relation between
dyadic orienting and IJA, (F (1, 39) =4.44, p = .04; F (1, 39) = 4.75, p = .03 respectively such
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that greater levels of both expressive language and receptive language promoted a stronger
relation between mother dyadic orienting and child initiating joint attention. In addition, during
Table 8. Interaction models with child joint attention as dependent variable, and the interaction

between language and mother dyadic orienting, controlling for the child’s chronological age
within each context (competing demands, teaching, and free play)

Context Dependent Variable Moderator DF F p

Competing e e ) .

demands Initiating joint attention Expressive language (1, 39) 1.16 .29
Teaching Initiating joint attention”  Expressive language (1,39) 4.44  .04*
Free play Initiating joint attention Expressive language (1, 39) 0.09 .77
Competing e e . 7 :

demands Initiating joint attention Receptive language (1, 39) 233 .13
Teaching Initiating joint attention Receptive language (1, 39) 475 .03*
Free play Initiating joint attention Receptive language (1, 39) 0.54 47
Competing Responding joint attention .

demands T Expressive language (1, 39) 0.78 .38
Teaching ~ Responding jointattention  p o oo 1anouage (1,39) 084 36
Free play lT{esp onding joint attention Expressive language (1, 39) 4.15 .04*
Competing Responding joint attention .

demands T Receptive language (1, 39) 026 .61
Teaching lT{esp onding joint attention Receptive language (1, 39) 0.50 .48
Freeplay ~ esponding jointattention oo oo janouage (1,39) 246 .13

Note. *p < .05; T denotes a model that required square root transformation of the dependent
variable in order to satisfy statistical assumptions

the free play task expressive language moderated the relation between dyadic orienting and RJA,
(F (1,39)=4.15, p = .04) such that greater levels of expressive language promoted a stronger
relation between mother dyadic orienting and child responding joint attention. To control the
false-discovery rate among interaction terms, the Benjamini Hochberg Procedure (Benjamini &

Hochberg, 1995) was used. When applying this procedure with a 10% false discovery rate, none
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of the interaction terms met the required threshold, thus results should be interpreted with
caution.

Finally, post-hoc multiple regression models were tested to determine if the mother’s
number of spoken words in each task moderated the relation between child initiating joint
attention and mother dyadic orienting above and beyond the effect of child language ability
(expressive language and receptive language). Models were fit for each context with child’s
initiating joint attention as the dependent variable, then controlling for child’s receptive and
expressive language, followed by the main effect for mother dyadic orienting and mother’s
number of spoken words, and finally — the variable of interest — the interaction between mother
dyadic orienting and mothers’ number of spoken words. Results of these models revealed that,
after controlling for the child’s receptive and expressive language, the mother’s number of
spoken words moderated the relation between mother dyadic orienting and child initiating joint
attention in the competing demands task (F (1, 38) = 6.90, p = .012), such that more words
spoken by the mother during the task strengthened the relation between mother dyadic orienting
and child initiating joint attention. The mother’s number of spoken words did not moderate the
relation between mother dyadic orienting and child initiating joint attention in the teaching task
(F (1,38)=0.09, p=.77) and free play task (£ (1, 38) = 0.68, p = .41).

Research Question 2. To test whether the rate of children’s initiating joint attention,
children’s responding to joint attention, and mothers’ dyadic orienting differed as a function of
context (i.e., competing demands, teaching, and free play contexts), mixed models were fitted
with context as a fixed factor and participant as a random factor (see figure §). Random effects
models were chosen in order to control for individual variability across contexts, given that the

same participants were measured on outcome variables in each of the three contexts. The mixed
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effect model was preferred over a repeated measures design given that its covariance structure
allows for non-constant correlation among observations and there is no requirement for balance
in the data (Laird & Ware, 1982). Within each model, children’s expressive and receptive
language were controlled. Additionally, post-hoc pairwise contrasts using Bonferroni corrections
were analyzed for each model.

For child’s initiating joint attention, an initial model including children’s receptive and
expressive language, fixed effect of context, and random effect of participant was fit. Model
assumptions were assessed, which revealed violations to homogeneity of variance using
Bartlett’s test of sphericity (K? (2) = 32.37, p < .001), as well as violations to normality of
residuals through visual inspection of the residual QQ plot and histogram, as well as results of
the Shapiro-Wilk test for normality (W = 0.93, p <.001). Given these violations to model
assumptions, the dependent variable underwent a square root transformation, which subsequently
satisfied the violations to sphericity as well as residual normality (Bartlett’s test of sphericity (K?
(2) =2.46, p = .29; Shapiro-Wilk test for normality, W =0.99, p = .91).

Results of the mixed effect model revealed an overall significant effect of context
(conditional R? = .57, F (2, 86) = 26.96, p < .001). Follow-up pairwise comparisons with
Bonferroni corrections revealed a significant difference in child initiating joint attention between
the competing demands task and teaching task, 7 (86) = 6.82, p <.001, and the competing
demands task and free play task, 7 (86) = 5.77, p <.001, such that children displayed
significantly more bids for joint attention during the competing demands task than either the
teaching or free play task. The difference in child initiating joint attention was non-significant
between the teaching task and free play task, ¢ (86) =-1.04, p = .55.

For child’s responding to joint attention, a model including children’s receptive and
expressive language, fixed effect of context, and random effect of participant was fit. The model
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also controlled for the mother’s number of spoken words in order to take into account the
possibility of more opportunities for the child to respond when the mother spoke more. Model
assumptions were assessed, which revealed violations to homogeneity of variance using
Bartlett’s test of sphericity (K?(2) = 12.19, p = .002), as well as violations to normality of
residuals through visual inspection of the residual QQ plot and histogram, as well as results of
the Shapiro-Wilk test for normality (W = 0.93, p <.001). Given these violations of model
assumptions, the dependent variable underwent a square root transformation, which subsequently
satisfied the violations to sphericity as well as residual normality (Bartlett’s test of sphericity K°
(2) = 1.33, p = .51; Shapiro-Wilk test for normality, W = 0.99, p = .57). Results of the mixed
effect model revealed an overall significant effect of context (conditional R? = .32, F' (2, 86) =
7.55, p <.001) on children’s responding to joint attention. Follow-up pairwise comparisons with
Bonferroni corrections revealed a significant difference in child responding to joint attention
between the competing demands task and teaching task, 7 (86) = -3.15, p = .006, and the
competing demands task and free play task, ¢ (86) = -3.54, p = .002, such that children displayed
significantly fewer responses to joint attention during the competing demands task than either the
teaching or free play task. The difference in children’s responding to joint attention was non-
significant between the teaching task and free play task, 7 (86) = -0.39, p = .92.

Next, the proportion of mother dyadic orienting was used as the dependent variable, with
independent variables including the fixed effect of context and random effect of participant,
controlling for children’s receptive and expressive language. Model assumptions were met for
sphericity (Bartlett’s test of sphericity K2 (2) = 3.67, p = .16) however normality of residuals was
not met based on examination of the residual histogram and QQ plot, as well as results of the
Shapiro Wilk Test (W = 0.86, p < .001). Multiple transformations were performed including log
and natural log, as well as square root, squared and cubed transformations. Each of these

86



ASPECTS OF JOINT ATTENTION IN ASD

transformations resulted in models that violated essential statistical assumptions. Given these
violations, model fitting was terminated for mother dyadic orienting. From a descriptive
standpoint, for mother dyadic orienting across contexts, mothers attended to their child’s bids for
attention with approximately 80% accuracy in the free play and teaching tasks, but were
comparatively lower during the competing demands task, with approximately 60% accuracy.

Research Question 3. Contingency analyses were conducted to investigate the
hypothesis that a temporal association existed between joint attention and dyadic orienting.
During the parent-child interaction, each task was observationally coded in 15 second intervals.
Interval-level data was subsequently coded with a 1 (behavior was present during the interval) or
0 (behavior was absent during the interval) for child initiating and responding joint attention and
mother dyadic orienting. To examine the temporal association between child and parent
behaviors, contingency analyses were conducted to identify every lag-1 association between
child joint attention and subsequent mother dyadic orienting (i.e. an antecedent child behavior
occurred in a given interval, and a contingent parent behavior occurred in the subsequent
interval). To identify whether the parent’s behavior was more likely to serve as an antecedent for
the child’s behavior, contingency analyses were also run in the opposite direction to identify
every lag-1 association between mother dyadic orienting and subsequent child joint attention
behavior. For each analysis, a composite Yule’s Q score was derived from a 2 x 2 contingency
table for each mother-child pair. Contingency scores were assigned (1) child behavior present
and parent behavior present; (2) child behavior present and parent behavior absent; (3) child
behavior absent and parent behavior present; and (4) child behavior absent and parent behavior
absent. The Yule’s Q score is an odds ratio ranging from -1 to +1 and indicates the strength of
contingency between behaviors. An important feature of this statistic is that it controls for each
participant’s base rate of behavior (Bakeman & Gottman, 1997).
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Findings revealed that following intervals in which the child initiated joint attention,
mothers were more attentive to their child’s attentional bids through dyadic orienting in
subsequent intervals (¢ (31) = 3.77, p <.001). Additionally, for intervals in which mothers
attended to their child’s bid for attention, children were more likely to initiate joint attention in
the subsequent interval (¢ (28) = 3.96, p <.001). However, during intervals in which children
responded to joint attention, there was no evidence that their mothers were more or less likely to
attend to their child through dyadic orienting in the subsequent interval, 7 (26) = 1.34, p = .19.
Likewise, during intervals in which mothers attended to their child through dyadic orienting,
there was no evidence to suggest children were more or less likely to respond to joint attention in
the subsequent interval (¢ (30) = 0.45, p = .65). Thus, there was evidence of a contingency
between mothers’ dyadic orienting and their child’s initiating joint attention, but not responding
to joint attention.

Post-hoc regression models were fit to examine child and parent characteristics that may
relate to the two significant contingent relations between initiating joint attention and dyadic
orienting. Results of the post-hoc regression models are summarized in Table 9. In each model,
Yule’s Q scores for child initiating joint attention with lag-1 mother dyadic orienting, and mother
dyadic orienting with lag-1 child initiating joint attention were used as dependent variables. Both
models included explanatory variables of receptive and expressive language, ADOS-2 score,
child age, and mother age. Both models revealed non-significant relations among all independent
variables related to each Yule’s Q variable (Table 9). Thus, the strength of the contingency
between mothers’ dyadic orienting and children’s initiating joint attention was not related to

children’s developmental characteristics or mother age.
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Table 9. Contingency analysis post-hoc regression models

Variable SS MSE F P

Initiating joint attention,
lag-1 dyadic orienting

Receptive language 027  0.27 2300 .14
Expressive language 0.000 0.000 0.000 .99
ADOS-2 score 0.003 0.003 0.025 .88
Child age 0.006 0.006 0.053 .82
Maternal age 0.000 0.000 0.001 .98

Dyadic Orienting, lag-1
initiating joint attention

Receptive language 0.140 0.140 1.329 .26
Expressive language 0.216 0.216 2.051 .17
ADOS-2 score 0.053 0.053 0.504 .49
Child age 0.295 0.295 2798 .11
Maternal age 0.1601 0.161 1.524 .23

To further explore the direction of the temporal association between child initiating joint
attention and mother dyadic orienting, two models were fit using the Yule’s Q score as the
dependent variable; the first model used child initiating joint attention with lag-1 mother dyadic
orienting, and the second model used mother dyadic orienting with lag-1 child initiating joint
attention as dependent variables (see Figure 9). Both models were built hierarchically, first by
splitting the children into minimally-verbal (module 1) and verbal (module 2 and 3) groups based
on the module of the ADOS-2 they were administered, and fitting the new module grouping
variable in the model. Then the child’s expressive language and receptive language were added
to the model. Finally, the interactions between module group and expressive language, and
module group and receptive language were added to the model. Each model utilized type III

sums of squares.
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For the first model, using child initiating joint attention with lag-1 mother dyadic
orienting as the dependent variable, no significant main effects for module group, expressive
language, or receptive language were observed, however significant interactions emerged for
module group and receptive language (F (1, 24) = 7.83, p = .009), and module group and
expressive language (F' (1, 24) = 4.25, p = .050). In both instances, a positive relation existed for
the minimally-verbal group, such that greater expressive and receptive language predicted a
stronger temporal association between the child’s joint attention initiations and subsequent
mother dyadic orienting, with mothers more likely to attend to their child after a successful joint
attention initiation was executed by the child. In comparison, in both instances a negative
relation existed for the verbal group, such that greater expressive and receptive language abilities
predicted a weaker temporal association between the child’s joint attention initiations and
subsequent mother dyadic orienting, with mothers /ess likely to attend to their child in an interval
after the child initiated joint attention.

When evaluating the converse dependent variable, mother dyadic orienting with lag-1
child initiating joint attention with the same explanatory variables, a module group main effect
emerged (£ (1, 21) =4.32, p = .050) indicating that on average, children in the verbal group were
more likely that their counterparts in the minimally-verbal group to initiate joint attention in the
interval succeeding that which their mother attended to them. There was no main effect for
receptive language (F (1, 21) = 0.18, p = .68) or expressive language (F (1, 21) = 0.23, p = .64),
nor were either of the interactions significant (module group by expressive language, F (1, 21) =

0.07, p = .79; module group by receptive language, F' (1, 21) = 0.84, p = .37).
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V1
Study 2 Discussion

The purpose of Study 2 was to examine joint attention behaviors of children with ASD
and their mothers in both structured and unstructured contexts (i.e., competing demands,
teaching and free play with a parent), and to examine the relation between mother attention (i.e.,
dyadic orienting) and joint attention behaviors of children with ASD. This study tested three
primary research predictions: (a) the rate of children’s IJA, children’s RJA, and mothers’ dyadic
orienting differed as a function of context (i.e., competing demands, teaching, and free play
contexts); (b) children’s joint attention behaviors in the competing demands, teaching, and free
play tasks related to children’s developmental characteristics and mother’s attention, as measured
by mothers’ successful dyadic orienting in each task; and (c), a temporal association between
joint attention and dyadic orienting, such that the more joint attention children with ASD direct
toward their mothers, the more attentive mothers are toward their children, and conversely, the
more attentive mothers are to their children, the more joint attention children direct toward their
mothers.

Several key findings emerged in study 2 that will be of central focus in the forthcoming
discussion. First, the study found that the rate of children’s joint attention and mother’s dyadic
orienting differed depending on the context of their interaction. Children exhibited greater
frequency of IJA during the competing demands task, and greater frequency of RJA during the
free play and teaching tasks. Mothers also attended more to their children during the teaching
and free play tasks compared to the competing demands task. Children’s receptive and
expressive language was related to their IJA across all three tasks, however their ASD severity
and chronological age were only related to IJA during the free play task. Child IJA was also
related to mother attention, and this relation was moderated by the child’s expressive and
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receptive language in the teaching task. The relation between child IJA and mother attention was
also moderated by the number of words spoken by the mother during the competing demands
task. In addition to the bivariate association between child IJA and mother attention, this relation
was also found to be temporally significant, with a bi-directional contingent association such that
child IJA predicted subsequent mother attention, and mother attention predicted subsequent child
IJA. When the group was split by children’s language ability (i.e., minimally-verbal and verbal
groups) there was a group by receptive language, and a group by expressive language interaction
on the contingency between child IJA and subsequent mother attention. These results point to the
important role that child language has on mother-child social interactions, and how children’s
verbal ability, as well as the context of the social interaction may influence joint communicative
outcomes.

Taken together, these results support the hypothesis proposed in Study 2, that children’s
joint attention would be related to, and moderated by their mother’s attention and contextual
factors. The parallel and distributed processing model of joint attention (Mundy & Jarrold, 2010)
informs these conclusions given that within this framework, children’s skillful integration of
joint attention is supported by actions and behaviors of their caregiver, as well as aspects of their
environment, which provide opportunities that reinforce and build increasingly effortless
coordination of joint attention in children’s social communication.

Child Joint Attention

Joint attention is a pivotal skill in child development and serves as a building block for
language development and other developmental skills (Adamson et al., 2017; Bottema-Beutel
2016; Mundy, 2016). Joint attention deficits are evident in children with ASD, even for those
who have developmentally appropriate language (Dakopolos & Jahromi, 2018) and who do not
exhibit intellectual deficits (Mundy & Crowson, 1997). While the sample in the current study did
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not include a TD or other DD comparison group, the current study’s sample of children with
ASD demonstrated commensurate joint attention skills to comparable samples of children with
ASD in the literature. For example, Van der Paelt, Warreyn, and Roeyers (2015) found in a
sample of 87 children with ASD whose mean age was 49 months (SD = 14 months), that
children with expressive language age < 2 years had an average IJA frequency of 1.37, and those
with expressive language age > 2 years had an average IJA frequency of 3.54 as measured by
the ESCS (Mundy et al., 1996). Comparatively, in the present study, frequency counts of
children’s joint attention across contexts indicated that children with ASD initiated joint attention
an average of 3.95, 1.43, and 1.57 times in the competing demands, teaching, and free play tasks
respectively. As each task was 5 minutes in length, children in the present sample emitted an
initiation of joint attention just less than once every two minutes (.46/min). The sample
children’s RJA was slightly higher, with an average frequency of 1.86, 3.36, and 3.45 in each of
the three tasks (competing demands, teaching and free play), or an average of .58 responses per
minute. The comparison to past work should be interpreted with caution as the ESCS has
standardized procedures, but is not standardized on duration, making frequency comparisons
with mother-child interaction observations somewhat difficult.

A large proportion of studies that employ measures of joint attention utilize the ESCS
(Mundy et al., 1996) with a trained experimenter as the social partner (e.g. Adamson et al., 2017;
Dawson et al., 2004; Nichols, Martin, & Fox, 2005). The present study is unique in that it utilizes
the structured ESCS (Mundy et al., 1996) coding scheme during semi-structured interactions —
including free play — with the child’s mother. While the specific combination of contexts
examined in the current study is relatively novel, a few researchers utilize similar schemes.

Yoder and Warren (1999) used a semi-structured play-based parent-child interaction

(PCX) to measure maternal responsivity and intentional communication in a sample of typically
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developing young children. The PCX paradigm has been used in other studies among Yoder’s
research group (e.g. Fey et al., 2006; Yoder & Warren, 2002), and was broadened by Kasari and
colleagues (e.g. Kasari et al., 2006) to code other dimensions of parent-child interactions. The
PCX has been used by Kasari and colleagues to code parental responsiveness (e.g. Kasari, Siller,
Huynh, Shih, Swanson, Helleman, & Sugar, 2014), symbolic play (e.g. Kasari et al., 2006) and
notably, child joint attention (Kasari et al., 2012). Kasari et al. (2012) averaged IJA and RJA
frequencies from the ESCS and PCX, and found that children with ASD in their sample (n = 40)
who were between the ages of 3 and 4 years had average frequencies of 3.89 (SD = 2.72) for IJA,
and 9.05 (SD = 4.96) for RJA. Although the average IJA and RJA frequencies in the present
study were lower than those found in Kasari et al. (2012), Kasari’s frequencies reflected the
formal ESCS (Mundy et al., 1996) measure of joint attention with an experimenter.

In a validity study, Roos, McDuffie, Weismer and Gernsbacher (2008) showed
significant correlations between IJA measures and between RJA measures derived from the
ESCS (Mundy et al., 1996) and a free play session using ESCS coding methodology. In their
study, 20 children with ASD between the ages of 30 and 38 months were administered the ESCS
(mean duration = 16.5 minutes), as well as participated in a 15-minute free play session with an
experimenter. Results from the study indicated respective IJA and RJA frequencies were
significantly different between the standardized ESCS and free play interactions, yet they were
significantly correlated across the two contexts (Roos et al., 2008). For 1JA, children with ASD
had frequencies of 9.95 (SD = 9.67) for the ESCS and 2.90 (SD = 2.59) for the free play session
(Roos et al., 2008). The results of Roos et al.’s (2008) study provide evidence that joint attention
can be measured with validity in alternative contexts using ESCS coding schemes. Others have
also noted that measures of joint attention in different contexts can generate complimentary
information about joint attention skills in children with ASD (e.g. Adamson et al., 2017).
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Factors Associated with Joint Attention

In the current study children’s joint attention was found to be strongly correlated with the
child’s teacher-rated expressive and receptive language ability, as well as their chronological
age, and ADOS-2 severity score, such that children with poorer language skills, younger
children, and children with more severe ASD exhibited less frequent IJA, while less frequent
RJA was only associated with ASD severity on the ADOS-2. These results align with other
researchers who have demonstrated that IJA most strongly relates to children’s current language
ability, while RJA more strongly predicts /ater language ability (e.g. Bottema-Beutel, 2016).
These results provide evidence for the important link between language and joint attention, as
well as the centrality of joint attention deficits as a primary symptom of ASD.

When the current study’s sample was stratified by ADOS-2 module into minimally-
verbal (module 1) and verbal (module 2 and 3) groups, significant group differences were
observed in IJA during the competing demands and free play task, however no group differences
were observed in RJA. It may be that these findings reflect the documented dissociative nature of
IJA and RJA (e.g. Mundy & Jarrold, 2010). Even the children in the present sample who had
poorer receptive and expressive language were able to respond to joint attention at similar levels
to their more verbal peers, yet they did not exhibit the same joint attention initiations as their
more verbal counterparts. These results are particularly noteworthy in light of the fact that the
groups did not significantly differ in their chronological age, or ASD severity.

While young typically developing children are able to seamlessly integrate joint attention
initiations into their pre-verbal repertoire of social skills, it may be that children with ASD
benefit from greater language skills in order to access similar levels of joint attention. A meta-
regression analysis of 605 effect sizes across more than 40 studies comparing language and joint
attention skills in TD and ASD children found that effect sizes were significantly higher in ASD
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groups for expressive and receptive language compared to other groups, including TD (Bottema-
Beutel, 2016). Bottema-Beutel (2016) hypothesized that there may be a joint attention
“threshold,” in which once a certain level of joint attention is attained, expressive and receptive
language is “no longer tethered to variation in joint attention.” While this may be true for
typically developing children and some highly verbal children with ASD, many children with
ASD may fall below such a threshold or never meet it, making their language more contingent
on joint attention (Bottema-Beutel, 2016). Children with ASD may experience joint attention and
language abilities that remain tethered, developing concurrently instead of disengaging to move
beyond joint attention skills onto other skills that could more efficiently facilitate language
development. This phenomenon may help explain how language skills of children with ASD
promote their joint attention abilities.

Relation between Mother Attention and Child Joint Attention

Children’s IJA was related to mother dyadic orienting in the competing demands and free
play task. These results are unsurprising given that the behavioral coding scheme necessitated the
occurrence of children’s initiations prior to their mother’s attention. That said, a more nuanced
picture of child-mother associations emerged when child and parent language was tested as a
moderator of this association.

Child language moderates mother attention and child joint attention. In the teaching
task, the relation between child IJA and mother attention was moderated by both the child’s
expressive and receptive language, such that as the child’s language ability increased, the
relation between IJA and mother attention was strengthened. When the relation between
children’s IJA skill and mother’s attention are framed within a joint engagement perspective — in
which the child and their mother are communicating jointly — the child’s language ability
significantly predicts better joint engagement. Adamson et al. (2017) posit that as toddlers begin
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to speak, their joint attention skills facilitate word learning, and this bidirectional relation
significantly impacts joint engagement. In their study of at-risk children subsequently diagnosed
with ASD, children with ASD who moved from not-talking to talking over a 6-month period
during their 3 year “seemed to kindle a developmental transformation of joint engagement,” in
which children who were already able to speak did not change in their joint engagement abilities
during this period, whereas those who developed speech rapidly and significantly increased joint
engagement with their caregiver (Adamson et al., 2017).

Mother language moderates mother attention and child joint attention. The number
of words spoken by the mother also moderated the relation between child IJA and mother
attention during the competing demands task. The relation between mother attention and child
IJA was strengthened as mothers spoke more during the interaction. There is evidence that the
manner in which mothers respond and direct their attention may make a difference in
communication outcomes for children with ASD. For instance, the number of parent utterances
that followed their child’s focus of attention, as well as the number of parent utterances
responding to their child’s verbal communication significantly predicted increases in children’s
spoken vocabulary over a 6-month period (McDuffie & Yoder, 2010). The number of words that
a mother speaks to her child may not be as important as what is said during their interactions, yet
the present study provides evidence that mother language more broadly is an important
promotive factor related to children’s joint attention.

There is a growing body of literature establishing other factors and processes at play
during social interactions between children with ASD and their caregiver (e.g. Gulsrud et al.,
2016) that may promote child joint attention and language ability. For example, in a joint
attention, symbolic play, engagement and regulation (JASPER) intervention among 86 toddlers
with ASD and their parents, parent-rated buy-in and parent involvement predicted better joint
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engagement outcomes for children with ASD (Gulsrud et al., 2016). Additionally, mirrored-
pacing — which represents a parent’s ability to appropriately time and pace imitative play acts
with their child — was found to strengthen the relation between intervention and joint engagement
(Gulsrud et al., 2016). There is also evidence that when mothers of children with ASD are tasked
with specific intervention strategies that target joint attention (e.g. Kasari et al., 2008) or
symbolic play (e.g. Kasari et al., 2015), there are significant positive longitudinal changes in
their child’s joint attention, joint engagement and social skills (e.g. Kasari et al., 2014).

Contingent child IJA and mother attention. Contingency analyses were used to
examine the temporal link between child joint attention and mother attention in both directions
(i.e., child behavior predicting mother behavior, and mother behavior predicting child behavior).
The present study found that during intervals in which children initiated joint attention, mothers
were significantly more likely to attend to their child in the following 15-second interval.
Additionally, during intervals in which mothers attended to their child, the child was more likely
to initiate joint attention in the subsequent interval. It could be that mothers’ attention promotes
more initiations of joint attention from their child, which could help explain the relation between
initiating joint attention and dyadic orienting. However, because child IJA and attention were
contingently related in both directions (i.e. IJA predicted subsequent dyadic orienting, and
dyadic orienting predicted subsequent IJA), a more likely explanation is that mother-child
bidirectional attention reinforced brief episodes of joint engagement.

From a behavior analytic perspective, the bidirectional contingent relation between IJA
and mother attention could be interpreted as a “conversational unit” in which both the speaker
(i.e., child IJA) and listener (i.e., mother attention) reinforce one another (Greer, Pohl, Du, &
Moschella, 2017). Within the behavioral view, these brief episodes of joint engagement (or
conversational units) demonstrate evidence of the child’s emerging naming (i.e., the ability to
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learn language incidentally) through their joint stimulus control of speaker and listener. It may be
that the social interaction between the mother and child itself is emerging as a behavioral
reinforcer for both the mother and child, but in order to fully emerge, the individual must be
reinforced as both a listener and speaker during the exchange.

Contingent child RJA and mother attention. Despite the statistically significant
contingent relations between child IJA and mother attention, child RJA and mother attention
were not contingently associated in either direction. These results suggest that communicative
exchanges between the parent and child were not continued or extended by the child. For
example, for mother dyadic orienting to be present, the child would have made an attentional bid
toward their mother, to which the mother attended. However, these exchanges did not
significantly elicit the likelihood that the child would respond to their mother in the subsequent
interval. It may be that the child was not reinforced by responding to their mother. Therefore,
there is evidence that communicative exchanges between mothers and their children likely did
not build upon themselves, but rather, tended to be brief punctuated communicative episodes.

Associations between mother-child contingencies and participant characteristics.
Significant contingencies (i.e. IJA predicting dyadic orienting, and dyadic orienting predicting
1JA) were followed-up with post-hoc multiple regression analyses and explorations of
moderating effects. First, expressive language, receptive language, ASD severity, child age, and
maternal age were found to not be related to either contingency scenario between IJA and dyadic
orienting. These results were unexpected, especially given the strong correlations found between
child language and 1JA, as well as the moderating role child language played in the association
between 1JA and dyadic orienting.

One explanation regarding the lack of associations in these analyses could point toward
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the joint attention threshold hypothesis (Bottema-Beutel, 2016), discussed above. Children in the
more verbal group may have other social skills that more strongly predict their language abilities.
Their joint attention skills may not have promoted the contingency between mother attention and
IJA, but rather, other social skills outside the scope of the primary research questions may have
promoted their mother’s attention, and possibly have had a stronger relation to their language
abilities.

Another possibility is that the main effects of expressive and receptive language, ADOS
severity, child age, and mother age were not significant because mother behavior may be more
strongly moderated by their child’s level of functioning and language ability. There is evidence
that mothers may adapt their behavior based on the diagnosis (e.g. Adamson et al., 2017; Kasari
et al., 1988) or severity (e.g. Konstantareas et al., 1988) of their child’s ASD. In fact, results of
the present study suggest that in order to understand how children’s expressive and receptive
language relate to the contingency between child joint attention and mother attention, children’s
verbal status must be accounted for.

Moderating mother-child contingencies. The sample was split into minimally-verbal
(ADOS-2 module 1) and verbal (ADOS-2 module 2 and 3) groups. Interaction terms were
created between the group variable and expressive language, and the group variable and
receptive language. When predicting the contingency between child IJA and subsequent mother
attention, there was a significant interaction between both receptive language and group, and
expressive language and group, whereas these interaction effects were non-significant in the
mother attention predicting subsequent child IJA contingency. For the contingency between [JA
and subsequent mother attention, for the minimally verbal group, the better expressive and
receptive language abilities the child had, the stronger the contingency was between child IJA
and mother attention; however, for the verbal group, the better expressive and receptive language
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abilities the child had, the weaker the contingency between child joint attention and subsequent
mother attention.

Mother-child contingencies for the minimally-verbal group. To a certain extent,
mothers may have expectations or assumptions about their child’s communicative abilities, and
anticipate their child’s communication. For children in the minimally verbal group, parents may
have been more vigilant and attentive to their child’s IJA due to the relative infrequency of their
initiations. When their child made an initiation, these mothers were right there to socially
capitalize on their child’s initiation. Within the minimally verbal group, those children with
comparatively better language skills may have had mothers who were more anticipatory of their
initiations due to awareness of their child’s emerging language capabilities.

In a study of preschool children with ASD and mental-age matched intellectually
disabled and TD children and their caregivers, caregivers did not differ in their responsiveness to
children’s non-verbal communication, so although children with ASD in this sample were on
average 31 months older than their typically developing counterparts, caregivers were observed
interacting and responding to their children at comparable levels (Kasari, Sigman, Mundy, &
Yirmiya, 1988). Additionally, for children with ASD, caregiver responsiveness was also found to
be positively related to children’s expressive language ability, such that parents were more
responsive as children’s expressive language improved (Kasari et al., 1988). These results
directly support the findings in the present study, and suggest that for minimally-verbal children,
as their language abilities increase, mothers are more attentive to their communicative attempts.

For children with ASD with lower expressive and receptive language, mothers may have
a sharper focus of attention in anticipation of their child’s communication, and as such —

although they are not quantitatively more responsive than parents whose children are already
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speaking — these mothers may modulate qualitative aspects of their responsive behaviors to meet
their child’s particular communicative needs (Konstantareas et al., 1988).

Mother-child contingencies for the verbal group. For the mothers of verbal children, it
is possible that the mere fact their child is able to communicate verbally does not provide any
additional motivation to the mother to be more attentive to her child’s IJA. According to Hart
and Risley (1999), as children develop language, at first parents hang onto their child’s every
word, but once children reach a certain level of language ability, parents may lose interest in
what their child has to say. As children gain language, they develop other, more sophisticated
means to obtain a social partner’s attention, and do not rely on joint attention as much as those
without language (Adamson et al., 2017; Bottema-Beutel, 2016).

In a longitudinal sample of 60 children with ASD or pervasive developmental disability
not otherwise specified (PDD-NOS), growth curve modeling revealed that, over a 40-month
period, children who experienced the greatest growth in language abilities between the ages of
40- to 80-months, were those children who demonstrated better toy play and deferred imitation
skills (Toth, Munson, Meltzoff, & Dawson, 2006). In their study, children at 40-48 months of
age who initially began with better language ability were those who also began with superior
joint attention skills, however as the children developed, joint attention gave way to deferred
imitation and toy play as most predictive of rate of language development (Toth et al., 2006).
Toth and colleagues (2006) speculate that joint attention may be a skill that acts as a “starter set,”
facilitating social communicative interactions in which language can develop, which then gives
way to other skills that propel language development further. Thus, mothers of children who
have moved beyond the sole use of joint attention may not attend as frequently to their child’s
joint attention bids because they are accustomed to attending to their child’s more sophisticated

behaviors.
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Mother-child contingencies affect mother behavior. Mothers may also anticipate
communicative acts that are more typical of their child’s chronological development, rather than
their current cognitive development, and in doing so, miss joint attention acts of their child that
one would expect of younger children. In a study of children with ASD who were either “higher
functioning verbal” or “lower functioning non-verbal,” and their mothers, groups did not differ
in the total number of utterances made by mothers, but did differ in mean utterance length
(Konstantares, Zajdeman, Homatidis, & McCabe, 1988). Mothers of children in the non-verbal
group asked fewer questions, and made more directives of their child than the verbal group, and
mothers of non-verbal children provided significantly less reinforcement for their child’s
language and significantly less language modeling than did mothers of the verbal group.

It could also be that in the absence of specific intervention strategies, mothers of children
with ASD have difficulty managing their expectations of their child’s communicative abilities.
There may be factors specific to ASD that make it especially difficult for parents to employ
attentional and regulation strategies with the same fidelity as parents of TD children. Adamson et
al. (2017) found that parent scaffolding and following-in were significantly impacted by their
child’s subsequent ASD diagnosis. Specifically, for 2-year-old children who were at high risk for
ASD and who were later diagnosed, their parents were /ess adept at scaffolding and following-in
than parents of children who were typically developing, and were less adept than parents whose
children were at high risk for ASD but were not subsequently diagnosed.

There is controversy regarding the extent to which parenting behaviors are moderated by
their child’s ASD diagnosis. In a different study, Adamson, McArthur, Markov, Dunbar, and
Bakeman (2001) showed that parents of children with ASD made as many attention regulating
bids as mothers of typically developing children, but the mothers of children with ASD
employed bids that differed slightly in commenting contexts, and also took on different forms
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than the bids of mothers with TD children. Caregivers of children with ASD were also shown to
not differ from caregivers of TD and ID children in their responsiveness, as well as their
engagement in mutual play (Kasari et al., 1988).

There is also evidence, however, that maternal sensitivity, including positive and negative
parenting is moderated by ASD diagnosis (Blacher, Baker, & Kaladjian, 2013). Additionally,
mothers of children with ASD have been found to smile less, and be less likely to respond to
their child’s smiles than mothers of typically developing children (Dawson et al., 1990). Finally,
in a 2-part study of children with ASD compared to typically developing children and their
mothers (study 1), and children with ASD compared to their typically developing siblings and
their mothers (study 2), mothers of children with ASD did not differ in their total frequency of
approach behaviors during a free play session, but did differ in the types of approach behaviors
employed (Doussard-Roosevelt, Joe, Bazhenova, & Porges, 2003). In this study, mothers of
children with ASD exhibited more physical contact, more high intensity behavior, and fewer
social verbal approaches than mothers of children with TD, and these results were consistent
even for study 2, in which the same mother exhibited different control behaviors toward her
children based on ASD diagnosis (Doussard-Roosevelt et al., 2003). Given this evidence, there
remain important questions regarding dyadic interactions between children with ASD and their
parents.

Contributions of Context

An important contribution of the present study is that mother attention and child joint
attention varied by the context of their interaction. To our knowledge, there are no published
studies that address how contextual factors relate to joint attention outside of free play contexts.
There are, however, some studies that look at how context may relate to other dimensions of
behaviors among children with ASD.
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In a study of Dutch-speaking children with ASD ages 8-18, and age, gender and 1Q
matched typically developing children, measures of executive function (EF) were categorized
based on their degree of structure (from structured to open ended). Children with ASD had
greater EF deficits than the typically developing group, with group differences more pronounced
when the EF task was more open-ended (Van Eylen, Boets, Steyaert, Wagemans, & Noens,
2015).

In another study, Blacher, Baker, and Kaladjian (2013) rated positive and negative
parenting in structured (clean-up and problem solving) and unstructured (free play) settings using
the Parent-Child Interaction rating System (PCIRS, Belsky, Crnic, & Woodworth, 1995). Across
all groups (TD, ASD, Down Syndrome, and unspecified DD), positive parenting was greatest in
unstructured settings, while negative parenting was most salient during structured tasks. Dawson
et al. (1990) used three tasks including free play, clean-up, and snack time to probe scenarios
with low communicative demand, high communicative demand, and a face-to-face interaction
respectively. Across all three tasks, children with ASD did not differ in the frequency or duration
of gaze at their mothers’ faces. Finally, in elicited vs. spontaneous imitation tasks, children with
ASD performed similarly to children with TD in elicited tasks, but performed significantly
poorer in spontaneous tasks (Ingersoll, 2008). When imitation was accompanied by coordinated
joint attention, the ASD group performed significantly poorer than their TD peers in both tasks
(Ingersoll, 2008).

Competing demands, teaching and free play. The three tasks employed in the present
study differ conceptually in their communicative demands. During the competing demands task,
the onus of communication was largely placed on the child because the mother was instructed to
complete a large packet of work, and was often preoccupied in that task. In the teaching task, the
onus of communication was placed on the parent. This task required the parent to teach their
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child to build a developmentally appropriate, but moderately difficult 3-dimensional model based
on a 2-dimensional example. In order for the child to be successful building the model, the parent
had to provide the child with verbal directions and scaffolds to accomplish the task. In the third,
and final task — free play — the onus of communication was neutral. In this task, parents were
instructed to play as they normally would at home. There was no indication of who was to take
the lead, or how much communication should occur. Each of the three tasks provided vastly
different opportunities for parent attention, and child joint attention.

Context and primary study variables. When observing associations between study
variables across contexts, IJA, RJA, and dyadic orienting did not relate outside of their
respective contexts, that is, IJA in the competing demands task was related to dyadic orienting in
the competing demands task, but IJA in the competing demands task did not related to dyadic
orienting in the teaching, or free play tasks. These results suggest that joint attention and dyadic
orienting can be reliably assessed in different social contexts, and there may be utility in doing
SO.

In addition, IJA and RJA were related to children’s ADOS-2 scores, but only in the free
play context. These results are worth further exploration in future studies given that the ADOS-2
is administered within a structured free-play context with an experimenter. Child IJA in the free
play task was also related to child chronological age. The ability to play appropriately is a
developmental skill, and children who were older, i.e. more developmentally advanced, may
have been able to coordinate IJA into free play with their mothers better than younger children.
Child IJA in all three tasks was related to their expressive and receptive language, but the effect
sizes were largest for expressive and receptive language in the free play task. The free play task
may be the most developmentally aligned context in the present study, leading to its strong
associations among receptive language, expressive language, ASD severity, and child age.
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The utility of assessing child and parent behaviors in different contexts may relate to
functions of the demands inherent in the tasks. For instance, the competing demands task may
tap into children’s social motivation, whereas the teaching task may relate to parental stress and
performance anxiety — each task exerting their own pressures on the underlying construct being
assessed, in this case, child joint attention and maternal attention.

Context and child joint attention. Children had significantly greater frequency of IJA in
the competing demands task compared to the teaching or free play tasks after taking into account
children’s base level of IJA, and their receptive and expressive language ability. Children’s
frequency of IJA did not differ between the teaching and free play tasks. While the parameters of
the competing demands task compelled mothers to offer less attention to their child, children in
the sample were still able to coordinate significantly more joint attention initiations during the
competing demands task than the other two. These results may point toward children’s greater
social motivation due to the mother actively paying less attention to the child. When the child
had their mother’s explicit attention in the teaching and free play tasks, children may have been
less motivated to initiate joint attention because those tasks did not require the child to work as
hard to gain their mother’s attention.

These results may help inform social motivational theories of autism (e.g. Chevallier,
Kohls, Troiani, Brodkin, & Schultz, 2013; Dawson, 2008), which look broadly at social
impairments such as social orienting and joint attention. These theories hypothesize that social
impairments in children with ASD may be explained by differences in neurological reward
processing, thus producing social motivational deficits that impact areas of social
communication. Various studies have investigated the role of oxytocin (e.g. Starvopolous &
Carver, 2013) as well as interventions such as the Early Start Denver Model (e.g. Rogers, Estes,
Lord, Vismara, Winter, Fitzpatrick, Guo, & Dawson, 2012) on social motivation in children with
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ASD. Differences observed in children’s IJA across social contexts may add an important
perspective to social motivation theories of autism because these differences could be explained
by social-motivational factors inherent in the context, indicating contextual variability in the
social motivation of children with ASD.

An opposite pattern of results existed for child RJA. Children had significantly greater
frequencies of RJA in the teaching and free play tasks compared to the competing demands task.
This result should be interpreted cautiously as RJA has been shown to differ as a function of
opportunity to respond (e.g. Dakopolos & Jahromi, 2018), and it may be that due to the
parameters of the competing demands task, there were simply fewer opportunities for children to
respond to their mothers than in the teaching or free play tasks. There was no significant
difference in child RJA between the teaching and free play tasks after controlling for children’s
base rate of responding and their expressive and receptive language ability.

Context and mother attention. Mother dyadic orienting during the free play context
was related to child expressive and receptive language, however mother dyadic orienting in the
competing demands and teaching tasks did not relate to child language ability. As opposed to the
prospective role of the free play task as it relates to children with ASD, it may be that the free
play task taps into the relation between mother attention and child language because the nature of
the interaction places few explicit behavioral demands on the mother, therefore allowing her to
better attend to her child, especially in a context in which child language is promoted.

Due to violations of statistical assumptions, differences in mother dyadic orienting across
contexts could not be empirically assessed. However, when observing rates of mother attention,
important contextual differences emerged. During the competing demands task, mothers attended
to 61% of their child’s bids, compared to 81% in the teaching task and 83% in the free play task.
These results suggest that contextual elements may have shaped mothers’ behavior. For example,
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it could be that instructing mothers to fill out the questionnaire during the competing demands
task diverted their attention away from their child to a degree that the other tasks did not. With
respect to mother attention, it is noteworthy that the competing demands task elicited the greatest
amount of child IJA, but the lowest proportion of mother attention. Therefore, during the session
children were likely making bids for joint attention that their mothers outright missed. While this
was true for all contexts, it was most pronounced in the competing demands task.

Associations Between Mother Attention, Context, and Child Joint Attention

A number of analyses in the present study intersected mother attention, child joint
attention, and context. Child IJA was related to mother attention in the competing demands, and
free play tasks, but not during the teaching task; yet in the teaching task, child receptive language
and child expressive language moderated the relation between child IJA and mother dyadic
orienting. One possible explanation of this pattern of results is that there is something uniquely
different about the teaching task compared to the free play and competing demands tasks. It
could be that by asking the mother to teach her child to complete a construction puzzle in the
teaching task, a performance element was introduced into the context that may have strained
communication between parent and child. For children with better expressive and receptive
language, the challenge of teaching her child to build the structure may have decreased, which in
turn may have enabled the mother to be more attentive to communication attempts made by her
child.

There is evidence that parent behaviors may be moderated by task demands and child
development. In a study of typically developing children and children at risk for developmental
disability, mothers exhibited increased sensitivity over a 2-year period (from child age of 3 to 5
years) during challenging tasks that required teaching or child regulation, however over this
same period, mother sensitivity remained unchanged during free play tasks (Ciciolla, Crnic, &
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West, 2013). In another study utilizing a mother-child teaching task, mothers’ use of cognitive
assistance and questioning increased, while their directiveness decreased over a period of 2 years
(from child age of 18 months, to 42 months), and these results were predicted by child effortful
control measured in other settings (Eisenberg, Vidmar, Spinrad, Eggum, Edwards, Gaertner, &
Kupfer, 2010). These changes observed in parenting behavior as children developmentally
improve their communicative and executive functioning skills could support the notion that
mothers in our sample may be influenced by their child’s language abilities during a task that
could also exert mutual behavior regulation and increased child-scaffolding demands.

Children’s expressive language ability strengthened the relation between child RJA and
mother attention in the free play task. In this task, children with better expressive language had
greater frequency of RJA, which in turn allowed parents more opportunities to attend to their
child, thus creating more fluid communicative engagement. Without the constraints of explicit
task demands, the free play task may have provided an optimal balance of mother and child
communicative opportunities to elicit mutual communication in children with better expressive
language.

Finally, the number of words spoken by the mother during the competing demands task
moderated the relation between child IJA and mother attention. In this task, the number of words
spoken by the mother may have served as a dyadic orienting technique. As verbal responding
was an element of mother dyadic orienting, it follows that the more mothers spoke during the
competing demands task, the stronger the relation between mother attention and child IJA. This
relation may have only been detected in the competing demands task because mother language
was explicitly embedded in the teaching task, and implied in the free play task. In fact, the
average number of words spoken by mothers in the competing demands task was 144, compared
to 458 in the teaching task, and 370 in the free play task.
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Limitations of Study 2

The conclusions drawn from the present study may be limited due to the absence of a
comparison group, small sample size, and generalizability of the sample. Without a typically
developing or other developmentally disabled comparison group, it is difficult to extend results
of the study to other populations. A typically developing sample would be especially useful
when assessing contextual differences in child joint attention as well as mother dyadic orienting.
While this study provides strong evidence that contextual factors are important to consider for
children with ASD, more research is necessary, including research utilizing comparison groups
to help validate the procedure and draw valid conclusions about how behaviors among children
with ASD and their parents may differ from those observed in typical development.

Due to the small sample size, the study may have lacked sufficient statistical power to
identify significant associations and group differences. Additionally, post-hoc regression
analyses and moderator analyses should be interpreted with caution. While significant results
were found, many of the effects were non-significant after controlling for multiple comparisons.

The present study also used the same progression of tasks for each participant. This
decision was deliberate to allow for consistency in the study variables when assessing individual
differences, however there may have been order effects. For instance, because the competing
demands task was presented first, children may have been ignored by their mothers, and these
effects could have influenced the child’s joint attention in the subsequent tasks. In addition, it
could be that if mothers became frustrated during the teaching task, their frustration could
influence their interaction in the following free play task. Future work on contextual differences
would benefit from counterbalancing task presentation across participants to control for some of

the potential order effects.
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Study participants were recruited from a self-selected sample of children diagnosed with
ASD who attended a therapeutic preschool that provides effective early intervention embedded
in nearly all aspects of the child’s school day (Selinske, Greer, & Lodhi, 1991). Despite all
eligible children in the school receiving a recruitment flyer, most mother participants agreed to
participate after direct inquiries by school staff members. Children in the sample received related
services such as speech and language services, occupational therapy and interventions for ASD
at an earlier stage than other children with ASD (e.g. Zablotsky, Colpe, Pringle, Kogan, Rice, &
Blumberg, 2017; n= 1287; mean age of diagnosis = 5.23; mean age of first services = 3.90).
Thus, families in the sample may be more proactive in their attempts to decrease social and
adaptive behaviors related to ASD symptoms in their children, and children in the sample may
exhibit better behaviors than other ASD populations.

Given the composition of the sample being limited to children with ASD who attended a
specialized therapeutic school, several implications are worthy of consideration. First, parents
who seek such intensive early services may be more resourceful and motivated to address their
child’s developmental delays. Many of these parents may also have resources and means to
pursue an intensive therapeutic preschool that may not be financially or otherwise available to
other parents. Thus, there may be selection bias toward more competent, socioeconomically
advantaged mothers in the present study. Second, children with ASD who are identified at earlier
ages tend to present with more significant developmental, behavioral, and communicative delays
related to the disorder. Given the fact that children in the present sample attended an intensive
applied behavior analysis preschool, the specific targets of intervention at their school —
including verbal behavior development, and maladaptive behavioral intervention — may
influence the observed joint attention and language abilities of children in the sample, therefore
children in the sample may not reflect the full spectrum of ASD.
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One strength of this study was its ability to assess for many demographic, child, and
mother characteristics, however there were limits to the data collected. Omitted data that may
have contributed to the conclusions drawn in the present study include (a) the number and ages
of other children in the family; (b) mother’s current employment status and occupation; (c) other
interventions the child received at school (e.g. speech and language therapy); (d) the target(s) of
child intervention at their preschool.

Future Directions

Study 2 informs a number of future directions for research and intervention. First, the
study should be expanded to include two typically developing samples, the first matched on
chronological age and sex, and the second matched on expressive and receptive language ability
and sex. When expanding this research to typically developing samples, it is important to
acknowledge the challenges involved in controlling for expressive and receptive language in a
typically developing sample as the younger chronological ages necessary to achieve
developmental matching may undermine researchers’ abilities to rely on the tasks used in the
present study. However, important conclusions within the present study could be bolstered with
the inclusion of a typically developing sample.

Future studies should more closely examine relations assessed in the present study split
by ADOS-2 module groups. Future studies should also continue to explore the role of context on
child joint attention, parent-child joint engagement, and parenting behaviors. The present study
provides evidence that context matters, but more research is needed to develop this hypothesis.
Contextual differences could be utilized to facilitate parent-mediated interventions on child
communication and social skills, and possibly offer utility in a variety of other targets of
intervention, including play interventions. Future research should compare validated measures of
joint attention such as the ESCS (Mundy et al., 1996) alongside joint attention in other contexts
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to ensure the validity of child behavior. Future research could also identify contexts that require
children with ASD to employ effortful control or emotion regulation. For instance, there is
evidence that joint attention is related to children’s effortful control (e.g. Jahromi, Chen,
Dakopolos, & Chorneau, 2019), but assessing how child joint attention is employed within a
context that taps on other developmental skills could provide us with a better understanding of
development in ASD and TD. Future studies could also parse out joint attention behaviors and
focus on how specific aspects of joint attention such as eye contact or pointing relate to mother
attention and contextual factors.

Another area of potential future inquiry could identify parent and social partner
characteristics that are related to communicative contexts. Differences in parental stress, anxiety
and efficacy, for instance, could provide researchers with a better understanding of factors that
may promote or impede social communication with children with ASD. In addition, while the
number of words spoken by the mother emerged as a meaningful variable, the present study did
not address the qguality of the mother’s language, which could be an important dimension of
inquiry in future work. Future interventions focusing on child communication and parenting
behavior should also consider the social context of interactions when developing their
intervention frameworks. Finally, mother age was found to be significantly negatively related to
their child’s ASD severity, and while it is difficult to speculate on why this association was
found, it warrants further investigation.

Conclusion

As the rate of ASD diagnosis in the general population continues to climb, it is
imperative that researchers, clinicians, and educators work together to help explain the cognitive
and neurological processes at play in ASD symptomology. It is equally, if not more important
that we use this knowledge to inform interventions and tools to help children with ASD succeed
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socially and educationally, and help construct processes and programs that lead to improved
quality of life. While many of the deficits observed in individuals with ASD are cognitively
based, it is clear that caregivers also play an important role when designing interventions and
considering implications on developmental outcomes of children with ASD.

This dissertation sought to extend our understanding of joint attention in ASD relative to
child-specific (e.g. sensory responsivity and social attention) and external (e.g. mother behaviors
and social context) factors. The results of both Study 1 and Study 2 confirmed their respective
hypotheses, that regulation — particularly sensory responsiveness — adversely affects the social
attention and social skills of children with ASD compared to their typically developing peers
(Study 1), and that children’s joint attention would be related to, and moderated by their
mother’s attention and contextual factors (Study 2). These two studies integrated theoretical
perspectives on joint attention, namely the affective model of joint attention (Adamson &
Russell, 1999), and the parallel and distributed processing model of joint attention (Mundy &
Jarrold, 2010).

Study 1 speaks to the affective model of joint attention (Adamson & Russell, 1999), in
that children’s regulatory abilities have a strong impact on their joint attention development.
Sensory responsiveness may play a role in children’s regulation broadly, and the evidence
presented in study 1 indicates that sensory responsiveness is related to joint attention, and this
relation differs for children with ASD compared to their typically developing peers. Study 2
aligns more closely with the parallel and distributed processing model (Mundy & Jarrold, 2010),
which posits that children build their joint attention skill through experience and practice. In
Study 2, both mother behavior and contextual factors were related to children’s joint attention. It

may be that specific behaviors of children’s caregivers and contextual factors could promote or
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discourage children’s joint attention development depending on how well those behaviors or
contexts nurture opportunities for children to practice joint attention.

Taken as a whole, joint attention development and its skillful use involves complex
interactions between individual child factors such as language, effortful control, and emotion
regulation, caregiver characteristics and parenting strategies, as well as influences due to
demands of the interactive context. While there exists an already strong body of research that
addresses many of these topics, the two studies that comprise this dissertation add to the
literature by examining how sensory responsiveness and joint attention work together to promote
social competence in children with ASD, and by examining how mothers’ behaviors may be
related to their child’s joint attention, and how this relation is moderated by task demands.

Results of the present study indicate that sensory responsiveness may influence the social
communication of children with ASD differently than for children with TD; that the language
ability of children with ASD may moderate their mother’s attentional approaches to social
communication with their child; and these social communicative interactions are further
moderated by contextual demands exerted upon the dyad. More research is justified to further

disentangle how and why joint attention deficits are so pervasive in autism spectrum disorder.
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Appendix C: Recruitment Letter

Improving Parenting and Enhancing Maternal Wellbeing in Mothers of Preschool Children
Having a preschool child can be stressful. In the past the Keller schools have offered

parents training in how to teach a child. We would like to offer more support for parents as new

research indicates that additional supports may improve parents and children’s lives. We are

working with parent coordinator, Barbara Kimmel, and parent educators at the Rockland

campus, to collaboratively create a parenting support program with Keller parents. We can’t do

this without your help! To that end we invite you to participate in our research project on

parenting preschool age children and its relationship to the wellbeing of their mothers.

Who is eligible to participate?

Moms who speak English and their 3-5-year-old attending the Fred Keller school.

What is involved?

A one-time 70-minute session that includes the following parent activities:

1. a) 20 minute parent-child interaction task that incorporates some of the routine
challenges of parenting — waiting, picking up toys, playing together, teaching your child,
helping your child cope when mildly upset;

2. b) 40-50 minutes of questionnaires on child behavior, parenting, and your opinion about
supportive programs for parents;

Are there benefits to taking part in the study?

There are no benefits to participation.

Will I be paid for my participation?

We will pay you $35 for your time.

Please consider participating in this study. If you have any questions about the study, please

contact co-investigators, Marla Brassard, PhD, at 212 678 3368 or Laudan Jahromi, PhD at 212
678 3821.
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Appendix D: Informed Consent

INFORMED CONSENT

Research Title: Improving Parenting and Enhancing Maternal Wellbeing in Mothers of
Preschool Children

DESCRIPTION OF THE RESEARCH:

If you speak English and are the mother of a 3-5 year old child attending the Fred Keller schools,
you and your child are eligible to participate in a study of how observed parenting is related to
mother’s wellbeing and child characteristics in order to develop interventions for parents that
improve parenting as well as enhance maternal wellbeing.

If you agree to participate you and your child will attend a one-time session that includes the
following parent and parent/child activities:

a) 20 minute parent-child interaction task that incorporates some of the routine
challenges of parenting — waiting, picking up toys, playing together, teaching your
child, helping your child cope when mildly upset;

b) 40-50 minutes of questionnaires on child behavior, parenting, self-care activities
such as your sleep, diet, exercise, alcohol use, and your opinion about the
questionnaire and supportive programs for parents.

We will also record 4 pieces of information from your child’s file at Keller
a) the number of objectives your child met over six months of the school year on the
CABAS® International Curriculum and Inventory of Repertoires for Children
from Preschool through Kindergarten (C-PIRK);

b) the rate of your child’s learning as measured by the ratio of learn units-to-
criterion;

c) your child’s level of verbal behavior development (e.g., listener); and

d) any educational or psychiatric diagnoses in your child’s file (e.g., developmental

delay, autistic spectrum disorder).

RISKS AND BENEFITS:

There are no direct benefits to participating in the study. There is no major risk to the research
subjects. Minimal risk may include fatigue or boredom or discomfort if your child might get
mildly upset. In addition, the questionnaire contains some very sensitive items, some of which
may make you feel emotional discomfort. In instances when the researcher finds that you are at
risk and in need of support, we have a psychologist present or on call and the researcher may
also refer you to Fred S. Keller School social worker, Latasha Gamble, who will help you access
resources in the lower Hudson Valley Region.
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PAYMENTS:
We will pay you $35 for your time.

DATA STORAGE TO PROTECT CONFIDENTIALITY:

We will ensure your confidentiality by giving a unique identification number (and not name) to
you and your child for your video, for your questionnaire, and for the information from the file
review. This identification number is how we will record your information in our computer file
for analyses. We will keep the identifiable consent forms in a separate, locked filing cabinet in
the Co-PI’s office, which will be kept separate from the de-identified data. After we record the
information from your child’s file we will destroy the link between your name and your
identification number. No one affiliated with the Fred S. Keller School (FSK) will have access to
the key linking your identity or that of your child to the unique identification number.

The videos and the computer file will be kept on a password protected and encrypted files in
Professor Marla Brassard’s office 529D Thorndike and Professor Laudan Jahromi’s office 5291
Thorndike. Only authorized members of the research staff will have access to this information.
Information will only be used for professional purposes and will not include identifiable
information.

TIME INVOLVEMENT:

Participation in this study will last approximately 60-70 minutes and will take place on one day.

HOW WILL RESULTS BE USED:

The results of this study will be used to design a parent support intervention for parents at the
Keller Schools starting AY 2017-18, to write articles, and for dissertations. Feedback on overall
results may be provided to the Fred S. Keller School. No feedback will be given on individuals.

ROLE OF THE PRINCIPAL INVESTIGATORS:

Co-Principal Investigators Laudan Jahromi, PhD (212 678-3321), and Marla Brassard, PhD, (212
678-3368) will work closely with Barbara Kimmel, Keller School parent coordinator and liaison,
to make sure this research study is completed according to Institutional Review Board standards.
For questions about the study, please contact the co-principal investigators at any time with
questions.
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PARTICIPANT’S RIGHTS

Co-Principal Investigators: Marla Brassard, PhD, Laudan Jahromi, PhD

Research Title: Improving Parenting and Enhancing Maternal Wellbeing in Mothers of

Preschool Children

I have read and discussed the Research Description with the researcher. I have had the

opportunity to ask questions about the purposes and procedures regarding this study.

My participation in research is voluntary. I may refuse to participate or withdraw from
participation at any time without jeopardy to future medical care, employment, student
status or other entitlements.

The researcher may withdraw me from the research at his/her professional discretion.

If, during the course of the study, significant new information that has been developed
becomes available which may relate to my willingness to continue to participate, the
investigator will provide this information to me.

Any information derived from the research project that personally identifies me will not
be voluntarily released or disclosed without my separate consent, except as specifically
required by law.

For questions about the study, I can contact the Co-principal investigators Laudan
Jahromi, PhD, 212 678-3821 and Marla Brassard, PhD, 212 678-3368 at any time.

If at any time I have comments, or concerns regarding the conduct of the research or
questions about my rights as a research subject, I should contact the Teachers College,
Columbia University Institutional Review Board /IRB.

The phone number for the IRB is (212) 678-4105. Or, I can write to the IRB at Teachers
College, Columbia University, 525 W. 120" Street, New York, NY, 10027, Box 151.

I should receive a copy of the Research Description and this Participant's Rights
document.

If video and/or audio taping is part of this research, I
() consent to be audio/video taped.
() do NOT consent to being video/audio taped. The written, video and/or audio taped
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materials will be viewed only by the principal investigator and members of the research
team.

Written, video and/or audio taped materials

() may be viewed in an educational setting outside the research (for example, at a
research conference presentation or in a graduate level course). This is an optional,
additional level of consent that does not affect your participation in the research study.
() may NOT be viewed in an educational setting outside the research (for example, at a
research conference presentation or in a graduate level course). This is an optional,
additional level of consent that does not affect your participation in the research study.

() I agree to be contacted for possible participation in an hour-long parent-child
interaction at FSK within the next year for which I will be offered additional payment
and child care

() Ido NOT agree to be contacted for possible participation in an additional parent-child
interaction.

My signature means that I agree to participate in this study.

Participant's signature: Date: / /

Name: If necessary:

Guardian's Signature/consent:

Date: / /

Name:

My signature means that I agree to participate in this study.

I am the parent /legal guardian of

and I voluntarily approve of

his /her
participation and I agree to participate myself.
Guardian's Signature/consent:

Date: / /

Name:
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Appendix E: Script for Parent-Child Interaction

CONSENT MEETING

On the day of the Interaction Task, the parent will sign the consent form. [Prior to the day of
the Interaction Task, parents will have received a recruitment letter and a copy of the consent
form. A project staff member will speak to the parent by phone to walk through the consent form
and address their questions].

PARENT-CHILD INTERACTION

Setup

Empty room — with child table and 3 chairs 3 sitting at table
1) Start recording video.

2) Parent Instructions. The parent, child, and interviewer are seated at a small (child-
sized) table. The interviewer has an iPad from which he/she reads the script. While
opening up the script on iPad say, “Ok, let’s get started. What did we ever do before
iPads? I have all my work saved on this one! ‘. Next, tell the parent about the tasks.
“First you two will build something together. Which type of blocks are best for your
child: wooden blocks, Duplos, or Legos?”’ [Bring a Ziploc with the three block
examples. Be sure to take it out with you when you leave the room for Competing
Demands]. “Then, I will bring in some toys and ask you guys to play for a while.
After that, I will come back and hand you this sheet [show parent the laminated clean-
up sheet] to remind you to ask your child to clean up. When I hand you this sheet,
please wait until I leave the room, then ask your child to clean up. [Hold up the sheet
for the mom to read it. Point to the sentence about not cleaning up herself to highlight it
for her]. Finally, please do not use last names on the video”.

3) Competing Demands Task (5 minutes). Tell the child, Ok, I’m going to go get some
blocks. Your mom really needs to finish filling out these papers before I come back.
I’ll be right back!” Hand the clipboard with the demographic questionnaire [including
the question about the child’s favorite prize for frustration task] to the parent and say, “It
would be really great if you could try to finish this form before I get back”. Leave an
iPad on the table with a “work™ document (Word or Excel file) open.

4) Go into observation room, start timer, & make notes regarding interactions that may be
difficult to see on the camera. Return to the room after 5 minutes of Competing
Demands.

5) Structured Task (5 minutes). Bring out the appropriate structured task [We will confirm
items via piloting; ultimately, we want three bins that each contain appropriate blocks and
model picture]:
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1. Nonverbal children/very low functioning children and children with fine motor
difficulties — use basic (non-interlocking) blocks

2. Children 5-6 with disabilities? — Use Duplo’s

3. Children 3-5 typically developing and high functioning ASD? — Use Legos

6) “Now I'd like you and your mom to build something together. Mom, please teach
[child’s name] how to build this [picture]. Here are the blocks and a picture of the
model”. [Leave out the correct number of blocks to complete the model plus 10-15
additional blocks; no instruction book will be provided].

7) Go into observation room and continue to make notes about interactions that may be

difficult to see on camera. If you see that the chosen blocks are not working for the dyad
(too easy, too hard), go back into room with the appropriate alternative and say “Now,
we’re going to try these blocks instead” and take away the inappropriate block set. After
S minutes of structured task go in the room. Congratulate child on a job well done (““You
did a nice job building!”).

8) Free Play Task (5 minutes). Move the blocks to the floor during free play. Set up toys
for free play [We will confirm items via piloting]:

Small basketball

Magna Tiles

Papers and crayons

Brio trains or cars

Make-believe play (dr. kit, for younger children use doll house doll props,)

Nhwbe=

9) Instructions for free play — “OK, let’s move to the floor now. Try to face this way, if
possible. Here are some toys I’d like you to play with for a little while”. Name each
toy as you take it out of the bin, ‘“We have a basketball, some magna tiles, some paper
and crayons, trains and cars, a doctor’s Kkit...”. Be sure to take all individual pieces
out; spill all the (8) crayons out, all the pieces of the doctor kit, all the magna tiles. Make
sure the dyad is sitting facing the camera before you leave.

10) Go into observation room and continue to make notes about interactions that may be
difficult to see on camera

11) After 5 minutes, enter the room and say, “Hey guys, I forgot to give this to your mom”.
Hand the parent the laminated sheet indicating that the clean-up session is to start when
you leave the room [Wording on sheet: “Please tell your child to clean up. Please don’t
clean up by yourself”’]. When the interviewer closes the door, this marks the beginning of
Clean-Up task.
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12) Clean-Up Task (2 minutes). After the child has fully cleaned up the toys (or 2 minutes
of clean-up task, whichever comes first), re-enter the room. If the child has not finished
cleaning up, quickly help them finish the clean up.

13) Next, the interviewer enthusiastically tells the child “You did such a great job today!
I’m going to get you a prize!” When the interviewer returns with the prizes, this marks
the beginning of the frustration task.

14) Frustration Task (3 minutes). The interviewer enters the room (leaving the door open
so that the second interviewer can enter quickly) and presents the child with a small bag
of their favorite food snack item (e.g., goldfish, chips) saying, “Thanks for doing such a
great job! For doing such great work, I have some [goldfish] for you! I know how
much you love [goldfish]!” The interviewer hands the item to the child, immediately
heads for the door, and as he/she exits, the second experimenter enters, announcing to the
first interviewer “Wait, you can’t give him/her that”. The second interviewer takes the
snack from the child, and says directly to the child, ‘“I’m so sorry, but you can’t have
that”. The interviewer looks apologetically at both the child and parent and leaves the
child and parent in the room for 3 minutes. Go into observation room and continue to
make notes about interactions that may be difficult to see on camera. If mom asks
Interviewer 2 what she should be doing next, he/she will say “Let me go check where
[Interviewer 1] went”.

After 3 minutes, the 1* interviewer re-enters the room and says, “Guess what? You can
have the [goldfish] after all! You did such a super job today!”
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Appendix F: Room layout for parent-child interaction

Diagram not to scale
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