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Individuals with a comorbid diagnosis of Down syndrome (DS) and autism spectrum disorder
(ASD) have been found to exhibit greater deficits in expressive communication than individuals
with DS only. We hypothesized that individuals with a comorbid diagnosis (n = 430) would have
significantly lower Communication Matrix scores and specifically social communication scores
than individuals with DS alone (n = 4,352). In a sample of 4,782 individuals with DS, scores for
individuals with a comorbid diagnosis were on average 18.01 points and 7.26 points lower for
total score and social score respectively as compared to individuals with DS. Comorbid diagnosis
accounted for 10.5% of the variance in communication scores. Between-group differences in
referential gestures and symbolic communication behaviors were also observed.
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Exploring Expressive Communication Skills in a Cross-Sectional Sample of Individuals with

Down Syndrome and Comorbid Autism Spectrum Disorders

Down syndrome (DS), with a prevalence of almost 1 in 700 births in the United States, is the
most commonly occurring chromosomal cause of intellectual disability (Parker et al., 2010).
Individuals with DS experience characteristic spoken language deficits and their expressive
language skills vary greatly ranging from minimal verbal skills, to single word utterances, and
syntactically complex utterances (Abbeduto, et al., 2016; Finestack & Abbeduto, 2010;
Finestack, et al., 2012). While research has begun to identify a DS behavioral phenotype
(Chapman & Hesketh, 2000), less is known about individuals with DS who communicate using

pre-linguistic and early symbolic communication behaviors.

Another gap in the literature is research describing expressive communication skills in
individuals with comorbid DS and autism spectrum disorders (DS/ASD). The prevalence of ASD
is higher in children with DS compared to the general population, with estimates ranging from 1-
19% (DisGuiseppi et al., 2010; Moss et al., 2013). Individuals with DS/ASD have greater
deficits in cognition and communication and exhibit more stereotypic behavior, anxiety, conduct
problems, hyperactivity, and social withdrawal than individuals with DS alone (Capone et al.,
2005; Carter et al., 2007; Molloy et al., 2009; Warner et al., 2014). Importantly, they need
customized treatment and educational approaches distinct from intervention strategies for
individuals with DS alone (Moss & Howling, 2009; Reilly, 2009). A greater understanding of
early communication behaviors can lead to interventions that are tailored for individuals with

DS/ASD.

Focusing on the development of early expressive communication skills is important because

the frequency of prelinguistic and early symbolic behaviors significantly predicts language



growth in children with and without DS (Brady et al., 2004; Calandrella & Wilcox, 2000; Yoder
& Warren, 2004; Zampini & D’Odorico, 2009; 2013). Expanding research on individuals with
DS and DS/ASD is a critical first step toward developing interventions that optimize spoken
language outcomes. In the current study, we used an expressive communication measure, the
Communication Matrix (Rowland, 2011), to provide novel insights on prelinguistic and early

symbolic behaviors in individuals with DS as compared to individuals with DS/ASD.

Prelinguistic and Early Symbolic Communication Skills in Individuals with DS
Prelinguistic communication behaviors emerge prior to the development of spoken
language and include gestures, facial expressions, eye-gaze, physical body movements, and
vocalizations (Spencer, 2011). Early symbolic behaviors include spoken words, manual signs,
and picture symbols which represent specific referents (Adamson et al., 2004; 2012). Children
with DS show differences in gestures, and vocalizations when compared to typically developing
children and children with other intellectual disabilities (Abbeduto et al., 2016; Romano et al.,
2019). They have relative strengths in gesture use and maintain high rates while typically
developing children’s gestures decrease as they begin to use and combine words (Kat van den Os
et al.,2017; Vandereet et al., 2011). During infancy and toddlerhood, children with DS show
lower rates of vocalizations than their typically developing peers (Thiemann- Bourque et al.,
2014; Romano et al., 2019). For children with DS, vocabulary growth is slow, with wide
variability, and difficulty transitioning to multiple-word combinations and early sentences
(Abbeduto, et al., 2016). Berglund et al. (2001) found that by 60 months, 78% of children with
DS acquired 50 words but, 10- 20% had fewer than 10 words and some had no words in their

spoken vocabularies. Although most individuals with DS learn to communicate with spoken



language, little is known about the subgroup of individuals who do not develop sufficient natural

speech to meet their daily communication needs.

Most research on prelinguistic and early symbolic communication was conducted with
relatively small samples of young children with DS (ages 1 — 7 years) and there are important
gaps in describing expressive communication skills across broader age ranges. Individuals with
DS may continue to communicate using these behaviors for multiple years, or for their lifetime if
they experience severe motor speech disorders (Roberts et al., 2007). Severe motor speech
disorders are common in individuals with DS. For example, in a recent study of children and
adolescents with DS (Wilson et al., 2019), 97.8% met criteria for motor speech disorders.
Additional descriptive data is needed to understand individuals with DS who continue to use
prelinguistic and early symbolic behaviors.

Expressive Communication Skills in Individuals with DS and ASD

Some studies have closely examined social communication and expressive language
skills in individuals with DS/ASD compared to individuals with DS alone. Capone et al. (2005)
found that individuals with DS/ASD have greater communication impairments than individuals
with DS, as measured by the DSM-IV Classification of Behavior Profiles. They hypothesized
that the deficit was related to the greater cognitive impairments they observed in individuals with
DS/ASD. However, Molloy et al. (2009) found that greater deficits in communication observed
in children with DS/ASD, as measured by the Mullen Scales of Early Learning (Mullen), were
not completely explained by the difference in cognitive ability. Using the Autism Diagnostic
Interview- Revised and the Mullen, Godfrey et al. (2019) explored social and expressive
communication to find that individuals with DS/ASD had significantly more social-

communicative impairments than individuals with DS. The severity of these impairments was



related to verbal cognition in individuals with DS/ASD, but not individuals with DS. Warner et
al. (2014) used parent-reported results from a general questionnaire and the Social
Communication Questionnaire to measure communication. They found that individuals with
DS/ASD were significantly less likely to communicate using phrases and sentences than
individuals with DS. Of those who developed verbal skills, individuals with DS/ASD acquired
developmental skills later and were more likely to have lost skills than individuals with DS. In
Moss et al. (2013), researchers identified differences in language use among individuals with DS
and DS/ASD. They found that 29% of individuals with DS/ASD used fewer than 30 words as
compared to 12% of individuals with DS. These studies show a pattern of increased difficulty
with expressive communication, and specifically social communication, in individuals with

DS/ASD as compared to individuals with DS.

While there is emerging research on social communication and language skills in
individuals with DS/ASD, there are gaps describing prelinguistic and early symbolic
communication skills. None of the studies found have used sample sizes larger than 200
individuals with each diagnosis. Replicating the results of these studies with a larger sample size
would benefit the body of literature. Previous studies used tools that evaluated multiple
developmental domains or were instruments developed for screening and diagnosing ASD.
These tools have few test items on expressive communication, especially at the earliest
developmental stages. Many developmental assessments have limitations for describing
expressive communication skills because they have floor effects for individuals with intellectual
and developmental disabilities and often require spoken responses that exclude individuals who
do not use natural speech (Brady et al., 2012; Esbensen et al., 2017; Mervis & Robinson, 2005).

Measures developed for the purpose of diagnosing ASD were not designed to describe



prelinguistic and early symbolic communication behaviors in individuals with other intellectual
and developmental disabilities and may have limited sensitivity and specificity when applied to
individuals with DS (Moss et al., 2013). Additional research is needed to expand knowledge of
the DS/ASD phenotype by focusing specifically on prelinguistic communication in individuals

with DS/ASD as compared to individuals with DS.

Purpose and Research Questions

In this study, we used the Communication Matrix (Rowland, 2011), an assessment of
early prelinguistic and symbolic behaviors, to explore expressive communication skills of
children and adolescents with DS, and those with DS/ASD. We selected this measure because it
provides comprehensive information regarding the communication level and communication
behaviors used to express a variety of early messages and the associated data repository provides
access to a large sample size. The outcome measure describes early communication skills
including pre-intentional, pre-symbolic, and early symbolic behaviors, both typical (e.g. spoken
words) and atypical (e.g. picture symbols), and is robust to floor effects. The following research
questions are explored:

1. Are expressive communication scores of individuals with a diagnosis of

DS/ASD significantly lower than scores of individuals with DS?

2. Are social communication scores of individuals with a diagnosis of DS/ASD significantly
lower than scores of individuals with DS?
3. What specific referential and conventional gestures and early symbolic behaviors

do individuals with DS and DS/ASD use to communicate?

To answer these questions, we explored data collected through the online version of the

Communication Matrix assessment (www.communicationmatrix.org). We hypothesized that




individuals with DS would have significantly higher total and social communication scores and
would use a greater number of and more complex communication behaviors than individuals

with DS/ASD.

Method

Study Design

A retrospective cross-sectional design was conducted to analyze a subset of data from the
Communication Matrix data repository (IRB0O001517), which as of April, 2019, contained over
185,370 assessments of expressive communication in individuals with intellectual and
developmental disabilities. A data-mining approach was used to extract samples from the
repository including participants with a diagnosis of DS and DS/ASD. The repository was
queried on October 01, 2019.

First, the repository was queried using the following inclusion criteria: (a) age between 0
— 21 years, (b) diagnosis of DS confirmed by one or more professionals, (c) assessment
administered by an educational professional (e.g., speech-language pathologist, teacher, or
therapist), and (d) the assessment was completed in the United States. This age range was chosen
to limit the sample to ages that cover language development in typically developing children and
through the school years, when educational programs would be expected to influence
communication development. Data from individuals whose diagnosis was scored as suspected by
a family member or a professional were not included. The assessments that were administered by
educational professionals were selected to increase the homogeneity of the results, and to prevent
the inclusion of repeated measures on some individuals who were assessed by both parents and
professionals. Based on this criterion 231 assessments administered by family members were not

included. Only assessments from the United States were included to increase the homogeneity of



the sample. If the database included more than one assessment meeting the above criteria for the
same individual, only the most recent assessment results were used to avoid repeated measures
on any participants. Using the above criteria, 5,060 participants with DS were extracted from the
database.

Next, the dataset was cleaned to eliminate assessments that were test or example
assessments, incomplete, or repeated measures of the same individual conducted by different
assessors. Specifically, individuals were removed when their (a) personal identifier included the
following words “test”, “example”, “class”, “training” or “sample” (n = 43), (b) assessment
scores were 0 (n=4), (c¢) demographic information matched exactly on the following
characteristics birth month, birth year, state, country, race, gender, language, and personal ID
(e.g. initials, pseudonym; n = 231).

Last, individuals with DS/ASD were identified from the sample of individuals with DS.
A diagnosis of ASD was operationalized by the assessor either answering ‘yes’ to the question,
“Does the primary diagnosis of the person you are assessing involve Autism?” OR choosing
“Autism Spectrum Disorder” from a list of diagnoses, OR both. The source of the diagnosis had
to be from at least one professional. Using the criteria above 430 participants with DS/ASD were
extracted from the database.

Participants

The resulting sample of participants formed two groups: individuals with DS (n = 4,352);
and individuals with DS/ASD (n = 430). Participants with comorbid DS/ASD constituted 9.0%
of the initial sample, consistent with reported estimates of prevalence (Moss, et al., 2013; Reilly,
2009). Table 1 describes demographic characteristics of the two samples of participants.

< Insert Table 1 here >



Measures

The Communication Matrix (Rowland, 2011) is an online assessment
of early expressive communication skills. It can be used to assess individuals with any type or
degree of disability. The assessment is organized by four major reasons to communicate:
refusing things, obtaining things, engaging in social interaction, and providing or seeking
information (Light, 1988). It is comprised of seven levels: (1) Pre-Intentional Behavior, (2)
Intentional Behavior, (3) Unconventional Communication, (4) Conventional Communication, (5)
Concrete Symbols, (6) Abstract Symbols, and (7) Language. These levels are based on the
pragmatic approach to communication development first discussed by Bates et al. (1979) that
promotes the importance of acknowledging the communicative intent of pre-linguistic behaviors
in young children (Rice, 1989). Levels 1 — 4 involves pre-symbolic communication through
motor and vocal behaviors such as: body movements, facial expressions, vocalizations, and
simple gestures (hand guiding or touching a person). Referential and conventional gestures begin
at Level 4 and include pointing and waving. Levels 5- 7 consist of symbolic communication
behaviors such as spoken words, picture exchange systems, manual signs, and using a mobile
device to indicate symbols. The assessment spans the communication development of typically

developing children ages 0-24 months.

The Communication Matrix is conducted by answering a series of 24 questions about
early communication skills. For instance, Can you tell that this individual doesn't want some
specific thing, such as a certain food or a toy or a game you're playing, like tickling? If yes,
What does your child do to refuse or reject something? followed by a list of communication
categories and specific behaviors that might be used to convey this message. Users choose not

used (0), emerging (1), or mastered (2) for each behavior. After assessments are completed, the
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information is encrypted in a secure server and stored as part of the Communication Matrix data
repository.
Communication Matrix Total Score and Social Score

The Communication Matrix total score represents the degree of mastery on 24 questions.
Total scores range from 0 — 160 possible points. The social communication score represents a
subset of the 24 questions related to engaging in social interactions. Scores range from 0 — 56
possible points.
Referential Gestures and Early Symbolic Behaviors

The assessment covers nine categories of communicative behavior ranging from body
movement (such as arm, head movements) to language (combining symbols into multi-symbol
utterances). Categories of behavior were compared starting at Level 4 with referential and
conventional gestures because, referential gestures used at early stages of communication are
associated with the development of symbolic communication, and future expressive language
skills (Brady et al., 2004; Brady et al., 2013; Calandrella & Wilcox, 2000; Crais et al.,
2004). The percentage of each sample that used specific referential gestures (e.g. pointing,
alternating gaze) and types of symbolic communication behaviors (e.g. picture symbols, manual
signs, spoken words) was calculated.
Control Variables: Demographics and Functional Impairments

Each assessor is required to complete a brief series of demographic questions
before beginning the Communication Matrix assessment. These include a question regarding
the profession of the assessor as well as questions about the demographics of the individual
being assessed including the diagnosis, source of diagnosis, age, sex, race, state, primary

language spoken in the home, and country. The following functional impairments are rated by
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assessors on a scale of none, moderate, mild, or severe: autism, cognition, hearing, learning,
speech/language, vision, physical impairments, other health impairments, and other impairments.
Analytic Approach

Prior to testing our primary research questions, we conducted a preliminary analysis to
provide a broad view of communication in the two groups. First, we generated a composite
portrait of each group representing the percentage of individuals who expressed each message
across the seven levels of communication as represented in each of the 80 cells on the Matrix
profile. Due to the number of items on the Communication Matrix assessment (80 questions),
running correlations on the items, control variables, and outcome measures may have resulted in
false positives or other statistical errors that would not be relevant to the research questions. For
this reason we chose not to run correlations on each item. Correlations were run on all
demographic variables, functional impairments, and administration date compared to total score
and social score to remove any influence of these variables on outcome measures in the
regression model (see Table 2). Correlations of p < .05 were included as covariates. Multiple
linear regression models were estimated to evaluate our primary research questions of whether
individuals with a DS/ASD have significantly lower total scores and lower social scores on
the Communication Matrix as compared to individuals with DS. Separate multiple linear
regressions adjusted for the covariates and including a dummy variable for diagnosis (DS or
DS/ASD) were conducted to determine if diagnosis was a significant predictor of scores. The
assumptions for multiple regression were tested and the data met assumptions of normality,
linearity, homoscedasticity, multicollinearity.
Chi-squared tests were performed to determine if there were significant differences in the

proportion of individuals with DS and DS/ASD using specific referential gestures and symbolic
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communication behaviors (levels 4-7 on the Communication Matrix). These specific behaviors
were chosen because they relate to future expressive communication skills. Analyses were

conducted with IBM SPSS Statistics Version 24.

Results
Preliminary Results

Figure 1 shows that individuals with DS expressed more messages than individuals with
DS/ASD. Preliminary descriptive statistics revealed between group differences in referential
behaviors used to communicate, characterized by fewer participants with DS/ASD
communicating using referential gestures (Level 4), concrete symbols (Level 5), abstract

symbols (Level 6), and language (Level 7).
< Insert Figure 1 >
Communication Matrix Scores

Multiple linear regressions were conducted to determine if a comorbid diagnosis of DS
and ASD was a significant predictor of total score and social score on the Communication
Matrix after adjusting for significant covariates. Comorbid diagnosis was a significant predictor
of total score, F(10,4771) = 56.029, p < .001, adjusted R*=.103 (see Table 3). Adjusting for the
covariates, the estimated marginal means for individuals with DS and DS/ASD were 67.386 (SE
=0.525,95% CI = 66.357 — 68.4115) and 49.376 (SE = 1.693, 95% CI = 46.058 — 52.694)
respectively. Comorbid diagnosis was a significant predictor of social score, F(10,4771) =
52.740 ,p < .001, adjusted R* = 098 (see Table 4). Adjusting for the covariates, the estimated
marginal means for individuals with DS and DS/ASD were 16.159 (SE =0.182,95% CI = 15.82

—16.515),and 8.901 (SE=0.587,95% CI = 7.751 — 10.052) respectively.
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< Insert Tables 3 and 4 >

Communication Behaviors Used to Express Messages/ Intents

To further explore between-group differences in performance on the Communication
Matrix, we conducted an analysis of expressive communication behaviors including referential
gestures and symbolic communication. Chi-squared tests were conducted to explore whether the
proportion of participants with DS/ASD using specific expressive communication behaviors was
significantly smaller than the proportion of participants with DS. Table 5 presents the percentage
of participants who used specific referential gestures, conventional gestures, and symbolic
behaviors. Findings from individual contrasts controlling for multiple comparisons with a
Bonferroni correction (p < 0.003) indicated there were significant differences between groups,
with the DS group using more referential and conventional gestures, including alternating gaze,
beckoning, giving/showing, head nodding, pointing, head shaking “no’, pointing, head shaking,
shrugging shoulders, waving “hello” and “goodbye”, two dimensional concrete symbols (e.g.
photo of a pretzel), three dimensional concrete symbols (e.g. pretzel shape glued to paper),
manual signs, spoken words, and combining two or more symbols. There were no significant
differences between groups on some symbolic behaviors, including the use of two dimensional
abstract symbols (e.g. line drawing of “playground”), three dimensional abstract symbols (e.g. an
abstract 3-dimensional shape to represent going outside to the playground), or written words.

< Insert Table 5 >

Discussion

This is the first study to extract data from the Communication Matrix registry and
generate a composite profile of early expressive communication skills for individuals with DS (n

=4,352) and individuals with DS/ASD (n = 430). The composite profiles show a detailed view
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of how individuals with DS and DS/ASD express 24 communication behaviors which depict
greater abstract symbol and language use in individuals with DS when compared to individuals

with DS/ASD.

Pre-linguistic and Early Symbolic Communication in Individuals with DS and DS/ASD

Findings from this study are consistent with our research hypotheses and results of prior
research on individuals with DS and DS/ASD, indicating individuals with DS/ASD have
significantly lower expressive communication skills than individuals with a diagnosis of DS
alone (Capone, et al., 2005; Godfrey et al., 2019; Molloy et al., 2009). Individuals with comorbid
DS/ASD had significantly lower total and social scores on the Communication Matrix. Total
scores for individuals with DS/ASD were on average 18.01 points lower than scores for
individuals with DS. The average difference in total score is clinically significant, because it is
equivalent to the expression of 9-18 messages or intents. In other words, individuals with a dual
diagnosis have on average 9-18 fewer ways to communicate their thoughts, desires, and feelings
using vocalizations, gestures, manual signs, symbols, and spoken words. For an individual with
beginning communication skills, these differences may have implications for language growth
(Brady et al., 2004; Calandrella & Wilcox, 2000; Yoder & Warren, 2004; Zampini & D’Odorico,
2009; 2013). Social scores for individuals with a comorbid diagnosis were on average 7.26
points lower than scores for individuals with DS. This finding replicates Godfrey, et al.’s (2019)
finding that individuals with DS/ASD had greater social communication impairments than
individuals with DS. This difference on the social subscale is equivalent of individuals with DS
using on average 3-7 more social communication behaviors than individuals with DS/ASD. This
finding is significant, because social communication skills predict language outcomes (Wetherby

et al, 2007).
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Both multiple linear regression models accounted for a small amount of the variance in
total expressive communication scores (10%) which suggested there is a high amount of within-
syndrome variability in expressive communication skills as measured by the Communication
Matrix. This was consistent with prior research demonstrating large within-syndrome variability
in expressive communication skills (Abbeduto et al., 2016; Finestack & Abbeduto, 2010;

Finestack et al., 2012).

Referential and conventional gestures, spoken words, and symbol combinations were
significantly higher in individuals with DS. But, individuals with DS and DS/ASD both used
abstract symbols (e.g. line drawings, objects) and written words at a similarly low frequency.
More investigation is required to determine the significance of these findings. It is possible that

both populations would benefit from increased access to abstract symbols.

Many communication assessments are limited due to floor effects for individuals with
pre-symbolic and early symbolic communication skills, and for individuals who use non-spoken
responses (Brady et al., 2012; Esbensen et al., 2017; Mervis & Robinson, 2005). The current
study adds to research on individuals with comorbid DS/ASD by providing a detailed profile of

early expressive communication skills.

Influence of Demographic and Individual Characteristics

Importantly, the current study showed in a large sample of individuals with DS/ASD and
DS that between-group differences in early expressive communication skills persist after
controlling for potential confounding variables including age, administration date, sex, cognitive
impairment, physical impairment, speech and language impairment, vision impairment, other

health impairment, and other impairment. These findings replicate the results of many smaller
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studies of communication in individuals with DS/ASD as compared to individuals with DS.
(Capone, et al., 2005; Molloy, et al., 2009; Warner, et al., 2014; Moss, et al., 2013). Many factors
contribute to communication skills in addition to dual diagnosis. Controlling for demographic
information and functional impairments were important to our findings and has implication for
practice when determining the tools and individual has in their learning process. While the
measure of cognitive impairment in this study is rated on a scale of none, mild, moderate, and
severe instead of tested directly, the main findings are in line with other studies showing
behavior and communication differences remain between groups of individuals with DS and
DS/ASD even after controlling for cognitive ability (Capone et al., 2005; Molloy et al., 2009;
Moss et al., 2013). These results indicate a meaningful significant difference in the expressive

communication skills of individuals with DS and DS/ASD even when controlling for cognition.

Benefits of Large Data

This study was innovative because it was the first to use an existing clinical repository
with a large sample of individuals with DS and DS/ASD to describe pre-intentional and early
symbolic communication behaviors. Online databases, repositories, or registries have potential to
inform diagnostic assessment and intervention for individuals with physical, intellectual, or
developmental disabilities (Iezzoni, 2002), and more specifically children with DS (McCabe &
McCabe, 2011). Large sample sizes are essential in achieving sufficient statistical power to
potentially identify common corollaries, effects, behaviors, symptoms, and biological markers
with small effect sizes that may not be discovered through research with smaller samples.
Research registries and online databases are especially important for individuals with intellectual
and developmental disabilities because researchers may not have access to a large, diverse

sample in their own community or through their own research network. Registries have been
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created for intellectual and developmental disabilities including ASD (Feliciano et al., 2018),
cerebral palsy (Hurley et al., 2011), and DS (Peprah et al., 2015). The Communication Matrix
repository complements these existing patient registries by providing detailed information on

early communication skills including pre-symbolic and symbolic behaviors.

Limitations

This study is limited by sampling bias since data was from a repository of assessments
conducted by professionals. The Communication Matrix is designed for individuals who are in
the early stages of communication and may include individuals with more severe impairments
relative to the larger population of individuals with DS and DS/ASD. Consequently, our data
may reflect an underestimation of expressive communication skills and our findings should be
viewed in light of this limitation. It is also possible that these assessors and the people they are
assessing have important differences from the typical populations of individuals with DS, such as
access to speech and language services and professionals who have time and technology literacy
sufficient to complete an online assessment.

A second limitation of this research includes the use of third-party report. The
Communication Matrix is conducted using informant report instead of systematic observation or
direct assessment of early communication skills. This measurement approach allowed for a much
larger sample size, but did not allow for direct assessment or independent validation of
expressive communication skills, demographic characteristics such as cognitive ability, or ASD
diagnosis and severity. While assessors marked that diagnosis was confirmed by at least one
professional, there was no independent ASD or DS diagnosis by the researchers themselves. This
population of individuals with a comorbid diagnosis of DS/ASD in particular may be sensitive to

false positives (Channell et al., 2015). Due to the third party nature of collecting the data, we
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cleaned the data of duplicate entries based on demographic data and personal ID. A fraction of
assessment matched on demographic data, but not personal ID (n = 760) and were included in
the sample. While unlikely, it is possible that some of these assessments were completed about
the same individual and remain in the sample used for analysis thus skewing the results. While
assessors indicated cognitive impairments were mild, moderate, or severe, it is difficult to
interpret these categorical assessments and relate these categories to extent research. For
individuals with DS, there is a large range in cognitive ability with IQs ranging from 30 to 70
and an average IQ of 50 which corresponds with a moderate impairment (Chapman & Hesketh,
2000). In this study 42% of individuals with DS had moderate cognitive impairments and 42%
had severe cognitive impairments whereas 28% of individuals with DS/ASD had moderate
cognitive impairments and 64% had severe cognitive impairments. In a recent study examining
the risks associated with ASD in individuals with DS Channel et al. (2019) found that 35% of
individuals with DS scored at the floor of the Kaufman Brief Intelligence Test, Second Edition,
and 75% of those with a high risk for ASD scored at the floor. This suggests individuals with DS
have wide variability in IQ and individuals with DS/ASD are more likely to have severe
cognitive impairments. Replication of this study is necessary to mitigate the above limitations

and strengthen its conclusions.

Future Research

Next steps in this area of research include a replication and expansion of the current
study. Future studies should describe the early expressive communication skills of individuals
with DS and DS/ASD using a variety of measurement systems. For example, investigators may
apply direct assessment procedures using standardized assessments of language, cognition, and

communication, observational assessments of language and communication skills, and informant
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report measures of language and communication skills. Additionally, future studies should
confirm the diagnosis of the sample of individuals with DS/ASD using the Autism Diagnostic
Interview and the Autism Diagnostic Observation System — 2" Addition. An exploration of
moderating factors would contribute to our knowledge of phenotypical differences and inform
policy and intervention. If the covariates were more precise, the expectation would be this study
would result in a greater amount of the variance being accounted for by a dual diagnosis. The
research would also benefit from a longitudinal study investigating communication skill growth
in a large sample. This would provide more information on the average trajectory of individuals

with DS and DS/ASD.

Research describing the behavioral phenotype of individuals with DS and DS/ASD can
support the design and implementation of interventions optimized for their specific needs
(McDaniel & Yoder, 2016). Within-syndrome variability has important implications for
designing future studies on the efficacy of early language and communication interventions.
Designing language interventions for individuals with DS and DS/ASD with variations in
dosage, instructional strategy, communication partner, and communication modality may
optimize language interventions for individuals with a wide range of expressive communication
skills (e.g. pre-symbolic, early symbolic, and emergent language). Tailoring interventions based
on the individuals pre-treatment expressive communication skills may be critically important for

maximizing spoken language outcomes for individuals with DS and DS/ASD.

Previous research highlighted the potential for “diagnostic overshadowing” in individuals
with intellectual or developmental disabilities (Dykens, 2007). In children with DS, symptoms of
comorbid ASD are frequently attributed to the DS behavioral phenotype, or to overall cognitive

ability. Although the Communication Matrix is not developed for the purposes of differential
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diagnosis, results from the current study suggest that some referential, conventional gestures and
symbolic communication skills vary by diagnostic group, and this knowledge may contribute to
screening measures or diagnostic measures adapted for individuals with comorbid DS/ASD.
Continued research on the development of early communication behaviors in individuals with

DS and DS/ASD may minimize the potential for diagnostic overshadowing.

Conclusions

It is clear from this research and previous studies (Godfrey et al., 2019; Molloy et al.,
2009; Moss et al., 2013; Warner, et al., 2014) that individuals with a comorbid diagnosis of
DS/ASD have measurable differences in expressive communication as compared to individuals
with DS. This large scale study confirms DS/ASD phenotype is distinct from individuals with
DS. The small amount of variance that was accounted for by a comorbid diagnosis when
controlling for other factors associated with expressive communication suggests a wide
variability in this population of individuals with DS and complex communication needs.
Practitioners and family members may improve intervention and assessment effectiveness by
considering the comorbid diagnosis as somewhat separate from a diagnosis of DS, and
recognizing the unique strengths and challenges associated with such a diagnosis. Research
would benefit the intellectual and developmental disability community by concentrating on this
subpopulation that has a distinct set of symptoms and behaviors and analyzing other factors that

may help to explain the large variability observed.
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Figure 1. Composite profiles showing the percentage of individuals who expressed each communication message.

Showing the sample with individuals with DS (Panel A) and comorbid DS/ASD (Panel B).




Table 1

Participant Demographics

Diagnosis

Measure DS DS/ASD Total
N 4352 430 4782
Mean Age (years) 8.58 (4.78) 10.60 (4.77) 8.76 (4.82)
Sex

Female 1561 (36%) 122 (28%) 1683 (35%)

Male 2791 (64%) 308 (72%) 3099 (65%)
Race

American Indian or Alaska 57 (1%) 3 (0.7%) 60 (1%)

Native

Asian 175 (4%) 14 (3%) 189 (4%)

Black or African American 415 (10%) 33 (8%) 448 (9%)

Native Hawaiian or other Pacific 21 (0.5%) 2 (0.5%) 23 (0.5%)

Islander

White 2361 (54%) 262 (61%) 2623 (55%)

More than One Race 294 (7%) 34 (8%) 328 (7%)

Unknown 1029 (24%) 82 (19%) 1111 (23%)
Profession of the Assessor

Speech-Language Pathologist 3454 (80%) 336 (78%) 3790 (80%)

Teacher 727 (17%) 78 (18%) 805 (17%)

Other Educator or Therapist 171 (4%) 16 (4%) 187 (4%)
Primary Language of Family®

English 3186 (73%) 377 (88%) 3563 (75%)

Spanish 895 (21%) 37 (9%) 932 (20%)
Cognitive Impairment

None 447 (10%) 22 (5%) 469 (10%)

Mild 244 (6%) 12 (3%) 256 (5%)

Moderate 1830 (42%) 119 (28%) 1949 (41%)

Severe 1831 (42%) 277 (64%) 2108 (44%)
Hearing Impairment

None 3525 (81%) 345 (80%) 3870 (81%)

Mild 452 (10%) 47 (11%) 499 (10%)

Moderate 283 (7%) 23 (5%) 306 (6%)

Severe 92 (2%) 15 (4%) 107 (2%)
Vision Impairment

None 3059 (70%) 265 (62%) 3324 (70%)

Mild 782 (18%) 97 (23%) 879 (18%)

Moderate 428 (10%) 55 (13%) 483 (10%)

Severe 83 (2%) 13 (3%) 96 (2%)
Physical Impairment

None 2857 (66%) 263 (61%) 3120 (65%)

Mild 866 (20%) 105 (24%) 971 (20%)

Moderate 476 (11%) 54 (13%) 530 (11%)

Severe 153 (4%) 8 (2%) 161 (3%)



Other Health Impairment
None
Mild
Moderate
Severe
Other Impairment
None
Mild
Moderate
Severe

336 (77%)
309 (7%)
422 (10%)
255 (6%)

4096 (94%)
77 (2%)
115 (3%)
64 (2%)

304 (71%)
32 (7%)
55 (13%)
39 (9%)

386 (90%)
10 (2%)
18 (4%)
16 (4%)

3670 (77%)
341 (7%)
477 (10%)
294 (6%)

4482 (94%)
87 (2%)
133 (3%)
80 (2%)

Note. Count data are presented as n (%).

4 Only above 100 total shown.



Table 2

Pearson Correlations

ASD S A AD PA PL R CI HI LD OHI PI LI Vi o1 T8 SS
Autism Spectrum Disorder 1
Sex .045%* ]
Age (years) 119%* 001 1
Administration Date .022 -.015 084** ]
Profession of Assessor -011 -033* - 114%*  068** 1
Primary Language -.034*  -.009 -.008 .014 -.008 1
Race .013 .002 -.005 -.044** -005 -.005 1
Cognitive Impairment 110** 018 -.032*%  158**  -032*  -032* -.027 1
Hearing Impairment .010 .010 .008 .039%*% 008 .008 012 .036* 1
Learning Disability .069*%*  -013 045%*%  320%*  045%*  045%* -011 321%% 052*%*% |
Other Health Impairment ~ .051**  -.018 -.001 1574 001 -.001 -.009 124%% 0 137%% 0 204*%*% ]
Physical Impairment .010 -.015 .026 Jd65%*% 026 .026 -011 A79%% 0 091%*%  253%%  368*%* |
Language Impairment .069** .003 A31F% 0 199%F  131*%*  131%*F -.009 385%*% 059%*F  287**%  130**F  188** |
Vision Impairment 052%% - -033%  -.007 .079%*%  -.007 -.007 .000 J25%k 213%F 0 133%%  191Fk 208%F . 077%F ]
Other Impairment .058*%*  -016 -033*  .110%*  -033* -.033* -.004 088%* 088**  150*%*  310**  258**  Q70** 123** |
Total Score - 137%%-.039%*  -.026 .035% -.026 -.026 013 - 110%* 021 -037% - 123%* - 195%*  -062%¥* -.076%* -.089*%* 1
Social Score - 162%*  -.050%* -.043** 020 -043*%*  -043** 012 - 118%*  -.023 -.044%* - 115¥* - 179%*  -073*¥* -.073** -081%* .946%* 1

**Correlation is significant at p < .01, two tailed

* Correlation is significant at p < .05, two tailed



Table 3

Summary of regression analysis for study group predicting the Communication Matrix Total

Score

Measure B Standard Error p values
Constant (Total Score) 19.80 105.72 .85
Comorbid diagnosis -17.45* 1.93* .00*
Age 1.28%* 0.11* .00*
Administration date 0.00 0.00 .66
Sex -2.72% 1.02* 01*
Profession of assessor -0.37 0.75 .63
Primary language -0.09* 0.03* 01*
Race 0.89* 0.19* .00%*
Cognitive impairment -3.86* 0.57* .00*
Physical impairment -5.68 0.72%* .006*
Hearing impairment -2.03* 0.73* .00*
Speech-language impairment -0.25 0.53 .63
Vision impairment -0.28 0.71 .70
Other impairment -0.43 1.20 72
Other Health Impairment -1.94%* 0.70* .006*

*p <0.05.



Table 4

Summary of regression analysis for study group predicting the Communication Matrix Social

Score

Measure B Standard Error p values
Constant (Social Score) 11.97 38.60 .76
Comorbid diagnosis -7.40%* 0.71%* .00%*
Age 44%* 0.038* .00*
Administration date 0.00 0.00 .79
Sex -1.20* 0.37* .001*
Profession of assessor -0.11 0.27 .69
Primary language -0.03 0.01 .04
Race 0.22* 0.07* .001*
Cognitive impairment -1.45% 0.21* .00*
Physical impairment -1.80* 0.26 .004*
Hearing impairment -0.78 0.27* .00*
Speech-language impairment -0.29 0.19 13
Vision impairment -0.13 0.26 .61
Other impairment -0.09 0.44 84%*
Other Health Impairment -0.71 0.26 .006*

*p <0.05.



Table 5

Percentage of individuals who used referential and conventional gestures and symbolic behavior

by diagnosis
Behavior DS DS/ASD p value
Referential and Conventional
Gestures
Alternating Gaze 70.5 51.6 0.00*
Beckons 58.4 29.1 0.00*
Give/show item 75.3 61.2 0.00*
Nods head 59.8 29.1 0.00*
Point 72.8 50.0 0.00*
Shake head "no" 51.9 26.0 0.00*
Shrug shoulders 34.6 10.2 0.00*
Wave "hi", "bye" 67.2 44.7 0.00*
Concrete Symbols
2-D symbol 72.2 71.9 0.00*
3-D symbol 63.0 58.6 0.00*
Abstract Symbols
Abstract 2-D symbols 30.1 34.9 0.06
Abstract 3-D symbols 12.2 11.4 0.73
Manual signs 62.8 51.2 0.00*
Spoken word 70.7 46.5 0.00*
Written word 13.9 10.5 0.05
Language
Combine 2+ symbols 56.6 40.7 0.00*

Note. N= 4,352 for DS and N= 430 for DS/ASD. Chi-squared tests were performed to investigate
between group differences in communication behavior. The p value was adjusted for multiple
significance testing using a Bonferroni correction, the critical value for this series of Chi-squared

tests is p < 0.003.

*p <0.003
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