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Abstract

Little empirical evidence exists about school-age pragmatic communication or predictors in siblings at heightened familial
risk for ASD (HR) and low-risk (LR) controls. The Pragmatic Rating Scale-School-Age (Landa unpublished) was scored for
49 HR siblings and 18 LR controls at 8—12 years. Social-communication and language measures were collected between 14
and 36 months. At 36-months, siblings were classified as ASD (HR-ASD, n=15), broad autism phenotype (HR-BAP, n=19),
or typically developing (HR-TD, n=15). Results revealed a pragmatic continuum with significantly better scores for HR-TD
than HR-BAP or HR-ASD, and HR-BAP than HR-ASD. Per regression models including all participants, 14-month joint
attention initiations predicted school-age pragmatic communication, as did 24-month social-communication and expressive
language scores. Early joint attention, social-communication, and language abilities contribute to later pragmatic functioning.
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Autism

Pragmatic communication, including the social use of lan-
guage and nonverbal communication behaviors, is defini-
tively impaired in children with autism spectrum disorder
(ASD) (APA 2013; Paul et al. 2009; Simmons et al. 2014).
Ineffective pragmatic communication may result in commu-
nication breakdowns and adversely affect self-esteem, peer
acceptance, and perceptions of social competence in every-
day interactions (Prutting and Kirchner 1987; Turkstra et al.
2017). First observed in parents and later in siblings of chil-
dren with ASD, subclinical social and communication dif-
ferences, referred to as the broad autism phenotype (BAP),
are present in some family members (Losh and Piven 2007;
Landa et al. 1992). One notable manifestation of the BAP
is divergence from normative pragmatic behavior. Minimal
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research has focused on pragmatic communication in sib-
lings characterized as BAP (Ben-Yizhak et al. 2011; Bishop
et al. 2006; Drumm and Brian 2013; Drumm et al. 2015;
Miller et al. 2015) or on defining predictors of pragmatic
functioning (Gillespie-Lynch et al. 2015). In the current
study, the Pragmatic Rating Scale for School-Age Children
assessed the pragmatic communication of 8- to 12-year-olds
at high familial risk for ASD (younger siblings of a child
with ASD) and low-risk controls, and examined early predic-
tors of these abilities across the full sample.

Pragmatic Communication and ASD-Related
Characteristics

Pragmatic communication includes linguistic and nonverbal
behaviors. Pragmatic language refers to the use of spoken lan-
guage to effectively convey messages across diverse social-
communication contexts and types of exchanges (Roth and
Spekman 1984a). It may be conceptualized as encompassing
three categories of tacit rules (Grice 1975) for social language
use: speech acts, discourse management, and presuppositional
skills (Roth and Spekman 1984a). Speech acts relate to a lin-
guistic message’s function, including greeting, requesting
information or objects, commenting, and predicting. Discourse
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management refers to the rules partners follow to promote the
smooth flow of conversation, wherein partners take turns, and
initiate, maintain, and elaborate contingently upon established
topics. Presuppositional skills encompass communicative
behaviors that reflect understanding of others’ perspectives
and sharing of appropriate information for a specific partner or
situation, insuring that messages comply with Gricean Maxims
(1975) (e.g., do not provide too much/too little information; do
not be obscure/ambiguous). Nonverbal aspects of pragmatic
communication, including: gestures; facial expressions; eye
contact; vocal intonation, rate, and loudness; and management
of interpersonal space may augment or detract from a speak-
er’s meaning and the social appropriateness of the messages
conveyed. While nonverbal communication behaviors are dis-
tinct from pragmatic language, both contribute to pragmatic
communication and often are assessed concurrently.

Individuals with ASD demonstrate pragmatic communica-
tion impairment. Reduced range of speech acts is punctuated
by diminished rates and quality of sharing interests/emotions,
decreased frequency of acknowledgements and requests for
information, and difficulty understanding and expressing
nonliteral language and humor (APA 2013; Donaldson and
Olswang 2009; Happé 1994; Lam and Yeung 2012; Ozonoff
and Miller 1996; Simmons et al. 2014; Tager-Flusberg and
Caronna 2007). Discourse management difficulties manifest
as reduced reciprocity and turn-taking, decreased frequency
of initiations, and difficulty maintaining and elaborating
on others’ topics (Hale and Tager-Flusberg 2005; Lam and
Yeung 2012; Paul et al. 2009; Simmons et al. 2014; Tager-
Flusberg and Caronna 2007). Presupposition difficulties
manifest as: being overly candid, direct, or formal in articu-
lation or vocabulary use; providing insufficient information
(e.g., using ambiguous referents); providing irrelevant details;
being “overly talkative” (e.g., seeming unaware that they have
held the conversational floor too long); and/or formulating
inefficient or disorganized messages (Lam and Yeung 2012;
Paul et al. 2009; Simmons et al. 2014; Tager-Flusberg and
Caronna 2007). Nonverbal pragmatic communication difficul-
ties include: difficulty appropriately using gestures and facial
expressions to augment spoken messages; poorly modulat-
ing eye contact, intonation, rate, or vocal loudness; difficulty
integrating others’ verbal messages with their nonverbal cues
to interpret intended meaning; and poorly managing interper-
sonal space (APA 2013; Gessaroli et al. 2013; Paul et al. 2009;
Tager-Flusberg and Caronna 2007).

The Broad Autism Phenotype and Pragmatic
Communication

Twin studies (e.g., Folstein and Rutter 1977) indicated her-
itability of ASD. Subsequent family studies revealed sub-
clinical features in family members of individuals with ASD,

which paralleled ASD symptomatology (Landa et al. 1992;
Piven et al. 1997). The subclinical characteristics (referred
to as the BAP) include pragmatic language and narrative dis-
course differences from the norm (Landa et al. 1991, 1992;
Losh and Piven 2007).

BAP characteristics were first defined using the Prag-
matic Rating Scale (PRS; Landa et al. 1992) based on con-
versation samples. The PRS demonstrated strong inter-rater
reliability, test—retest reliability, internal consistency, and
construct validity, supported by factor analysis and signifi-
cantly higher (greater variation from the norm) PRS total
scores in parents of children with ASD than in parents of
controls. Landa et al.’s (1992) finding was substantiated by
self- and informant-reported poorer pragmatic functioning
in parents of children with ASD on the Broad Autism Phe-
notype Questionnaire (Hurley et al. 2007).

Similarly, accumulated evidence revealed BAP charac-
teristics in 18-28% of high-risk (HR) siblings of children
with ASD in early childhood (Georgiades et al. 2013; Landa
et al. 2007; Messinger et al. 2013; Ozonoff et al. 2014).
Limited research has examined pragmatic communica-
tion in HR siblings, with most using parent-report rather
than direct observation measures, due to measurement
challenges. Gillespie-Lynch et al. (2015) and Bishop et al.
(2006) found no significant pragmatic communication differ-
ences between school-aged HR siblings without ASD (‘unaf-
fected’ siblings) and low-risk (LR) controls, on the Chil-
dren’s Communication Checklist-2 (CCC-2; Bishop 2003),
a parent-report measure. However, compared to controls,
HR siblings’ scores were significantly more variable, and
a higher proportion of HR siblings demonstrated depressed
CCC-2 Coherence, Use of Context, and Non-Verbal Com-
munication subscale scores (> 1 SD below the mean; Bishop
et al. 2006). Drumm et al. (2015) found CCC-2 scores and
mean scores from a standardized pragmatics assessment of
8- to 11-year-old HR siblings without ASD were signifi-
cantly better than expected or not significantly different from
the test norms. However, 17% of participants demonstrated
depressed pragmatics scores (> 1 SD below the mean).
These findings highlight the need for direct assessment of
HR siblings’ pragmatic communication in an ecologically
valid context.

Amongst HR siblings without ASD, pragmatic language
impairments are most likely in those who also display higher
ASD symptomatology (Ben-Yizhak et al. 2011; Miller et al.
2015). At age 36 months, 35% of 188 HR siblings met the
parent-reported Language Use Inventory (O’Neill 2007) cut-
off for pragmatic language impairment (< 10th percentile), a
higher proportion than in the 119 LR controls (Miller et al.
2015). Pragmatic language impairment was associated with
significantly higher Autism Diagnostic Observation Sched-
ule (ADOS; Lord et al. 1999) algorithm scores, signaling
higher ASD symptomatology than in children without such
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deficits (Miller et al. 2015). Ben-Yizhak et al. (2011) identi-
fied poorer pragmatic language abilities in 13 school-age HR
siblings with elevated ADOS algorithm scores (>4) who did
not meet ASD criteria (referred to as BAP-related difficul-
ties), as compared to 19 typically developing HR siblings
and 38 controls. In that study, pragmatic communication was
measured using a set of ADOS item-level scores, including
item-level scores that contribute to ADOS algorithm scores,
which had been used to define those with BAP-related diffi-
culties. While the lack of independence between these meas-
ures might call the results into question, poorer pragmatics
among siblings with BAP also were found using pragmatic
language-related ADOS items that did not overlap with algo-
rithm scores (Ben-Yizhak et al. 2011). Thus, a subset of HR
siblings appears to demonstrate pragmatic language differ-
ences that may extend into the impaired range.

Predictors of School-Aged Pragmatic
Communication

Predictors of school-age pragmatic communication function-
ing in HR siblings have received scant attention (Gillespie-
Lynch et al. 2015). In the only identified study examining
predictors, 12-month joint attention initiations and responses
were not associated with school-age CCC-2 pragmatic func-
tioning in a combined group of HR siblings without ASD
and LR controls; 18-month joint attention responses trended
toward predicting school-age pragmatic language in this
group (Gillespie-Lynch et al. 2015).

In typical development, early joint attention, broader
social-communication behaviors (e.g., shared enjoyment,
gesture use), and structural expressive language are the
theoretical precursors of advanced social cognition, which
is essential to appropriate school-age pragmatic communi-
cation (Malesa et al. 2012; Mundy et al. 2007; Landa et al.
2007; Tomasello 2001; Van Hecke et al. 2007). According
to the parallel and distributed processing model (PDPM) of
joint attention, young children integrate information about
the object of their own visual attention with other knowl-
edge that they have acquired while processing information
about the visual attention of others. The result is a cognitive
synthesis of information from these sources; this synthesis
is the essence of joint attention (Mundy et al. 2009). With
advances in development, the processing system (explained
in the PDPM) supporting joint attention is characterized by
increasing efficiency and complexity in children’s process-
ing of their own (internally derived) visual experiences, the
information (externally derived) they gleaned from the vis-
ual attention of others, and the integration (parallel process-
ing) of the two. This information processing system provides
a foundation for the development of symbolic language and
social learning, and continues to function throughout the
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lifespan, supporting social-cognition/presupposition. All
of these competencies facilitate topic initiation and main-
tenance within real-time exchanges (Mundy et al. 2009;
Turkstra et al. 2017). Although Tomasello et al.’s (2005)
social-cognitive model proposes a different evolution of
joint attention (i.e., “true” joint attention relying on an
understanding of others’ intentions, and symbolic language
“replacing” joint attention as a means of covertly coordinat-
ing mental attention), this model likewise theorizes that joint
attention supports the development of symbolic language,
social cognition, and behavior aligned with social norms
(Mundy et al. 2009; Tomasello et al. 2005). Consistent
with these models, 9- to 18-month-olds’ response to joint
attention and initiation of joint attention predict 24-month
(Mundy et al. 2007) and 5-year (Malesa et al. 2012) struc-
tural language as well as 30-month social competence (based
on parent-report of compliance, empathy, pretend play,
prosocial peer interactions, etc.) (Van Hecke et al. 2007).
Typically, expressive language undergoes rapid expansion
of productive vocabulary between 18- and 24-months;
according to the social-pragmatic theory, this acquisition
of symbolic communication is supported by children’s use
of social cognition to decode adults’ intended referents in
social interactions (Tomasello 2001). Such social cognitive
skills as well as the ability to combine appropriate vocabu-
lary and nonverbal communication behaviors in efficient,
well-formed expressive messages are critical to later effec-
tive pragmatic communication (Tursktra et al. 2017). By age
24 months, HR siblings with early and late manifestations of
ASD show social-communication delays on the , as do many
children who demonstrate BAP characteristics (Landa et al.
2007). Shared enjoyment, use of geADOSstures, and related
social-communication behaviors at 24 months are the nas-
cent forms of later reciprocal pragmatic communication. The
question remains whether school-age pragmatic functioning,
at 8—12 years of age, is predicted by early social-commu-
nication behaviors, such as 14-month joint attention and/
or 24-month expressive language and ADOS-tested social-
communication behaviors. Early strengths in joint attention
and expressive language, in the absence of early ASD symp-
toms, could have a cascading effect that contributes to later
pragmatic communication competency.

The current study examined pragmatic communication
functioning in school-age siblings of children with ASD
(HR) and low-risk (LR) controls, as well as early predic-
tors of this functioning in the full sample. The following
research hypotheses were addressed. First, between-group
differences in pragmatic communication functioning at
8-12 years were examined, comparing three subgroups of
HR siblings (based on 36-month diagnostic classifications)
and LR controls. More specifically, 36-month HR siblings
with typical development (HR-TD) were hypothesized
to demonstrate significantly better school-age pragmatic
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communication functioning than HR siblings with 36-month
BAP characteristics (HR-BAP), who are predicted to exhibit
significantly better school-age pragmatic functioning than
HR siblings with ASD (HR-ASD). No significant differences
were hypothesized between HR-TD and LR groups. Second,
correlations between school-age pragmatic communication,
14-month joint attention, and 24-month social-communica-
tion and expressive language were expected to be signifi-
cant when conducted with the full sample, which provided
a broad distribution of scores across all examined develop-
mental domains. Finally, in regression models, 14-month
frequency of joint attention initiation was expected to predict
school-age pragmatic communication functioning in the full
sample of LR and HR groups, inclusive of the three HR sub-
groups. Social-communication behaviors and expressive lan-
guage at age 24 months were expected to predict school-age
pragmatic communication functioning in the full sample.
Finally, the combined set of 14- and 24-month predictors
was expected to explain a significant amount of the vari-
ance in later pragmatic communication in the full sample.
Note that predictor analyses were conducted with the full
sample, providing a broad distribution of scores across mul-
tiple developmental domains including joint attention, social
communication, and expressive language performance.

Methods
Participants

Participants were recruited for a prospective, longitudinal
study of ASD. The Johns Hopkins Medicine Institutional
Review Board approved this study. All families gave written
informed consent for child participation; at school-age, chil-
dren also provided verbal assent. Participants included 49
younger siblings of children with ASD, at high familial risk
for ASD (HR) and 18 children at low familial risk for ASD
(LR). Details about recruitment and proband ASD diagnosis
are described in Landa et al. (2007). Exclusion criteria for
HR siblings were: family’s first language being other than
English, birth weight < 1500 g, severe birth trauma, head
injury, prenatal illicit drug or excessive alcohol exposure,
and severe birth defects.

The Pragmatic Rating Scale for School-Age Children
(PRS-SA; Landa, unpublished) adapted from the PRS
(Landa et al. 1992), was scored for all participants based on
behaviors observed during the Autism Diagnostic Obser-
vation Schedule (ADOS; Lord et al. 1999, 2012), adminis-
tered between 8 and 12 years of age. All participants met
criteria for at least an ADOS Module 3. Participant ages
were: 39 8-year-olds, six 9-year-olds, 12 10-year-olds,
seven 11-year-olds, and three 12-year-olds. All but three
participants also received comprehensive developmental

assessments at least twice between ages 14 and 36 months
(14, 18, 24, 30, and/or 36 months), which included the
ADOS, Mullen Scales of Early Learning (MSEL; Mullen
1995), and, through 24 months, the Communication and
Symbolic Behavior Scales Developmental Profile (CSBS
DP; Wetherby and Prizant 2002). Three children who joined
the study at 48 months upon enrollment of an infant sibling
were included to reduce between-group sex differences (two
LR males, one HR female classified as typically develop-
ing—see below); none differed significantly from their group
on ADOS-tested behaviors at enrollment. Criteria for clas-
sifying HR siblings into one of the three subgroups at age
36 months (n=63; 48-months for n=4) were as follows.
ASD classification (HR-ASD, n=15) required a clinical
best estimate of ASD by an expert clinician; 14 of 15 chil-
dren in this subgroup also met ADOS criteria for ASD or
autism. Broad autism phenotype classification (HR-BAP,
n=19) required a clinical best estimate of no-ASD, along
with one of the following: (1) elevated ADOS Communica-
tion + Social Interaction or Social-Affect algorithm score
(within 3 points of ASD cut-off), (2) two or more MSEL sub-
scale scores falling > 1.5 standard deviations (SD) below the
test mean, and/or (3) one or more MSEL subscale score(s)
falling > 2 SD below the test mean (following Ozonoff et al.
2014). The typically developing classification (HR-TD,
n=15) required not meeting criteria for ASD or BAP.

Of note, because some children did not complete all vis-
its between 14 and 36 months, sample sizes for predictor
analyses using data at 14 and 24 months were reduced to 51
children (LR=9, HR-TD =13, HR-BAP=17, HR-ASD=12)
and 59 children (LR =13, HR-TD=13, HR-BAP= 18, HR-
ASD=15), respectively.

Measures

Administered at all visits between 14 and 36 months and
at the school-age visit, the Autism Diagnostic Observa-
tion Schedule (ADOS; Lord et al. 1999, 2012) is a semi-
structured, clinician-administered, play-based assess-
ment that evaluates social-communication and repetitive
and stereotyped behaviors and interests characteristic of
ASD. The ADOS provides algorithm scores (e.g., ADOS-
Generic: Communication + Social Interaction; ADOS-2:
Social Affect), which are used to determine whether chil-
dren meet the measure’s thresholds for ASD or autism.
These algorithm scores contributed to children’s 36-month
diagnostic classification. Children’s 24-month ADOS Com-
munication + Social Interaction algorithm scores served as
a dependent variable.

The Mullen Scales of Early Learning (MSEL; Mul-
len 1995), a standardized developmental assessment, was
administered at all visits between 14 and 36 months. MSEL
Gross Motor, Fine Motor, Visual Reception, Receptive
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Language, and Expressive Language subscale items generate
subscale T scores (M =50; SD=10). Expressive Language
T scores served as a dependent variable.

The Communication and Symbolic Behavior
Scales Developmental Profile (CSBS DP) Behavior Sample
(Wetherby and Prizant 2002) presents standardized com-
municative temptations followed by a brief play sample to
assess children’s social, communication, and symbolic skills.
The number of times children initiated joint attention during
the CSBS DP was a dependent variable. Initiating joint atten-
tion was defined as the coordinated use of communicative
signals (>2 of the following 3 behaviors: gaze, vocaliza-
tions, or gestures, such as pointing/showing) to comment on
an object or action during the CSBS DP Behavior Sample.
Inter-rater reliability for the frequency of joint attention ini-
tiation, calculated for 20% of the sample, was 80%.

The Pragmatic Rating Scale (Landa et al. 1992) was mod-
ified to create the PRS-SA, a measure of pragmatic commu-
nication in school-age children who use at least phrase-level
language (see Klusek, Martin and Losh 2014 for PRS-SA
data on school-aged children with ASD and Fragile X). The
PRS-SA’s 22 items measured three categories of pragmatic
communication: discourse management (e.g., topic mainte-
nance, effective language formulation), presupposition (e.g.,
sufficiency of information, adequacy of clarifications), and
nonverbal communication (e.g., gesture use, eye contact,
intonation).

Behaviors represented by PRS-SA items were rated
on a 4-point scale (0 =appropriate, 1 =mild variation,
2 =problematic/pervasive, 3 =significant problem). Like
ADOS scoring, PRS-SA ratings of 2 and 3 were combined
for reliability; 3’s converted to 2’s for scoring purposes.
Of note, PRS-SA ratings were based on discourse samples
from the ADOS; however, these ratings were distinct from
ADOS codes, with separate operational definitions and rat-
ing schemes for each behavior. Also, PRS-SA raters were
blinded to children’s ADOS scores. PRS-SA total score was
calculated by summing ratings for the 22 rated behaviors,
and was used as the dependent variable representing school-
age pragmatic communication functioning. Higher scores
indicated greater pragmatic difficulties.

The PRS-SA was rated by consensus for 12 children
(16%), to calibrate the raters. Interrater reliability of PRS-
SA total scores (point of analysis for the current study),
calculated for 13 of the remaining children (24%), was
ICC(2,1)=.977. Intraclass correlations also were obtained
for each of the 13 children by comparing each PRS-SA item-
level rating (#1-22) made by two independent raters; ICC’s
for each child then were averaged across all 13 children,
yielding a mean /ICC(2,1) of .814. Reliability greater than or
equal to .750 is considered excellent (Cicchetti 1994). Reli-
ability fell below .750 for compared item-level ratings for
four children: two were considered good (.60-.74); two were
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considered fair (.40-.59) (Cicchetti 1994). Samples with fair
reliability generally had very limited rating variability, so
discrepancies were “more unexpected.” Consensus ratings
were conducted for these four cases for use in data analyses.

Data Analysis

To account for non-normal distributions and differences
in variability (Levene’s test p’s <.001 for comparisons of
HR-TD, HR-BAP, and HR-ASD), nonparametric analy-
ses were employed. Run in SPSS, Kruskal-Wallis and
Mann—Whitney tests assessed group differences in descrip-
tive variables and school-age pragmatic communication
functioning. Effect size r=z/\n is reported for Mann—Whit-
ney tests, with .100, .300, and .500 representing small,
medium, and large effects, respectively. Note: tests were run
with and without the three participants who had not received
developmental assessments until 48 months; results did not
differ. Therefore, reported results are for the full sample.
Also run in SPSS, Spearman’s rho examined correlations
in the full sample. Each variable was checked for outliers;
analyses re-run without outliers (CSBS: 1 LR, 1 HR-BAP;
MSEL: 3 HR-ASD; PRS-SA, ADOS: none) yielded the same
conclusions. Reported results include all participants.
Lastly, three nonparametric regression models run in
STATA examined predictors of PRS-SA scores. These
nonparametric models mimic ordinary least squares linear
regression analyses, but do not assume a linear functional
form. Note that STATA only provides z-values for nonpara-
metric regressions to 2 decimal places. Model 1 examined
the unique contribution of 14-month joint attention initia-
tions in predicting later pragmatic communication, inde-
pendent of 24-month social-communication and expressive
language, the development of which are theoretically sup-
ported by joint attention (Mundy et al. 2009). Model 2 exam-
ined the unique contributions of 24-month variables, spe-
cifically ADOS social-communication behaviors and MSEL
expressive language. Model 3 ascertained the combined
predictive power of all three variables. Prior to conducting
this third nonparametric regression model, a variable infla-
tion factor (VIF) analysis was conducted within a parametric
regression analysis to assess multicollinearity with the three
variables; note that no nonparametric version of this analysis
exists. VIF values were all < 1.6, and thus less than the two
cut-off values (4 and 10) commonly used as indicators of
problematic collinearity (Lavery et al. 2017). All regression
analyses were conducted using the full sample to provide
a broader distribution of scores, and avoid limited distri-
butions that might be encountered in the small subgroup
samples or the non-ASD sample. This larger distribution
was expected to be more representative of the full perfor-
mance continuum of joint attention, social-communication,
expressive language, and pragmatic communication; thus,
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conclusions from analyses cannot be said to represent rela-
tions within the LR group or HR subgroups.

Results
Descriptive Statistics

Demographic variables and standardized test scores for the
LR group and HR diagnostic classification subgroups are
presented in Table 1. No significant between-group differ-
ences were detected in age, race, ethnicity, or socio-eco-
nomic status (Hollingshead 1975). There was a significant
sex difference across groups (X?=12.210, p=.007) and in
PRS-SA scores (Z=-3.179, p=.001, r=.388). Follow-up
tests revealed no significant sex-based differences in PRS-SA
scores in the LR controls (Z=—.817, p=.425, r=.193) or
HR-TD (Z=-.355, p=.776, r=.092). However, PRS-SA
scores were significantly higher (more atypical) for HR-BAP
males (M =21.000, SD=6.074) than females (M =12.222,

Table 1 Demographics and standardized test results

SD=6.723; Z=—-2.412, p=.013, r=.553). There was only
one female in the HR-ASD subgroup; her PRS-SA score of
34 approximated the male mean of 32.571. Note: we did not
control for sex in subsequent analyses due to nonequivalent
sex ratios across groups/diagnostic classifications.

Group Differences in Pragmatic Language

Table 1 summarizes means and standard deviations for PRS-
SA scores in each group/diagnostic classification. Figure 1
illustrates between-group differences in PRS-SA scores. Sig-
nificant between-group differences were found in PRS-SA
scores, H(3)=38.005, p <.001. Based on visual inspection,
distributions of school-age pragmatic communication func-
tioning were similar for LR and HR-TD groups, but were
not similar for HR-TD, HR-BAP, or HR-ASD subgroups.
Follow-up tests revealed no significant difference in PRS-SA
scores of LR controls and HR-TD (U=112.500, Z=— .815,
p=.421, r=.142). PRS-SA scores were significantly
lower (better) in the HR-TD than HR-BAP (U =59.000,

Groups Significance
LR controls HR-TD HR-BAP HR-ASD
n=18 n=15 n=19 n=15
Demographics
Sex (M:F) 7:11 6:9 10:9 14:1 X3(3)=12.210, p=.007
Race (Cauc:oth) 18:0 13:2 18:1 13:2 X%(3)=3.082, p=.379
Ethnicity (H:N:UK)  2:9:7 0:8:7 0:15:4 2:4:9 X%(6)=11.880, p=.065
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Significance

Hollingshead
School-age visit

58.028 (9.097)

57.467 (9.224)

55.947 (9.932)

57.167 (7.729)

F(3,63)=.173, p=915

Age in months 114.024 (18.115) 118.332 (19.506) 104.955 (13.237) 115.762 (13.572)  F(3,63)=2.255, p=.091
ADOS CSS 1.467 (0.743) 2.083 (1.443) 2.778 (2.157) 8.067 (2.052) LR,HR-TD,HR-BAP < HR-ASD
PRS-SA 8.889 (7.435) 9.533 (4.533) 16.842 (7.669) 32.667 (7.118) LR/HR-TD, ns
HR-TD < HR-BAP <HR-ASD
14-month visit n=9 n=13 n=17 n=12 Significance
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
CSBS DP IJA 5.444 (3.941) 4.077 (2.629) 4.294 (3.077) 1.750 (2.379) LR>HR-ASD
24-month visit n=13 n=13 n=18 n=15 Significance
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
ADOS CoSo 4.846 (3.648) 3.385 (2.434) 5.444 (4.076) 10.267 (4.713) LR,HR-TD,HR-BAP < HR-ASD
MSEL EL" 62.500 (9.155) 54.077 (8.976) 51.222 (8.674) 36.467 (14.861) LR,HR-TD,HR-BAP>HR-ASD

LR >HR-BAP

LR low-risk, HR-TD high-risk typical development, HR-BAP high-risk broad autism phenotype, HR-ASD high-risk autism spectrum disorder;
M:F male:female; Cauc:Oth Caucasian:other; H:N:UK Hispanic:Non-Hispanic:unknown; ADOS Autism Diagnostic Observation Schedule,
CSS Calibrated Severity Score; PRS-SA Pragmatic Rating Scale, School-Age total score; CSBS DP IJA Communication and Symbolic Behavior
Scales Developmental Profile Initiation of Joint Attention frequency; CoSo ADOS Communication + Social Interaction algorithm score; MSEL
EL Mullen Scales of Early Learning Expressive Language T score; ns not significant

*LR:n=14
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40

PRS-SA Total Score, 8-12 years
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Fig. 1 Boxplot of PRS-SA total scores at age 8 to 12 years for group
and diagnostic classifications made at 36 months

Z=-2.899, p=.003, r=.497) and HR-ASD subgroups
(U=2.000, Z=—-4.588, p<.001, r=.838). PRS-SA scores
were significantly lower for the HR-BAP than HR-ASD sub-
group (U=18.500, Z=—-4.305, p <.001, r=.738), meaning
that the HR-ASD group displayed more atypical pragmatic
behavior than the HR-BAP group.

Predictors of Pragmatic Language

Table 2 summarizes the correlations between PRS-SA scores
and predictors across the full sample (all four groups/diag-
nostic classifications; top) as well as post-hoc correlations in
the non-ASD sample (LR, HR-TD, and HR-BAP; bottom).

In the full sample, PRS-SA scores were strongly correlated
with frequency of joint attention initiation at age 14 months
(r=-.420, p=.002, = .177) and 24-month MSEL Expres-
sive Language T scores (r=—.506, p <.001, = .257), and
moderately correlated with 24-month ADOS Communica-
tion + Social Interaction algorithm scores (r=.379, p=.003,
2 =.144) (see Fig. 2). To determine whether current data
replicated correlations from Gillespie-Lynch et al. (2015),
post-hoc analyses examined Spearman’s rho correlations
in the non-ASD sample (combined LR, HR-TD, HR-BAP
groups); this secondary analysis was considered preliminary
due to the reduced variability and sample size resulting from
removal of the ASD group. In the non-ASD sample, PRS-SA
scores were not correlated with frequency of joint attention
initiation at age 14 months (r=—.197, p=.228, *=.039) or
24-month MSEL Expressive Language T scores (r=—.276,
p=.067, 2= .076) or ADOS Communication + Social Inter-
action algorithm scores (r=.018, p=.908, < .001). Note,
when one outlier was removed, the correlation with MSEL
Expressive Language T scores in the non-ASD sample no
longer trended toward significance (r=-.213, p=.164,
> =.046).

Table 3 summarizes the three non-parametric regression
models examining 14-month and 24-month predictors of
school-age pragmatic communication in the full sample.
Regression models in the non-ASD sample were not war-
ranted, as correlations were nonsignificant. In Model 1,
frequency of joint attention initiation during the CSBS DP
at 14 months accounted for a significant amount of the var-
iance in school-age pragmatic functioning in the full sam-
ple (R?>=.239). Frequency of joint attention initiation had

Table 2 Correlation matrix for PRS-SA scores, 14-month joint attention initiations, and 24-month social-communication and expressive lan-

guage scores in the full and no-ASD samples

Full sample (LR, HR-TD, HR- CSBS DP joint attention initiations, ~ADOS CoSo, 24 m MSEL EL, 24 m
BAP, & HR-ASD) 14 m
Spearman’s rho )4 Spearman’s rho )4 Spearman’s rho P
1. PRS-SA, 8-12y —.420 .002 379 .003 —.506 <.001
2. CSBS DP joint attention initia- —.374 .009 447 .001
tions, 14 m
3.ADOS CoSo, 24 m —.360 .005
Non-ASD sample Spearman’s rho 4 Spearman’s rho p Spearman’s rho p
(LR, HR-TD, & HR-BAP)
1. PRS-SA, 8-12y -.197 228 .018 .908 —.276 .067*
2. CSBS DP joint attention initia- —.112 517 .163 .336
tions, 14 m
3.ADOS CoSo, 24 m .008 958

PRS-SA Pragmatic Rating Scale, School-Age total score; CSBS DP Communication and Symbolic Behavior Scales Developmental Profile;
ADOS CoSo Autism Diagnostic Observation Schedule Communication + Social Interaction algorithm score; MSEL EL Mullen Scales of Early

Learning Expressive Language T score; y years; m months

#With one outlier removed, p=.164
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a unique inverse relation with PRS-SA scores (b=—1.890,
SE=0.685, z=—2.76, p=.006). That is, for each occur-
rence of joint attention initiation during the CSBS DP,
PRS-SA scores decreased (became less atypical) by 1.890
points.

In Model 2, MSEL Expressive Language T scores and
ADOS Communication + Social Interaction algorithm
scores at 24 months accounted for a significant amount of
variance in school-age pragmatic functioning in the total
sample (R>=.386). MSEL Expressive Language T scores
had a unique inverse effect for PRS-SA scores (b= —.356,
SE=.096, z=-3.71, p<.0001); for each one-point
increase in MSEL Expressive Language T scores, PRS-SA
scores decreased (showed less atypicality) by .356 points.
ADOS Communication + Social Interaction algorithm
scores had a unique positive effect on PRS-SA scores,

(b=.636, SE=.259, z=2.45, p=.014); for each one-point
increase in this predictor, PRS-SA scores increased .636
points.

In Model 3, 14-month frequency of joint attention ini-
tiation and 24-month MSEL Expressive Language T scores
and ADOS Communication + Social Interaction algorithm
scores accounted for a significant amount of variance in
school-age pragmatic functioning in the total sample
(R>=.661). However, none of the three variables had a
unique effect on PRS-SA total scores (14-month CSBS DP
joint attention initiation: b=—.268, SE=1.114, z — .24,
p=.810; 24-month ADOS Communication + Social Inter-
action algorithm scores: b=.659, SE=.944, z=.70,
p =.486; 24-month MSEL Expressive Language T scores:
b—-.300, SE=.303,z—.99, p=.321).
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Table 3 Nonparametric
regression models, with

Standard regression

14-month predictors, 24-month R? B (SE) z p
predictors, and combined 14-
and 24-month predictors of Model 1: 14-month predictor
PRS-SA total scores PRS-SA .239
CSBS DP joint attention initiations —1.890 (.685) —-2.76 .006
Model 2: 24-month predictors
PRS-SA .386
ADOS CoSo .636 (.259) 2.45 .014
MSEL EL —.356 (.096) -3.71 <.0001
Model 3: 14- and 24-month predictors
PRS-SA .661
CSBS DP joint attention initiations —.268 (1.114) —-.24 .810
ADOS CoSo .659 (.944) .70 486
MSEL EL —.300 (.303) -.99 321

PRS-SA Pragmatic Rating Scale, School-Age total score; CSBS DP Communication and Symbolic Behav-
ior Scales Developmental Profile; ADOS CoSo Autism Diagnostic Observation Schedule Communica-
tion + Social Interaction algorithm score; MSEL EL Mullen Scales of Early Learning Expressive Language

T score

Discussion

The current study used a deep phenotyping approach to
examine school-age pragmatic communication behavior
in HR siblings of children with ASD and LR controls and
very early predictors thereof. A clinician-rated behavioral
observation measure was used to assess pragmatic com-
munication functioning in school-age HR siblings and LR
controls. We found that HR siblings who demonstrated
ASD or BAP characteristics at 36 months exhibited defi-
cits in pragmatic language and nonverbal communication
at school-age relative to HR siblings with typical develop-
ment, whose performance did not differ from LR controls.
As expected, pragmatic communication was significantly
correlated with 14-month joint attention and 24-month
expressive language and social-communication in the full
sample; post-hoc correlations in the non-ASD (LR, HR-TD,
and HR-BAP) group were not significant. This result sug-
gests a full continuum (scores ranging from neurotypical to
subclinical differences to clinically significant differences)
of pragmatic communication, joint attention, expressive lan-
guage, and social-communication performance may be nec-
essary to detect these relations, especially in relatively small
samples. Further, in the full sample of HR siblings and LR
controls, including children with ASD, frequency of joint
attention initiation at 14 months predicted school-age prag-
matic communication functioning, as did 24-month expres-
sive language and autism-related social-communication
behaviors in a separate, age-specific model. The full model
with all three predictors explained a significant amount of
the variance in school-age pragmatic communication scores;
however, none of the early predictors had a unique effect

@ Springer

on that outcome when 14- and 24-month variables were
examined together. To our knowledge, this is the first report
that school-age pragmatic functioning is distinguished by
36-month diagnostic classifications in HR siblings, suggest-
ing continuity in the relative degree of typicality of social-
communication functioning from early to middle childhood.
This study also identified the earliest developmental predic-
tor to date of school-age pragmatic functioning in the full
sample of HR siblings and LR controls, including children
with ASD: 14-month joint attention initiations.

Overall, the PRS-SA yielded a wide score continuum
across children at low familial risk for ASD and subgroups
of children at high familial risk for ASD who, together, dis-
played a broad continuum of ASD symptomatology rang-
ing from no symptoms to clinically significant expression of
symptoms. Thus, the PRS-SA showed sensitivity to a range
of pragmatic communication functioning in this sample that
displayed diverse pragmatic behavior. As hypothesized, no
significant differences existed between the HR-TD and LR
groups, and the HR-ASD subgroup demonstrated signifi-
cantly higher PRS-SA scores, signaling more impaired prag-
matic communication abilities, than other HR subgroups.
Significantly higher school-age PRS-SA scores in the HR-
BAP than HR-TD subgroup suggested poorer pragmatic
communication functioning in children identified as hav-
ing language or other developmental delays with or without
subclinical ASD-related social-communication difficulties at
36 months. This finding is consistent with other investiga-
tors’ reports of pragmatic language differences (Ben-Yizhak
et al. 2011; Miller et al. 2015) and other developmental chal-
lenges (Charman et al. 2017; Georgiades et al. 2013; Landa
et al. 2007; Messinger et al. 2013; Ozonoff et al. 2014) in a
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subset of non-ASD HR siblings. Our use of a direct observa-
tional measure of pragmatic functioning rather than a parent-
report measure may explain why the results presented herein
differed from prior studies showing no differences in prag-
matic functioning of HR siblings compared with controls
(Bishop et al. 2006; Gillespie-Lynch et al. 2015). Another
possible explanation for this discrepancy in findings may
relate to our separation of non-ASD HR siblings into TD
and BAP subgroups based on their 36-month phenotypic
presentation, while many other investigators examined non-
ASD HR siblings as a single group. Our results suggest BAP
characteristics exhibited as early as 36 months persist into
school-age, with pragmatic functioning ranging across a
score continuum that overlaps with ASD and TD subgroup
scores and representing pragmatic communication difficul-
ties that may or may not be impairing.

Another important finding of the present study was that
HR siblings who met 36-month BAP criteria had differ-
ential pragmatic communication outcomes based on sex,
with females’ PRS-SA scores being significantly lower (less
impaired) than males’. Although preliminary, these results
suggest pragmatic communication resiliency may be greater
in females, even if they meet BAP criteria early in develop-
ment. This finding is consistent with Virkud et al. (2009)
report of a bimodal distribution of quantitative autistic traits
in female siblings within multiplex families, whereas male
siblings demonstrated a unimodal distribution lacking a clear
cutoff differentiating those who did or did not have ASD. In
contrast, neither Klusek, Losh and Martin (2014) nor Landa
et al. (1992) identified sex differences in the pragmatic func-
tioning of parents of children with ASD. More research is
needed to understand why sex differences are detectable dur-
ing childhood in HR siblings but not in parents of children
with ASD.

In the full sample, PRS-SA scores were strongly corre-
lated with 14-month joint attention initiations and 24-month
expressive language, and moderately correlated with
24-month ASD-related social-communication behaviors.
Consistent with Gillespie-Lynch et al. (2015), the associa-
tion with early joint attention initiation was nonsignificant
when assessed only in the children who did not have ASD
(LR, HR-TD, and HR-BAP; CSBS: n=39), with similarly
nonsignificant results for 24-month expressive language
and social-communication behaviors (ADOS: n=43, MSEL.:
n=44). Several possible explanations might account for the
difference in results between the full sample (including chil-
dren with ASD) and non-ASD sample. First, the limited var-
iability and score range observed in the non-ASD group may
have been insufficient to reveal the theoretically predicted
relation between early joint attention, social-communication
behaviors, and expressive language and later pragmatic com-
munication, particularly given the small sample size (see
Fig. 1 to visualize variability in the non-ASD groups). Both

Gillespie-Lynch et al. (2015) and the present results were
found with small samples (n=20 and n=39, respectively),
where restricted distributions and minimal variability can
limit the ability to detect relations that might be apparent
in larger and/or more variable samples. Second, relations
in the full sample may have been driven solely by the ASD
group. While possible, the data revealed a continuous distri-
bution of PRS-SA scores across groups, with no clear gaps
between typical development, subclinical features, and clini-
cally significant differences in pragmatic communication,
and no outliers identified in the full sample. Further, no
children with ASD were considered outliers in frequency of
joint attention initiation or social-communication behaviors.
Three children with ASD were considered outliers in terms
of 24-month expressive language; however, results did not
change when these children’s scores were excluded. Thus,
children with ASD appeared to be part of the same distribu-
tion as children from the other three subgroups (as expected
given the neurobiological literature, c.f. Constantino 2011),
suggesting their data added more variability and increased
the sample size to a sufficient degree to detect relations.
Finally, it is possible that different mechanisms may under-
lie pragmatic communication development in different sub-
groups. Larger sample sizes in each group would be required
to test this hypothesis.

In age-specific regression models using the study’s full
sample, frequency of joint attention initiation at 14 months
uniquely predicted school-age pragmatic functioning, as did
24-month social-communication and expressive language
scores. Current findings provide the first evidence of a signif-
icant relation between early frequency of joint attention initi-
ation and school-age pragmatic communication functioning.
As described previously, this result differs from Gillespie-
Lynch et al. (2015), in which 12-month joint attention ini-
tiations were not associated with school-age pragmatic lan-
guage. This discrepant outcome could be due to differences
in age (12- vs. 14-month, with more frequent initiation of
joint attention expected at age 14 months) or measurement
of joint attention (e.g., Gillespie-Lynch et al.’s inclusion
of low level gaze alternation vs. our requirement of higher
level initiation of joint attention behavior signaled by pairing
two of three communicative behaviors [gaze, vocalizations,
gestures]), differences in school-age pragmatic communi-
cation measures (parent report vs. behavioral observation),
or differences in grouping for analysis (separation of ASD
and non-ASD vs. combined HR-TD, HR-BAP, HR-ASD,
and LR controls), leading to differences in sample size and
variability of predictor and outcome. As noted previously,
sample sizes in both studies were quite small, with distribu-
tions and variabilities that might not adequately represent the
full spectrum of pragmatic communication or joint attention
initiation that exists in the general population. Thus, findings
should be interpreted with caution. Also, it should be noted
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that all but one of the 13 children in our sample (2 HR-TD,
4 HR-BAP, 7 HR-ASD) who demonstrated one or no joint
attention initiations at 14 months received a PRS-SA total
score of 15 or higher, where 15 was the lowest total score
in the HR-ASD subgroup. Thus, a slow start to the develop-
ment of endogenously-motivated triadic engagement, which
is well established in typical development by 14 months,
may be a risk indicator for school-age pragmatic commu-
nication differences, signaling that preemptive intervention
may be beneficial. Without intervention, delays in develop-
ing joint attention initiations could contribute to a cascade
of developmental events and types/frequencies of social
engagement opportunities that may accumulate and manifest
in altered pragmatic communication behavior at school-age.

In addition, 24-month social-communication behaviors
and expressive language were associated with later prag-
matic communication functioning. ADOS social-communi-
cation scores at this age capture behaviors reflecting effec-
tive social-communication, such as directed vocalizations,
gestures, pointing, showing, and joint attention responses
and initiations. According to the parallel and distributed pro-
cessing model, joint attention involves the integrated pro-
cessing of one’s own and others’ visual attention (Mundy
et al. 2009). Other behaviors included in the ADOS Com-
munication + Social Interaction algorithm relate to children’s
ability to direct their attention and share their emotions with
others, which similarly require the coordinated processing of
their own and others’ attention. Extending forward in devel-
opment, integrated processing of self- and other-attention
evolves into the covert coordination of mental representa-
tions required for developing symbolic language, social
cognition/presupposition, and later “rapid-fire” pragmatic
communication exchanges (Mundy et al. 2009). MSEL
expressive language scores at 24 months largely reflect
productive vocabulary, with contributions from combina-
tions of gestures + words/vocalizations and use of appro-
priate intonation. The social-pragmatic theory of language
acquisition (Tomasello 2001) suggests that both early sym-
bolic communication and later pragmatic communication
rely on social cognition. Specifically, language acquisition
is considered a “by-product of social interaction” (p. 135),
reflecting children’s improving ability to interpret an adult
partner’s intentions, based on the assumption that the words
communicating those intentions are relevant to the ongoing
social interaction (Tomasello 2001). The strong predictive
relation between 24-month expressive language and social-
communication behaviors and later pragmatic functioning
suggests the early social cognitive abilities that both support
and are supported by language acquisition and early social-
communication behaviors also may provide a foundation for
more advanced presuppositional behaviors. Further, direct-
ing communication toward a partner, including the integra-
tion of appropriate gestures, intonation, and vocabulary
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use, during toddlerhood contributes to children’s growing
capacity to signal their intentions to others and infer others’
intentions through differentiated and more precise communi-
cation. This clear communication of intentions is essential to
successful advanced (school-age) pragmatic communication
competence (Sperber and Wilson 1995; Turkstra et al. 2017).

Finally, when all three predictors (across ages 14 and
24 months) were entered into a single regression model,
they combined to explain 66% of the variance in school-age
pragmatic communication; yet no predictor had a unique
impact on later pragmatic functioning. While variables did
not meet the threshold for multicollinearity, the high cor-
relations among predictor variables may have contributed
to the lack of any variable uniquely predicting school-age
pragmatic communication. Another possibility is that the
sample size did not provide enough degrees of freedom to
detect unique contributions in a regression model with three
predictors. Overall, results of this model suggest that early
joint attention initiations, social-communication behaviors,
and expressive language may coalesce to form a set of early-
developing risk factors that are readily observable, but that
may overlap to a sufficient degree that their unique contri-
butions cannot be detected when examined together. These
aspects of development should be monitored closely in the
first 2 years of life for all children, and especially in children
with a family history of ASD or other ASD risk factors (for
video tutorial of early ASD signs, Kennedy Krieger Institute
2013). Early disruption in the development of these skills,
even in toddlers with ASD, is malleable with exposure to
evidence-based intervention targeting these skills (Landa
etal. 2011).

Pragmatic communication abilities associated with
elevated PRS-SA scores may or may not be considered
an impairment. Based on the World Health Organization
(2011), pragmatic communication deficits would only
be considered an impairment if they limit an individual’s
activities and participation, which are influenced by envi-
ronmental factors (e.g., supports/barriers, relationships) and
personal factors (e.g., culture, temperament). When prag-
matic communication differences do lead to impairments,
consequences can be broad-reaching, affecting a child’s
social interactions across everyday activities, internalizing
and externalizing characteristics, and others’ perception
of the child’s social competence and acceptability (Fujiki
et al. 2001; Miller et al. 2015; Prutting and Kirchner 1987).
Variation from typical pragmatic communication may not
be impairing for some children at school-age, but could
interfere with social acceptance and functioning later in
life. More longitudinal research is needed to address this
possibility.

Finally, this study’s use of a dedicated clinician-rated
behavioral observation tool to assess pragmatic communica-
tion functioning based on ecologically valid, semi-structured
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interactions represented an important contribution to the
literature, offering distinct advantages over previous stud-
ies’ use of standardized assessments (Drumm et al. 2015),
analyses based on item-level ADOS codes (Ben-Yizhak
et al. 2011), and parent rating scales (Bishop et al. 2006;
Gillespie-Lynch et al. 2015). The PRS-SA’s measurement of
contextualized pragmatic language and nonverbal communi-
cation is more likely to yield ecologically valid results than
standardized assessments, which collect contrived commu-
nication samples that may not be representative of functional
pragmatic communication use in everyday contexts (Roth
and Spekman 1984b). Further, the PRS-SA was sensitive to
pragmatic communication differences in HR siblings that
previous studies using parent-report measures did not detect
(Bishop et al. 2006; Gillespie-Lynch et al. 2015), possibly
due to parents overestimating siblings’ skills based on a
skewed frame of reference (i.e., an older sibling with ASD;
Drumm et al. 2015; Hess and Landa 2012).

The utility of PRS-SA scores to measure a dimensional
and distributional construct like pragmatic communica-
tion is impressive. Current findings of expected differences
between children with typical development (HR-TD and
LR), BAP, and ASD classifications at 36 months provide
strong initial support for the construct validity of PRS-SA
scores. If additional psychometric evidence replicates these
robust findings, the PRS-SA may offer a uniquely useful
means of measuring the full range of pragmatic function-
ing and identifying difficulties that interfere with everyday
social success, even if a child does not meet ASD criteria.

Limitations and Future Directions

Small sample sizes within each group/diagnostic classifica-
tion limit the generalizability of results. Specifically, HR-
BAP sex differences require replication with a larger sam-
ple; HR-ASD females as well as females with ASD more
broadly should be added to future samples, to determine
whether PRS-SA scores vary based on sex in this popula-
tion. Larger sample sizes also would permit examination
of the association between higher levels of impairment and
specific pragmatic communication deficits (e.g., discourse
management vs. presupposition), and/or between specific
early predictors and pragmatic communication deficits (e.g.,
joint attention and nonverbal communication). Furthermore,
small samples prevented examination of predictors within
each group/diagnostic classification, which could reveal
group-specific predictors. While 14-month joint attention
initiation frequency and 24-month expressive language and
ASD-related social-communication behaviors predicted
school-age pragmatic functioning for the combined groups/
diagnostic classifications, unique predictors may account
for pragmatic communication outcomes in each group and
HR diagnostic classification. Color-coding of scatterplots

in Fig. 2 shows different groups/diagnostic classifications,
allowing readers to interpret where associations may lie for
the current sample. Expansion of sample sizes would per-
mit a clearer understanding of within-group variability and
would permit independent regression analyses for each HR
sibling subgroup and LR controls. Further, a larger sam-
ple size would enable testing of developmental mediation
models, such as whether 14-month joint attention initiation
frequency predicts school-age pragmatic communication
functioning via 24-month expressive language and/or social-
communication behaviors.

The current study provided preliminary support for using
the Pragmatic Rating Scale—School Age as a reliable and
valid clinician-rated direct observational measure of prag-
matic communication. Additional psychometric data should
be gathered in a larger sample. Specifically, a principal com-
ponents analysis should test the three proposed categories of
pragmatic communication behavior (discourse management,
presupposition, nonverbal communication) in a sample of
150-200 participants (statistics.laerd.com 2018). If support
is found for proposed categories of pragmatic communica-
tion behavior and/or reliability of isolated items (e.g., ges-
tures), predictors for the proposed categories and/or item-
level behaviors could be examined (e.g., are joint attention
initiations related to later pragmatic language domains such
as presupposition, or only to nonverbal communication and/
or gesture use?). If additional reliability and validity evi-
dence supports PRS-SA score use overall, this measure could
provide an ecologically valid measure for qualifying chil-
dren for speech-language intervention services, identifying
strengths and weaknesses, examining functional connectiv-
ity as it relates to pragmatic language functioning, longitu-
dinally tracking children’s pragmatic functioning, and deter-
mining the stability of strengths and weaknesses over time,
which may facilitate the creation of targeted interventions.

Conclusion

The present study provided evidence of pragmatic com-
munication variations from the norm in subsets of school-
age HR siblings, specifically those with 36-month ASD or
BAP classifications. Further, results provide the best cur-
rent evidence of specific early predictors of later pragmatic
functioning across LR children and HR children classified
at 36-months as TD, BAP, and ASD. If early joint attention,
social-communication, and expressive language provide a
foundation for school-age (and perhaps lifelong) pragmatic
communication, early intervention targeting these abilities
will be critical for promoting successful outcomes for HR
siblings.
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