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Abstract 
 

Joint attention is a critical developmental skill that plays a role in language and social 

development of young children. The present study investigated the pre- and post-intervention 

relations between eye gaze behaviors and joint attention in four young children diagnosed with 

autism. Participants’ ages ranged from 24.1 to 37 months, with 1 female and 3 males. Data was 

collected for a 16-week parent-mediated intervention with measures on eye-tracking, joint 

attention, parent-child characteristics, and language development. Results showed significant 

correlations between children’s mean number of fixations towards people’s faces and overall 

joint attention post-intervention. Additionally, the total number of fixations made towards 

people’s faces and eyes post-intervention was also significantly correlated. These results further 

support high relations between eye gaze behaviors and joint attention skills in children with 

autism. Implications for the effects of parent-mediated interventions are discussed.   

 

Keywords: JA, autism, eye-tracking, interventions, parent-mediated, language  
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Introduction 

Autism spectrum disorders (ASD) are currently one of the most prevalent 

neurodevelopmental disorders among young children (Matson & Kozlowoski, 2011).  According 

to the Centers for Disease Control (2014), roughly a one in 68 American child is diagnosed with 

some form of ASD. Classified as a neuropsychiatric disorder by the American Psychiatric 

Association, autism is illustrated by severe and long-term social and communicative impairments 

along with repetitive, stereotyped patterns (DSM-5, 2013).  Despite an increase in prevalence 

rates and research expanding multiple domains, the underpinnings of autism remain elusive 

(Lord & Cook, 2013; Volkmar & David, 2003).  Facets such as the exact neurophysiological 

nature and the origin of causes and associated behaviors such as regression seen in young 

children are yet to be fully explained (Johnson & Meyers, 2007; Rapin, 1997). Since ASD 

diagnoses continue to rise (CDC, 2014), it is important that scientific research aimed at 

discovering the underlying determinants are elucidated for the purposes of understanding the 

impacts of early identification and intervention.  

Aside from the various neurological and biological approaches that have been discussed 

in the literature to explain the underlying mechanisms that influence autism symptomatology, 

Other symptoms that may predict onset of autism include persistent difficulties in impairments in 

social interactions such as diminished eye gaze, reduced or absent joint attention (JA), lacking 

peer relationships, communication, and patterns of behavior such as atypical preoccupations, 

difficulties with change, and repetitive behaviors (Lai et al., 2014; Mesibov et al., 1997; Volkmar 

& David, 2003). One of the most significant impairments in ASD is reduced JA, defined as 

shared focus between two individuals through gaze or pointing behaviors to a surrounding event 

or object (Navab et al., 2012; Tomasello, 1995).  
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Physiology and Brain Mechanisms of Children with ASD 
 

While there are several proposed theories behind the causes of ASD, physiological 

explanations remain controversial (Volkmar & David, 2003). Based upon the high rates of 

associated issues such as epilepsy, cognitive deficits, and host of life-long neurological 

symptoms, one school of thought that has gained many supporters includes altered brain 

mechanisms among individuals with ASD (Green et al., 2011; Senju et al., 2009; Volkmar & 

David, 2003). In support of brain involvement and altered trajectories, there appears to be 

significant physiological differences between typically developing (TD) and those with ASD in 

terms of anatomical brain structures as well as neurochemistry (Sparks et al., 2002).  In 

comparison to TD brains, ASD postmortem studies have shown a variety of abnormalities in 

brain structure including fewer neurons and reduced dendritic arborisation, or nerve branching 

structures, in brain areas involving the amygdala, hippocampus, anterior cingulate, and the 

cerebellum (Kemper & Bauman, 1998; Minshew et al., 2005; Volkmar & David, 2003).  

Neurochemistry and a focus on neurotransmitter systems have found that approximately 

one-third of ASD children have peripheral-blood platelet concentrations of serotonin that are 

significantly higher than TD children (Volkmar & David, 2003).  Similar studies have also 

attributed observed atypical eye contact and gaze behavior to observed anatomical brain 

differences in children with ASD (Dalton et al., 2005; Klin et al., 2002; Senju et al., 2009). For 

example, Dalton and colleagues (2005) assessed gaze fixations and corresponding brain activity 

in young adolescents with ASD utilizing facial discrimination tasks and found a significant and 

positive correlation between time spent on eye fixations and activation of the fusiform gyrus and 

amygdala; supporting the hypothesis that reduced gaze in those with ASD explains the observed 

reduced activation of these two brain areas.  
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In addition, brain differences have also been found in neurophysiological capacities that 

provide further evidence about the observed behavioral and social impairments manifested in 

those with ASD (Hyde et al., 2010).  For instance, research studies have demonstrated that 

monkeys who had lesions in their amygdala, hippocampus or even both, showed characteristic 

behaviors commonly associated with ASD (Machado & Bachevalie, 2003; Volkmar & David, 

2003).  Through the use of functional magnetic resonance imaging (fMRI) techniques, Green and 

colleagues (2012) found that children with ASD seem to assign social cues in different ways than 

brains of TD children.  While TD children’s fMRIs consistently revealed increased activity in 

frontoparietal attention networks, visual processing areas, and the striatum, scans of children 

with ASD showed increasing activity exclusively in the superior parietal lobe (Green, 2012), 

providing support for the differential brain mechanisms and patterns between the two groups. 

Those diagnosed with ASD also have been shown to have decreased GABA (B) receptor density 

in the fulsiform gyrus (FG) and posterior cingulate cortex (PCC), resulting in decreased activity 

in these areas (Oblak et al., 2010). As the FG is known to be critical for facial expression 

identification and the PCC for socio-emotional management, these neurophysiological 

differences could provide further explanations for the hallmark behavioral impairments found in 

ASD such as reduced eye gaze and facial processing (e.g., Oblak et al., 2010; van Kooten et al., 

2008).   

Eye-Tracking and Young Children with Autism  
!

More recently, a principle paradigm in which eye gaze behaviors are studied is through 

the use of eye-tracking studies. The premise behind eye-tracking methodologies is that when a 

person fixates on a provided object or scene, information can be gathered as to where specifically 

the person was seeking more information and therefore, where visual processing was occurring 
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(Boraston & Blakemore, 2007; Norton & Stark, 1971).  Eye-tracking methodologies are 

extremely useful as they are an unobtrusive way to gain a great deal of information into the 

naturally occurring gaze behaviors of both TD and children with ASD including area of fixations 

and duration of fixations (T60; Tobii Technology, Sweden).  The way in which eye-tracking 

software generally works is that clips are presented to a participant while simultaneous use of 

infrared illuminators produce reflection patterns onto participant’s corneas and other image 

sensors gather additional visual information (Tobii Studio).  Gathered patterns and information 

are then compiled and then processed using determined algorithms and formulas which allow the 

software to determine the precise 3D location of the participant’s eye and gaze points at any 

given moment (Tobii Studio).  Gaze behaviors in general are important to research in both TD 

children and those with ASD as gaze behaviors begin to develop shortly after birth and is the 

manner by which infants learn about the various facets of their new world including: visual 

input, social interactions with others including joint attention, and mental and emotional states of 

others (Frischen et al., 2007; Moore, 2008). These important roles gaze plays in early postnatal 

development is one of the primary reasons in which eye-tracking methodologies are so important 

in developmental research, including children with ASD.   

By attempting to find and explain irregularities in underlying brain development and 

function via atypical eye gaze patterns, researchers hope to provide an explanation for the 

clinically perceived predicators including reduced joint attention, social interaction, and 

communication (Hyde et al., 2010). For example, Dalton and colleagues (2005) used eye-

tracking methods in conjunction with fMRI techniques in order to determine a parallel between 

decreased eye fixations alongside diminished brain activity in the fusiform gyrus.  Moreover, 

empirical studies, such as Oblak and authors (2009), Senju and colleagues (2009), and Wagner 
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and colleagues (2013), have made connections between the neural aspects of autism with its 

clinical and practical manifestations- such as reduced recognition and response to social-

emotional cues and atypical eye contact, all showing differences in gaze patterns correlating to 

decreased and irregular neural processing and activity.   

In particular, eye-tracking methodologies have become widespread in research with 

young children with autism due to the non-invasiveness and the minimal requirement for 

significant motor or language development (Falck-Ytter et al., 2013).  Due to its ease in 

administration and efficacy, eye-tracking methods continue to be utilized with this clinical 

population (Sasson & Elison, 2012). More specifically, by looking at aspects such as visual 

fixation and/or gaze patterns, researchers can better recognize and begin to understand the 

differences in neural processing of social cues between TD, children with delays, and children 

with ASD (Moon, 2011). One study investigating 42 TD and 57 at-risk infants used eye-tracking 

methods in order to assess gaze patterns using still and speaking faces in movie clips, found that 

infants who spent significantly less time looking in general, but also significantly less time 

fixating on the inner regions of presented faces, were also later diagnosed with ASD (Shic et al., 

2014). Furthermore, the infants later diagnosed with ASD preferred to look towards the 

peripheral of the video clips, suggesting that children with ASD have complications in regards to 

attention regulation during complex social scenes (Shic et al., 2014). 

Similarly, diminished eye gaze patterns have been found in those diagnosed with ASD in 

the form of actor and cartoon movies in comparison to TD or mental age-matched children, 

indicating evidence of divergent social interests (Riby and Hancock, 2009). Additionally, studies 

have shown that children with ASD prefer to look at the periphery of scenes or at the mouths of 

actors during dynamic stimuli as opposed to TD children’s fixations towards the eyes (Hosozawa 
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et al., 2012; Shic et al., 2014).  Another study tracked visual fixation patterns in at-risk children 

with an older sibling diagnosed with autism, found that 10 of the 11 children also demonstrated 

diminished gaze behaviors during episodes of the mother-child interactions utilizing a Still Face 

paradigm (Merin et al., 2007).  In addition to simply measuring reduced fixation and gazing 

patterns, eye-tracking studies have also been performed in order to measure subsequent deficits 

in children with ASD in the areas of language development and joint attention (Brady et al., 

2014).  For example, in an investigation examining 18-month-old infants’ gaze behaviors and 

language development, a significant, positive relationship between face scanning and expressive 

language as measured by eye-tracking methodologies was found in both TD and infants at-risk 

for autism (Young et al., 2009).  Furthermore, Young and colleagues (2009) determined that 

gaze fixations towards the mouth in young children might be strongly related to subsequent 

language development later in life.  In particular, one of the reasons why eye tracking technology 

serves as an objective means to measure social attention is the tracker’s high precision and 

accuracy (Hayhoe, 2004; Navab et al., 2012). Moreover, measuring a child’s visual attention 

through eye-tracking methodologies allows one to capture social processes by utilizing dynamic 

stimuli.  In sum, eye-tracking has become an increasingly popular method in ASD research and 

is expanding what is known about early gaze behaviors that may shed light on early signs of risk 

for autism as well as providing information regarding vital underlying aspects of the very 

complex disorder of autism (Falck-Ytter et al., 2013) 

Joint Attention in Children with Autism  
 

Joint attention is one of the most critical developmental milestones accomplished during 

infancy (Farrant & Zubrick, 2012; Grossman & Johnson, 2010; Striano & Hoehl, 2006; 

Tomasallo, 1995). More specifically, JA is important for not only reciprocity in early parent-
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child interactions, but also is a pivotal skill necessary for language development, social 

interactions, and theory of mind (Jones & Carr, 2004). Empirical studies have shown that 

reduced JA is correlated with lower rates of linguistic and social development in both TD and 

children with ASD (Navab et al., 2012).  JA is a pivotal skill for infants during development as it 

allows them to practice joint information processing regarding the attention of self and others 

(Mundy and Newell, 2007).  In TD children, this practicing of integration activation of anterior 

and posterior attention networks is a key supplier to social cognition development (Mundy and 

Newell, 2007). Despite this, children with ASD are observed to have impaired JA skills due to 

difficulties in dyadic orientation towards others (Leekam, 2005; Mundy and Newell, 2007).  This 

idea was observed in Lewy and Dawson (1992) in their investigation of social stimulation and 

JA in TD, ASD, and Down syndrome affected children. Moreover, the researchers found that in 

two experimental and free play sessions with parents, ASD children were significantly less 

responsive in experimental conditions than TD controls, giving support for the reduced JA model 

hypothesized associated with autism (Lewy & Dawson, 1992).   Furthermore, the JA construct 

has been suggested to serve as an area of early development prior to transition to symbolic 

communication (Bruinsma et al., 2004).  Charman and colleagues (1997) examined JA along 

with empathy and imitation in 20-month old infants diagnosed with ASD and TD children of the 

same age.  Researchers found that the children with ASD failed to display social gaze behaviors 

during presented JA tasks and also tended to make more nonsocial gazes than TD children 

(Charman et al., 1997).  Similarly, another association of reduced JA associated with ASD often 

includes reduced ability to share in social contexts (Kasari et al., 1990). Kasari and colleagues 

(1990) investigated the concept of sharing in social setting in TD children, children with ASD, 
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and children with intellectual disabilities and found support for the hypothesis that reduced JA in 

those with ASD seems to strongly correlate with associated inability to share.   

JA also serves as a link to expressive and receptive language acquisition and abilities in 

children (Vogt et al., 2008). One study investigating the effects of JA or symbolic play in 

children with ASD on subsequent language development showed that even children with the 

lowest language levels improved significantly more in JA treatment group than did children in 

the symbolic play or a control intervention alone (Kasari et al., 2008).  In addition, an 

investigation examining the degree to which early social communication behaviors foretell 

subsequent communication and intellectual outcomes in children with ASD found that although 

not significantly reduced in comparison to imitation and object play, JA did appear to be 

impaired in children with ASD, providing support for the potential role of JA deficits in infancy 

being a predictor for later development of ASD (Poon et al., 2012).  Researchers investigating 

social attention impairments including: joint attention, social orienting, and awareness of other’s 

distress determined that joint attention was the best predictor of future language outcomes, in 

toddlers diagnosed with ASD (Dawson et al., 2004) 

Furthermore, researchers have also commonly examined JA behaviors through measures 

of eye tracking technology in order to more explicitly understand the complex connections 

between reduced gaze behaviors and fixations, in particularly towards the eyes, and the observed 

reduced behaviors of JA in those with ASD (Navab et al., 2012).  For instance, one study used 

gaze patterns collected from eye tracking data in order to measure and compare joint attention in 

both TD and children with ASD (Swanson & Siller, 2013).  Using a series of congruent and 

incongruent videos, the authors found that children with ASD failed to modulate eye gaze, 

suggesting that children with ASD’s inability to flex gaze in JA contexts may reveal the limited 
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awareness of social cues which facilitate social learning in general (Swanson & Siller, 2013). 

Since JA is a reliable and critical measure of early development in very young children, reduced 

JA in infants is commonly seen as an early sign and predictor of a future ASD diagnosis (Lord, 

2013).  Through reliable measurements of joint attention behaviors early on, proactive detection 

of red flags and atypical characteristics can be addressed.  Due to the construct’s critical nature 

in both TD and children with ASD, JA also serves as an effective way to not only measure ASD 

impairments, but also serve as a potential for targeted therapeutic interventions. 

Behavioral Treatments for Children with Autism  
 

With the identification of atypical characteristics such as atypical eye gaze patterns, 

repetitive behaviors, and reduced JA found in children with ASD, therapeutic attempts to 

improve these primary and secondary impairments can be examined with more scrutiny.  

Regardless of the behavioral approach utilized, interventions for autism are intensive and require 

a great deal of commitment from a team of people that usually includes family members and 

healthcare specialists (CDC, 2015). One of the most common forms of behavior therapy for 

individuals with ASD utilizes cognitive-behavioral (CBT) approaches and principles.  These 

CBT models most often include applied behavior analysis (ABA), which functions on the basis 

of operant conditioning methods incorporating an antecedent or verbal command, resulting 

behavior, and an appropriate consequence (CDC, 2015).  ABA has been used for more than 40 

years with substantial success rates in changing a variety of behaviors ranging from social skills 

to gross and fine motor skills to even personal hygiene (Efrosini, 2011; Matson et al., 2012; 

Virués-Ortega, 2010). In addition to the traditional ABA approaches, therapies such as Verbal 

Behavior and Pivotal Response Treatment (PRT), which are primarily based upon ABA 

methods, but with a greater emphasis on different aspects of behaviors such as motivation, self-
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management and social initiation (CDC, 2015; Koegel & Koegel, 2006; Sundberg & Partington, 

1998).  

In particular, play based PRT treatments tend to target developmental areas including: 

motivation, social initiations, and self-management in hopes of increasing social skills as well as 

fostering verbal communication (Koegel & Koegel, 2006).  In comparison to ABA approaches, 

which focuses on words as labels, the Verbal Behavior methods that is based on B.F. Skinner’s 

analysis of verbal behavior, emphasizes why particular words are used in order to help children 

gain understanding of how to use language (Daversa, 2001). Moreover, there is four different 

words types in this treatment, which include: mand (a request), tact (a comment), intraverbal 

(question response) and echoic (repeated word; Daversa, 2001). For example, Lovaas and 

researchers (2013) investigated the effects of an applied verbal behavior therapy in 20 young 

children with ASD and found that upon completion of the treatment, all participants displayed 

decreased inappropriate behaviors, increased appropriate behaviors, increased use of language, 

and improved IQs and social quotients (Lovaas et al., 2013). In addition to ABA and verbal 

interventions, another form of effective intervention that is not as robustly studied includes 

parent-mediated interventions.  

Parent Mediated Interventions 
 

Parents serve as the fundamental source of learning for young children with autism and 

facilitating effective parent-child interactions during early years is imperative for early social and 

communication development and subsequent JA (Diggle & McConachie, 2003; Kasari et al., 

2010; Roberts & Dissanayake, 2013).  Furthermore, these types of interventions allow for 

natural, everyday environments to be taken advantage of and serve as a beneficial context within 

which the child can develop. In a study examining the differences in mother-child interactions in 
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children with ASD in comparison to TD children, researchers found that overall mothers 

responded equally to their TD children as the child with ASD (Meirsschaut et al., 2011).  While 

mother-child interactions themselves are not inherently different between children with ASD and 

typically developing children, what appears to be more distinctive between the groups are the 

strategies employed by each type of mother (Royester, 2012). For instance, mothers who have 

children with ASD have been found to use less inhibitory words and also tend to direct their 

child’s attention to objects outside of their focus more frequently than in comparison to mothers 

of TD children (Royester, 2012; Watson, 2011).  

In addition to fostering social and language acquisition, parent-mediated interventions 

also allow for the parents themselves to learn and hone in on specific skills that helps address 

any added challenges when raising a child with ASD (Roberts & Dissanayake, 2013). While this 

type of intensive intervention that utilizes parents as therapists can be stressful on parents and 

caregivers, there has been much evidence to suggest efficacy in the therapy (Kasari et al., 2008; 

Oono et al., 2013; Stadnick et al., 2015). In a review of 17 studies that utilized parent-mediated 

interventions from six different countries including the United States, United Kingdom, 

Australia, Canada, Thailand and China found reductions in symptom severity as well as evidence 

suggesting increased language comprehension and significant positive increases in parent-child 

interactions (Oono et al., 2013).  Another study investigating the effects of parent-mediated 

interventions within community service settings studied parent-child dyads in a 12-week 

intervention program in young children with autism and found a significant positive correlation 

between increased communication skills in the parent-child dyad intervention group, as 

compared to a control group (Stadnick et al., 2014).  While there is limited experimental data 

that demonstrates the effectiveness of parent mediated interventions due to control group 
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difficulties and post-intervention assessments, the small amount of research studies appear 

promising and highlight the need for further investigations of parent-mediated interventions on 

the developmental outcomes of children with ASD.  

The Present Study 
 

Two of autism’s hallmark predictors include reduced JA and atypical gaze behaviors in 

young children (Volkmar & David, 2003).  The reduced JA associated with ASD has been 

observed in studies investigating language development, later communication skills and even 

cognitive outcomes such as IQ and social quotients (Kasari, 2008; Mundy et al., 1994; Poon et 

al., 2012).  Additionally, frequently observed diminished gaze patterns and preferences to look at 

scene peripheries in dynamic stimuli in children with ASD appears indicative of divergent social 

interests, as compared to TD children (Hosozawa et al., 2012; Riby & Hancock, 2009; Shic et al., 

2014).  Since JA is a pivotal developmental skill for all young children, reduced JA in infants 

can be commonly seen as an early sign and predictor of future developmental deficits including 

ASD. Using eye-tracking methods to non-invasively measure and assess gaze patterns have been 

deemed promising in research, as it is highly precise and temporally accurate in a population that 

is pre-verbal (Navab et al., 2012). With few studies available on the effects of parent-mediated 

interventions and the subsequent effects on language and JA skills in children with autism, the 

purpose of this current study is to investigate the potential relationship pre- and post-intervention 

between eye gaze behaviors and JA in young children with autism.  

Research Question: !

1. Are there differences in pre- and post parent-mediated intervention in eye gaze 

behaviors?#



JOINT ATTENTION IN YOUNG CHILDREN WITH AUTISM 
  

17!

2. Are there differences in joint attention (JA) behaviors pre- and post parent-mediated 

intervention?  #

3. Is there a correlation between eye gaze and joint attention behaviors in children with 

autism? !

Hypothesis: #

1. I hypothesize there will be significant differences pre- and post-intervention in eye gaze 

behaviors. #

2. I hypothesize there will be significant differences in pre- and post- JA scores. !

3. I hypothesize there will be a positive correlation between eye gaze behaviors and joint 

attention behaviors pre- and post intervention.  #

Methods 

Sample  
!

A sample of  (N = 4) participants, including 1 female and 3 males between the ages of 

24.1 and 37 months (M = 30.28, SD = 6.67) with a mental age (M = 28.5, SD = 19.06) and their 

respective mothers participated in the current study.  These children were clinically diagnosed 

with autism and were enrolled in a 16-week parent-mediated intervention.  All participants had 

received diagnoses within six months of the study’s beginning and were recruited from the 

greater area of Northern California.  The sample used in the final data analysis included 

participants who had completed both pre and post measurements, constituting of JA and gaze 

behaviors.  Table 1 displays the demographic characteristics of this sample.  

Insert Table 1 Here 
 

Procedure  
!
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After obtaining written consent from the families, participants and their mothers 

completed questionnaires including:  pre- and post-intervention developmental measurements, 

language diaries, laboratory administered Early Social Communication Scales (ESCS) as well as 

social communication eye-tracking measures. The mothers were provided with specific toys in 

the home and were asked to play with their child for 15 minutes daily based on semi-structured 

instructions that would elicit joint attention behaviors within the parent-child interactions.  Once 

a week, sessions were video recorded and information regarding daily language and joint 

attention skills were collected. Pre, mid, and post measurements were compiled for each of the 

participants throughout the intervention.  Pre-measurements were taken before the intervention 

began to serve as baseline measures, mid- measurements were taken approximately eight weeks 

into the intervention and post- measurements were collected one to two months after completion 

of the program.  The participants were compensated for their time. 

Measures  

Basic demographic information including citizenship status, family size, marital status, 

race, education, employment, and average household salary were collected regarding the 

participants’ families.    

Gaze behaviors in pre- and post- evaluations were measured using Tobii Studio eye 

tracking software. Participants were shown a 49 seconds clip of Cat in the Hat, which included 

dynamic social interactions and dialogue between a cat and two children.  A 25 second dyadic 

scene was chosen from the clip and gaze fixations were coded for each participant based on areas 

of interest (AOI) including a) eyes and b) face, which included all other facial features besides 

eyes. Additionally, no gaze and background fixations were also coded and accounted for.  These 

AOIs were further micro-analytically coded using the Noldus Observer XT behavioral coding 
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software.  These AOIs were chosen based upon previous literature on TD and children with 

autism’s preferences of gaze locations (Hosozawa et al., 2012, Shich et al., 2014).  

In order to determine pre- and post measurements of joint attention, the Early Social 

Communication Scales (ESCS) was used (Mundy et al., 2003).  This assessment is based upon 

videotaped observations developed to assess nonverbal communication in children between 8 

and 30 months of age using designated toys that initiate different JA and social interaction (SI) 

behaviors (Mundy et al., 2003).  Three mutually exclusive categories of behavior are measured 

with ESCS: joint attention, behavioral requests and social interaction.  In particular, JA behaviors 

are broken down into a) initiating joint attention (IJA), which determines frequency of the child’s 

use of eye contact, pointing and showing to initiate shared attention and b) responding joint 

attention (RJA), which measures the child’s ability to follow a tester’s commands and pointing 

gestures (Mundy et al., 2003).  Each included participant received ESCS pre-, mid and post- 

intervention and only the pre- and post- sessions were coded for potential differences in IJA and 

RJA.  

Results 

T-Test Analysis  
 
 The present study investigated the research question of whether significant changes 

would be measured in JA and eye gaze behaviors between pre- and post intervention scores in 

young children with autism. Paired samples t-tests were conducted to test differences in 

participants’ pre- and post- intervention scores of both joint attention and eye gaze behaviors.  

For gaze behaviors, the total duration (TD) and total number (TN) of eyes and faces were 

compared. For the JA construct, initiating (IJA), responding (RJA), and total joint attention  

(TJA) behaviors were analyzed to test for differences.  In the comparison between pre- and post- 
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TD measures of fixations towards the eyes, it was determined that no statistically significant 

change was measured (t (3) = 0.68, p > 0.05).  Similarly, no significant differences were found 

between pre- and post-scores of TN of fixations directed towards faces, (t (3) = -0.50, p > 0.05).  

Analysis between pre- and post-intervention changes in TJA scores suggested no statistical 

change, (t (3) = -2.35, p > 0.05).  Additionally, no significant differences were found between 

either IJA scores (t (3) = -1.65, p > 0.05) or RJA pre- and post-intervention measures (t (3) = -

2.20, p > 0.05).   

Despite no statistically significant measured changes between pre- and post-intervention 

scores for either gaze or joint attention behaviors, both behaviors were highly correlated with 

each other.  Although not statistically significant, Figure 1 displays mean differences in pre- and 

post-intervention total joint attention scores for three of the four participants, indicating a certain 

level of effectiveness of the parent-mediated intervention. Additionally, as can be seen in Figure 

2, two participants also had increased total duration of fixations towards faces between pre- and 

post-intervention measures. While these increases may not have been statistically significant, 

such increases nonetheless provide important implications for measuring the subtle effects of a 

parent-mediated intervention. 

Insert Figures 1 & 2 Here 

 Correlational Analysis  

 The third research question for this study investigated if there was a significant 

correlation between the developmental constructs of gaze behaviors and joint attention in young 

children with autism.  Analyses were conducted using Bivariate Pearson correlations between 

key predicative variables. Results indicated few statistically significant correlations between 

joint attention and eye gaze behaviors.  As demonstrated in Table 2, a significantly high and 
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positive correlation was found between measures of total number of fixations towards eyes pre- 

intervention and the average fixation towards people’s eyes pre-intervention (r = 0.96, p < 0.05).  

This significance would make sense in the context of the analysis because the total number of 

fixations towards people’s eyes is accounted for within the mean calculation. Additionally, a 

significant correlation was also found between post-intervention measures between initiating 

joint attention (IJA) and total joint attention (TJA; r = 0.95, p < 0.05). This correlation also 

makes sense in the construct of the investigation, as IJA is one of the two types of joint attention 

behaviors comprised in TJA.  Thirdly, Table 2 shows a statically significant and high correlation 

(r = 0.95, p < 0.05) between the variables of mean fixations on people’s faces and JA overall 

post-intervention.  This correlation indicates high relations between gaze behaviors and JA.  

Additionally, a significant correlation (r = 0.989, p < 0.05) was also found between the total 

number of fixations made towards people’s faces and eyes post-intervention, further providing 

evidence of the associations of gaze behaviors and the effects of the parent-mediated 

interventions in regards to attention allocated towards human faces. Such a high correlation 

suggests that in post- measurements, as participants fixated on people’s faces, they were 

significantly more likely to also fixate on their eyes, potentially allowing for more information to 

be perceived and processed by these children, specifically due to the effects of the intervention. 

Insert Table 2 Here  
 

Discussion 
 
 This investigation was developed to examine the potential relationship between eye gaze 

behaviors and joint attention in young children with autism during a 16-week parent-mediated 

intervention.  More specifically, the following research questions were proposed: (1) is there a 

difference pre- and post-parent mediation intervention in eye gaze behaviors? (2) are there 
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differences pre- and post-parent mediated intervention in joint attention (JA) behaviors? and (3) 

is there a correlation pre- and post-parent mediated intervention between eye gaze and joint 

attention in children with autism? It was hypothesized that there would be statistically significant 

differences in pre- and post-intervention scores in both joint attention and gaze behaviors, as well 

as a significant correlation between eye gaze and joint attention behaviors in young children with 

autism.  Based upon obtained results and analysis, there was minimal support for the first two 

hypotheses; however, there was a high correlation post-intervention between JA and gaze 

behaviors.  Despite few statistical significance in correlational analysis and no statically 

significant changes measured in pre- and post- intervention scores, the proposed study highlights 

the importance of understanding subtle changes in JA skills and gaze behaviors within the 

context of a small parent-mediated intervention. 

The significant correlation between fixations directed towards people’s faces in pre-

intervention scores and total post-intervention joint attention scores directly corroborates with 

available literature.  More specifically, demonstrated results appear to support similar results of 

Navab and colleagues (2011) who also found a statistically significant correlation between 

responsiveness to JA and eye-tracking measures. Furthermore, the current results also support a 

similar study examining a parent-mediated model in young children with autism that found 

significant improvements between pre- and post- scores in initiating and responding to joint 

attention (Schertz & Odom, 2006).  Such correlations indicate the efficacy and importance of 

utilizing parents as therapists when conducting behavioral therapies with young children with 

ASD (Kasari et al., 2010; Oono et al., 2013).  Additionally, as a result of the measured 

significant positive correlation between fixations towards people’s faces pre-intervention and 

total joint attention post-intervention, it is hypothesized that additional connections and 
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correlations between the constructs’ facets-such as initiating joint attention and total fixations 

towards peoples’ eyes-would have been observed upon analysis if a larger sample had been 

utilized. Unfortunately, no other relevant significant correlations were found between the 

variables analyzed; however, it should still be noted that, although not significant, select 

participants did experience increases from pre- and post scores in certain gaze and joint attention 

behaviors, as can be visualized in Figure 2. These increases yet again reinforce the promise of 

examining gaze behaviors and JA skills through parent-mediated interventions in ASD therapies.  

Similarly, another study employed eye-tracking measures in order to investigate 

unprompted social monitoring in high-risk infants and researchers found that of the high-risk 

infants who later developed autism spent less time engaged in social scenes, and when engaged, 

spent less time looking at faces (Chawarska et al., 2013).  Had significant differences been 

measured pre- and post-intervention for gaze and joint attention behaviors in the current sample, 

it would be expected that similar results would have been obtained for gaze measures towards 

peoples’ faces.  Examining gaze behaviors are important to investigate in both TD children and 

children with ASD due to the fact that successful gaze behaviors are associated with greater 

social understanding and reciprocity including comprehending other’s mental states and 

intentions (Jones & Carr, 2004; Pelphrey et al., 2005).  Furthermore, gaze behaviors in the first 

two years of a child’s life is invaluable in establishing the ability to regulate and discriminate 

visual inputs, along with conveying nonverbal social cues (Frischen et al., 2007; Moore, 2008; 

Volkmar & Mayes, 1990). Since one of the hallmark signs of ASD in young children are 

deviations in the ability to make and hold gaze with other individuals, eye gaze behaviors and its 

many associations are an important and pertinent area of interest that can provide clues into the 

intervening aspects of the disorder. 
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Due to the pertinence of eye tracking in ASD research, empirical studies have been 

conducted in order to more closely examine gaze behaviors in young children with ASD and the 

multitude of effects on developmental outcomes.  For example, Rice and colleagues (2003) 

examined how TD and children with ASD scanned movie scenes depicting typical social scenes 

containing character interactions via eye-tracking measures and determined that the greater the 

degree of impairment, the more likely the child was to fixate on an object versus a face. Thus, 

similar to Rice and colleagues (2003) and other studies, it was hypothesized that there would be 

observed significant changes pre- and post-intervention in regards to dynamic stimuli that depicts 

peoples’ faces and/or eyes more specifically. Hypothetically speaking, if participants had shown 

significant improvement between pre- and post- scores, it could be assimilated that the pre-scores 

would be similar to Rice and colleague’s (2003) results and that with improvements largely 

based upon the parent-mediated intervention, greater fixations towards the faces and less 

background fixations in post-measures would be observed.  

Utilizing faces as an AOI is important to study in developing children, as even in the 

earliest stages of postnatal development, newborn infants tend to fixate on face-like stimuli in 

comparison to scrambled patterns (Pelphrey et al., 2002).  In addition, judging facial expressions 

teaches young children the ability to interpret socially relevant material, an essential requirement 

for typical reciprocal social interactions, as well as interpersonal communication skills (Pelphrey 

et al., 2002; Walden & Field, 1982).  As children with ASD most often have reduced overall 

gaze, their gaze fixations towards faces tend to be towards the peripheral features of the face 

such as the mouth or chin, in comparison to TD children who often show preferences for the eyes 

(Hosozawa et al., 2012; Shic et al., 2014).  Moreover, the present study’s interest in gaze 

behaviors directed towards the eyes versus other facial features including the mouth, chin, ears, 
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etc. allowed for the differential examination of social attention allocation in gaze fixations 

towards eyes, faces, or background information before and after intervention.  Although not 

statistically significant, certain participants did show the improvement scores, suggesting 

potential effectiveness of the parent-mediated therapy as related to gaze behaviors and joint 

interaction abilities.  

While the findings of the current study do not show large statistical significance 

differences, it is important to examine these concepts on a broader and more global scale in 

relation to potential effectiveness of parent-mediated interventions for young children with 

autism.  Despite the small sample size, individual improvements were measured between pre- 

and post-intervention JA scores.  Studies utilizing parent-mediated intervention for measures of 

improvements in JA including initiating and responding to JA in young children with ASD have 

found that through the context of parent-child interactions, larger improvements in the different 

areas of JA can be obtained (Schertz & Odom, 2006). Furthermore, two of the toddlers in the 

current study demonstrated significant increases between pre- and post-intervention scores with 

respect to joint attention while the third participant demonstrated significant increases in turn-

taking and face focus, which are known precursors to JA (Schertz & Odom, 2006). Parent-

mediated interventions can be extremely important and vital in successful ASD specific therapies 

as parents are the critical factors who spend the most time with the child and have the greatest 

ability to effect change and improvement based upon strong investment and expertise with the 

child’s individual circumstances (Diggle & McConachie, 2003; Kasari et al., 2008; Oono et al., 

2013; Schertz & Odom, 2006; Stadnick et al., 2015).   

Additionally, the importance of early ASD detection and early intervention can only be 

identified if parents, as key players are utilized for treatment efficacy as they are likely to be the 



JOINT ATTENTION IN YOUNG CHILDREN WITH AUTISM 
  

26!

first ones to characterize any hallmark signs of ASD including reduced gaze and joint attention 

behaviors (Chabane, 2012; Guthrie et al., 2013; Pinto-Martin & Levy, 2004).  Furthermore, 

because joint attention is crucial in the subsequent development of social-communicative 

behaviors, language skills, and theory of mind, early parent-child interactions are crucially 

important in building such JA skills in both TD children and children with ASD (Adamson & 

Russell, 1999; Baron-Cohen, 2000; Paparella & Kasari, 2004). Moreover, both eye gaze 

behaviors and joint attention interaction between parent and child establish a critical foundation 

for communicative competence manifested throughout the entirety of the child’s life (Lieberman, 

2012). By educating parents on building and reinforcing foundational JA skills through shared 

interactions and interpersonal dialogue within the context of parent-child interactions, children 

can have opportunities that allow them to engage in social interactions, helping to foster new 

vocabulary and linguistic skills (Lieberman, 2012; Maccoby, 1992; Siller & Sigman, 2002). 

In application to ASD therapies such as the one employed in the present study, it is easy 

to hypothesize the impact parents can employ in improving hallmark symptoms of reduced joint 

attention in the deviations seen in children with ASD.  Early-targeted interventions in young 

children with ASD can change subsequent trajectories associated with ASD, and have been to 

show significant improvements in areas including developmental rates, IQ, language, and social 

behavior (Anderson et al., 1987; Mundy & Crowson, 1997; Rogers, 1996).  Overall, the evidence 

from this study has direct intervention implications such that increases in joint attention 

behaviors as well as increases in gaze fixations directed towards peoples’ faces and in 

particularly, eyes can lead to efficacy trials of using eye-tracking technology to target the core 

deficits of social and communication skills in children with ASD. 

Limitations  
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Although the current study has much strength in regards to the nature of a parent-

mediated intervention, there are some limitations that need to be considered when generalizing 

the results. One of the primary limitations of the present study is the small sample size.  The four 

participants in the study also were demographically limited in that three of these four participants 

were Caucasian males, with three participants coming from families where the mother had some 

form of professional or graduate degree.  This limits the potential conclusions drawn from the 

results, as it does not allow for application to a diverse group of families that have with varying 

ethnicities, backgrounds, socio-economic status, etc.  Even though the current investigation did 

not garner paralleling results to those of available research, it is likely that there might have been 

different outcomes and results determined if the sample size used for data analysis and 

conclusions had been significantly larger.  With only four participants in the sample, the data 

from which conclusions were obtained was almost certainly skewed and it is troublesome to 

draw significant conclusions based upon such a small population. Further research would need to 

be conducted with a larger sample size in order to provide conclusions that can provide validity 

and reliability.  Additionally, the present study had limitations in population size as the parent-

mediated intervention was a 16-week program and not all originally registered participants 

finished the program; however, the four families and children who did complete the intervention 

demonstrated the potential validity of parent-mediated interventions as a viable and effective 

form of therapy.  

Future Research  

Although no statistically significant findings were obtained in the present study, there are 

current studies under way with larger sample sizes.  For example, research is currently being 

conducted at the University of Arizona that utilizes a similar eye-tracking paradigm as the 
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present study in the hopes of tracking and understanding visual fixation patterns in both TD and 

at-risk for autism infant siblings. More specifically, infants aged from 3 to 24 months of age are 

participating in this study that not only evaluates eye gaze behaviors, but also joint attention 

skills, developmental and cognitive behaviors, and overall social development.  Such research 

studies including the presented work hope to shed light on the observed reduced gaze behaviors 

and associated deficits in social interactions in young children with autism as well as provide 

targeted interventions for young children at risk.  
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Table 1. Demographic Characteristics of (N=4) Children and their Families 
 
  Child’s Characteristics  N (%) 
Child’s Gender  
Male        3 (75) 
Female       1 (25) 
 
Child’s Ethnicity  
Caucasian/European      3 (75) 
Hispanic      1 (25) 
 
  Maternal Characteristics  
 
Maternal Race 
Caucasian/European      3 (75) 
Hispanic      1 (25) 
 
Maternal Education  
Undergraduate Degree    1 (25) 
Graduate/Professional Degree    3 (75) 
 
Maternal Martial Status  
Married       4 (100) 
 
Family Size  
3 People       3 (75) 
4 People       1 (25) 
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Table 2: Bivariate Pearson Correlations Between Joint Attention and Gaze Behaviors 
 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1-People Eyes-Pre (M) 1.00 0.62 0.66 -0.36 0.78 0.58 0.96* 0.80 0.87 0.76 -0.92 -0.21 -0.81 -0.38 
2- People Eyes-Post (M)  1.00 0.95 -0.12 0.94 0.70 0.41 0.94 0.63 0.91 -0.28 -0.47 -0.47 -0.38 
3- People Face-Pre (M)   1.00 -0.43 0.98* 0.47 0.52 0.86 0.80 0.88 -0.39 -0.70 -0.69 -0.65 
4- People Face-Post (M)    1.00 -0.40 0.49 -0.51 -0.28 -0.74 0.12 0.49 0.83 0.83 0.95* 

5- People Face-Pre (TD)     1.00 0.56 0.64 0.92 085 0.85 -0.53 -0.61 -0.74 -0.60 
6- People Face-Post (TD)      1.00 0.35 0.84 0.22 0.91 -0.29 0.30 -0.60 0.33 
7- People Eyes-Pre (TN)       1.00 0.60 0.88 0.55 -0.99 -0.23 -0.87 -4.45 
8- People Eyes-Post (TN)        1.00 0.66 0.99 -0.49 -0.24 -0.51 -0.22 
9- People Face-Pre (TN)         1.00 0.56 -0.82 -0.66 -0.98 -0.78 
10- People Face-Post (TN)          1.00 -0.45 -0.10 -0.40 -0.77 
11- IJA Total-Pre           1.00 0.14 0.83 0.38 
12- IJA Total-Post            1.00 0.67 0.96* 
13- JA Total-Pre             1.00 0.83 
14- JA Total-Post               1.00 

Note. *p < 0.05 
  



JOINT ATTENTION IN YOUNG CHILDREN WITH AUTISM 
  

41!

Figure 1: Pre- and Post-Intervention Total Joint Attention (TJA) Scores  
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Figure 2: Total Duration (TD) of Fixations Towards Faces Pre- and Post-Intervention 
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