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Abstract

The goal of this paper is to examine the psychometric properties of a live-coded behavioral
measure of joint attention, the Attention-Following and Initiating Joint Attention Protocol (JA
Protocol), in order to assist researchers and clinicians in identifying when this measure may meet
their joint attention assessment needs. Data from 260 children with autism spectrum disorder,
developmental delay, or typical development between the ages of 2 and 12 years were used to
evaluate this measure using quality standards for measurement. Overall, the JA Protocol
demonstrated good psychometric properties. Recommendations and limitations for use of this
measure based on psychometric analysis results are reported.
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Introduction

Joint attention skills have been identified as pivotal in the development of all children,
including those with autism spectrum disorder (ASD), and have thus become key early
intervention targets for children with ASD. Knowledge about intervention effects in
populations like those with ASD is dependent upon the measures from which results of
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research studies are drawn (Naglieri & Chambers, 2009); therefore, having measures that are
psychometrically sound for the population of individuals with ASD is necessary.
Furthermore, ASD is no longer considered a rare disorder that can only be diagnosed and
treated at university clinics; thus, clinicians in community practice settings need access to
reliable and valid measures for this population (Klin, Saulnier, Tsatanis, & Volkmar, 2005).
Many observational measures of joint attention require extensive clinician training or time-
intensive video coding that may be impractical for the settings in which interventions are
taking place. The purpose of this article is to examine the psychometric properties of a live-
coded behavioral measure of joint attention, the Attention-Following and Initiating Joint
Attention Protocol (JA Protocol; BLINDED), using quality standards for measurement to
assist researchers and clinicians in identifying when this measure may meet their joint
attention assessment needs.

Joint Attention, A Pivotal Skill in ASD

Joint attention is a set of nonverbal behaviors including eye gaze, pointing, and showing,
which are used to reference outside objects during a communicative exchange (Bruinsma,
Koegel, & Koegel, 2004; Carpenter, Nagell, & Tomasello, 1998; Charman, 2003). Joint
attention can be divided into acts of response and initiation (Brunisma et al., 2004).
Initiation of joint attention (1JA) is when a child uses nonverbal means such as gestures and
eye gaze to draw the attention of a communication partner to an object to share interest
(Mundy & Newell, 2007). Response to joint attention (RJA) involves a child shifting their
attention appropriately in response to another person’s gestures and eye gaze (Bruinsma et
al., 2004). Joint attention refers specifically to the cognitive skill of sharing attention, which
requires understanding that a communication partner behaves intentionally as well as
awareness of instances when they are sharing attention with that communication partner.
Tomasello (1995) cautions that true joint attention behaviors are distinct from early
“simultaneous looking” behaviors, typical of 6-9 month infants, wherein the child may look
at the same stimulus in the environment as their parent (e.g. an airplane overhead or a toy
being played with) and even shift visual attention between the parent and stimulus, but the
child is yet not cognitively aware that the adult is sharing that experience or looks at things
intentionally.

IJA and RJA behaviors are among the earliest intentional forms of communication that a
child develops (Bruner, 1981). Early joint attention behaviors emerge during the last quarter
of the first year in typical development. Between 8 and 9 months, infants begin using their
eye gaze to direct the attention of caregivers and to demonstrate joint engagement with a
caregiver and an object (Carpenter, Nagel, & Tomasello, 1998). Distal deictic gestures,
which involve intentionally drawing another person’s attention to an object out of reach such
as pointing and reaching develop between 10 and 12 months and involve objects farther
away from the child by 13-14 months (Masur, 1983; Carpenter et al, 1998; Crais, 2004;
Crais, Watson, and Baranek, 2009). Carpenter and colleagues (1998) found that attention
following behaviors emerge around 11 months of age with point following usually
developing slightly before eye gaze following.
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Based on the general developmental theory, the ability to coordinate attention between a
person and an object by understanding and using nonverbal communication is a critical
precursor to later language skills (Bates, 1979). Moving from a dyadic to a triadic
interaction may also mark an early awareness of theory of mind (Baron-Cohen, 1991;
Charman, 2003). In children with autism spectrum disorder (ASD), joint attention has been
identified as a pivotal skill in that delayed or atypical development of joint attention is
characteristic of the disorder and these delays have cascading effects on later social
communicative abilities (Bruinsma et al., 2004; Charman, 2003; Poon, Watson, Baranek, &
Poe, 2012). Research has established that early development of joint attention predicts later
language and social cognitive skills in children with ASD (Charman, 2003; Mundy, Sigman,
& Kasari, 1990; Sigman et al., 1999; Stone & Yoder, 2001); therefore, joint attention skills
are critical targets of intervention for this population (Kasari, Gulsrud, Freeman, Paparella,
& Heelemann, 2012) that require regular clinical assessment to monitor progress toward
treatment goals.

Assessment of Children with Autism Spectrum Disorder

Some unique qualities of the ASD population should be considered during assessment
selection and measure development (Klin et al., 2005). First, unlike their typically
developing and developmentally delayed peers of unknown etiology, individuals with ASD
tend to have uneven patterns of developmental strengths and needs throughout their lives
(Ozonoff, Goodlin-Jones, & Solomon, 2010) that can complicate interpretation of composite
scores on tests designed to summarize more than one skill area (Kasari, Brady, Lord, &
Tager-Flusberg, 2013). Secondly, symptoms of ASD change over time, often independent of
other developmental changes, making compliance with testing quite variable within
individuals (Klin et al., 2005; Ozonoff et al., 2010).

Another important consideration is that the observational assessments available either
involve extensive clinician training (e.g. Autism Diagnostic Observation Schedule, ADOS;
Lord et al., 2000, 2002) or time consuming video coding (e.g. Early Social Communication
Scales, ESCS; Mundy et al., 2003), which may not be feasible or practical in all clinical
settings. Since joint attention development is delayed in children with ASD (Poon et al.,
2012), it is also critical that preverbal communication assessments be validated for older
preschool and school-aged children (Kasari et al., 2013). This study examines the
psychometric properties of the JA Protocol, a measure of RJA and 1JA that is live-coded for
ease of use in clinical settings and may be valid for use with older children who have
developmental delays.

Quality standards for clinical tools in the ASD population

Authors in disciplines such as speech-language pathology (Friberg, 2010; McCauley &
Swisher, 1984; Plante & Vance, 1994), healthcare (DeVon et al., 2007; Kottner et al., 2011),
and psychology (Cicchetti, 1994; Furr, 2011a) have proposed guidelines for clinical
evaluation of measurement quality. These quality standards overlap substantially; therefore,
we compiled guidelines for measurement evaluation from these sources (See Table 2).
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The Attention-Following and Initiating Joint Attention Protocol

Method

Based on previously studied joint attention tasks and assessment tools (Brady, Steeples, &
Fleming 2005; Leekam, Hunnisett, & Moore, 1998; Mundy et al., 2003; Stone, Ousley,
Yoder, Hogan, & Hepburn, 1997), BLINDED designed 7he Attention-Following and
Initiating Joint Attention Protocol (JA Protocol) to measure a child’s response to and
initiation of joint attention bids during a semi-structured interaction with an examiner. The
protocol alternates between eight initiation of joint attention (1JA) trials and eight attention-
following (i.e. response to joint attention; RJA) trials, for a total of 16 opportunities to
observe joint attention skills. RJA items gradually increase in level of support and prompting
(e.g., pointing in addition to gaze shift) across the assessment. The JA Protocol was designed
with four goals: 1) to specifically measure RJA and IJA, 2) to allow efficient live scoring
during the administration instead of coding from video, 3) to provide a comfortable testing
context with materials appropriate for a wide developmental range of children, and 4) to be
sensitive to differences within and between diagnostic groups of children (BLINDED;
BLINDED).

Step-by-step testing procedures with pictures and operationally defined item prompts and
responses can be found in the JA Protocol manual (see BLINDED; web address BLINDED).
A summary of the items can be viewed in Table 1. All items are scored dichotomously: “1”
for pass or “0” for fail. The protocol is designed for live scoring by the examiner for ease of
clinical use. It is intended for individual administration to a child in a separate room that can
be set up for the assessment with novel visual stimuli. The child is seated at a table, with the
examiner seated directly across from the child at approximately the same height. The typical
administration time is 20 to 25 minutes.

The JA Protocol has been previously used as a measure of 1JA and RJA in studies of children
with ASD and other developmental disabilities (BLINDED; BLINDED). However, the
psychometric properties of the JA Protocol were not fully examined or reported in these
earlier studies. The aim of the present study was to evaluate the JA Protocol following the
guidelines for quality standards summarized in Table 2. We hypothesized that: (1) The JA
Protocol would meet Cicchetti and Sparrow’s (1981, 1990) criteria for test-retest and
interrater reliability at the item and subscale levels; (2) The JA Protocol subscale scores
would demonstrate moderate to strong correlations with language and social communication
measures to establish convergent validity and weak correlations with ADOS Restricted and
Repetitive Behavior domain scores to establish divergent validity; (3) The dimensionality of
the JA Protocol would be confirmed with a confirmatory factor analysis demonstrating the
fit of a 2-factor model with RJA and IJA items loading on 2 different factors.

The psychometric properties of the JA Protocol were examined using data collected from
two samples, as detailed in subsequent sections. Analyses were conducted using JMP Pro
13.0 (2014) and Mplus 7 (\ersion 7.4; Muthen and Muthen, 2015).
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Data for Sample 1 were collected as part of a larger assessment protocol for (BLINDED).
The order of assessments was randomized over the course of 1-2 clinic visits and the JA
Protocol was completed during one of those clinic visits. A pool of 11 coders collected data
for Sample 1. The majority of assessments were administered and coded by research
assistants with bachelor’s degrees who had experience working with individuals with ASD
and achieved reliability on the JA Protocol. In some cases, master’s students or doctoral-
level research assistants in an autism-related field (i.e. occupational therapy, special
education, or speech-language pathology) administered and coded assessments. The
reliability process for Sample 1 was as follows: first, the coders reviewed the drafted manual
and discussed questions with the test developer. Since the measure was originally developed
for use in the study from which Sample 1 was derived, the manual was still being developed
and no “gold standard” scoring criterion were established at the start of the study. Thus, the
first few recordings of the JA Protocol were consensus scored by the coding team and test
developer as part of the training and manualization process. For subsequent coders who
joined the team, reliability was achieved by agreement on >80% of the item scores (at least
13 of 16 item scores) of two sequential tapes from the consensus scored assessment
recordings. Administration training consisted only of reviewing the manual, watching the
videos for the scoring reliability process, and practicing an administration alone or with a
partner using the testing materials. The assessments were video recorded and independently
scored by a second coder at a later date. Coders were not naive the child’s diagnosis.

Sample 1 consisted of 260 children from [BLINDED] who were either typically developing
(n = 81), developmentally delayed (n = 57), or diagnosed with ASD (n = 122). To be
included in the parent study, the children with ASD had confirmed diagnoses based on the
Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000; 2012) and the Autism
Diagnostic Interview- Revised (ADI-R; Lord et. al., 1994). The sample of children with
ASD had mean scores on developmental and language assessments indicative of severe
levels of general developmental and language delays; none of the children with ASD had
language skills beyond an ADOS module 2 “phase speech” level. The DD group consisted
of children with known genetic syndromes (e.g. Down syndrome, Prader-Willi syndrome,
Williams syndrome) and developmental disorders as well as children with idiopathic
developmental delay (i.e. >2 SD below the mean on an 1Q measure, or >1.5 SD below the
mean in 2 or more developmental domains). Children in the DD group did not meet criteria
for an ASD diagnosis based on an assessment using the ADI and ADOS. To be included in
the TD group, children must neither have been receiving services through their school
system nor had any significant developmental problems diagnosed.

Demographic data for Sample 1 are summarized in Table 3. Ages ranged from 10 months to
12 years. The majority of the children across diagnostic groups were white (80%), had
mothers who pursued further education after high school (>70%), and had a household
income =$60,000 (>55%). No significant group differences were found using one-way
ANOVASs on demographic variables that were thought to affect test score analyses. The
Preschool Language Scales 4th Edition (PLS-4; Zimmerman, Steiner, & Pond, 2002) as well
as language subscales of the Mullen Scales of Early Learning (Mullen, 1995) and Vineland
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Adaptive Behavior Scales (VABS; Sparrow, Balla, & Cicchetti, 1984) were administered to
all children in this sample (see Table 4 for a summary of Sample 1 scores on these
measures). Data from Sample 1 were used to examine inter-rater reliability, internal
consistency, convergent and divergent validity, and dimensionality of the JA Protocol.

Sample 2 consisted of 19 children from central [BLINDED] with clinical diagnoses of ASD
(Sample 2 Demographics in Table 5). All of the children in this sample were male and
ranged in age from 3 to 7 years (M = 71.21 months). They were recruited through an autism
research registry specifically for the purpose of examining the test-retest reliability of the JA
Protocol. The exclusion of females in this sample was not intentional; no parents of female
children responded to our research registry request for study participants. The only
additional measure gathered on children in Sample 2 was the Social Communication
Questionnaire (SCQ; Rutter et al., 2003), which was completed by parents at the child’s first
of the two clinic visits during which the JA Protocol was administered.

Children completed the JA Protocol twice with approximately two weeks between
assessments. The two-week time interval was chosen to give children time to forget the first
administration while not giving children enough time to develop more joint attention skills
than they had at the first administration of the protocol. Two examiners were present in the
room during the assessment. The primary examiner administered the JA Protocol at both of
the child’s visits and scored it live while the secondary examiner observed the administration
of the JA Protocol and independently scored it live at both visits to collect interrater
reliability data.

Examiners and coders for Sample 2 were 3 female Master’s students in speech-language
pathology with experience working with children with ASD. Each of the examiners was
trained to administer and score the JA Protocol by the test developer and second author; they
established scoring reliability (=80% agreement; i.e. agreement on at least 13 of the 16 item
scores) on at least two sequential training DVDs of children recorded from Sample 1 before
collecting data. Scoring training consisted of reviewing the JA Protocol manual and
discussing questions with the test developer before watching and scoring reliability
recordings. The master’s students watched between 2 and 5 recordings before achieving
scoring reliability. Coders were aware that children in the sample had diagnoses of ASD.

The Autism Diagnostic Observation Schedule (ADOS, Lord et al., 2000, 2002) is a semi-
structured observational measure of symptoms of ASD. Items from measure were used to
determine convergent and divergent validity of the JA Protocol. Modules of the ADOS are
administered according to a child’s language level. The ADOS Module 1 (“no words” or
“single words” language level) or 2 (“phrase speech” language level) was administered to
the children with ASD and DD in this study according to their language level. For
convergent validity analyses, the following ADOS joint attention items were used: Pointing,
Showing, Response to Joint Attention, and Spontaneous Initiation of Joint Attention.
Module 1 and 2 scores on these items were combined across the sample into a single item
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variable to fully capture sample variability. A negative correlation was expected for the
relationship between ADOS items and JA Protocol subscale scores since higher ADOS item
scores indicate worse JA performance, while higher JA Protocol scores indicate better JA
performance.

Items from the ADOS Restricted and Repetitive Behavior (RRB) domain were correlated
with the JA Protocol 1JA and RJA means to determine divergent validity. These items were
selected because there were no theoretical reasons to hypothesize that JA Protocol scores
would be strongly correlated with repetitive behaviors, and the ADOS RRB item scores
could be directly compared with the ADOS Social Affective item scores used for convergent
validity. Item scores across ADOS modules 1 and 2 were combined to capture the full
sample variability. We also calculated the ADOS RRB calibrated severity score using the
guidelines in Hus et al. (2014) to examine divergent validity. The ADOS RRB calibrated
severity score standardizes the total RRB score to a 1-10 scale, which can be compared
across chronological ages and ADOS modules as a measure of RRB symptom severity (i.e.
the higher the score, the more severe the symptoms). Thus, the RRB calibrated score was
used because it is not intended to be related to the child’s developmental level, language
level, or to JA specifically. In contrast, the JA Protocol is intended to be sensitive to
developmental changes in the construct with higher scores indicating better JA skill
performance so JA Protocol scores were expected to have a weak negative correlation with
the RRB calibrated severity score from the ADOS. We expected that item level correlations
would be stronger than the calibrated severity score since it was derived from multiple items.

The Mullen Scales of Early Learning (MSEL; Mullen, 1995) is an assessment of early
childhood development in 5 domains: Visual Reception, Fine Motor, Receptive Language,
Expressive Language, and Gross Motor. An Early Learning Composite (ELC) can be derived
from the subscales (excluding Gross Motor) as an overall developmental skills estimate. The
MSEL was administered to all children in the study. The raw scores from the Receptive and
Expressive Language domains of the MSEL were used as measures of convergent validity in
the present study analyses.

The Preschool Language Scales- Fourth Edition (PLS-4; Zimmerman, Steiner, and Pond,
2002) is a measure of receptive and expressive language skills, which was administered to
children in all study groups who were within the 2—6 year old age range for which this
measure is validated. It includes 2 domain scores: Auditory Comprehension and Expressive
Communication. Raw scores from these domains were used in convergent validity analyses
in the study analyses.

The Social Communication Questionnaire (SCQ); Rutter et al., 2003) is a 40-item parent
report screening for symptoms of ASD. Scores above the cutoff of 15 indicate that an
individual is likely to have ASD. The SCQ was completed by parents of children in Sample
2 at their first clinic to measure ASD symptom severity in the participants.

J Autism Dev Disord. Author manuscript; available in PMC 2019 June 01.
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Internal consistency—Cronbach’s alpha for Sample 1 was .91, meeting Cicchetti and
Sparrow’s (1990) psychometric criteria for “excellent” statistical significance. Internal
consistency was also calculated by subscale: the 1JA subscale was in the “good” range
(Cronbach’s alpha = .86) while the RJA subscale was in the “excellent” range (Cronbach’s
alpha = .90).

Test-retest reliability—These data were only collected from Sample 2 with a test-retest
interval of approximately two weeks. ICCs were calculated for the 1JA and RJA subscale
means as well as individual items (see Table 6). The ICCs for the RJA (.80) and 1JA (.83)
subscales were in the “good” range of agreement according to Cicchetti and Sparrow (1981).

Interrater reliability—Slightly more than 20% of the assessments for Sample 1 were
quasi-randomly selected (i.e. one of approximately every 5 were selected) to be re-coded
from video for interrater reliability (n = 56). ICCs were calculated for Sample 1 items and
subscale means (see Table 7). Subscale (RJA = .97; I1JA = .89) and item level ICCs were all
in the “good” to “excellent” range except for the first IJA item (.51), which was in the “fair”
range. These ICCs, which assume that raters were paired more systematically than they were
in reality, may underestimate the true interrater reliability of the sample. For Sample 2,
interrater reliability data was collected during test and retest protocol administrations for
each of the 19 participants. Subscale reliability ICCs were .99 for RJA and .98 for 1JA.

Convergent Validity—Convergent validity was calculated for Sample 1 by correlating the
mean RJA and IJA subscale scores with Sample 1 children’s scores on other measures of
language skills, 1JA, and RJA (Table 8). Negative correlations are expected between ADOS
item scores and 1JA and RJA subscale scores of the JA Protocol since higher ADOS scores
indicate greater symptom severity while higher JA Protocol subscale scores indicate better
use of JA. Response to Joint Attention on the ADOS was strongly correlated with the JA
Protocol RJA mean for the full (i.e. ASD and DD combined) sample (r = —.69) and even
more strongly for the subsample of children diagnosed with ASD (r = -.80) as compared to
the DD subsample (r = —.37). Furthermore, the Spontaneous Initiation of Joint Attention on
the ADOS was moderately correlated with the 1JA mean for the ASD and DD combined
sample (r = -.50), but again, more strongly correlated with the ASD subsample (r = —.39)
than the DD subsample (r = -.05), indicating good convergent validity.

Because joint attention has demonstrated strong concurrent and predictive relationships with
child language skills in the literature, we hypothesized that the JA Protocol subscale means
(i.e. IJA and RJA mean scores) would be at least moderately correlated with the PLS-4 raw
scores and Mullen Scales of Early Learning raw scores for receptive and expressive
language. These language measures demonstrated stronger associations with the RJA mean
than the 1JA mean, but both met hypothesized expectations of moderate to strong
correlations with language measures. Notably, the associations between language skills and
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JA Protocol subscales were strongest in the ASD subsample and decreased in magnitude for

the DD and TD groups (Table 8). This finding may support the differential importance of the
joint attention as a pivotal skill for language acquisition for children with ASD as compared

to those in the DD and TD groups.

Divergent Validity—For the ASD subsample, the majority of the ADOS RRB scores were
more weakly associated with 1JA and RJA means than was true for the ADOS Social
Affective and language measures (see Table 8). Item level scores, particularly for Unusual
Sensory Interest and Hana/Finger Mannerisms, had weaker correlations with the JA Protocol
items than the RRB Calibrated Severity Score. The magnitude of the ASD subsample
correlations between the JA Protocol and the ADOS RRB were stronger than for the DD
subsample.

Examination of the Dimensionality of the Measure

To examine the dimensionality of the JA Protocol, tetrachoric correlations between the
binary items with each other and biserial correlations between the binary items and the
subscale (1JA and RJA) means were explored with each sample. Tetrachoric correlations and
biserial correlations are reported because, with binary items, Pearson correlations
underestimate the true relationship between the binary items or between binary items and
continuous 1JA and RJA subscale scores (Bonett, 2005; Brown, 1977; Drasgow, 1988;
Harris, 1988; Uebersax, 2017). As hypothesized, items from the IJA subscale were more
strongly correlated with other IJA items and the 1JA mean score than RJA items and vice
versa for both samples (Sample 1, Table 9 for tetrachoric correlations).

Sample 1 data were analyzed using confirmatory factor analysis to determine how well the
theoretical 2-factor model with RJA and 1JA subscales fit the data. Mplus 7.4 was used for
these analyses to account for the binary nature of the JA Protocol items. A likelihood ratio
2 test of a one-factor model versus a two-factor model, with 1JA and RJA items loading on
different factors, strongly suggested that the two-factor was preferred (2 [1, n = 253] =
22.330, p <.001). Moreover, the two-factor model was strongly supported by goodness of fit
indices. The root mean square of error of approximation (RMSEA) was .01 (“acceptable”
cut-off < .05). Both the comparative fit index (CFI) and the Tucker-Lewis index (TLI) had
values of 1.0 (“acceptable” cutoffs for both = .90). All factor loadings in this model were
approximately 1 (all loading p-values < .001) and the correlation between the 1JA and RJA
subscales was a moderate .51 (p <.001), supporting the construct validity of the JA Protocol
with this sample (Table 10).

Conclusions

Overall, the JA Protocol demonstrated good psychometric properties and promise for the
clinical utility of this measure. The correlations of the JA Protocol RJA and IJA subscales
with ADOS items measuring joint attention skills, along with the factor analysis results,
support its construct validity. In considering the magnitude of correlations of the JA Protocol
subscales with the ADQOS items, it is important to remember that the ADOS variables reflect
single items. In general, adding more items to measure a given construct (e.g., 8
opportunities to observe both RJA and IJA in the JA Protocol) is expected to improve the
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reliability of measurement. An important future research step will be to compare scores on
the JA Protocol to scores on other comprehensive measures of JA such as the ESCS (Mundy,
2003) and the Communication and Symbolic Behavior Scales (CSBS; Wetherby and Prizant,
2002).

Even though a discriminant function analysis revealed that the JA Protocol discriminated
children with ASD from children without ASD with 85% accuracy in toddlers and
preschoolers and 74% accuracy using the whole sample of children up to age 12 years, the
JA Protocol is not intended for use for diagnostic or educational placement purposes. Rather,
it was developed as a relatively efficient tool to provide scores that would quantify the RJA
and 1JA performance of children from ages 2 to 12 years, particularly children with ASD.
Thus, we have not attempted to ascertain cut-off scores to provide the best discrimination
among diagnostic groups, or to evaluate the sensitivity, specificity, and positive and negative
predictive values for the measure. Further, in evaluating the application of this measure to
other samples, or for other purposes, it is important to recognize that our sample of children
with ASD had mean scores on the PLS-4 and MSEL indicative of severe levels of general
developmental and language delays. Therefore, the JA Protocol may not be as useful in the
assessment of JA performance among children with ASD with typical or mildly delayed
cognitive and language functioning as for children like those in the current samples. In
addition, the JA Protocol has more limited utility for assessment of children without ASD in
the 2 to 12 year age range; in particular, typically developing children show limited
variability or growth in performance across the age range in our cross-sectional data from
Sample 1, and children with other DD also have mean scores in the upper range of possible
scores on the JA Protocol across the age range that we assessed.

Our use of the JA Protocol thus far has been for research purposes. For example, in a
previously published study of children with ASD and those with other DD in Sample 1, we
used the JA Protocol to study the association between sensory hypo-reactivity and JA
performance, in models that also included mental and chronological age. Even after
accounting for mental and chronological age, we found a significant negative association
between hypo-reactivity and both RJA and IJA (BLINDED).

We have not yet evaluated the JA Protocol in a clinical practice setting, but hope to do so in
future research. In considering potential clinical applications, the protocol may be helpful in
documenting the need for treatment goals addressing RJA and/or 1JA in children with
suspected or confirmed ASD and potentially to measure progress toward those goals.
Children with ASD in the current study demonstrated wide variability in their JA
performance and this variability was moderately to strongly associated with other measures
of their language and communication functioning. This suggests that the JA Protocol may
have utility for measuring change over time, but we have no direct evidence documenting
this. Thus, evaluating the sensitivity of the JA Protocol to change associated with
interventions is a future research step.

The JA Protocol stimuli may also provide clinicians with an idea of what types of materials
and activities engage the child’s interest, for use in targeting joint attention through
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intervention. In addition, the RJA trial prompting levels offer valuable information about
what level of support the child needs for responding to joint attention.

Presently there are some limitations for use and score interpretation of the JA Protocol. The
pass/fail scoring of each item contributes to the feasibility and likely the reliability of
scoring during administration, but this scoring does not provide information about the
quality of joint attention skills demonstrated. To supplement the JA Protocol data with parent
reported data about the frequency of JA behaviors demonstrated by the child in various
environments, we recommend the Childhood Joint-Attention Rating Scale (C-JARS; Mundy
etal., 2017). Furthermore, the psychometric samples used in this study were not nationally
representative and included limited parental education, racial, and socioeconomic diversity.
More psychometric information is needed to confirm that the JA Protocol is appropriate for
use with culturally, geographically, and linguistically diverse populations.

Based on our experience with the JA Protocol and these findings, we recommend that the JA
Protocol be administered to children one-on-one in a room free from distraction except for
the protocol stimuli. It could be administered in isolation or as part of a larger speech-
language or ASD assessment. Children should have typical or sufficiently augmented vision,
hearing, and head control and be able to sit independently in a child-sized chair to complete
the protocol. It may be most useful in assessing children who are not yet speaking in
complete spontaneous sentences. The chronological age of the child can extend into middle
school because the prompts and stimuli used for the JA Protocol can be adapted to meet an
older child’s interests. It is recommended that clinicians administering the JA Protocol have
at least a clinical master’s student education level and experience administering tests to
children with developmental disabilities including ASD. Based on the psychometric quality
standards examined, the psychometric properties of the JA Protocol are strong and the
administration and scoring time required is clinically realistic for children who are
candidates for JA interventions.
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Table 1

Summary of Joint Attention Protocol Items

Item  Type

Description

1

UA

Toy in marker box. Examiner and Child engage in coloring with markers, with Examiner modeling and encouraging lifting lid
of box to get markers of different colors. Rater 30-60 seconds, Examiner slips decorated cylindrical toy into marker box and
offers closed marker box to Child. If Child opens box and does not initiate JA, Examiner waits short time and then offers
marker box again.

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS ONLY at picture on
wall to right.

A

Ball drop game. Examiner offers balls to Child 1 by 1 to put down ball drop chute. Rater 3rd time, Examiner offers Child a ball
too large for chute. If Child does not initiate JA, sequence is repeated 2nd time.

RIA

Examiner gets child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS ONLY at a picture on
wall to the left.

UA

Dress up: Examiner opens box filled with a variety of scarves, hats, gloves, glasses and tabletop mirror, and engages with Child
in trying on different items. Then Examiner puts pair of gloves on ears. If Child does not initiate JA, Examiner places hat on
foot.

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS and POINTS at a
picture on wall to right.

UA

Wiristband: Examiner offers Child choice of puzzles. Takes pieces out of Child’s chosen puzzle and gives pieces to Child 1 by 1
as child puts puzzle together. Rater first 2 pieces, Examiner discreetly slips on colorful, silly-looking wristband; offers child 37
puzzle piece using hand with wristband. If Child doesn’t initiate 1JA, Examiner removes wristband, gives child 2 more puzzle
pieces, and then puts wristband on again prior to giving child the 61 puzzle piece.

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS and POINTS at a
picture on wall to left.

A

Book with altered pages. Examiner brings out several children’s books and offers them to Child. Child chooses one book to
look at together with Examiner. Each book has four pages altered (scribbles on page, upside- down page, torn page and blank

page.

10

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS and POINTS at a
picture on wall to right and VERBALIZES, “Look.”

11

A

Musical instruments.: Examiner offers Child a container of musical instruments. Examiner & Child remove instruments from
box & try them out. Examiner remains silent.

12

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS and POINTS at a
picture on wall to left and VERBALIZES, “Look”.

13

1JA

Remote control car: Examiner hands Child distractor toy. Remote control car is hidden under chair. Examiner activates car so
that it rolls out into child’s view. If Child does not initiate JA, Examiner waits 10 seconds, then activates car again.

14

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS and POINTS at a
picture on wall to right while VERBALIZING, “Look, (name object in picture).”

15

A

Bag of toys: Examiner presents Child with an opaque bag of six varied toys, saying, “Here. You can look in this bag.”
Examiner pretends to be busy doing something else, giving Child time to explore toys in the bag.

16

RIA

Examiner gets Child’s attention (eye contact or visual orientation to Examiner). Then Examiner LOOKS and POINTS at a
picture on wall to the left, while VERBALIZING, “Look, (name of object in picture).”

Notes: IJA = Initiate Joint Attention; RJA = Response to Joint Attention; JA = Joint Attention.
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Table 2

Quality Standards for Psychometric Measure Evaluation

Quality Standard

Description

1. Describe the measure

Settings and population for which the measure was designed (Stone, Coonrod, & Ousley, 2000).

Goal and purpose of the measure (Friberg, 2010)

2. Describe the examiner
qualifications

Characteristics of the examiners and raters, including level of experience (Kottner et al., 2011).
Assessor training required to administer the measure reliably.

Disclose if raters were blind to the child’s diagnosis (Stone et al., 2000).

3. Explain test procedures

Adequate procedural description for clinician to replicate testing environment (Friberg, 2010).

4. Describe the sample
population

Sample population used to obtain psychometric data and determine appropriateness of the test for
particular children; include: geographic region, age, gender, ethnicity, socioeconomic status, and
diagnostic/disability categories.

Recruitment method and justification of sample size.

A sample size of at least 100 children per relevant population group (e.g. gender, race, etc 2010).

5. Examine and interpret
psychometric properties of
reliability and validity

Reliability

Internal consistency

Guidelines for interpreting Cronbach’s coefficient alpha: <.70 = unacceptable, .70-.79 = fair, .80-.
89 = good, = .90 = excellent (Cicchetti and Sparrow, 1990).

Type and purpose of the measure considered when interpreting reliability (Bracken, 1987)

Test-retest and Interrater reliability

Validity

Guidelines for interpreting statistical significance for both test-retest and interrater reliability,
typically reported using Cohen’s Kappa (Cohen, 1960; for nominal data) or an Intraclass
Correlation Coefficient (ICC; for ordinal, interval, or ratio data): <.40 = poor, .40-.59 = fair, .60—.
74 = good, .75-1.00 = excellent (Cicchetti and Sparrow, 1981).

A test-retest interval of 2—4 weeks recommended for young children (Bracken, 1987; Cicchetti,
1994).

Concurrent and Divergent validity

Correlation of 1.00 or —1.00 not expected or desired; new test should not be an exact replica of the
other measure (Cicchetti, 1994; Crocker & Algina, 1986).

6. Examine the
dimensionality of the
measure

Factor structure of the measure considered when evaluating subscales.

Construct validity supported with item total correlations greater than .30, inter-item correlations
between .30 and .70, and factor analysis with factor loadings greater than .40 (DeVon et al., 2007).
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Table 3
Sample 1 Demographic Information

Diagnosis ASD (n=122) DD (n=57) TD (n=81)
Chronological Age in Months

M(SD) 61.18 (2556  55.82 (4042 50.90 (29.04)

Range 14-154 20-134 10-122
Gender

% Male 83% 54% 75%
Race

% Caucasian 80% 81% 80%

% African American 9% 7% 7%

% Other/Mixed Race 9% 11% 12%

% Undisclosed 2% 2% 1%
Mother’s Level of Education Completed

% High School or GED  23% 20% 5%

% College or Technical ~ 56% 47% 47%

% Graduate School 21% 33% 48%
Household Income

% <$60,000 43% 36% 39%

% =$60,000 56% 63% 61%
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Table 5

Sample 2 Demographic Information

Diagnosis  ASD (n=19)
Chronological Age in Months
M(SD)  71.21(17.85)

Range 37-94
Gender 100% Male
Race 58% White

11% Black or African American
5% Asian
5% American Indian
21% Other or Not Specified
SCQ *Total Score
M(SD)  16.21 (4.98)
Range  9-28

*
SCQ = Social Communication Questionnaire (Rutter et al., 2003)
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Table 6

Test-retest ICCs for Sample 2

JA Protocol Item

ICC Interpretation (Cicchetti & Sparrow, 1990)

RIA1 .50 Fair

RJA 2 .62 Good
RJA 3 .65 Good
RIA 4 0¥ Unknown
RIA5 .65 Good
RJA 6 0%  Unknown
RIA 7 .65 Good
RJA 8 0%  Unknown
VA1 .55 Fair

A 2 71 Good

A 3 21 Poor

UA 4 .36 Poor
JA'5 49 Fair

1JA 6 .62 Good
VA7 .18 Poor

JA 8 .30 Poor
RJA Mean .80 Good

1JA Mean .83 Good

Page 21

*
0 values due to errors in variance/covariance matrix when calculating ICCs for this small sample, likely due to perfect agreement on these items.
Kappa statistics for these items = 1.
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Interrater Reliability for both Samples, Intraclass Correlation Coefficients

Table 7

Page 22

JA Protocol Item  Sample 1 Interpretation (Cicchetti and Sparrow, Sample 2 Interpretation (Cicchetti and Sparrow,
ICC 1981 ICC 1981

RIA1 .89 Excellent .50 Fair

RIA 2 .73 Good .62 Good

RIA 3 .78 Excellent .65 Good

RIA 4 1 Excellent 1 Excellent

RIA5 .94 Excellent .65 Good

RIA 6 1 Excellent 0¥ Unknown

RIA7 .87 Excellent .65 Good

RJA 8 .93 Excellent 0% Unknown

VA1 51 Fair .51 Fair

A 2 72 Good .78 Excellent

UA 3 74 Good .28 Poor

A 4 .70 Good .39 Poor

UA5 .75 Excellent 48 Poor

IJA 6 .75 Excellent .62 Good

VA7 77 Excellent .20 Poor

UA 8 a7 Excellent .33 Poor

RJA Mean .97 Excellent .99 Excellent

1JA Mean .89 Excellent .98 Excellent

*
0 values due to errors in variance/covariance matrix when calculating ICCs for this small sample, likely due to perfect agreement on these items.
Kappa statistics for these items = 1.
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Table 10

Sample 1 Factor Loadings from Confirmatory Factor Analysis

Item Factor 1  Factor 2
RIA1 1 (fixed) 0
RJA 2 1.026 0
RJA 3 1.052 0
RIA 4 .827 0
RJA 5 .937 0
RJA 6 1.016 0
RIA7 .893 0
RJA 8 1.035 0
UA 1 0 1 (fixed)
UA 2 0 1.000
A 3 0 1.117
1JA 4 0 1.137
A5 0 1.195
1JA 6 0 1.176
1JA7 0 1.163
A 8 0 1.142

J Autism Dev Disord. Author manuscript; available in PMC 2019 June 01.

Page 25



	Abstract
	Introduction
	Joint Attention, A Pivotal Skill in ASD
	Assessment of Children with Autism Spectrum Disorder
	Quality standards for clinical tools in the ASD population
	The Attention-Following and Initiating Joint Attention Protocol

	Method
	Sample 1
	Sample 2
	Measures

	Results
	Reliability
	Internal consistency
	Test-retest reliability
	Interrater reliability

	Validity
	Convergent Validity
	Divergent Validity

	Examination of the Dimensionality of the Measure

	Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8
	Table 9
	Table 10

