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ABSTRACT 
 

 
THE INTERACTION OF LANGUAGE, EXECUTIVE FUNCTIONING AND STRUCTURED 

PHYSICAL ACTIVITY FOR CHILDREN AT RISK FOR SECONDARY 

COMMUNICATION DISORDERS 

 
by 

Jessica Kae Mattingly, M.S., CCC-SLP 

 
Bachelor of Arts in Speech Pathology and Audiology, 2010, Calvin University 

Master of Science in Speech Language Pathology, 2012, Vanderbilt University 

 
Emily Lund, Ph.D., CCC-SLP, Associate Professor 

 
 

This three-manuscript dissertation evaluates how the domains of language, executive 

functioning and physical activity interact for children with communication disorders, and how 

those domains may differentially influence development across different etiologies. The first 

study explores the relationship between executive functioning and language in children who are 

deaf and hard of hearing. Parent reports of inattention and hyperactivity are related to child 

language knowledge and fatigue. The second study evaluates the impact of introducing 

movement to word learning instruction for children with Down syndrome. More words were 

learned in the movement condition than in a business-as-usual teaching condition. The third 

study combines all three domains across etiologies of hearing loss, Down syndrome, and typical 

development. Results indicate that etiology does impact outcomes in these domains. Executive 

functioning predicts language outcomes for all children, and etiology impacts this relationship. 

Further, physical activity interacts with executive functioning skills to strengthen language. The 
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findings of this dissertation have implications for differentiated language interventions according 

to disability and incorporation of multiple domains. 
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CHAPTER I: INTRODUCTION 
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Background and Significance 

 One in six children in the United States have one or more developmental disabilities 

(Cogswell et al., 2022), defined as physical, learning, language, or behavioral impairments that 

cker, 1989). Out of 

these 12.5 million children, over 2 million have a diagnosed language disorder (Black et al., 

2015). Language disorders can be primary, meaning that it is unattributable to another cause 

(e.g., Developmental Language Disorder; Bishop et al., 2017); or language disorders can be 

secondary to another diagnosis, such as Autism Spectrum Disorder, Down syndrome, or hearing 

loss. In addition to difficulty with spoken language skills (i.e., semantics, syntax, morphology, 

and pragmatics), children with primary and secondary language disorders often have deficits in 

literacy (Lund, 2020; Werfel et al., 2015; Snowling et al., 2017) and may or may not have 

difficulty with cognitive skills, such as executive functioning, including attention and memory 

(Kronenberger et al., 2020; Sikora et al., 2019; Daunhauer et al., 2017). Given these deficits, 

children with language disorders are at a profound disadvantage for both academic and social 

success (Mann et al., 2017). As children age into adulthood, the effects of these deficits continue, 

having lasting impact on quality of life (Ching et al., 2021). 

 Traditionally, professionals in the field of communication disorders describe language 

disorders primarily in terms of a single domain (language) rather than thinking about multiple 

domain interactions, such as the interaction of the domains of executive functioning and 

language (Aram & Nation, 1975; Bloom & Lahey, 1978). Though researchers have suggested 

connections between the domains of language and literacy (Catts et al., 2002; Nation et al., 2004; 

NICHD Early Childhood Care Research Network, 2005), intervention only recently has focused 

on using the correlations between language and literacy to improve both skills (Philips et al., 
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2021; Snowling & Hulme, 2012). This consideration of the link between two separate yet related 

domains has been of great benefit to children with language-based disorders (Hessling & 

Schuele, 2020; Mendehlson et al., 2001; Schuele & Boudreau, 2008). 

It is estimated that only 55% of children with communication disorders receive 

intervention (Black et al., 2015). For the children who are served, traditional interventions focus 

on specific skills within the linguistic domain, such as vocabulary (Wright et al., 2017), 

figurative language (Benjamin et al., 2020), and syntax (Smith-Lock et al., 2013). Language 

intervention can be effective (Nye et al., 1987); however, effectiveness can vary greatly 

depending on etiology and severity of disorder as well as age and setting. Additionally, domain-

specific interventions (i.e., interventions that focus solely on an aspect of language) account for 

less than 50% of variance in growth for children with disabilities (Yoder & Compton, 2004). 

Skill-specific interventions have variability in generalization or transfer of the skill, making 

intervention a resource-intensive process (Dyson et al., 2018; Fey, 1988). Moreover, there is a 

lack of guidelines for evidence-based intervention for language disorders in the schools the 

setting where most children receive their services (Gillam & Gillam, 2006). There is a clear need 

for more evidence-based intervention research as well as an exploration into non-domain-

specific interventions. 

Theoretical Foundation 

Dynamic systems t

systems work together in development and provide support for considering multiple, rather than 

only one, system (Smith & Thelen, 2003). A child develops as a whole; but within this whole 

system, multiple subsystems exist (e.g., motor, cognitive, language). These subsystems are 

independent, yet they interact to influence development (van Geert, 2000). These systems 
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develop not through a single, principal plan but through the interrelationships of the subsystems 

and opportunities of the environment, with the key aspects of dynamic systems theory being that 

development is complex, nonlinear, self-organized, and emergent (Smith & Thelen, 2003). 

Constraints placed on the system help shape development, by discouraging or encouraging 

(1986) describes the constraints that are placed on dynamic systems: structural (e.g., height, 

weight) and functional (e.g., attention, motivation) individual constraints, physical (e.g., lighting, 

auditory feedback, temperature) and sociocultural (e.g., gender norms, cultural norms) 

environmental constraints, and task constraints (e.g., task complexity, instructions/rules, 

equipment). For example, the individual constraint of motivation could shape and strengthen 

language growth because a motivated child would be open to more opportunities where language 

input and exchange can occur; with more input, more development can occur. Applied to 

language, this would mean that there is not one singular path towards language development; 

instead, language development happens dynamically as new connections between domains are 

created and strengthened internally given external opportunities and challenges in the individual 

and environment (Smith & Thelen, 2003).  

The dynamic systems theory of motor movements argues that environmental constraints, 

task demands, and individual characteristics including age, language skill, and cognitive level 

impact movement; therefore, a single motor movement, such as kicking your leg, is not fully 

explained by a linear view of neuronal firing and muscle contractions alone, but is due to a 

complex series of coordinated but related actions affected by several additional factors (Thelen, 

2005). A similar line of thinking can be used when considering language and executive 

functioning development. For example, when learning new words in a classroom, there may be 
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the environmental challenge of extra noise from the classroom next door. The child could use 

their attention skills (an individual constraint from the executive functioning domain) to help 

focus on the task of language learning; hence, a more developed cognitive domain would 

connect with the language domain and bolster growth in that area.  

Further, dynamic systems theory can be directly applied to the link between participation 

in motor activity, cognition, and language. Opportunities for motor movement provide external 

opportunities that directly and indirectly develop language and cognition (Iverson, 2010). Early 

motor advances can have cascading effects on other domains including language (Iverson, 2023). 

As children develop motor skills, such as sitting and walking, they have access to new 

opportunities for learning across domains. With this development, opportunities for novel and 

enriched interactions with both objects and people occur, further supporting language 

development. Recent research in this area has supported the cascading effects of early motor 

development into early language development (Iverson, 2021; Schneider & Iverson, 2022; 

Schneider et al., 2023). In typical development, infants can sit unassisted around 9 months of age 

(Centers for Disease Control, 2021). By achieving this stage in gross motor development, infants 

now gain additional information about their physical and social surroundings through vision and 

fine motor skills like holding, touching, and mouthing. Not only does this exploration allow 

language learning to occur through the development of categories and descriptors, but it also 

elicits adult language input. If an infant picks up or mouths a toy, the adult will most likely 

provide expressive language information, such as labeling (West & Iverson, 2017). Similar 

cascading effects have been found in infants for other motor development skills. For example, 

with the onset of walking, children see a rise in initiation of and time in social interactions, 

including more moving bids (showing items to a communication partner while moving; thus 
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combining domains) and more adult-directed vocalizations and gestures (Clearfield et al., 2008; 

Clearfield, 2011; Karasik et al., 2011; Walle & Campos, 2014). 

and motor development (Thelen, 2005). The dynamic systems model would predict that for 

children with disabilities, gaps in development of one subsystem would affect the development 

of another, meaning both language and motor domains could be co-affected systems depending 

on the type and severity of the disability. Current research supports this suggestion (Iverson, 

2021; Mlincek et al., 2022). For infants that are delayed in unassisted sitting, they spend less 

time in this posture, meaning they experience fewer opportunities for language learning 

(Leezenbaum & Iverson, 2019). Children who are delayed often spend their motor and 

attentional resources on the task itself in this case, sitting and do not have many available 

resources left to explore their environment (Mlincek et al., 2022; Woods & Wilcox, 2013). 

Additionally delays in motor skills, which are typical for children with disabilities, impact the 

number of social interactions with caregivers which in turn means fewer opportunities for rich, 

clearly impacted by motor development both directly through the interaction via dynamic 

systems theory and indirectly via cascading effects.  

Overview of Important Literature 

Language and Cognition 

 One domain that has been linked to language for children with secondary language 

disorders is cognition, specifically executive functioning (Kaczmarek et al., 2018; Sikora et al., 

2019)

supervisory oversight processes needed to engage in planned, purposeful, goal-directed 
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, p.1129), and it includes inhibition, working memory, 

mental flexibility, controlled attention, self-monitoring, organization, and goal direction. Both 

language skills and executive functioning predict academic and social success, impacting a 

ity of life (Blair & Raver 2015; Clark et al., 2013). Executive functioning 

begins to develop at birth and starts to dramatically develop at three years of age, increasing its 

influence as a child ages and becoming a main predictor of academic achievement during and 

post middle school (Center on the Developing Child, 2012; Samuels et al., 2016).  For children 

with language disorders, executive functioning plays a major role in both the learning of 

language and academic success. 

 The relationship between executive functioning and language has been studied in 

children who are typically developing and children with language disorders. The neurocognitive 

domain of executive functioning is believed to have a dynamic relationship with linguistic and 

auditory domains, effecting and being influenced by early auditory and linguistic experience and 

activity (Conway & Pisoni, 2008; Conway et al., 2009). Auditory and linguistic stimulation helps 

the brain develop the following executive functioning skills: sequential processing, pattern 

detection, serial memory, sustained attention, selective attention, resistance to distraction, and 

working memory (Conway et al., 2009; Kronenberger & Pisoni, 2018). Spoken language 

processing has been tied to inhibition, working memory, and cognitive flexibility in typical 

learners (Khanna et al., 2010; Roberts et al., 2007; Woodard et al., 2016).  

For children with degraded auditory input (i.e., children who are deaf and hard of 

hearing), language skills and executive functioning are both weakened (Nittrouer & Lowenstein, 

2022). Because the development of executive functioning is believed to be influenced by early 

auditory pathway experience and activity, difficulties with executive functioning, including 
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verbal working memory, fluency-speed and inhibition-concentration have been identified in this 

on standardized measures (Kronenberger et al., 2020; Kronenberger et al., 2018; Kronenberger et 

al., 2013). On parent-report measures of executive functioning, children who are deaf and hard of 

hearing score more poorly than their typically hearing peers on measures of inhibition and 

working memory (Kronenberger et al., 2020).  

For children with more global delays that result in secondary language disorders, the 

relationship between executive functioning and language is also observed. Children with 

intellectual disability have executive functioning deficits (i.e., poor inhibition, task initiation, 

working memory, task monitoring, planning, organization, and attentional shift) as well as 

language deficits which grow with age (Abbeduto et al., 2007; Loveall et al., 2017; Martin et al., 

2009; Tungate & Conners, 2021). In recent research, correlations between receptive and 

expressive language and the executive functioning skills of inhibition, attention, and working 

memory were found for young adults with Down syndrome (Kristensen, 2022; Soltani et al., 

2022). Expressive language skills are correlated with executive functioning abilities and IQ 

scores in children with intellectual disabilities; it is believed that having a certain level of 

language skill is required in order to be able to perform certain executive functioning tasks 

(Liogier d'Ardhuy et al., 2015). 

Executive functioning and language develop concurrently; however, executive 

functioning abilities have been found to aid language development (Weiland et al, 2014). The 

relationship may be bi-directional, as language also opens the door to more complex executive 

functioning skills. This relationship reflects executive functioning

functioning skills control both actions and thoughts, which are required for learning to occur 
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(Diamond, 2013). Because overall learning is strongly impacted by executive functioning, 

language learning is also impacted by executive functioning skills. Improving executive 

functioning skills can lead to increasing language skills for children with Down Syndrome 

(Kristensen et al, 2022) as well as varying language disorder etiologies.  

Following theories of dynamic systems, advances in executive functioning could lead to 

development in language. For example, improvements in sustained attention can make word 

learning easier for children. Word-learning skills then would lead to a more developed 

vocabulary that could then in turn support executive functioning development by providing more 

challenging opportunities for sustained attention and working memory to be practiced. A 

thorough understanding of the relationship between language and executive functioning is a 

critical step to potentially improving language through executive functioning. 

Physical Activity and Language 

 A second domain that may be impactful for language development in children at risk for 

secondary language disorders is the motor domain. any bodily 

movement produced by skeletal muscles that result in energy expenditure (Casperson et al., 

1985, p.126). Leisure based physical activity includes sports, exercise, and household activities 

and vary in energy expenditure (Casperson et al., 1985). Leisure-based physical activity can be 

divided into two categories: structured physical activity and unstructured physical activity. 

Structured physical activity traditionally has planned objectives with guidance from an 

instructor; whereas, unstructured physical activity is regarded as free-time or play (Kinder et al., 

2020). Although both types of physical activity are important, it is suggested that structured 

physical activity may offer more benefit to executive functioning development due to higher 

cognitive load (Diamond, 2014; Subramanian et al., 2015).  
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The U.S. Department of Health and Human Services have released evidence-based 

physical activity guidelines for children, recommending that preschool children should be 

physically active throughout the day (targeting 3 hours daily) and children between the ages of 6 

and 17 years should participate in 60 minutes of aerobic physical activity daily (US Department 

of Health and Human Services, 2018). Recent studies show that most children do not meet this 

guideline (Michael et al., 2023; Pate et al., 2015). Children with disabilities are often 

significantly less active than their peers, participating in physical activities at even lower levels 

(Rimmer & Rowland, 2008; Sit et al., 2007). 

Meeting these physical activity guidelines is even more important when you consider the 

effects on executive functioning. Studies suggest a link between physical activity and executive 

functioninf, especially if the activity is aerobic in nature (Best, 2010; Chaddock et al., 2011; 

Fedewa & Ahn, 2011). For example, Luo and colleagues (2023), in a study of 127 typically 

developing preschoolers, found that those children with high cardiorespiratory fitness also had 

greater inhibition and working memory. In a review of existing studies, Best (2010) found that 

chronic and acute forms of physical activity positively impact executive functioning skills, 

especially if that movement is cognitively engaging. Further, physical fitness levels predict 

executive functioning  outcomes (Chaddock et al., 2011). This may be because executive 

strongly related in childhood (Gordon-Murer et al., 2021). Good proprioception results in better 

These effects seem to hold true also for children with disabilities (Begel et al., 2022; Cherriere et 

al., 2020; Lakes et al., 2019). One study utilized a 6-week ballet intervention for children with 
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cerebral palsy and measured its effect on multiple domains; inhibitory control was improved 

through the intervention (Lakes et al., 2019). 

Language scientists have been exploring the connection between physical activity and 

word learning, a verbal behavior that involves non-verbal cognition (Mellor & Morini, 2023; 

Pruitt & Morini, 2021; Toumpaniari et al., 2015). For children who are typically developing, 

aerobic activity aids word learning (Mellor & Morini, 2023; Pruitt & Morini, 2021). 

Additionally, non-aerobic yet iconic gross-motor movement can help children learn novel words 

(Toumpaniari et al., 2015). Although there seems to be a relationship between physical activity, 

cognition, and language that could enhance intervention methods, it has not been explored in 

children at risk for secondary language disorders. 

Relationships Between Manuscripts 

Using a dynamic systems theory of development, the three manuscripts of this 

dissertation seek to evaluate the interrelationships between multiple domains (i.e., executive 

functioning , language, and motor) for the purpose of understanding how these domains interact 

dynamically in children at risk for secondary language impairments. The long-term goal of this 

research is to enhance intervention for children with secondary language disorders by embracing 

multi-domain approaches.  

Manuscript #1, titled Parent reported ADHD-linked behaviors, fatigue, and language in 

children who are deaf and hard of hearing, was authored by Jessica Mattingly, Krystal Werfel, 

and Emily Lund, and was published in Perspectives of the ASHA Special Interest Groups in 

2023. This article served as my first exploration of the idea that the domains of cognition and 

language are correlated in children at risk for secondary language disorders. This first study 

investigated the executive functioning skill of attention in a population at risk for language 
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disorder secondary to hearing loss. We hypothesized that children who are deaf and hard of 

hearing would have more reported ADHD-behaviors than children who are typically developing, 

and that the number of attention-deficit behaviors would be correlated to their language abilities. 

This article answers questions regarding the correlation between reported attention-deficit 

behaviors, hearing loss amplification type (i.e., hearing aid vs. cochlear implants), language 

skills, and cognitive fatigue. It utilizes methods similar to those previously used to evaluate the 

attention-deficit behaviors of children with primary language disorder (Redmond, 2002). Thus, 

this study could highlight differences between children with primary and secondary language 

disorders in terms of the relation between language skills and attention. A future direction of this 

manuscript was to evaluate the role of executive functioning in the language outcomes of 

children who are deaf and hard of hearing.  

Following the inquiry into the relationship between language and executive functioning 

domains, a second study asked if a gross motor-based intervention could be useful in treating 

language, establishing a dynamic relationship between motor movement and language. 

Manuscript #2, titled Effects of Dance on Word Learning in Preschool Children with Down 

Syndrome, was authored by Jessica Mattingly, R. Lynita Yarbrough, and Emily Lund, and has 

been submitted for publication. This manuscript introduces the integration of the motor domain 

via dance in vocabulary intervention to improve outcomes for children with language disorders 

secondary to Down syndrome. This study evaluates the use of dynamic systems theory-based 

intervention, and it also evaluates the impact of gross motor movement in providing saliency for 

learning vocabulary. We hypothesized that intervention that included dance (i.e., gross motor 

movement) would be more successful than traditional speech-language intervention in teaching 

new words. A future direction of this research is to further understand the growth of executive 
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functioning skills in children with Down syndrome and how a dynamic systems-based approach 

could meet this need. 

Both manuscripts #1 and #2 highlight the need for a more thorough understanding of the 

relationships between language, executive functioning, and motor domains. Seeing that children 

at risk for secondary language disorders differ greatly in their language, executive functioning, 

and motor abilities according to etiology, it is logical to evaluate the relationship between 

domains for varying etiologies of language disorder. Manuscript #3, titled Etiology Differences 

and the Effects of Physical Activity and Executive Functioning on Language Development, is 

being prepared for publication. This third manuscript seeks to provide a more thorough 

understanding of the relationship between domains for children with secondary language 

disorders to better inform future interventions that can be more effective in the development of 

the child as a whole.  

Dissertation Purpose 

Before investing the time and resources into the development of speech-language 

interventions which integrate the dynamic systems theory, there is a need to examine how related 

systems interact to produce outcomes. Additionally, to develop testable hypotheses about how 

the dynamic systems theory should be incorporated into intervention, it is important to establish 

how these domains correlate with outcomes for children with secondary language disorders.  

The objective of the following three-manuscript dissertation is to evaluate the 

relationship of multiple domains (i.e., language, executive functioning, and motor) in children at 

risk for secondary language disorders and examine how it compares among varying etiologies. 

The long-term goal of this line of research is to explore the relation between multiple domains in 
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children with language disorders to understand how the dynamic systems theory can be used to 

support better language outcomes.  

Together, these three manuscripts further our understanding of the relationship between 

multiple domains in children with secondary language disorders. The first manuscript informs of 

the connections between attention and language in children with language disorders secondary to 

hearing loss. The second manuscript evaluates the integration of the motor and executive 

functioning domains into language intervention for children with language disorders secondary 

to Down syndrome. The third manuscript identifies relationships between each, comparing how 

these relationships differ based on etiology of language disorder. Combined, the manuscripts 

encourage a paradigm shift, focusing on interactions between domains rather than on domains 

treated as distinctly developing entities. This work makes translatable contributions to the fields 

of speech-language pathology, education, and movement therapies by disseminating knowledge 

on child development. In addition, it identifies ideas for future research that will develop 

interventions that improve upon traditional therapy practices and result in better quality of life 

for children at risk for secondary language disorders. 
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CHAPTER II: PARENT REPORTED ADHD-LINKED BEHAVIORS, FATIGUE, AND 
LANGUAGE IN CHILDREN WHO ARE DEAF AND HARD OF HEARING 
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Abstract 

Purpose: The purpose of this study was to find out if children who are deaf and hard of hearing 

(DHH), particularly those without substantially delayed language, appear to be at-risk for over-

reporting of inattentive and hyperactive behaviors and if ADHD measures are influenced by the 

presence of language-based items, by child language skills and by child and parent report of 

fatigue.  

Method: This study included 24 children with typical hearing (TH), 13 children with hearing 

aids (HA), and 16 children with cochlear implants (CI) in second through sixth grade. Parents of 

children in each group completed a measure reporting on inattentive and hyperactive behaviors, 

social and academic outcomes, and general fatigue for their child. Children participated in a 

norm-referenced language assessment and completed a self-report of fatigue.  

Results: Analyses revealed an effect of hearing status on overall inattention ratings and 

social/academic performance: children with CI had significantly lower ratings of inattention and 

children with HA had more social/academic performance deficits. Differences in inattention 

scores for children with CI remained even when items biased towards language skills were 

removed from the measure, but differences in performance for children with HA disappeared. 

Omnibus language scores significantly correlated with academic and social outcomes, whereas 

parent report of fatigue significantly correlated with inattention and hyperactivity.  

Conclusion: Parent report of behaviors linked with ADHD, including inattention and 

hyperactivity, is likely influenced by child language knowledge and overall fatigue. Co-morbid 

diagnosis of ADHD in children who are DHH must consider these factors.   
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Introduction 

Children who are Deaf or hard of hearing (DHH) and use spoken language often struggle 

with language and literacy in comparison to their typical-hearing peers (Werfel et. al., 2021; 

Lund, 2016). These language deficits are often linked to overall academic achievement, 

especially for children with more severe degrees of hearing loss (Tomblin et al., 2020; Sarant et 

al., 2015). However, given the improvements in hearing technology over previous decades, 

children who use hearing aids and cochlear implants are also frequently able to attain spoken 

language scores in the range-of-normal on norm-referenced measures (e.g., Lund et al., 2022; 

Tomblin et al., 2020). Omnibus norm-referenced assessments may not capture nuanced linguistic 

difficulties experienced by children who are DHH (Lund, 2020; Breland et al., 2022). Subtle 

difficulties with language may manifest behaviorally and be interpreted by professionals as co-

morbid disorders like Attention Deficit Hyperactivity Disorder (ADHD), particularly if a child 

does not appear to be struggling substantially with listening (Stevenson et al., 2010). Other 

populations that struggle with language, like children with specific language impairment, appear 

at risk for over-diagnosis of ADHD based on test-item construction on across common measures 

(Redmond et al., 2019; Redmond, 2002). The purpose of this study is to examine parent report of 

ADHD-behaviors in children who are DHH and use spoken language and to evaluate if 

language-biases are likely to play a role in suspicion of ADHD. 

ADHD and co-occurrence with language disorder 

ADHD is one of the most common neurodevelopmental diagnoses in childhood. 

Hallmark symptoms of ADHD include elevated inattention, hyperactivity, and impulsivity 

(Barkley, 2006). In 2016, the Center for Disease Control (CDC) reported that 6.1 million 

children have been diagnosed with ADHD (9.8% prevalence rate) at some point in their 
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childhood; of those children, 6 in 10 had co-occurrence of another mental, emotional, or 

behavioral disorder (Bitsko et al., 2022). ADHD is most commonly measured in terms of 

behaviors, such as being off-task, being impulsive, and not following directions (American 

Psychiatric Association, 2013). However, ADHD is not the only underlying condition that could 

result in these surface-level behaviors.  

Children with language disorders often also demonstrate ADHD-like behaviors, which 

then could lead to misidentification of ADHD. Children with language disorders are twice as 

likely to develop and demonstrate behavioral difficulties, including behaviors linked to attention 

behaviors could be attributed to avoidance strategies by children with a language disorder. These 

children may use ADHD-like problem behaviors to avoid academic interactions; when they 

successfully avoid the academic demand, the problem behavior is reinforced (Kevan, 2003; 

Sutherland & Morgan, 2003). Similarly, language skills have been found to play a role in self-

regulation and active participation during academic activities; children with language disorders 

may be less engaged during academic instruction which may be perceived as inattention (Chow 

& Wehby, 2019). 

 To understand true co-occurrence rates for language disorders and ADHD, it is important 

 children who have difficulty producing or understanding language 

that impacts everyday functioning; the language disorder is not due to unfamiliarity with the 

local language or an associated biomedical condition (e.g., brain injury, Autism Spectrum 

 syndrome, or sensorineural hearing loss) and may co-occur with a low level of 

nonverbal ability (Bishop et al., 2017).  In turn, ADHD refers to difficulty with attention, 
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hyperactivity, and impulsiveness that impacts social, academic, and occupational functioning; 

these difficulties are not better accounted for by a different psychiatric or behavioral disorder 

(American Psychiatric Association, 2013). When the DSM- ioral criteria for ADHD are 

reviewed, many of the examples can also be observed in children with DLD; such as, poor 

listening skills, difficulty completing schoolwork, problems following directions, and 

forgetfulness. The most current co-occurrence rate for ADHD and DLD is 22.3% (Redmond, 

2020), which is much higher than the 9.8% prevalence rate of ADHD in the U.S. It is possible 

that children with DLD are much more likely to have ADHD than children without DLD; but it 

is also possible that DLD makes a diagnosis of ADHD more likely. Current research evaluates 

the co-occurrence between ADHD and primary language disorder; however, there is a need for 

similar critical inquiry to evaluate the diagnosis of ADHD alongside secondary language 

disorders (i.e., language disorders stemming from other diagnoses such as Down syndrome, 

hearing loss, or Autism Spectrum Disorder). 

 The research on co-occurrence of ADHD and hearing loss is minimal. Many factors 

impact language outcomes for children who are deaf and hard of hearing (DHH). Hearing history 

variables such as early age at and consistent use of amplification, shorter duration of deafness 

before amplification, greater residual hearing, and use of auditory-oral communication likely 

contribute to higher spoken language outcomes (Geers & Sedey, 2011). 

 Children who are DHH demonstrate weaker semantic, lexical, and phonological language 

skills than those of their peers when matched on age and socioeconomic status (Lund, 2016; 

Pisoni et. al., 2011), and these deficits persist as a child who is DHH ages (Nittrouer et al., 2018; 

Tomblin et al., 2015). Language outcomes appear to correlate with academic outcomes for 

children who are DHH who perform more poorly than their TH peers (Tomblin et al., 2020); 
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these deficits include phonological awareness and emergent literacy skills. (Lund, 2020). 

in the 

normative range do not struggle with more subtle aspects of language: there may be areas of 

particular weakness that do not show up on tests measures skills across a broad domain (e.g., 

Lund, 2020). Language difficulties, even subtle ones, may predispose children who are DHH to 

an ADHD diagnosis similar to children with DLD. 

ADHD and Hearing Loss 

In its 2009-2010 national survey, Gallaudet Research Institute found only a 5.4% co-

occurrence of hearing loss and ADHD, which was lower than the 8-10% diagnosis rate of ADHD 

in children with typical hearing (Gallaudet Research Institute, 2013). Although parents of school-

aged children who are DHH have been found to report more ADHD symptoms than parents of 

children with TH (Theunissen et al., 2014a), reports of attention difficulties in children with 

DHH have been overall inconclusive (Theunissen et al., 2014b). Thus, it is difficult to predict 

whether children who are DHH are likely to be identified as also having symptoms of ADHD.  

The American Academy of Pediatrics (AAP) and DSM-V provide guidelines for 

evaluation and diagnosis of ADHD. ADHD can be classified into three subtypes--Inattentive, 

Hyperactive-Impulsive, and Combined. A diagnosis of ADHD is made if symptoms are present 

in at least two settings (APA, 2013). The AAP practice guideline recommends the use of ADHD 

questionnaires to get reports from parents, teachers, and other school staff (Wolraich, et al., 

2019), often via standardized behavioral scales, such as the NICHQ Vanderbilt Assessment 

Scales (NICHQ; American Academy of Pediatrics et al., 2002).  
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There exist two well-documented reasons that parents and professionals might be likely 

to attribute hearing loss-linked behaviors to a comorbid ADHD diagnosis. First, there is an 

inherent problem in the use of the scales which identify ADHD, which has the potential to 

impact the overdiagnosis of ADHD in children with primary or secondary language disorders. 

Heavily linguistic and academic items are present on the questionnaires themselves, blurring the 

line between language and attention (Redmond, 2002). Examples of linguistically-based 

behaviors measured by ADHD checklists include not talking, having speech problems, poor 

schoolwork, poor spelling, not listening, and difficulty completing work. When removing such 

items from ADHD questionnaires, there was a positive impact on specificity between DLD and 

ADHD and very little impact on discrimination between ADHD and children who were typically 

developing (Redmond & Ash, 2014). By removing language and academic items across different 

behavioral subscales, the specificity for discriminating cases of ADHD and DLD can be 

improved (Redmond et al., 2019). 

A second reason ADHD symptoms might appear present in children who are DHH, 

beyond measurement-related issues, is listening fatigue. Behaviors that may manifest as 

inattention actually could be due to listener fatigue, a phenomenon well documented and 

identified in children who are DHH. Listening fatigue can be considered a type of cognitive 

fatigue, which is characterized by difficulties in concentration, increased distractibility, anxiety, 

inattention, and decreases in mental energy and efficiency (Lieberman, 2007; Boksem & Tops, 

2008). Listening effort is considered the use of attention and cognition for auditory tasks, such as 

detecting, decoding, processing, and responding to speech (Bess & Hornsby, 2014). 

Understandably, school-aged children who are DHH experience greater listening effort than 

those with TH (Hicks & Tharpe, 2002). Due to this increased effort, children who are DHH 
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report more fatigue than their normal-hearing peers (Hornsby et al., 2014). Also, higher rates of 

listener fatigue were found for children who are DHH who had poor reading skills than higher-

achieving children who are DHH (Camarata et al., 2018), meaning that listener fatigue has a real 

impact on academic achievement. Interestingly, parents of CI-users report lower levels of 

chronic fatigue than do the CI-users themselves (Werfel & Hendricks, 2016). Thus, parents may 

not be fully aware of the fatigue their children experience, and therefore may attribute inattentive 

(or even hyperactive) behaviors to a cause outside of hearing loss.  

In summary, children who are DHH have two characteristics that may result in behaviors 

that look like ADHD: a) poorer language outcomes and b) greater listening effort and fatigue. 

Though these difficulties can manifest in ways that appear to be behaviors associated ADHD, 

they are often part of the hearing loss--not a separate disorder such as ADHD. The surface 

manifestation of disorders/disabilities such as hearing loss and ADHD may all appear as the 

same behaviors, but the root of the issue and the treatment for these behaviors are very different. 

This fact along with the difficulties in measuring ADHD in language-disordered populations 

(i.e., the presence of language-based items) suggest a possible risk for overdiagnosis of ADHD 

in the DHH population.  

The primary purpose of this study was to find out if children who are DHH, particularly 

those without substantially delayed language, appear to be at-risk for overdiagnosis of ADHD 

and if ADHD measures are influenced by the presence of language-based items. The following 

research questions were addressed: 

1. Do parents completing the NICHQ (a measure assessing ADHD behaviors) identify greater 

prevalence of ADHD-behaviors in children who are DHH who do not have an official ADHD 

diagnosis versus children with typical hearing? 
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2. Do children who are DHH score differently on the NICHQ when language-based items are 

removed compared to peers with typical hearing? 

3. Do measures of fatigue and language correlate with parent reports of ADHD behaviors? 

Based on the extant literature, it was hypothesized that parents would report greater 

ADHD prevalence in children who are DHH, reflecting the possible effects of language-biases in 

measurement (Redmond et. al., 2019) and listening fatigue (Hicks & Tharpe, 2002). An 

additional hypothesis was that only children who are DHH would have a different profile of 

performance when language-based items were removed (Redmond & Ash, 2014). The final 

hypothesis is that measures of fatigue and language will correlate with parent reports of ADHD 

behaviors, especially for children who are DHH (Hornsby et al., 2002; Geers & Sedey, 2011).  

Method 

Participants 

All procedures in this study were approved by the University of South Carolina 

Institutional Review Board (as Institutional Review Board of Record), with Texas Christian 

University in agreement. Students in this study are participants in a larger longitudinal study 

investigating language and literacy acquisition in children who are DHH (Emergent Language 

and Literacy Acquisition in Children with Hearing Loss (ELLA); R01 DC017173 funding from 

the NIH/NIDCD). Children with typical hearing (TH), children with hearing aids (HA), and 

children with cochlear implants (CI) are recruited to participate in the ELLA study. To 

participate in the ELLA study, children who have hearing loss must be developing spoken 

language as a communication modality; that is, no child can only be using a signed language 

(e.g., American Sign Language). Additional inclusion criteria require children to not have 
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additional diagnosed disabilities known to affect cognitive and/or language development (e.g., 

Down syndrome). 

Participants in the ELLA study who at the time of testing were enrolled in 2nd through 6th 

grade in schools across the United States were considered to participate in the present study. As a 

result, this analysis included the parents of 53 children who met that grade criterion from three 

groups: 24 children with TH, 13 children with HA, and 16 children with CI. It is important to 

note that the children in this study did not have a medical diagnosis of ADHD at study entry, as 

was required to meet eligibility criteria for the ELLA study. The grade range of 2nd-6th was 

specifically chosen for the present study. Although the median age of diagnosis for ADHD is 6.2 

years, diagnosis of mild ADHD is around 7 years of age (Visser, et al., 2014). We expected 

ants had an early diagnosis of 

ADHD. U.S. state policies require that a child need only be 6 years of age by the beginning of 

first grade (TEC §42.003). By setting an eligibility criteria of 2nd grade, the present study 

highlighted the participants in the 7-year plus range, where mild but notable ADHD-like 

behaviors were likely to be reported. Table 1 lists the demographic characteristics of the child 

participants by hearing status.  
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Procedures 

Participants in the ELLA study were assessed one-on-one with an examiner in a quiet 

space (i.e., university laboratories, conference rooms, local public libraries, schools, or their 

home). Examiners were ASHA-certified speech-language pathologists with experience in test 

administration. 

working condition at the time of testing. Children were allowed breaks as needed to encourage 

continued participation. Test administration was video- and audio- recorded to calculate scoring 

reliability and procedural fidelity. A parent of each participant completed questionnaires, 

including the NICHQ measure. Study data were managed using REDCAP electronic data capture 

tools hosted at University of South Carolina and at Boys Town National Research Hospital 

(Harris et al., 2009). Participants completed a battery of language and literacy testing during 

testing sessions that lasted approximately 2 hours. Breaks were allowed as needed, and testing 

could be spread over multiple days. 

Measures  

Attention Measure. The 

Assessment Scales (NICHQ; American Academy of Pediatrics et al., 2002) parent rating form 

was given to the parent of each participant. Designed to be used in combination with other 

measures to diagnose ADHD in children between the ages of 6 and 12, the NICHQ questionnaire 

is based on daily observations of a child. The NICHQ has a symptom assessment and impairment 

in performance assessment. The first 9 questions of the NICHQ captures symptoms of 

Inattention, and the second set of 9 questions captures symptoms of Hyperactivity. Additionally, 

the remaining symptom-based items (19-47) capture behaviors associated with Oppositional-
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Defiant Disorder, Conduct Disorder, and Anxiety/Depression. The impairment in performance 

questions (48-55) measure potential impairment caused by the symptoms, including academics 

and social skills.  

  On the NICHQ, symptoms (items 1- never,", "occasionally

if they were scored 2 or 3. On the impairment in performance items, parents rate items as 

-

 for these items if they had a score of 4 or 

5. 

For diagnostic purposes, children must meet two criteria. First, they must have 6 out 9 

positive responses in the inattention section for an ADHD-Inattentive diagnosis; 6 out 9 positive 

responses in the hyperactivity section for an ADHD-Hyperactive/Impulsive diagnosis; or 6 out of 

18 positive responses for an ADHD Combined diagnosis. Second, they must have a positive 

response on one of the performance questions. For this study, four scores were collected for each 

participant from the NICHQ: inattention subtest score (items 1-9), hyperactivity subtest score 

(items 10-18), total symptom score (TSS; items 1-47), and average performance score (APS; the 

average score on items 48-55).  

Alternative Scoring. Each item on the NICHQ was categorized as language-based vs. 

non-language-based, following the example provided by Redmond on similar assessment tools 

(Redmond, 2002; Redmond et al., 2019). In these previous studies, items were removed that 

ic of a primary language impairment or representative of a secondary academic 
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was used as a reference tool for three speech-language pathologists to judge whether items on the 

NICHQ should or should not be removed. Agreement across SLPs was above 80% in point-by-

items removed from the NICHQ for the alternative scoring. In total, 15 items were removed.  

 

Language Measure. The Clinical Evaluation of Language Fundamentals-Fifth Edition 

(CELF-5; Wiig, et al., 2013) was used as the omnibus language measure. Subtest scaled scores 

resulted in the Core Language Score. Standardized administration and scoring procedures were 

followed, as outlined in the manual.  

Fatigue Measure. The Pediatric Quality of Life Inventory: Multidimensional Fatigue 

Scale (PedsQL; Varni, 1998) was used to measure child and parent reported fatigue. The Young 

Child (5-7) and Child (8-12) self-report forms were used. Each self-report form has 18 
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statements: 6 regarding general fatigue (e.g., 

e.g., 

with higher scores indicating lower levels of fatigue. Children under age 8 were asked to respond 

by pointing to a visual 

always), and were read and answered by hand.  

Results 

Means and standard deviations for the NICHQ, CELF-5 core language score, and Peds-

QL Overall Fatigue score are all reported by group in Table 3. Upon overall descriptive review 

of NICHQ results, one child with TH and two children with HA met the diagnostic criteria for 

ADHD on the NICHQ (which is not an official diagnosis of ADHD and would need to be 

confirmed; the NICHQ is only a piece of an overall test battery, and additional information such 

as a teacher report is necessary for a diagnosis of ADHD). All 53 participants had complete 

NICHQ parent reports, 50 participants had complete CELF-5 assessments (those not completed 

were eliminated from the testing battery because the participant ran out of time in the battery or 

became non-compliant after participating in the large test battery), 43 had complete Peds-QL 

self-reports (again, some were eliminated from the battery because the participant ran out of 

time), and 48 had complete Peds-QL parent reports (5 parents never turned in the form). Missing 

reports included the following: 2 TH and 1 CI had a missing CELF-5 core language score; 5 TH, 
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3 CI, and 2 HA had missing PedsQL child reports; 3 TH and 2 HA had missing PedsQL parent 

reports.  

 

 The first research question asked if parents identified a greater prevalence of ADHD-

behaviors in children who are DHH than in children with TH. Prior to conducting an ANOVA, 

multiple assumptions were tested and the dependent variables (Inattention subscale, 

Hyperactivity subscale, TSS subscale, and APS subscale) violated assumptions of normality and 

homogeneity of variances. To address these violated assumptions, nonparametric testing was 

conducted.  

The Kruskal-Wallis one-way ANOVA was conducted with hearing status group (TH, 

HA, CI) as the independent variable and inattention, hyperactivity, TSS, and APS subscale 

scores as dependent variables. There was a main effect of group on Inattention (H (2) = 6.05, p = 

2=.04), TSS (H(2) = 6.24, p=.044) with a small effect size 
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2=.05), and APS (H(2) = 8.1, p 2=.08). There was not a 

main effect of group on Hyperactivity, (H(2) = 2.59, p = .274). Pairwise comparisons between 

hearing status groups with Bonferroni correction found a significant difference between CI and 

HA for the Inattention subscale (p=.044), and TSS (p=.048). TH and HA were also significantly 

different for APS (p=.02). 

 The second research question asked whether children who are DHH score differently than 

children with TH on the NICHQ measure when language-based items were removed. A Kruskal-

Wallis one-way ANOVA was again conducted with hearing status group (TH, HA, CI) as the 

independent variable and the altered scores for inattention, hyperactivity, TSS, and APS 

subscales as dependent variables.   

There was a main effect of group on Inattention (H (2) = 7.11, p = .029) with a small to 

2=.06) and TSS (H(2) = 7.01, p=.03) with a small to moderate effect size 

2=.06). There was not a main effect of group on Hyperactivity, (H(2) = 4.03, p = .133) or APS 

(H(2) =.97, p=.62). Pairwise comparisons between hearing status groups with Bonferroni 

correction found a significant difference between CI and HA for Inattention (p=.027) and TSS 

(p=.0035).  

The third research question asked whether there was a significant correlation in 

performance between the NICHQ subscales and omnibus language testing (CELF-5 core 

language standard score) or between the NICHQ subscales and fatigue assessments (child and 

parent report). Prior to conducting a Pearson Correlation analysis, multiple assumptions were 

tested and the NICHQ scores violated normality assumptions. For this reason, correlation using 
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Language. Core language scores were significantly negatively correlated with unaltered 

APS scores for b=-.31, p=.002), meaning lower CELF-5 scores correlated with 

higher reports of impaired academic and social performance. Language scores were not 

significantly correlated with any other NICHQ measure (both unaltered and altered). See Table 4 

for all correlations with language. 

 

 Fatigue. First, correlations between NICHQ scores and Peds-QL child self-report of 

overall fatigue were conducted. Self-report of fatigue was significantly negatively correlated 

with unaltered b=-.334, p b=-.42, p=.0005), 

b=-.367, p=.015). See Table 4 for all correlations with self-report 

of fatigue. A negative correlation indicates that children who reported more fatigue also 

presented with more behaviors associated with inattention and with impaired academic and 

social performance.  

Next, correlations between NICHQ scores and Peds-QL parent-report of overall fatigue 

were conducted. Parent report of fatigue was significantly negatively correlated with all NICHQ 

measures except altered APS score. This negative correlation indicates that parents who reported 

more symptoms of fatigue in their children also reported more inattention and hyperactivity 
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(even after language-based items were removed). See Table 4 for all correlations with self-report 

of fatigue. 

Discussion 

This study compared parent reports of ADHD-associated behaviors of children with 

hearing aids, children with cochlear implants, and children with typical hearing to determine if 

there were differences between groups and if these differences correlated with language skills 

and/or measures of fatigue. There was a significant effect of hearing status on the overall 

inattention ratings, total symptoms score, and average performance score of the NICHQ. Analyses 

showed that children with CI had significantly lower ratings of inattention and overall symptoms 

than children with HA. Additionally, children with HA had higher APS performance scores (i.e., 

greater levels of impaired academic/ social performance) than children with TH, whereas children 

with CI did not. Thus, it appears that children with CI show fewer symptoms of inattention than 

children with HA. Although the overall group means (Table 2) indicates that children with TH had 

inattention scores falling between the hearing loss groups, their scores were numerically more 

closely aligned with children with HA than children with CI. However, children with HA in this 

sample had more difficulty with academic and social performance than children with TH, and in 

this case, children with CI and children with TH had average performances and standard deviations 

that were more closely aligned. In other words, it appears children with CI had the fewest 

symptoms of inattention, and children with HA had the most difficult with academic and social 

performance.  

To address the role of language in perceived differences in inattention, hyperactivity, and 

performance, we (a) removed language-based items for the NICHQ to evaluate differences in 
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performance and (b) considered how omnibus language scores correlated with NICHQ results. 

When language-biased items were removed from the NICHQ, the children with CI continued to 

have significantly lower inattention and total symptom scores than children with HA. However, 

average performance scores were no longer significantly different between the TH and HA groups. 

-5, an omnibus language 

measure, correlated with the average performance scores on the unaltered NICHQ, meaning lower 

language scores were associated with greater levels of impaired academic and social performance. 

With the removal of language-biased items on the NICHQ, there was no longer a correlation 

between omnibus language knowledge and score on the NICHQ. Thus, it appears that language 

items on the NICHQ did not drive the significantly lower performance of children with CI on this 

subscale. However, differences in language performance did relate to the language and social 

performance deficits of children with HA.  

Fatigue was another hypothesized contributor to symptoms of inattention or hyperactivity 

that might be observed in children who are DHH. Both child-report and parent-reports of fatigue, 

via the PedsQL measure, correlated with inattention and average performance scores. That is, 

when parents or children reported higher levels of child fatigue, those children tended to have 

higher levels of inattention and impaired social and academic performance. Both parent and child 

report of fatigue was no longer significantly correlated with social/academic performance once 

language-based items were removed. Only parent reports of fatigue also correlated with 

hyperactivity and total symptom scores, even once language-based items were removed from those 

scales. In other words, there appeared to be a relation between parent reports of fatigue and parent 

reports of inattention and hyperactivity and a relation between child reports of fatigue and parent 
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reports related to inattention. Any fatigue-correlations related to average performance score 

appeared to be influenced by language-based items.  

There are many possible shared symptoms between ADHD and levels of substantial 

fatigue, such as inattention, hyperactivity, and depression, and ADHD severity has been found to 

significantly predict fatigue intensity in both children and adults with chronic fatigue syndrome 

(Saez-Francas et al., 2012). Children who are DHH already are at an increased risk for difficulties 

with academics, and the increased levels of listening fatigue puts them at a further disadvantage 

(Bess et al., 2020; Fitzpatrick et al., 2019). Correlations between fatigue and symptoms of 

inattention and hyperactivity were significant and highlight a possible area of clinical concern: 

parents may be inclined to interpret signs of fatigue as symptoms of ADHD. For children at risk 

for high levels of fatigue (like children who are DHH), this is an important distinction for accurate 

diagnosis.  

The removal of language-

original hypotheses. Given the findings with children with DLD (Redmond & Ash, 2014), it was 

expected that for both HA and CI removal of language items would result in fewer reported 

inattentive and hyperactive behaviors. Instead in our sample, the children with CI scored very 

low compared to children with HA on the NICHQ measures of inattention, especially after the 

language-biased items were removed. Also, children with CI had a small range of scores, 

reflected by a small standard deviation. Language level did not provide an explanation for the 

performance of children with CI on the inattention subscale.  

Additionally, fatigue levels did not provide an explanation for the lower performance of 

children with CI on the inattention scale (with or without language-based items removed). That is 
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not to say that children with CI did not experience cognitive fatigue; numerically, children with CI 

had the lowest self-reported average on the Peds-QL (indicating higher levels of fatigue when 

compared to children with HA and children with TH). Children with CI may experience fatigue 

differently than children with HA. The effort involved in listening through a CI (i.e., the focused 

attention expended by children with CI to cope with difficulties listening) may be what drives 

fatigue, rather than fatigue causing inattention. A final possibility is that another unknown factor 

beyond fatigue or language level makes it appear that children with CI have few symptoms of 

inattention.  

score before language-based items were removed. The average performance score (APS) 

measures potential impairment caused by ADHD symptoms, including deficits in academics and 

social skills. Low APS ratings on the NICHQ translate to better academic and social skills. 

Higher language scores correlated with lower APS ratings on the NICHQ. Language is highly 

related to academic and social success for all children (Chow & Hollo, 2022; Chow & Wehby, 

2018; Kaiser et al., 2022), and is especially true for the DHH (Tomblin et al., 2020; Nittrouer et 

al., 2018). The correlation of language scores with academic and social performance items on the 

NICHQ reflects this known relationship between language and academic and social skill. 

-  

On the unaltered NICHQ, children with HA scored significantly higher on reports of 

impaired social and academic performance than TH peers. Children with HA can have social and 

academic deficits when compared to their TH peers (Tomblin et al., 2020; Lund et al., 2022). 

and again, highlight a potential clinical issue. If parents are encouraged to consider an ADHD 
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diagnosis for their child with HA, it is possible that a measure like the NICHQ would incline 

parents to attribute difficulties with academics and social skills to something other than the 

hearing loss. Future work may consider how language difficulties and fatigue manifest 

behaviorally for children with HA.  

This study chose to explore the possibility of ADHD-symptom reporting in children who 

are DHH who use spoken language relatively well: that is, children who did not have other 

diagnoses likely to limit their language growth and who did not have diagnosed ADHD at study 

entry (and would likely only have mild ADHD behaviors if any). Average scores of children in 

the CI and HA groups on the CELF-5 were well within the range of normal but below those of 

peers with TH, meaning any language struggles of children with CI and HA were often 

somewhat subtle (e.g., Lund, 2020). It seems likely that subtle difficulties are those most likely 

to be misinterpreted. These subtle differences may not result in an ADHD referral or diagnosis, 

but they can cause problematic judgments of child behavior. An adult may confuse fatigue for 

inattention and the actions taken to correct the inattentive behavior will be ineffective. It is 

important that adults working with children who are DHH be aware of the relation between 

behavior, language, and fatigue, and not jump to conclusions about a secondary diagnosis.  

Because the inclusionary criteria for this study involved diagnoses at study entry, it is 

also possible that children in the sample actually did have later-emerging ADHD as a diagnosis 

co-morbid with hearing loss. In fact, there were two children with HA and 1 child with TH in 

this sample who met diagnostic criteria for ADHD concern using the unaltered NICHQ score. A 

closer analysis of the performance of these children may give us insight about the possibility of 

true co-occurrence with ADHD. The child with TH had high ratings in all areas inattention, 

hyperactivity, and average performance score. He also scored high on the questions screening for 
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oppositional defiant disorder. With the removal of language-based items, he still had high scores 

in all areas which were well above group means. For this child with TH, the findings between 

altered and unaltered NICHQ were comparable, and diagnostic accuracy is suggested. For one 

child with HA who met diagnostic criteria for ADHD, reports of inattention and academic and 

social performance drove the NICHQ elevated scores. On the altered form of the NICHQ (where 

language-biased items were removed), her inattention score fell within the range of overall group 

means; however, APS ratings were still high. For this child, NICHQ performance appears to 

profile reflects language difficulty. In this case, an ADHD diagnosis should proceed with caution 

(and be administered by individuals familiar with hearing loss). For the second child with HA, 

hyperactivity scores drove the NICHQ results that indicated impairment. Even with removal of 

child, it seems there is a possible true co-occurrence of ADHD with hearing loss. Looking at 

these two children shows that to measure true co-occurrence, language-bias in measurement 

should at least be considered.  

 Limitations and Future Directions 

This work provides avenues for future study of the link between co-morbid diagnosis of 

ADHD and hearing loss, and for the link between behavior, language, and fatigue. A limitation of 

this study is that the average age of participants was 9.5 years. Only 50% of children who will be 

diagnosed with ADHD are diagnosed by the age of 7 (Kessler et al., 2005). A large number of 

children demonstrate symptoms of ADHD-like behaviors as academic demands increase. 

Language difficulties can persist as a child who is DHH ages, impacting academic performance at 

the higher grades (Nittrouer et al., 2018; Tomblin et al., 2020). As academic and language demands 
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increase, mild ADHD-like behaviors may worsen and could change the findings of the study. 

Future research might consider a similar study with children from a higher age range, including 

middle and high school. Additionally, future work might expand the participant population to 

include children who do have more severe struggles with language and/or signs of ADHD at an 

early age.  

Another limitation of this work is that this study focuses solely on parent report. Teachers 

are often the first to suggest a diagnosis of ADHD even before parents (Sax & Kautz, 2003). 

Additionally, teacher reports have been found to be more sensitive to identifying hyperactivity 

than parent reports (Goodman et al., 2000). Overall, there are low rates of agreement between 

parent and teacher reports of ADHD (Wolraich et al., 2004). It would be beneficial to compare 

teacher reports of ADHD-behaviors with parent reports for this population.  

In this sample, ADHD-behaviors (inattention and hyperactivity) correlated with reports of 

fatigue. In future research, exploration of other possible reasons for the ADHD-behavior 

differences between children who are DHH and children who are TH would be beneficial. A 

possible explanation of group differences identified in this study relates to how fatigue manifests 

behaviorally in children with CI versus HA. Another possible explanation for differences in 

behavior is executive functioning. Attention, which was measured in this study, underlies all 

executive functioning skills, serving as a gateway to more complex abilities (Garon et al., 2008). 

By definition, ADHD is an associated disorder of executive functioning (Barkley, 1997a). 

Additionally, executive functioning is influenced by early auditory and linguistic experience and 

activity, aiding the brain in development of sequencing, memory, attention, and inhibition 

(Conway et al., 2009; Kronenberger & Pisoni, 2018). Future research may further explore the 

executive functioning connection, by using measures such as the Flanker task for inhibitory control 
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and attention or a behavior rating inventory looking at all executive functioning skills to determine 

how those skills relate to perceived symptoms of ADHD. 

Conclusion 

Overall, this study provides knowledge that there is a difference in the reporting of ADHD-like 

behaviors in some children who are DHH versus children with TH. Children who use hearing aids 

having significantly more academic and social behaviors reported than children who use cochlear 

implants, and children who use cochlear implants score significantly lower on inattention 

behaviors. Removal of language-based items only substantially impacted group differences on 

academic and social behaviors (but not inattention). Omnibus language scores were significantly 

correlated with academic and social performance ratings and fatigue scores, especially as reported 

by parents, significantly correlated with inattentive and hyperactive behaviors. It is important that 

parents and teachers of children who are DHH are mindful of these differences and the unique 

needs of their children.  
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Abstract 

Purpose: This preliminary study investigated the effect of adding movement through dance to 

word-learning instruction of preschool children with Down syndrome as compared to the effect 

of traditional word-learning instruction (i.e., speech-language therapy).  

Methods: In a crossover design study, 21 preschool-aged children received 12 sessions of 

movement-based vocabulary instruction while continuing to receive traditional intervention. 

Vocabulary probes were administered before intervention and every 3 weeks, and observations 

in each intervention setting measuring engagement were also made. Additionally, teacher reports 

of executive functioning skills were collected. 

Results: A repeated measures ANOVA revealed that preschool-aged children with and without 

Down syndrome gained significantly more words taught via movement than traditional 

intervention. Engagement in sessions did not significantly differ between intervention types. 

Although there were correlations between words learned in traditional intervention and executive 

functioning skills, no correlations were found between words learned in the movement 

intervention and executive functioning skills. 

Conclusions: This study supports the use of movement in speech-language therapy to teach 

vocabulary for preschool-aged children, especially those with Down syndrome. 
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Introduction 

Spoken language delays are among the most common areas of weakness for children 

born with Down syndrome (DS) and can be more excessive than nonverbal intellectual delays 

(Abbeduto et al., 2007; Martin et al., 2009). Specifically, vocabulary knowledge is often delayed 

in children with DS (Caselli et al., 2008; Laws et al., 2015; Warren et al., 2008); yet, relatively 

little is known about best practices and vocabulary interventions for children with DS (Jordan et 

al., 2011). Deficits in cognitive skills in children with DS may exacerbate their language learning 

difficulties. Even young children with DS exhibit issues with working memory, planning, and 

inhibitory control (Daunhauer, 2014). Recent research has found positive correlations between 

language skill and motor ability (Mule et al., 2022); however, children with DS experience motor 

deficits due to lower muscle tone (hypotonia) and weaker core strength (Vandoni et al.; 2023). It 

is possible, given cognitive and motor delays associated with DS, that children with DS need 

additional intervention considerations as compared to children with vocabulary delays that do not 

include cognitive and motor delay. Research suggests that addressing other domains alongside 

language learning can lead to increasing language/vocabulary skills (Kristensen, 2022). The 

purpose of this study is to evaluate the effect of adding engaging movement through dance to 

word-learning instruction of preschool children with Down syndrome as compared to the effect 

of traditional word-learning instruction.  

Vocabulary in Down syndrome 

Children with DS experience profound delays in oral vocabulary, often falling short of 

developmental milestones by 3+ years (Berglund, 2001). In contrast to typically developing 

children who have around 50 words in their expressive vocabulary and start combining words 

into phrases by the age of 18 months, children with DS reach these language and vocabulary 

developmental milestones much later (Naess et al., 2021). Children with DS exhibit specific 
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deficits in semantic knowledge, having particular difficulty with vocabulary knowledge depth 

(Laws et al., 2015; Michael et al., 2012). For example, children with DS have a better receptive 

knowledge of nouns than verbs (Loveall et al., 2016), and they use significantly fewer verbs than 

their typically developing peers (Loveall et al., 2019; Michael et al., 2012). Larger vocabularies 

during the preschool years correlate with better language, reading, and cognitive outcomes for 

children (Marchman & Fernald, 2008). These domains are continued areas of concern for 

children with DS as they age, meaning effective intervention during preschool and early 

elementary is of high importance to the future functional independence of children with DS. 

Effective vocabulary interventions are in high-demand, and research-based interventions 

with unbiased outcomes are in short supply for this population (Smith et al., 2020). Extant 

research indicates children with Down syndrome can improve their vocabulary knowledge 

through responsive interventions which use child communication acts to guide feedback 

decisions (e.g., Warren et al., 2008; Yoder & Warren, 2004). High-dose frequency treatments 

(i.e., 5 times per week) in comparison to low-dose frequency treatments (i.e., 1 time per week) 

lead to better word learning in children with DS (Yoder et al., 2014). Traditional language 

intervention (i.e., both systematic and naturalistic approaches) has the potential to help children 

with DS; however, interventions have had minimal transfer effects (both near and far; Smith et 

must be 

learned individually, and thus skills do not easily generalize away from the intervention context. 

Overall, current intervention for children with DS requires a large investment of time and effort, 

and other means of improving intervention should be explored.  

Saliency 

The theory of saliency provides another avenue via which researchers and educators can 
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explore improving word-learning intervention. The theory posits that objects have properties that 

make them stand out, which capture and keep attention during item labeling and can feed into 

word learning. Saliency is even more important for young learners or delayed learners who have 

not mastered understanding of semantic and pragmatic cues for learning words (Pruden et al., 

2006). Social interaction, specifically joint attention and joint action, enhances the saliency of 

words and makes them relevant to the learner (Wildt et al., 2019). In other words, increased 

saliency may help learners focus their attention on and hold in memory a word that needs to be 

retained.  

Movement has been shown to enhance word saliency and learning. Gestures (e.g., fine 

motor movements) are impactful in word learning and aid in the development of spoken 

vocabulary for children with DS (Dimitrova et al., 2016; Ozcaliskan et al., 2017; Zampini & 

seen in young children in DS than in children who are typically developing or children with 

autism (Dimitrova et al., 2016), and these unique referent gestures can enter into their spoken 

vocabularies with extended time (Ozcaliskan et al., 2017). Gesture use reliably predicts later 

word production in children with DS; additionally, use of word-gesture combinations predicts 

later ability to combine words into 

specific signs (e.g., baby signs, ASL signs) and not simply referent gestures predict spoken 

vocabulary size a year later for young children with DS (Ozcaliskan et al., 2016).  

There has been growing interest in the use of gross motor movements for word learning. 

Aerobic physical activity significantly improves word learning in children who are typically 

developing (Mellor & Morini, 2023; Pruitt & Morini, 2021). Integrating physical activity into 

word learning of a foreign language also significantly and positively impacts vocabulary 

performance in typically developing children (Mavilidi et al., 2015; Toumpaniari et al., 2015). 
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children with disabilities. A single-case design study found that speech-language instruction 

embedded in physical education classes was more effective for growing child vocabulary than 

speech-language instruction in a traditional (seated) setting for children with DS (Lund et al., 

2020).  

Because iconic gestures (e.g., baby signs and ASL) are more predictive of language 

growth than referent gestures in children with DS, the use of dance fits well into the theory of 

saliency for word learning. Dance achieves both saliency and relevance (integrating social 

interaction) by utilizing joint attention and joint action to a high level; words are attached to 

actions performed jointly by the instructor and peers. Additionally, qualitative research has 

revealed positive attributes of dance with individuals with disabilities, identifying positive social 

interactions and overall joy in participants (Nelson, 2015; Reinders et al., 2019). Improved 

memory and increased ability to follow directions were also reported after a 6-week dance 

program with an adult with DS (Reinders et al., 2015). Although word learning and dance have 

not been studied in combination within this population, the theory of saliency supports the use of 

movement to make words more salient and more easily learned (Wildt et al., 2019). 

Executive functioning, engagement, and physical activity 

In addition to oral vocabulary deficits, weaknesses in cognitive skills have been found in 

young children with DS (Danhauer et al., 2014). Children with DS often experience deficits in 

executive functioning, working memory, planning, and inhibitory control and require targeted 

intervention (Tungate & Conners, 2021). Improvements in cognitive skills improve cognition 

itself but also can improve multiple other skills in children with DS. In fact, research suggests 

that improving cognitive skills could lead to increasing language and vocabulary skills 

(Kristensen, 2022).  
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Physical activity, including dance, has been found to improve cognitive skills in young 

children. Movement itself builds balance. Improving balance has resulted in improvements in 

working memory, cognitive flexibility, and inhibitory control (Nejati, 2021). Participation in 

dance specifically helps to build proprioception and balance skills and has had positive impact on 

working memory (Lakes & Hoyt, 2004; Oppici et al., 2020; Rudd et al., 2021; Shen et al., 2020), 

inhibitory control (Lakes & Hoyt, 2004; Lakes et al., 2019; Rudd et al., 2021; Shen et al., 2020), 

attention (Cherriere et al., 2020; Majorek et al., 2004; Shen et al., 2020; Zach et al., 2015), 

cognitive flexibility (Begel et al., 2021; Shen et al., 2020), and planning (Manjunath & Telles, 

2001). In young children with intellectual disabilities, dance-movement therapy reduced 

maladaptive behaviors, such as attention issues (Takahashi et al., 2023).  

An additional factor pertinent to word learning and inclusion of dance movement is the 

construct of engagement, which is the amount of time a child appropriately interacts with the 

environment (McWilliam, 2008). If children are not actively engaged, they miss opportunities 

for learning (McWilliam, 2008). Overall engagement can be broken down into three sub-

constructs: cognitive engagement, behavioral engagement, and social engagement (Philp & 

Duchesne, 2008). Cognitive engagement involves processes of executive functioning, including 

sustained attention and inhibition. Behavioral engagement involves the length of time a child is 

and to remain actively involved in the learning task. Social engagement involves how a child 

interacts with adults and peers during a task. All three sub-constructs can impact word-learning 

success (Zhang, 2022). Engagement strategies to enhance attention, time on task, and social 

interaction have been developed in the context of vocabulary interventions (e.g., shared book 

reading) and add further benefit to these interventions (Blewitt & Langan, 2016). Similarly, the 

use of physical movement as a strategy to enhance engagement may strengthen the impact of 
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word-learning interventions.  

 Although, it is known that movement and gestures can improve word learning in some 

children, it is unknown whether gross motor movements, such as dance, could aid in saliency and 

improve both engagement and word learning in children with Down syndrome, who are known 

to struggle with vocabulary. Additionally, it is unclear whether executive functioning skills of 

children with DS might influence their response to word learning interventions. The objective of 

the study was to determine if dance-based language intervention impacts vocabulary and 

engagement in children with Down syndrome and examine how it compared to traditional 

intervention. The central hypothesis of this work is that language-based dance therapy (i.e., 

movement-based instruction) will (a) increase oral vocabularies of children with Down 

syndrome because of increased saliency, (b) lead to higher engagement than traditional therapy, 

and (c) that executive functioning skills will correlate with word-learning outcomes in children 

with DS. The study questions are: 

1. Does adding dance movements during word learning instruction result in more words 

learned for children with Down Syndrome as compared to traditional, spoken-

language only teaching? 

2. Do children with DS engage more during dance-based language instruction than in 

traditional, spoken-language only teaching? 

3. Are numbers of words learned correlated with executive functioning skills and does 

this correlation differ for session type? 
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Methods 

Experimental Design 

A randomized pre-test post-test crossover design was used to measure the effects of 

language-based dance intervention as compared to traditional speech-language intervention on 

word learning and session engagement. Crossover design studies are intended to use participants 

as their own control, which reduces interindividual variability (Aggarwal & Ranganathan, 2019). 

This design was selected because high power and statistical significance can be achieved even 

with a small number of participants (Senn, 2002; Wellek & Blettner, 2012). In traditional 

crossover design studies, participants are randomized then placed into treatment sequences; 

participants in the first sequence (AB) would receive intervention 1 in the first period (A) 

followed by intervention two in the second period (B) and vice versa for the second sequence 

(BA). In the current study, participants received the speech-language intervention for all 12 

weeks; half of the participants received the dance intervention for the first 6 weeks, and the other 

half received the dance intervention for the second 6 weeks.  

Participants and Setting 

All procedures in this study were approved by the Texas Christian University Institutional 

Review Board. Participants included 21 children: 16 had Down syndrome, 4 had typical 

development, and 1 had Williams syndrome. All children were students from a university lab 

preschool for children with developmental delays. Consent forms were sent home with all 

students in the oldest two preschool classes, and all consent forms were returned. Children were 

between the ages of 33 and 72 months at the start of the study and used English as the primary 

language of instruction. The variation in age range and in diagnosis is managed by the research 

design: a cross-over design allows for strong within-subject controls. All children had basic 



 
  49 

mobility skills, allowing them to fully participate in the dance intervention movements. See 

Table 1 for descriptive information for all participants.  

 

All children except for three of the typically developing participants were administered the 

Leiter International Performance Scale Third Edition (Roid et al., 2013). The Leiter has alpha 

reliability coefficients above .80 for each subtest for this age group (Roid et al., 2013) and has 

been validated for capturing a range of nonverbal intelligence scores in children with Down 

-Second Edition 

(EVT-2; Williams, 2007) was administered to assess expressive vocabulary skills. The EVT-2 
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has reliability coefficients between .83 and .91 and reported good construct and concurrent 

validity, although scores for children with speech-language deficits vary widely (Williams, 

2007). The Peabody Picture Vocabulary Test-Fifth Edition (PPVT-5; Dunn, 2019) assessed 

receptive vocabulary; it has good to excellent reliability correlations (.85 to .88) average to 

excellent correlation (.46-.75) shown through correlations with other measures and clinical 

validity studies with special populations (Pearson Education, 2018). Preschool classroom 

teachers completed the Behavior Rating Inventory of Executive Function Preschool Version 

(BRIEF-P; Gioia et al., 2003), a teacher report of executive-functioning skills. The BRIEF-P 

teacher report has alpha reliability coefficients above .75 for each subscale for children with 

Down Syndrome (Esbensen et al., 2019) and has established good concurrent and convergent 

validity for all three indices (Inhibitory Self-Control, Flexibility, and Emergent Metacognition) 

 

Children attended the preschool 5 days per week, 7.5 hours each day. The classroom was 

-level early childhood special education teacher and two teaching assistants 

with associate degrees in child development. In addition to instruction in the classroom related to 

academic and social-emotional development, all students received adapted physical education 5 

days per week, speech therapy (group and individual) 2-3 days per week, physical therapy 

consultation 1 day per week, music therapy 1 day per week, and individual occupational therapy 

2 times per month. In their free time, the participants were involved in a range of physical 

activities, including outside dance classes for children with special needs. 

Development of Experimental Measures 

Words for Probe Assessment and Intervention. The words included in the dance and 

traditional language interventions were developed from an existing corpus of words used in other 
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preschool word-learning studies (e.g., Lund & Douglas, 2016). Intervention word lists were 

formulated by the first author, who created 7 lists of 10 words each--2 lists for the dance 

intervention, 4 lists for the traditional intervention, and 1 control list. Lists were balanced by 

word age of acquisition, phonotactic probability, and frequency and contained the same number 

and type of words (three nouns, five verbs, and two prepositions). A team of three licensed SLPs, 

including the treating clinicians, judged the words for inclusion by indicating whether children 

with DS were likely to already know this word and whether the word was appropriate for a child 

in that age range. All SLPs voted yes to include the word as a target on one of the word lists. 

Each word was represented by a clipart-quality picture card with a white background. Four 

school-aged children confirmed that each picture represented the target word by naming the 

object or picture correctly. See Table 2 for word lists. 

 

Engagement Rating. The engagement assessment was developed using a previously 

developed assessment method from the Child Hearing, Language, Literacy and Deafness 

(CHLLD) Lab at Texas Christian University. In previous studies (e.g., Ridings, 2020), 

engagement was measured via an engagement rating scale (perceived social engagement during 

the tasks). The engagement rating scale, developed from a review on engagement literature, rated 

overall interactions through gestures, commenting, and establishment of joint attention with the 
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examiner/instructor, using a 5-point scale. A 1 represented no engagement and need for constant 

redirections, and a 5 represented independent engagement and no redirections to task. For this 

study, a second version of the engagement rating scale was developed to reflect expected 

behaviors in a dance session. Two trained observers rated participant engagement during week 3 

of intervention and determined time-on-task by using a stopwatch to record the amount of time a 

student was exhibiting on-task behaviors during the session (resulting in a percentage). See 

Appendix A for engagement scales. 

Procedures 

Probe assessment. Probe assessments are proximal measures of child knowledge 

acquisition (Kennedy, 2005). The assessment, created by the authors, tests child knowledge of 

vocabulary targets via clipart-quality picture cards presented digitally. Participant responses were 

was incorrect or not attempted. The examiner did not provide any feedback as to whether the 

. Every three weeks participants were assessed with the word list 

probes. In order to lessen test fatigue, only word lists that were targeted or soon to be targeted 

were included in the probe. See table 3 for which word lists were included during each probe. 

Probe assessments were administered individually by one of the authors in a quiet area of the 

classroom and lasted around 5-10 minutes, depending on the child. 
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Traditional intervention. Each child participated in their regularly scheduled traditional 

speech-language intervention for 2-3 days of the school week across 12 weeks total. Each child 

received at least one 30-minute large group (10-11 children) and one 30-minute small group (2 

children) speech-language session weekly. Every other week, they also received an individual 

session. During the weekly sessions, the second author, who is a certified and licensed speech-

language pathologist, targeted individual goals using the study words for that 3-week period via 

traditional, evidence-based techniques (business as usual for speech-language services in this 

preschool). She utilized the classroom video projection for visuals and manipulatives, such as 

toys. She paired each target word with appropriate gesture/sign. Dance and gross motor 

movements were not used during traditional therapy sessions. Staff support (i.e., classroom 

teacher and 2 aides) was provided for the group sessions.  

Dance intervention. Dance intervention consisted of two weekly 20-minute language-

based dance classes, lasting six weeks (i.e., 12 sessions total). This dosage and frequency are 

based on intervention for word learning with children who have Developmental Language 

Disorder, which suggests 36 exposures needed for a target word (Storkel et al., 2019). Each 
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session provided at least 6 exposures to the target word, with the first 3 weeks targeting 10 words 

(list 1) and the last 3 weeks targeting a new 10 words (list 2). List 1 words were reinforced 

during weeks 4-6. See Table 3 for intervention rounds. Each session had 5-6 children with 

support from 2 undergraduate students and 1 school aide. The focus of intervention was to teach 

who is a certified and licensed speech-language pathologist as well as trained dancer, spoke the 

word showing accompanying gesture/sign. She then modeled the movement while saying the 

target word. Participants were then prompted to imitate the word and movement at least 6x each 

session. 

words were targeted). There were two exercise sets that focused on teaching the target words and 

g reviewing words from the 

session closed the dance session. Instrumental music was used during the teaching exercises. 

All music was at a low volume, allowing the voice of the clinician to be easily heard. Lyrics 

from the music were not taught, allowing the focus to be on the words of the clinician. For 

prepositional concepts, manipulatives including scarves and beanbags were used. See Appendix 

B for a sample of the Dance Intervention Lesson Plan. 

Procedural fidelity. Every dance intervention session was video recorded to monitor 

movement was assessed by a trained observer, who was an undergraduate student and assisted in 

the sessions. Fidelity assessments for 25% of the dance intervention sessions found that the 

interventionist followed the procedure with 100% fidelity. 
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Results 

The objective of the study was to determine if language-based dance therapy improves 

word learning and engagement in children with Down syndrome more than traditional 

intervention. The dependent variable in this study for comparing the intervention conditions was 

the change in number of correctly labeled vocabulary items between the pre-intervention and 

post-  

All 21 participants had completed pre-intervention and post-intervention word list probes, 

BRIEF-P teacher reports, and engagement surveys. One participant with DS was unable to 

complete standardized testing (i.e., PPVT-5, EVT-2, and Leiter), and one participant who was 

TD did not complete standardized testing due to absences. Only one participant that was TD 

completed the Leiter; the three other participants who were TD did not complete it due to time 

constraints. All participants attended at least 8 out of the 12 dance intervention sessions.  

The first research question asked if adding dance movements during word learning 

instruction results in more words learned for children with Down syndrome as compared to 

traditional, spoken-language only teaching. A repeated measures ANOVA was run to determine 

if there was a significant difference between number of words learned in the dance intervention 

versus the traditional intervention. Data was not normally distributed for the dance word gains 

and control word gains, as assessed by the Shapiro-Wilk test of normality. There were three 

outliers but only for the control words condition. Due to the assumption of sphericity was 

violated, as assessed by Mauchly's test of sphericity (p< .05), the Greenhouse-Geisser correction 

was used. Data are mean ±standard deviation, unless otherwise stated. For the main effect of 

intervention type the Greenhouse

The main effect was significant, F (1.34, 26.78) = 19.71, p 2=.496. Contrasts 
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revealed that word gain in the dance intervention were significantly higher than traditional 

intervention, F (1, 20) = 19.07, p 2=.488. These findings had a large effect size 

(r= .7). Descriptive statistics showed that all children gained an average of 4.05±3.28 words in 

the dance intervention and .71±1.49 words in the traditional intervention. Children learned an 

average of .33±1.24 of the control words. Children with DS gained an average of 3.94±3.59 

words in the dance intervention, 0.37±1.26 words in the traditional intervention, and 0.25±1.18 

of the control words. See Figure 1 for descriptive data. 

Figure 1. Words gained during intervention types by group. Error bars reflect standard deviations.

For the second question, do children with DS engage more in dance-based language 

instruction than in traditional, spoken-language only teaching, paired samples t-tests were 

normality was not met for engagement scores, so the Wilcoxon signed rank test was used. 

Engagement during intervention sessions were not statistically different (z = -.258, p = .796). 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

All Down Syndrome Typically Developing

Dance Traditional Control



 
  57 

Average ratings for engagement in a dance session was 2.58 (±.902) while average ratings for 

engagement in a traditional session was 2.53 (±1.07). Assumptions were met for time on task 

data, and a paired samples t-test was run. Findings were also not statistically different (t = -.74, p 

= .234), with time on task during dance intervention being an average of 78% of the session and 

during traditional interventions being on task an average of 80% of the session.  

The third question asked if numbers of words learned correlated with executive 

functioning skills and if the correlation differs for session type. All assumptions for Pearson 

correlations were met and run for this question. First, we evaluated words gained and correlation 

to the BRIEF-P Global Executive Composite score; higher BRIEF scores mean more difficulty 

with executive functioning skills. The BRIEF-P Composite score was significantly negatively 

related to word gain in traditional intervention (r=-.46, p=.04) but was not significantly related to 

word gain in the dance intervention (r=.26, p=.25). Upon further analysis of the BRIEF- -

areas, words gained in traditional intervention significantly correlated with working memory (r=-

.52, p=.02) and the Emergent Metacognition Index (r=-.47, p=.03). See Table 4 for correlations. 

 

Discussion 

The purpose of this study was to evaluate the effect of using movement (i.e., dance) to 

enhance word-learning outcomes of preschool children with Down syndrome. Significantly more 
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words were gained from the dance intervention than traditional intervention for all children in the 

study regardless of disability status. Engagement ratings and time on task were not significantly 

different between intervention types. Teacher ratings of executive functioning skills were not 

significantly correlated with words gained during dance intervention but were significantly 

correlated with words gained during traditional intervention.  

Word Learning 

The word learning of the children in this study was consistent with past studies of 

vocabulary in children with Down syndrome (e.g., Warren et al., 2008; Yoder & Warren, 2004). 

Children with DS showed the ability to learn words, but at a slower rate than their peers with 

typical development. All but three children in this study demonstrated an increase in oral 

vocabulary of words targeted over the course of six weeks. All three of these children were 

primarily non-verbal communicators, with one using sign language as his primary 

communication modality. These three children did not demonstrate word gain in either 

intervention, but two showed positive gains in use of gesture/sign for the targeted words with 

both signing more target words from the dance intervention.  

Similar to findings from word learning and movement studies with typically developing 

children (Mavilidi et al., 2015; Toumpaniari et al., 2015), movement aided learning of words for 

children with and without DS. Out of the 18 children who showed word gain, 16 of them learned 

more words in the dance intervention than in the traditional intervention. For the remaining two 

children, they gained the same number of words in both interventions. The maximum number of 

words learned by a child with DS from the dance intervention was ten, whereas the maximum 

from the traditional intervention was three. These findings support the use of movement in 
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speech-language interventions and encourage future research into the best use of movement in 

intervention. 

Engagement 

Studies have found a positive impact of physical activity on school engagement (Owen et 

al., 2016); however, few studies have compared active engagement during physical activity and 

non-active tasks. We hypothesized that there would be a difference between engagement during 

the dance intervention and engagement during the traditional intervention; however, no 

differences were found in terms of engagement during interventions. Children, regardless of 

disability status, had very similar ratings of engagement and percentage of time on task for both 

interventions. This may have been influenced by three possible factors: (a) familiarity with the 

traditional intervention behavior expectations, (b) timing of traditional intervention sessions, and 

(c) design of engagement scale.  

expectations. Most of the students had been at the preschool for over a year, and they were 

familiar with the SLP leading the traditional interventions. Behavior expectations such as sitting 

in an assigned spot, looking at teacher, and commenting when prompted/expected to were 

elements embedded in the engagement scale and behaviors that had already been targeted. In 

comparison, the SLP leading the dance intervention was new to the students and the expected 

behaviors were also novel.  

The second potential factor was the timing of the traditional intervention sessions. While 

traditional intervention sessions took place after the physical education time. Research suggests 

that physical activity can aid in attention during school-based lessons (Schmidt et al., 2015; Tine 
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& Butler, 2012). By having a physical education lesson prior to a traditional speech-language 

session, the participants may have had increased attention.  

The third potential factor is the design of the engagement scale itself. Both raters of the 

engagement survey made comments that the scale was not specific enough to each skill; several 

students fell between ratings because they demonstrated certain signs of engagement but not 

scale was originally designed to capture engagement in seated tasks for children who are deaf 

and hard of hearing (Ridings et al., 2020) and it is likely that it needs to be adapted for task type. 

It is, however, possible that students did not experience different engagement across task types 

and that a dance-based intervention does not result in improvements because of an increase in 

engagement. In that case, improved performance would be related to other factors associated 

with dance-based instruction.  

Executive functioning and movement 

With the knowledge that movement, specifically dance, can improve executive 

functioning skills (e.g., Cherriere et al., 2020; Rudd et al., 2021; Shen et al., 2020), the current 

study sought to evaluate the correlations between words gained in each intervention and 

executive functioning skills. Although executive functioning skills were not correlated with 

words gained in the dance intervention, executive functioning skills were correlated with words 

gained in the traditional intervention, especially working memory. This data seems to suggest 

that to make gains in traditional intervention, foundational executive functioning skills, such as 

working memory, are required; whereas, adding movement via dance made word learning 

accessible to even those children who struggled with executive functioning. Because dance has 

also been shown to improve working memory in children (Lakes & Hoyt, 2004; Oppici et al., 
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2020; Rudd et al., 2021; Shen et al., 2020), it may be an effective tool in both aiding word 

suggestion that 

improving cognitive skills could lead to increasing language and vocabulary skills in children 

with DS. 

Saliency 

Saliency is an important part of vocabulary instruction (Pruden et al., 2006; Wildt et al., 

2019). This study aimed to evaluate how using dance-based movements during intervention 

could add saliency to vocabulary in children with DS. The results from this study show that 

dance-based vocabulary instruction resulted in stronger word gains not only for children with DS 

but for the majority of children in the study regardless of diagnosis. Although this increased 

saliency through movement was not found to increase engagement (e.g., an observational 

measure of focused attention), the saliency gained through dance does seem to facilitate word-

leaning even when there are working memory deficits. Traditional interventions appear to 

depend on working memory, but that does not appear to be a requirement when a word becomes 

more salient through movement. This means that adding saliency in word-learning interventions 

is of great importance to children with DS, and dance-based movement is an effective way to add 

saliency.  

Limitations and Future Directions 

This study provides avenues for future study of the use of gross motor movement to 

enhance traditional interventions for word learning in children with DS. A limitation of this study 

is that it was not a true crossover design; traditional speech-language intervention was provided 

throughout the entirety of the 12 weeks, and there was not a washout period between switching 
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groups (Lim & In, 2021). Although randomization occurred at a class-based level, full 

randomization as expected in crossover design was not possible. Each class had to be randomized 

individually due to physical education classes taking place at different times and the availability 

of staff support. Although this preliminary study provides excellent support for the use of 

movement/dance in speech-language intervention, true crossover design would allow for a cleaner, 

direct comparison. A second, related limitation is that the traditional intervention was not as 

protocol-based as the dance intervention. Although the word lists were agreed upon and matched 

for difficulty, the intervention methods were not matched. There were fidelity checks for the dance 

intervention, ensuring that each word was presented at least 6x per session; however, the same 

fidelity checks were not completed for traditional intervention. Although this is a study weakness, 

this is extremely reflective of what happens in preschools nationwide, which may mean that the 

data is very generalizable to real-world situations. Even so, future research might consider a similar 

study using true crossover design with protocols for both intervention types, ensuring that equal 

presentation of words occur. Similar controls for session time (e.g., consistently before or after 

physical education class) and familiarity with interventionist could aid in measuring engagement.  

Future directions could also include children of higher ages and differing diagnoses. 

There was 1 participant in this study who had Williams syndrome. This child had results very 

similar to her peers, showing more words gained from the dance intervention. This data shows 

promise for using similar movement interventions with preschool-aged children of differing 

diagnoses. There were also no significant differences found between ages or IQ-levels, meaning 

similar results may be found for children in older grades or of varying ability levels.  

Given the interesting finding regarding executive functioning correlations with 

intervention types, measuring growth of executive functioning through intervention is an 
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additional future direction. Physical activity, specifically dance, has been found to support gains 

in executive functioning (Nejati, 2021; Shen, 2020). Structured dance lessons have resulted in 

positive gains in working memory (Lakes & Hoyt, 2004; Oppici et al., 2020; Rudd et al., 2021; 

Shen et al., 2020), inhibitory control (Lakes et al., 2019; Lakes & Hoyt, 2004; Rudd et al., 2021; 

Shen et al., 2020), attention (Cherriere et al., 2020; Majorek et al., 2004; Shen et al., 2020; Zach 

et al., 2015), cognitive flexibility (Begel, et al., 2021; Shen, et al., 2020), and planning 

(Manjunath & Telles, 2001). It would be useful to measure the growth in executive functioning 

skills, especially working memory, in children with DS when participating in physical activities 

such as dance. If dance not only allows for learning to occur in individuals with low executive 

functioning skills but also builds executive functioning skills opening the door to other 

intervention methods, it would be beneficial to build more inclusive opportunities for children 

with DS.  

Conclusion 

Overall, this study provides knowledge that adding movement to word-learning 

intervention can significantly affect word gains made by all children, particularly those with 

Down syndrome. Dance-based intervention resulted in significantly more words gained in 6 

weeks than traditional speech-language intervention. Engagement and time on task for children 

with DS did not significantly differ between intervention types. Whereas word gain during 

traditional intervention correlated with higher executive functioning skills, word gain during the 

dance-based intervention did not correlate with executive functioning skills. These findings 

encourage the use of gross motor movement to enhance saliency in word learning for 

preschoolers with Down syndrome, especially those that may have limited working memory 

skills.  
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CHAPTER IV: Etiology Differences and the Effects of Physical Activity and Executive 

Functioning on Language Development  
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Abstract 

Purpose: The purpose of this study was to evaluate the role of physical activity in language and 

executive functioning development in children with secondary language disorders and to 

compare the differences in the domain relationships according to disability type.  

Method: This study included 75 monolingual children between the ages of 7 and 18: 25 children 

who were deaf and hard of hearing, 25 children with Down syndrome, and 25 children with no 

biomedical diagnosis. Parents of children in each group completed a report on deficits in 

executive functioning (the Behavior Rating Inventory of Executive Function-Second Edition) 

and a questionnaire regarding participation in physical activities; the children participated in 

performance-based measures of language (the Clinical Evaluation of Language Fundamentals-

Fifth Edition) and executive functioning (NIH Toolbox Cognition Battery).  

Results: Analyses revealed that etiology substantially impacted the relation between the three 

domains: children with Down syndrome have clinically significantly lower participation in 

structured physical activities as well as statistically significant lower language and executive 

functioning skills than children who are deaf and hard of hearing and children with typical 

development. Executive functioning significantly predicted language outcomes for all children, 

especially when variability in language scores due to differences among groups was accounted 

for. Further, participation in physical activities interacted with executive functioning skills to 

predict language skills. Significant group-based differences were found in the executive 

functioning and language domains, with children with Down syndrome having more reported 

difficulties with executive functioning and lower language scores than children who are typically 

developing and children who are deaf and hard of hearing. Executive functioning scores 

significantly predicted language, especially when accounting for the variability in language 
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scores due to differences among groups. Further, participation in structured physical activity 

moderated the effect of executive functioning on language skills.  

Conclusion: This study supports the idea that children develop as dynamic systems, and it 

represents a first step in identifying how participation in motor activities relates to language and 

executive functioning development in children with special needs because no single domain 

develops in a vacuum (i.e., there are internal and external relationships at play). These findings 

have implications for differentiated language interventions according to disability type and the 

incorporation of additional domains. 
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Introduction 

In recent years, there has been increased interest in how physical activity can support 

executive functioning development in children (Bidzan-Bluma & Lipowska, 2018; Sibley & 

Etnier, 2003; Zeng et al., 2017). Studies suggest a link between physical activity and cognition, 

especially if the activity is aerobic in nature (Best et al., 2010; Chaddock et al., 2011; Fedewa & 

Ahn, 2011). Additionally, language scientists have been exploring the connection between 

physical activity and word learning, a verbal behavior that involves non-verbal cognition (Mellor 

& Morini, 2023; Pruitt & Morini, 2021; Toumpaniari et al., 2015). However, research has not yet 

defined a clear connection between all three domains: physical activity, non-verbal cognition, 

and language in children. Of particular note is the general exclusion of children with disabilities 

in studies evaluating the relationship between two of the domains; these studies often exclude 

children with speech-language impairments, intellectual disabilities, and other disorders. 

Children with language disorders can have difficulty with language skills, including vocabulary 

(Lund, 2016; Zampini & D'Odorico, 2013), syntax (Frizelle et al., 2018; Werfel et al., 2021), 

morphology (Eadie et al., 2002; Moeller et al., 2010), and pragmatics (Most et al., 2010; Smith et 

al., 2017). Literacy is linked to language and cognitive skills; for example, children with 

disabilities can experience delays in phonological awareness (Fletcher & Buckley, 2002; Lund, 

2020), reading accuracy (Naess et al., 2012; Werfel et al., 2015), and comprehension (Asker-

Árnason et al., 2015; Laws et al., 2016). Thus, children with disabilities may be at a profound 

disadvantage for both academic and social success (Mann et al., 2017). As children age into 

adulthood, the effects of these deficits continue, having lasting impact on quality of life (Ching et 

al., 2021). If physical activity is influential in the development of language and cognition for 

children who are typically developing, it may also be impactful for children with disabilities. 



 
  69 

Therefore, it is important to understand how participation in physical activities relates to 

linguistic and cognitive development in children with disabilities and how different disability 

profiles may impact the interaction between physical activity and development. The purpose of 

this study was to evaluate the role of physical activity in language and executive functioning 

development in children with diagnoses associated with secondary language disorders and to 

compare the differences in the domain relationships according to disability type. 

Executive Functioning and Language 

Cognition can be defined as and includes abilities 

such as perception, memory, judgment, and reasoning (American Psychological Association, 

2018). Cognitive control, also known as executive functioning skills, are the effortful, higher-

level skills that allow us to engage in the behaviors required to achieve goals, such as learning 

(Anderson, 2002). , Executive functioning is separate from but related to language skills 

(Kaczmarek et al., 2018; Sikora et al., 2019). Executive functioning includes inhibition, working 

memory, mental flexibility, controlled attention, self-monitoring, organization, and goal 

direction. Both language skills and executive functioning predict academic and social success, 

e (Blair & Raver, 2015; Clark et al., 2013; McClelland et 

al., 2013). Executive functioning appears to influence overall and language development from a 

young age (Danhauer, 2014; Kapa & Erikson, 2019; Marini et al., 2020). Measures of working 

memory and inhibitory control have been found to be direct predictors of academic readiness and 

indirect predictors of social-emotional readiness (Mann et al., 2017). As a child ages, the 

influence of executive functioning on academic outcomes increases. Executive functioning skills 

are among the main predictors of academic achievement during- and post- middle school 

(Samuels et al., 2016).  
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Executive functioning and language develop concurrently, and executive functioning 

abilities have been found to aid language development (Weiland et al., 2014). The relationship 

may be bi-directional, as language also opens the door to more complex executive functioning 

skills. This relationship reflects executive functioning executive functioning 

skills control both actions and thoughts which are required for learning to occur (Anthony & 

Ogg, 2020; Garner, 2009). Because executive functioning skills can act as a prerequisite for 

overall learning by helping a child be able to attend, shift between tasks, and inhibit off-task 

behaviors, language learning can  also be impacted by these same executive functioning skills. In 

fact, research suggests that improving executive functioning skills can lead to increasing 

language skills for children with Down syndrome (Kristensen et al., 2022). Similar gains in 

language as a result of executive functioning increases could also occur for children with varying 

language disorder etiologies.  

Etiology Variances in Executive Functioning 

Deficits in executive functioning have been identified and evaluated in samples of 

children with disabilities. Although many children with language disorders, regardless of 

etiology, have identified deficits in both language and executive functioning, executive 

functioning skills appear to vary dependent on the type and severity of disability. The effects of 

disability etiologies on executive functioning skills can be clearly seen by comparing three 

distinct groups: children who are typically developing (i.e., no diagnosis of a medical 

disability/disorder), children with diagnoses related to global delay and inclusive of intellectual 

disability (e.g., Down syndrome), and children with diagnoses related to other issues (e.g., 

sensory issues like hearing loss) and without intellectual disability. Each of these groups can 
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include individuals with a range of overall and linguistic outcomes, but expected executive 

functioning skills differ.  

Global Delay. Children with global delay, including those with intellectual disabilities, 

such as Down syndrome (DS), exhibit executive functioning deficits which are a part of the 

global delay (generally inclusive of intellectual disability) impacting all learning. As children 

with intellectual disability age, executive function deficits, such as difficulty with inhibition, 

initiation, working memory, task monitoring, planning, organization, and attentional shift grow 

(Loveall et al., 2017). Children with DS often struggle with foundational executive functioning 

skills which prepare a child to learn. Children with DS exhibit difficulty with working memory, 

planning, and inhibitory control (Daunhauer et al., 2014; Daunhauer et al., 2017). These 

executive functioning deficits, including attention, follow individuals with DS into adulthood 

(Grieco, 2015).  

Deaf and Hard of Hearing. For children whose primary impairment is hearing loss and 

do not have co-occurring intellectual disability,  experiencing developmental challenges as a 

result of a sensory deficit rather than overall functioning delays, deficits in executive functioning 

skills are primarily moderated by access to language, rather than their innate language-learning 

abilities (Hall et al., 2018). Children who are deaf and hard of hearing (DHH) may experience 

language delays as the result of degraded auditory input (Nittrouer et al., 2022) or lack of 

language access (Hall at al., 2018). Children who are DHH, regardless of type of amplification 

(i.e. cochlear implant or hearing aid), often have difficulties with speech recognition, vocabulary, 

nonword repetition (associated with working memory), and literacy which persist as they age 

(Lund, 2016; Nittrouer et al., 2018; Pisoni et al., 2011; Werfel, 2017). Because the development 

of executive functioning is believed to be influenced by early auditory pathway experience and 
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activity, difficulties with executive functioning, including verbal working memory, fluency-

speed, and inhibition-concentration have been identified in children who are DHH and use 

cochlear implants even in those children who have language development that falls in the range 

of normal on standardized measures (Kronenberger et al., 2020; Kronenberger et al., 2018; 

Kronenberger et al., 2013). However, research with Deaf children who have access to sign 

language from birth suggests that executive functioning skills are not dependent on auditory 

access but instead on language access; Deaf children who have access to sign language from 

birth are not significantly different from typically developing peers on parent-report measures of 

executive functioning (Hall et al., 2018).  On performance-based measures of executive 

functioning skills, children who are DHH and use cochlear implants score more poorly than their 

typically hearing peers but comparable to norms; and on parent checklists, children who are deaf 

and hard of hearing score more poorly than their typically hearing peers on measures of 

inhibition and working memory (Kronenberger et al., 2020). In a recent study comparing 

attention-deficit behaviors in children who are DHH and their typically hearing peers, parents of 

children who use hearing aids reported more attention-deficit behaviors than parents of children 

who use cochlear implants and parents of children with typical hearing (Mattingly et al., 2023).  

A unique difficulty for children who are deaf and hard of hearing, aside from difficulty 

with language development, can be listening fatigue. Listening fatigue is a type of cognitive 

fatigue, which is characterized by difficulties in concentration, increased distractibility, anxiety, 

inattention, and decreases in mental energy and efficiency (Boksem & Tops 2008; Lieberman, 

2007). Increased risk for listening fatigue may occur in children who are DHH due to executive 

functioning issues such as verbal working memory deficits (Camarata et al., 2018; Nittrouer et 

al., 2017). Measures of fatigue are correlated with attention deficit behaviors in children with 
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hearing loss; the greater the listener fatigue, the greater reporting of attention deficit behaviors 

(Mattingly et al., 2023). 

Given that the executive functioning profiles of children with disabilities differ from 

children without disabilities, it is important that these children are included in studies evaluating 

the relationships between executive functioning, language, and any other domains. Although 

studies of executive functioning in children who do not have additional diagnoses inform 

scientific understanding of these skills, findings of those studies cannot be generalized to 

children with disabilities. Arguably, it is particularly important to understand relations between 

executive functioning, language, and other domains in populations with disabilities because that 

knowledge will underlie future efforts to improve executive functioning (and language).  

Physical Activity and Executive Functioning 

High levels of physical activity are linked to better executive functioning and language 

outcomes than low levels of physical activity (Carson et al., 2016; Erickson et al., 2019). 

Children who are more physically active have better behaviorally-measured attention and 

memory skills than children who are sedentary (  et al., 2023; Shao et al., 2022; 

Sibley & Etnier, 2003). Both acute and chronic engagement in physical activity have been found 

to have positive effects on executive functioning (Best, 2010).  This may be because executive 

strongly related in childhood (Gordon-Murer et al., 2021). Good proprioception results in better 

balance and motor 

Movement itself also builds balance. Improving balance has resulted in improvements in 

working memory, cognitive flexibility, and inhibitory control (Nejati, 2021). The relationship 

may be bidirectional in a study with healthy adults, executive functioning training correlated 
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with improvements in balance (Li et al., 2010). Participation in physical activities which build 

proprioception and balance skills have had positive impact on working memory (Lakes & Hoyt, 

2004; Oppici et al., 2020; Rudd et al., 2021; Shen et al., 2020), inhibitory control (Lakes & Hoyt, 

2004; Lakes et al., 2019; Rudd et al., 2021; Shen et al., 2020), attention (Cherriere et al., 2020; 

Majorek et al., 2004; Shen et al., 2020; Zach et al., 2015), cognitive flexibility (Begel et al., 

2021; Shen et al., 2020), and planning (Manjunath & Telles, 2001). 

Physical Activity and Language 

Though there have been fewer studies on physical activity linking to improvements in 

language skills, there is a limited amount of research supporting the hypothesis that more 

physical activity may result in better language outcomes (Carson et al., 2016). Of note, aerobic 

physical activity was found to significantly improve word learning in children who are typically 

developing (i.e., do not have other disabilities diagnosed; Mellor & Morini, 2023; Pruitt & 

Morini, 2021). Integrating physical activity into word learning of a foreign language also 

significantly and positively impacts vocabulary performance in typically developing children 

(Mavilidi et al., 2015; Toumpaniari et al., 2015). Very little research exists that looks at physical 

-design study with children 

with Down Syndrome utilized movement to teach vocabulary; the movement-based intervention 

resulted in better word learning than traditional speech-language intervention techniques 

(Mattingly et al., submitted). Another single-case design study found that speech-language 

instruction embedded in physical education classes was more effective for growing child 

vocabulary than speech-language instruction in a traditional (seated) setting (Lund, et al., 2020). 

Additionally, physical activity has been shown to enhance word learning in both typically 

developing children and children who are DHH; children who are DHH benefited most from 

general physical activity (i.e., jumping jacks) whereas children who are typically developing 
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benefited most from semantically rich physical activity (i.e., iconic yoga poses; Werfel & Lund, 

2024). These findings suggest that physical activity may positively impact language 

development.  

Etiology Variances in Participation in Physical Activity  

 According to the 2021 national Youth Risk Behavior Survey, less than 24% of children in 

the United States meet the requirement of at least 60 minutes daily of physical activity suggested 

by the physical activity guidelines (Centers for Disease Control and Prevention, n.d.). Children 

with disabilities are reportedly 4.5 times less active than their typically developing peers 

(Rimmer, 2008). Participation in physical activity is often lower for children with disabilities, 

likely as a result of external, systemic barriers to structured physical activity opportunities (e.g., 

organized sports; Rimmer, 2008). Adults with disabilities report that many environmental 

barriers exist which result in decreased physical activity participation including cost, 

transportation, lack of accessible equipment, and unqualified staff (Rimmer et al., 2004). 

Additionally, children with secondary language disorders may also have co-occurring physical 

deficits related to their primary impairment (e.g., Down syndrome, cerebral palsy) that limit 

them physically (Jain et al., 2022; Vitrikas et al., 2020). These physical limitations may include 

balance, strength, and coordination (Rimmer & Marques, 2012). 

 Children with DS are at increased risk for sedentary behaviors, with 58% of children with 

DS not meeting the 60 minute daily physical activity recommendation (Shields et al., 2009). 

Barriers to participation in physical activity have also been explored in adults with DS, finding 

lack of support (i.e., transportation, support personnel, help with cost, lack of community 

programs, lack of acceptance), lack of interest (i.e., not enjoying physical activity, concentration 

difficulties), and physical ability (Mahy et al., 2010). Co-existing physical impairments in 
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children with DS may impact inclusion in activities that incorporate movement and build 

executive functioning (Arumugam et al., 2016). Individuals with DS face challenges with gross 

motor skills, specifically balance and postural control caused by hypotonia (Capio et al., 2018; 

Guzmán-Muñoz et al., 2017; Lauteslager et al., 1998). Static and dynamic movements can be 

difficult for this population, and exercise interventions are often found to be helpful (Aly & 

Abonour, 2016; Mehralitabar et al., 2016). When children with DS are included in structured 

physical activity programs, positive effects on physical ability and executive functioning skills 

are seen (Becker & Dusing, 2010; Moraru et al., 2015). 

 Children who are DHH are 33% less likely to meet physical activity guidelines than their 

typically hearing peers and are 31% less likely to participate in sports (DeLuca & Rupp, 2022). 

However, a systematic review by Xu and colleagues (2020) found that children who are DHH 

are more physically active than children with other types of disabilities (i.e., vision deficits, 

physical disabilities, intellectual disabilities, autism spectrum disorder, chronic medical 

conditions, behavioral disorders). Barriers to participation for children who are DHH include 

wearing and use of amplification devices during the physical activity and the auditory 

environment of the activity (Stewart & Ellis, 2005). In some cases, children with sensorineural 

hearing loss have been found to have postural instabilities and balance and gait disorders 

(Mazaheryazdi et al., 2017; Sokolov et al., 2019;). 

 Relationships between Domains 

Dynamic systems t

systems, including the motor system, work together in development. A child develops as a 

whole; but within this whole system, multiple subsystems exist (i.e., motor, executive 

functioning, language). These subsystems are independent, yet they interact to influence the end 
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product of development (van Geert, 2000). This means that there is not one singular path towards 

language development; instead, language development happens dynamically as new connections 

between domains are created and strengthened internally given external opportunities and 

challenges in the environment (Smith & Thelen, 2003). Consider the dynamic systems theories 

when considering word learning; multiple systems including perception, action, attention, and 

memory interact to help a child learn a new word (Samuelson et al., 2017). Comparably, the 

dynamic systems theory of motor movements would argue that environmental constraints, task 

demands, and individual characteristics including age, language skill, and cognitive level impact 

movement; therefore, a single motor movement, such as kicking your leg, is not fully explained 

by a linear view of neuronal firing and muscle contractions alone, but is due to a complex series 

of coordinated but related actions affected by several additional factors (Thelen, 2005).  

Further, dynamic systems theory can be directly applied to the link between structured 

physical activity, cognition, and language opportunities for motor movement provide external 

opportunities that directly and indirectly develop language and cognition (Iverson, 2010). Even 

in infancy, tasks like crawling, which is a motor activity that engages the independent physical 

domain of development, interacts internally with other evolving systems and provides external 

opportunities for language stimulation (e.g., when a child can crawl, the adults around the child 

begin to use new language structures and the child can explore new environmental stimuli; 

Iverson, 2010; Smith & Thelen, 2003). Studies regarding semantic richness offer support for the 

dynamic systems theory of language development (Buchanan & Westbury, 2001; Lund et al., 

2015; Pexman et al., 2003; Siakaluk et al., 2008). Semantic richness can be defined as 

semantic and world knowledge related to a particular word (Lund et al., 2015). The  imagery or 

memories of a physical experience  (Siakaluk et 
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al., 2008). Words that are semantically rich are recalled more quickly than words that lack 

semantic richness; if a word has more salient factors to it, a child can recall and use the word 

more quickly than words that lack an abundance of salient features (Buchanan & Westbury, 

2001; Pexman et al., 2003; Siakaluk et al., 2008). For children with language difficulties, 

semantic richness can lead to greater learning outcomes by adding saliency to words making 

them more memorable or more easily organized int

knowledge (Lund et al., 2015). Physical semantic richness (i.e., physical experiences with words; 

children with low nonverbal cognitive skills (Lund et al., 2015; Mattingly et al., submitted). 

The dynamic systems theory provides a clear picture of how the domains of development 

are independent yet interrelated; however, to date, physical activity has never been studied as a 

potential moderator of the effect of executive functioning on language skills, particularly in 

children with disabilities. There have been studies evaluating the relationships between physical 

activity and cognition, executive functioning and language, and even physical activity and 

language (e.g., Carson et al., 2016; Kapa & Erikson, 2019; Nejati, 2021); however, the 

relationship between all three has not been studied. Additionally, the relationship between 

physical activity and the domains of language (e.g., Mellor & Morini, 2023; Pruitt & Morini, 

2021) and between physical activity and executive functioning (e.g., Rudd et al., 2021; Shen et 

al., 2020) has primarily been studied in children with intact systems and children with disabilities 

are often specifically excluded. Comparisons between disability profiles have never been made 

across all three systems when considering how overall development and development of 

independent systems are interrelated. Understanding of these inter-domain relationships within 

varying disability profiles is needed to begin utilizing these relationships to make interventions 
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more efficient. Domain-specific interventions account for less than 50% of variance in growth 

for children with disabilities (Yoder & Compton, 2004); thus, understanding how to utilize 

multi-domain interactions could lead to more effective interventions. 

Domain interactions may differ based on underlying disability diagnoses. A dynamic 

systems model would predict that for children with disabilities, gaps in development of one 

subsystem would affect the development of another, meaning the executive functioning, 

language, and motor domains could be co-affected systems depending on the type and severity of 

the disability. Executive functioning skills can be considered functional individual constraints 

have broad effects on how a child develops. Language outcomes for children with disabilities 

likely are more varied than for typically developing children. Executive functioning deficits vary 

in severity and type in children with disabilities. Children who have a sensory-based disability 

such as hearing loss may have executive functioning deficits in verbal working memory, fluency-

speed, and inhibition-concentration due to delays in language and auditory access as well as 

listening fatigue (Kronenberger et al., 2020; Nittrouer et al., 2017). Children with global delay 

such as DS have often more severe deficits in all areas of executive functioning which then 

impact their ability to learn within their environment (Loveall et al., 2017).  

Although we know that children develop as dynamic systems, we do not know how 

participation in structured physical activities relates to language and executive functioning 

development in children with disabilities because no single domain develops in a vacuum (i.e., 

there are internal and external relationships at play). Further, if children with unique disability 

profiles show differing relationships between domains, this finding will, in the future, have 
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implications for differentiated interventions according to disability type and adaptations 

necessary for inclusion in structured physical activity opportunities.  

Aims of the Study 

The purpose of this study was to evaluate the role of physical activity in language and 

executive functioning development in children with secondary language disorders and to 

compare the differences in the domain relationships according to disability type. The following 

questions were answered: 

(1) Do between-group differences exist between children with diagnoses associated with 

global delays (i.e., Down syndrome), children who are deaf and hard of hearing without 

intellectual disability, and children who do not have a disability diagnoses in the 

following domains?   

(a) participation in structured physical activity 

(b) executive functioning 

(c) language skills  

  Hypothesis:  

(a) For physical activity, we anticipate that children who are typically 

developing will have higher reports of participation in structured 

physical activity than children who are DHH, who are 31% less likely 

to participate in sports than their typically developing peers (DeLuca 

& Rupp, 2022). Children with DS are anticipated to have the lowest 

level of structured physical activity participation due to physical 

limitations (i.e., hypotonia, physical disabilities, heart conditions) in 



 
  81 

addition to societal barriers (e.g., lack of disability-friendly sports 

teams). 

(b) For executive functioning, we expect that children who are typically 

developing will have a range of executive functioning skills that falls 

within an expected average level of functioning. Children who DHH 

are expected to have lower executive functioning scores than their 

typically developing peers, due to the potential decreased 

environmental input to the auditory pathway that is needed to build 

executive functioning (Kronenberger, et al., 2020). Children with DS 

are expected to have the lowest executive functioning scores due to the 

co-occurring intellectual disability (Daunhauer, et al., 2014).  

(c) For language skills, we anticipate that there will be a range of 

language skills within each group; however, this range will be wider 

for children who are DHH than children who are typically developing 

and lowest for children with DS.  

(2) Does group membership account for significant variance in the relation between language 

and executive functioning, indicating that the relation varies by diagnosis?  

Hypothesis: Children with varying disability profiles present with different 

executive functioning and language needs; hence, the relationship between 

domains will vary between groups (Kapa et al., 2017). We suspect that group 

membership will account for significant variance in the relation, and that when 

follow-up correlations are measured by group, the relation for children who are 

typically developing will be weaker than for the children with disabilities. 

Children with DS may lack foundational executive functioning skills, which may 
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weaken the overall relationship, meaning children who are DHH may have the 

strongest relation between language and executive functioning.  

(3) Does physical activity moderate the relation between language outcomes and executive 

functioning even when group membership is accounted for? 

Hypothesis: Physical activity has been tied to improved executive functioning 

(Rudd et al., 2021), and improved executive functioning has clear correlations 

with language outcomes (Huang et al., 2020). We hypothesize that participation in 

physical activities moderates the relationship between language and executive 

functioning for all participants. Children who participate more in physical activity 

will have stronger executive functioning and language. However, on follow-up, 

we anticipate that because there may be external barriers to participation for 

children in the group with DS, that physical activity experience may be less varied 

and therefore not moderate the language and executive functioning relationship as 

strongly as for children in the typically developing group or the DHH group. 

Methods 

Design 

A, quantitative design was used to measure the language (i.e., scores on the Clinical 

Evaluation of Language Fundamentals), executive functioning (i.e., scores on the NIH Toolbox 

and the Behavior Rating Inventory of Executive Function), and participation in structured 

physical activity of children who are typically developing and those with disabilities (i.e., DHH 

or DS) between the ages of 7 and 18 years. All procedures in this study were approved by the 

Texas Christian University Institutional Review Board. 
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Participants 

Participants in this study were recruited in various ways. The majority of the participants 

who were DHH in addition to half of the participants who were typically developing are current 

participants in a larger longitudinal study investigating language and literacy acquisition in 

children who are DHH (Emergent Language and Literacy Acquisition in Children with Hearing 

Loss (ELLA); R01 DC017173 funding from the NIH/NIDCD). Children with typical hearing, 

children with hearing aids, and children with cochlear implants are recruited to participate in the 

ELLA study. To participate in the ELLA study, children who have hearing loss did not have 

additional diagnosed disabilities known to affect cognitive and/or language development (e.g., 

Autism, cerebral palsy, DS). Children in the current study were developing spoken language as a 

communication modality, but some also used signed language (e.g., American Sign Language) to 

communicate.  

The remaining children were recruited via community connections, including 

partnerships with adaptive dance and sports classes and local clinics. Participants were recruited 

nationally through connections, with the majority residing in Texas. For the purposes of this 

study and to ensure some limitations in variance of disability profile, DS was used to represent 

global delay. To be included in the participants with DS, children had a parent-confirmed 

diagnosis of DS, including children with dual diagnoses such as autism and hearing loss. Mode 

of communication freely varied (i.e., oral language, use of augmentative and alternative 

communication). To be included in the group of participants who are typically developing, 

children scored above 70 on the standardized language measures and the measure of nonverbal 

intelligence (i.e., the Test of Nonverbal Intelligence-Fourth Edition), and they did not have a 

diagnosis of a hearing loss or biomedical disability. Attention Deficit (Hyperactivity) Disorder 
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was suspected in some participants but not diagnosed. Extant research on executive functioning 

skills in bilingual children indicates it may be different than for monolingual children (Foy & 

Mann, 2013; Park et al., 2018); hence, children who were multilingual (i.e., exposed to a 

language other than English more than 10% of the time in the home) were excluded.  

Participants included 75 children who met inclusion criterion from the three groups: 25 

children who were typically developing, 25 children who were DHH, and 25 children with DS. 

Children ranged in age from 7 years 1 month to 18 years 9 months, with children in the DS group 

having a higher mean age than the other two groups. In our final sample of participants with DS, 

1 participant also had an autism diagnosis, 2 participants had an ADHD diagnosis, and 3 

participants had mild conductive hearing loss (1 who wore hearing aids), and 1 participant had a 

moderate conductive hearing loss diagnosis (wore bilateral hearing aids). Only 1 participant with 

DS utilized a device to supplement his communication; this child relied on spoken language.  

Table 1 lists the demographic characteristics of the child participants by diagnosis. Maternal 

educational level is reported due to its known effect on language, literacy, health, and economic 

outcomes (Dollaghan et al., 1999; Jackson et al., 2017; Nepal, 2018). 
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Procedure 

Participants were assessed one-on-one with an examiner in a quiet space (i.e., university 

laboratories, conference rooms, or their home). Examiners were ASHA-certified speech-

language pathologists with experience in test administration. 

listening devices (i.e., hearing aid or cochlear implant) were in working condition at the time of 

testing. Children were allowed breaks as needed to encourage continued participation, and 

testing could be spread over multiple days. Test administration was video- and audio- recorded 

to calculate scoring reliability and procedural fidelity. A parent of each participant completed 

questionnaires, including the physical activity and executive functioning measures. Participants 

completed a battery of language and executive functioning testing during testing sessions that 

lasted approximately 2 hours.  

Measures  

Variables 

Time spent participating in structured physical activities, which is defined as the dosage 

of participation across their lifetime (years of participation x months per year participated x 

monthly frequency x minutes per session) years was used as the 

developing, DHH, Down syndrome), an omnibus language variable inclusive of scores on the 

Clinical Evaluation of Language Fundamentals-Fifth Edition, and omnibus executive functioning 

variables (e.g., the NIH Toolbox subtests and the Behavior Rating Inventory of Executive 

Function-Second Edition). 
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Instruments 

Measures of Executive Functioning. 

NIH Toolbox. The NIH Toolbox Cognition Battery (Gershon et al., 2010) was 

administered via an app on a tablet. It is recommended for ages 7-18, and it includes the 

following measures: (1) The Flanker Inhibitory Control & Attention Test assesses attention and 

executive functioning by having a child choose an arrow to match the way the fish in the middle 

of the screen is facing. (2) The Picture Sequence Memory Test assesses episodic memory by 

asking participants to reproduce a sequence of pictures that are related to a theme (e.g., going 

camping) that are presented visually and via audio. (3) The List Sorting Working Memory Test 

assesses working memory by asking the child to recall a growing list of words that are presented 

visually and via audio and sequence them according to size and/or category. (4) The 

Dimensional Change Card Sort Test assesses executive functioning and attention by having the 

 (5) The Pattern Comparison Processing Speed Test assesses processing speed by asking 

the participant to determine whether two pictures are the same or different. There have been 

several studies assessing reliability and validity of the NIH Toolbox. Reliability and convergent 

validity ranged from moderate to strong in children with intellectual disabilities (Shields et al., 

2020) and was reported as excellent across children ages 8-15 (Akshoomof et al., 2013).  

BRIEF-2. The Behavior Rating Inventory of Executive Function-Second Edition 

(BRIEF-2; Gioia et al., 2015) consists of two rating forms, one for the parent and one for the 

child; the parent form was used for the present study. It is recommended for ages 5-18, and it 

evaluates the cognitive, behavioral, and emotional regulation domains, providing a composite 

score for executive functioning skills. It includes the following scales within the above-named 
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domains: Inhibit, Self-Monitor, Shift, Emotional Control, Working Memory, Plan/Organize, 

Initiate, Task-Monitor, Organization of Materials, and Task Completion. Parents are asked to 

rate how often certain behaviors have been a problem with rating options b

with coefficients ranging from .71 to .97; test-retest correlations ranging from .67 to .92; internal 

validity with correlation coefficients ranging from .44 to .77; concurrent validity with moderate 

to strong relations between the BRIEF-2 and similar measures (Hendrickson & McCrimmon, 

2019).  

Measures of Language. The Clinical Evaluation of Language Fundamentals-Fifth 

Edition (CELF-5; Wiig et al., 2013) was used as an omnibus language measure. Subtests of the 

CELF-5 were administered, and the combined core language score was calculated. Administer 

subtests included: Sentence Comprehension, Word Structure, Formulated Sentences, Recalling 

Sentences, Word Classes, Semantic Relationships, and Understanding Spoken Paragraphs. These 

subtests cover both expressive and receptive language and provide a composite measure of these 

skills. The CELF-5 has good reliability and validity: internal consistency reports ranged between 

acceptable to excellent (.60 to .99); test-retest stability ranged from poor to excellent (.56 to .93); 

interrater reliability was excellent (.91 to .99); concurrent validity ranged from adequate to 

excellent (.64 to .98); interrelationships among all subtests and composites were found to range 

from good to strong (Coret & McCrimmon, 2015). 

Measure of Physical Activity. Reports of participation in structured physical activities 

were collected via a questionnaire from a parent of the participant. Questions included 

experience in physical activities, frequency and duration of structured physical activities, and 

specifics regarding types of structured physical activities. Structured physical activities for this 



 
  88 

study were defined as sports or other physical activities that were goal-directed and taught by an 

instructor. This questionnaire was developed by a team of three researchers, including one 

kinesiologist and two speech-language pathologists. Questionnaire items went through a 2-step 

review, with team members unanimously agreeing to the content on the second version of the 

questionnaire. Time spent participating in structured physical activities per year was quantified 

as the dosage of participation across their lifetime (years of participation x months per year 

participated x monthly frequency x minutes per session) divided by the  age in years. 

This number was divided by 52 to convert the measure to minutes per week. 

Additional Measures. Additional instruments were used for eligibility and/or descriptive 

purposes. These included a nonverbal intelligence score on the Test of Non-verbal Intelligence-

Fourth Edition and parent questionnaire regarding the participant background. 

Nonverbal intelligence. The Test of Non-verbal Intelligence (TONI-4; Brown, et al., 

2010) is a standardized test assessing two components of intelligence  abstract reasoning and 

problem solving  in children. Children were asked to identify what figure is missing within a 

sequence of abstract figures. The figures have one or more notable attributes, and items become 

harder as more attributes are added. The first 19 items are for children ages 6 to 9, and the 

remaining items are designed for children 10 years and older. The TONI-4 has reported good 

internal consistency (.92 to .97), test-retest reliability (.88 and .93), alternate form reliability (.67 

to .89), interscorer agreement (.99), acceptable content validity (coefficients above 50%), 

construct validity (.55 to .79), and predictive validity (Ritter et al., 2011).  
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The measures described above were video and audio-recorded as part of the protocol. 

Reliability was checked on 45% of the sample. Reliability was above 95% across measures, so 

the first-author scoring was used for all analyses.   

Results 

The objective of the study was to understand inter-domain relationships in the areas of 

language, executive functioning, and physical activity in children with disabilities and to 

compare the differences in the domain relationships according to disability type.  

All 75 children completed a battery of testing to measure language (standard score on the 

CELF-5) and executive functioning (composite score on the NIH Toolbox. Parents of the 75 

participants completed the parent report form of the BRIEF-2, creating the Global Executive 

Composite. One parent of a child who was typically developing did not complete the parent 

questionnaire which provided report of physical activity; all other parents completed the 

questionnaire. Thirteen participants with DS and two who were DHH were unable to complete 

one or more subtests of the NIH Toolbox. For this reason, the parent report on the BRIEF-2 

completed by all 75 participants was used as the main EF measure, and the Toolbox was used as 

a secondary measure.  

Descriptive Information 

The participant sample was equally distributed among the three groups, with 25 

participants in each diagnostic group. All participants ranged from 7 years and 1 month of age to 

18 years and 9 months, with participants with DS averaging higher ages. This greater variation in 

age allowed for increased variability in performance on all outcome measures. Gender, race, 

ethnicity, and maternal education were similar among groups. Due to the DS group having 4 

participants with co-occurring hearing loss, all analyses were run with and without these 4 
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participants included. The results did not significantly differ. The analyses shown below include 

all 25 DS participants.  Demographic information is presented in Table 1.  

All three groups varied in performance on all outcome measures. Children with typical 

development had the highest amount of yearly participation in structured physical activity (64.58 

minutes per week). Children who were DHH had the second highest (43.87 minutes per week), 

and children with DS had the lowest (28.6 minutes per week). Children who were typically 

developing had the best scores on parent-reports of executive functioning (47.2±8.5; lower 

scores mean less difficulty) as well as on performance-based measures (108.12±13). Children 

who were DHH had slightly more reported problems with executive functioning (51.64±9.9) and 

slightly lower scores on the NIH-Toolbox (100.7±12) than their typically developing peers.  

Children with DS had higher average scores on the BRIEF-2 (66.44±8.7, indicating greater EF 

difficulty) and lower average scores on the Toolbox (55.73±11) than children who were TD and 

those who were DHH but similar standard deviations. In regard to language scores on the CELF-

5, children who were TD had the highest scores (104.84±12) followed by children who were 

DHH (96.32±20). Children with DS had very low scores on the CELF-5 with little variability 

(45.32±5.6), reflecting a floor effect for these children. See Table 2 for means and standard 

deviations for each domain and see group comparisons in question 1 results section. 

Table 2. Means and Standard Deviations for each domain. 
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Question 1 

The first research question asked if between-group differences in the domains of physical 

activity, language, and executive functioning exist between children with diagnoses associated 

with global delays (i.e., Down syndrome), children who are deaf and hard of hearing but do not 

have additional intellectual disability diagnoses (i.e. DHH group), and children who do not have 

any disability diagnoses (i.e. typically developing group). A one-way ANOVA was run for each 

domain to determine if there was a significant difference between groups.  

Physical Activity 

For physical activity, data was not normally distributed for any of the groups, as assessed 

by the Shapiro-Wilk test of normality (p<.001). Each group had outliers typically developing 

had 1, DHH had 1, and DS had 2. Outliers were reviewed for accuracy, and they were 

determined to be accurate and are not concerning. The assumption of homogeneity of variance 

also was not met (p=.034). Due to the assumptions of normality and homogeneity not being met, 

a non-parametric Kruskal-Wallis Test was conducted to examine the between-group differences 

of how much time participants spend participating in a structured physical activity in a year. No 

significant differences H (2,74) = 4.54, p = .104 were found among the three participant groups 

2=.04 (Tomczak & Tomczak, 

2014).  Because this is the first study of its kind, C

between group comparisons to provide a basis for power calculations for future work. Cohen s d 

for typically developing versus DHH was -.33 (small effect); typically developing versus DS was 

-.66 (medium effect); DHH versus DS was -.34 (small effect). See Figure 1 for the boxplot 

showing the distribution of the amounts of yearly physical activity in minutes per week by 

diagnostic group.  
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Figure 1. Distribution of amount of physical activity by diagnostic group, where  denotes an outlier and * denotes 

an extreme outlier. 

Executive Functioning 

BRIEF-2. For executive functioning as reported by the Global Executive Composite on 

the BRIEF-2, all assumptions were met. A one-way ANOVA revealed that the groups are 

significantly different in terms of executive functioning skills, F (2, 72)= 30.7, p <.001, with a 

2=.46). Post-hoc analysis revealed that participants with DS had significantly 

higher scores than children who are DHH (p <.001; d = -1.58)and children who are TD (p <.001; 

d = -2.23), meaning children with DS had more reported executive functioning problems. The 

mean difference between DHH and TD was non-significant (p <.265; d = -.48). See Figure 2 for 

the boxplot showing the distribution of the Global Executive Composites on the BRIEF-2 by 

diagnostic group.  
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Figure 2. Distribution of Global Executive Composite on the BRIEF-2 by diagnostic group (higher scores mean 

more executive functioning difficulties) 

NIH Toolbox. For executive functioning as reported by the NIH Toolbox Composite 

Score, a one-way ANOVA had the same findings, F (2, 56) = 72.43, p <.001, with a large effect 

2=.72). Post-hoc analysis on this measure also revealed that participants with DS scored 

significantly lower than children who are DHH (p <.001; d = 3.89) and children who are TD (p 

<.001; d = 4.29). The mean difference between DHH and TD was non-significant (p <.102; d = 

.59), with the children who were DHH scoring lower on average.  

There were a number of children with disabilities that were unable to complete the NIH-

Toolbox (13 children with DS and 2 children who were DHH). Past studies suggest that parent 

report measures of executive function assess different constructs of executive functioning than 

performance-based measures (Ten Eycke &Dewey, 2015; Vriezen & Pigott 2010). Our sample 

showed similar results according to group on both parent-report measures and performance-
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based measures of executive functioning. To determine the correlation of both measures to each 

other in this sample, a correlation analysis was conducted for the two executive functioning 

measures (NIH Toolbox and BRIEF-2). The NIH Toolbox score (higher score means better 

executive functioning) is significantly negatively related to the BRIEF-2 score (higher score 

means worse executive functioning), r =-.468, p <.001. Because there were more completed 

BRIEF-2 reports than Toolbox tests, for the remainder of the analyses, the BRIEF-2 is used as 

the measure of EF. 

Language 

For language as reported by the Core Language Score on the CELF-5, the assumption of 

normality was met for all groups except DS. The DHH group had 2 outliers, but neither of them 

were influential. The assumption of homogeneity of variance also was not met for any of the 

groups. For this reason, non-parametric testing Kruskal-Wallis Test was conducted, and 

significant differences were found (H (2,75) = 49.56, p 2 =.66. 

Pairwise comparisons revealed that the children with DS scored significantly lower than children 

who were DHH (p <.001; d = 3.52) and children who were typically developing (p <.001; d = 

6.27); however, there was not a significant difference between children who were DHH and 

children who were typically developing (p =.211; d = .52). See Figure 3 for the boxplot showing 

the distribution of the Core Language Score on the CELF-5 by diagnostic group.  
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Figure 3. Distribution of Core Language Score on the CELF-5 by diagnostic group, where  denotes an outlier. 

Individual correlations were run between each domain, using 

previously discussed assumption violations. Overall, executive functioning was significantly 

correlated with physical activity (p=.038) and language (p<.001). For children who were TD, 

physical activity was significantly correlated with language (p=.05). For children who were 

DHH, executive functioning and language were significantly correlated (p=.043). No significant 

correlations were found for DS. Results can be seen in Table 3.  
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Table 3. Correlations between domains by group 

 

Question 2 

The second question asked if group membership accounts for significant variance in the 

relation between language and executive functioning. As is common with data from populations 

with intellectual and/or developmental disabilities (Vagenas & Totsika, 2018), the residuals of 

the data were not independent but displayed positive autocorrelations. For this reason, linear 

mixed models were used. Model 1 used the Core Language Score on the CELF-5 as the outcome 

variable and the Global Executive Functioning (EF) score on the BRIEF-2 as the fixed effect 

without a random effect. Model 2 used the Core Language Score on the CELF-5 as the outcome 

variable and the EF score on the BRIEF-2 and diagnostic group as fixed effects. Model 3 used 

the Core Language Score on the CELF-5 as the outcome variable and the Global Executive 
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Functioning EF score on the BRIEF-2 as fixed effects and diagnostic group as a random effect.  

Diagnostic group was allowed to be a fixed effect or random effect to assess the role of group 

membership. Due to the DS group having 4 participants with co-occurring hearing loss, all 

analyses were run with and without these 4 participants included. The results did not 

significantly differ. The analyses shown below include all 25 DS participants. The Akaike 

information criterion (AIC) was used to select the statistical model with the best fit (i.e., the 

lowest AIC value). See Table 4 for all models. 

Table 4. Linear Mixed Models for Language Scores  

  

The model with the best fit was model 3, using EF as a fixed effect and group 

membership as a random effect. The model revealed a significant main effect for EF score  

-.523, p = .003). Model 3 shows that BRIEF-2 scores significantly predicted CELF-5 scores 
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when the group is treated as a random effect. See table 5 for model statistics.

 

Third Question 

The third question asked if physical activity moderates the relation between language 

outcomes and executive functioning even when group membership is accounted for. Again, 

linear mixed models were used. Model 0 used the Core Language Score on the CELF-5 as the 

outcome variable and the EF score on the BRIEF-2 as fixed effects and diagnostic group as a 

random effect. Model 1 used the Core Language Score on the CELF-5 as the outcome variable 

and the EF score on the BRIEF-2 and participation structured physical activity (PA) as fixed 

effects and diagnostic group as a random effect. Model 3 used the Core Language Score on the 

CELF-5 as the outcome variable and the EF score on the BRIEF-2, participation in structured 

PA, and the interaction of EF x PA  as fixed effects and diagnostic group as a random effect. Due 

to the DS group having 4 participants with co-occurring hearing loss, all analyses were run with 

and without these 4 participants included. The results did not significantly differ. The analyses 

shown below include all 25 DS participants.   

 Model 2 with the interaction effect was the best fit. Additionally, the value of -2 

Restricted Log Likelihood decreased from model 1 to model 2 (difference of 4.44), meeting the 

critical value for chi-square (>3.84) meaning the change was significant. Table 6 displays each 

model.  
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Table 6. Linear Mixed Model for Interaction Effects 

 

Model 1, which included fixed effects of EF and PA, accounted for a significant amount 

, R2 = .775. Model 2 revealed a significant interaction 

effect of EF x 6, p =.036), accounting for a significant proportion of the variance in 

language score than just EF and structured PA by themselves, R2 = .785. See table 7 for model 

statistics. Thus, physical activity did significantly moderate the relation between executive 

functioning and language skills even when group membership is accounted for. The moderation 

effect was relatively low but significant and present such that at lower values of executive 

functioning (i.e., fewer problems with EF), the impact of participation in physical activity is 

lower. 
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Discussion 

The purpose of this study was to evaluate the role of physical activity in language and 

executive functioning development in children with diagnoses associated with secondary 

language disorders and to compare the differences in the domain relationships according to 

disability type. Group-based differences were found in the executive functioning and language 

domains, specifically for the children with DS who have significantly more reported difficulties 

with executive functioning and lower language scores than children who are typically developing 

and children who are DHH. Additionally, executive functioning was found to be a significant 

predictor of language scores, especially when accounting for the variability in language scores to 

differences among groups. Further, participation in structured physical activity moderated the 

effect of executive functioning on language skills. 

Executive Functioning and Language 

 The relationship between executive functioning and language found in this study was 

consistent with past studies of executive functioning and language skills (Danhauer, 2014; Kapa 

& Erikson, 2019; Marini et al., 2020). There was an overall negative correlation between 

executive functioning and language for the participants in the present study (meaning that 

language score rises as fewer executive functioning weaknesses are observed). Additionally, 

through linear mixed models, we found that executive functioning skills are a significant 

predictor of language skills especially when accounting for variability in language scores due to 

differences among groups. These findings support the suggestion made by Weiland and 

colleagues (2014) that executive functioning ability can aid language development. Executive 

functioning indeed appears to have a role with learning controlling both actions and thoughts 

which are required for learning to occur (Anthony & Ogg, 2020; Garner, 2009). This role 
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translates to language learning, with skills such as memory, attention, and inhibitory control 

However, the current study did not evaluate the 

suggested bidirectionality of the relationship, with language skills predicting executive 

functioning outcomes (Tomas & Vissers, 2019). Future studies evaluating the reciprocal nature 

of language and executive function are warranted.  

The present study found differences between groups in terms of executive functioning 

skills. As expected, children with DS significantly differ from children who are typically 

developing and those who are DHH. Similar to findings from numerous studies evaluating 

executive functioning and language in children with DS, our sample had difficulty on all types of 

executive functioning skills as well as with language. Unsurprisingly, these deficits really came 

to light when asking the participants to complete executive functioning tasks via the NIH 

Toolbox. Only 11 of the 25 participants with DS were even able to complete all 5 subtests of the 

Toolbox, which may reflect difficulties with foundational executive functioning skills needed to 

perform these tasks. It is important to note that these 11 children (in addition to the 2 children 

with DHH who were unable to complete the measure) put appropriate effort in their attempt of 

the measure and task failure was not due to behavior or noncompliance. It is especially notable 

that the two subtests assessing memory skills were the hardest for children with DS. In the study 

by Mattingly and colleagues (submitted), working memory was identified as the key executive 

functioning skill that correlated with word learning via traditional methods. It appears that 

performing tasks that require increased memory skills, which is key to traditional learning 

methods, may be very difficult for children with DS (Daunhauer et al., 2014; Daunhauer et al., 

2017). Parent reports of executive functioning skills via the BRIEF-2 also supported the idea that 
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deficits in executive functioning exist for children with DS throughout their development 

(Liogier d'Ardhuy et al., 2015; Loveall et al., 2017).  

Our study found no significant differences between  children who are DHH and children 

who are typically developing in executive functioning skills or language scores. As was 

expected, children who are DHH scored more poorly than their typically developing peers but 

within the broad range of normal on both executive functioning measures and the language 

measure, reflecting past research in the area (Kronenberger et al., 2020; Kronenberger et al., 

2018; Kronenberger et al., 2013). Additionally, the present study found significant correlations 

between language and executive functioning for children who were DHH the only group this 

was true for in a group-specific correlation analysis. In comparison to the children with DS, all 

but 2 children who were DHH were able to complete the NIH Toolbox. For these 2 children, 

their oral language abilities made it difficult for them to complete the List Sorting Working 

Memory Test, which is supported by studies that have found that difficulties with speech 

recognition, vocabulary, and nonword repetition (associated with working memory) is common 

for children who are DHH (Lund, 2016; Nittrouer et al., 2018; Pisoni et al., 2011).  

 

 

Physical Activity and Executive Functioning 

 Although the present study did not find statistically significant relationships between 

group membership and structured physical activity levels, the difference between groups would 

appear to be clinically significant. In this sample, typically developing children participate in 

over 60 minutes of structured physical activity each week, whereas children who are DHH 

participate in 45 minutes weekly, and children with DS participate in only 30 minutes weekly. 
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Research shows that children who are more active exhibit positive neurological differences, 

including better behaviorally-measured attention and memory skills than children who are less 

er, 2003). Physical Activity 

Guidelines suggest that children above the age of 6 should be getting an hour daily of aerobic 

physical activity (US Department of Health and Human Services, 2018). Recent studies show 

that most children do not meet this guideline (Michael et al., 2023; Pate et al., 2015). Children 

with disabilities are often significantly less active than their peers, participating in physical 

activities at even lower levels (Rimmer & Rowland, 2008; Sit et al., 2007). The current study had 

similar findings, with most children having low levels of participation in structured physical 

activity. Additionally, data from the current study matched the trends suggested by DeLuca & 

Rupp (2022) and Xu and colleagues (2020), with DHH participating in less structured physical 

activities than typically developing but more than children with other disabilities. Children with 

DS had the lowest reports of physical activity participation, also matching previous reports of at 

least 58% of this group of children not meeting the physical activity guideline daily 

recommendation (Shields et al., 2009). However, even if all participants received the 30 minutes 

a day of physical education that most state education agencies require, this still leaves them well 

under the guidelines. Past research has found physical activity to have positive influences on 

executive functioning, with doses of aerobic physical activities as small as 20 minutes making a 

mark (Davis et al, 2011; Khodaverdi et al., 2021). When children with DS are included in 

structured physical activity programs, positive effects on physical ability and executive 

functioning skills are seen (Becker & Dusing, 2010; Moraru et al., 2015). Hence, increasing 

physical activity could be impactful for all children but especially for those who already have 

deficits in executive functioning. The present study found a significant correlation between the 

amount of physical activity and executive functioning for the entire sample, supporting findings 
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from a number of studies which utilized movement to improve executive functioning skills 

(Begel et al., 2021; Cherriere et al., 2020; Lakes & Hoyt, 2004; Lakes et al., 2019; Majorek et 

al., 2004; Manjunath & Telles, 2001; Oppici et al., 2020; Rudd et al., 2021; Shen et al., 2020; 

Zach et al., 2015).  

Physical Activity and Language 

 The findings from the current study support the existing research which posits that more 

physical activity is associated with better language outcomes (Carson et al., 2016; Mellor & 

Morini, 2023; Pruitt & Morini, 2021). In group-specific correlation analyses, we found that the 

amount of physical activity was positively correlated with language scores for children who are 

typically developing but not for our children with disabilities. This suggests that the relationship 

between structured physical activity and language may be different for children with disabilities. 

As seen in the example of unassisted sitting in infants, delays in attaining developmental motor 

milestones may mean fewer opportunities to explore the items and people around them which 

leads to language development (Iverson, 2021). Although the difference in amount of structured 

physical activity is not significantly different between groups, there may be a threshold to where 

the interaction between motor and language domains starts to have an effect, and the our lowest-

performing children may not be reaching that threshold.  Additionally, there may be a variable 

that the current study did not consider which may be interacting with physical activity to impact 

language. In a past study with children with DS, children with higher IQ scores showed benefit 

from co-treatment from a speech-language pathologist and adaptive PE teacher resulting in 

expressive word learning as compared to children with DS with lower IQ scores who struggled 

learning words regardless of co-treatment (Lund et al., 2019). In comparison, children who are 

DHH who have low language skills and less listening experience benefit from movement 

integrated instruction than children with DHH who have higher language skills and more 
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listening experience (Lund et al., 2015). Motor delays and motor impairments may be a potential 

reason for decreased structured physical activity participation in some children, and this 

decreased time spent in structured physical activity may indeed have cascading effects on 

language skills (West & Iverson, 2017).  Another possible barrier to participation in structured 

physical activities, especially for children with more severe disabilities, is lack of community 

support, which includes presence of accessible equipment and programs (Mahy et al., 2010). 

Lack of community-based programs may result in fewer opportunities for children with 

disabilities to interact socially, and social engagement has been shown to be important in 

developing language skills (Blum-Kulka, 2004; Vitiello & Williford, 2016).  

Physical Activity, Executive Function, and Language 

 Prior to the current study, there has not been research attempting to investigate the 

relationship between participation in structured physical activity, executive functioning, and 

language skills. By adding physical activity to the model, the model improved significantly. with 

a significant interaction effect of executive functioning and structured physical activity on 

language scores. The moderation effect was relatively low but significant and present such that at 

lower values of executive functioning (i.e., fewer problems with EF), the impact of participation 

in physical activity on language scores is lower. This finding may mean that the combined 

effects of executive functioning skills and increases in structured activity participation could be 

important in the development of language skills. There is a chance that the category of 

structured physical activity  is too broad, and a more focused evaluation of subtypes of 

structured physical activity may be beneficial. Future studies further evaluating this interaction 

and possible reciprocal interactions and benefits are warranted in order to use this data to inform 

interventions.  
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The results from this study align with the Dynamic Systems Theory for whole-child 

development. There is not one single pathway to develop language, cognition, or motor skills, 

but instead they appear to interact and react to not only environmental constraints but the 

absence and severity of a disability (Smith & 

Thelen, 2003; van Geert, 2000). The dynamic systems model predicts that for children with 

disabilities, gaps in development of one subsystem would affect the development of another, 

meaning both language and motor domains could be co-affected systems depending on the type 

and severity of the disability. The group differences seen in this study support this prediction, 

with children with global delay (i.e., DS) having more issues in overall development; however, 

the interconnections between domains were found for children who were DHH as well as those 

who were typically developing.  

Limitations and Future Directions 

This study provides avenues for future study for the understanding and use of dynamic 

systems theory as it relates to language development and intervention. A limitation of this study 

was its measurement of the motor domain. Parents were asked to report on participation in 

structured physical activities, but the study did not account for participation in motor activities 

such as free play or physical education. It is known that unstructured physical activity and 

physical education in schools help build executive functioning (Kingston et al., 2020; 

Subramanian et al., 2015); hence, adding a report of participation in unstructured physical 

activity and physical education could have provided a much more complete picture. 

Alternatively, the use of a physical activity monitor could be used to acquire reports of amounts 

and levels of physical activities. Additionally, a physical measure of motor ability could have 

also been beneficial. For example, both children who have profound hearing loss and those with 
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DS have higher risk of balance issues which may interact with their development of executive 

functioning and language (Capio et al., 2018; Melo et al., 2017). Having a measure of motor 

skills could have been a beneficial piece of information that tied together the domains.   

Future research might consider a qualitative study to identify themes surrounding 

participation in structured physical activities, including existing barriers to participation for the 

children with disabilities. There was a clear difference in the amount of structured physical 

activity between groups, and knowing what barriers exist would allow for some of those barriers 

to be extinguished. Qualitative inquiry would also provide more information regarding 

connections to the social-emotional domain of development, which is a domain that is important 

to whole-child development but was not a focus of this study. 

 A second, related limitation was that the measures for language and executive 

functioning were not the best for children with global delays as evidenced by a large portion of 

the sample of children with DS not completing the performance-based executive functioning 

measure, and experiencing floor effects on the language measure (i.e., the CELF-5). Although 

the CELF-5 is a reliable and valid measure (Coret & McCrimmon, 2015), it was not a useful 

measurement of the range of language skills in children with Down syndrome. A clear floor 

effect was seen in the Core Language Scores of these children. For example, a child who got a 

raw score of 10 on the Word Classes subtest clearly has a different level of skill than a child who 

got a raw score of 2; however, standardized scoring would dictate that both of these children 

would get a standard score of 1, leading to a very low Core Language Score. Hence, the scoring 

is not fine-tuned enough to measure important differences within this diagnostic group. This is 

likely related to the overall purpose of a norm-referenced assessment: ultimately norm-

referenced measures are designed to diagnose disability and not to capture nuanced differences 
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between children who fall in the lowest or highest percentiles of performance (McCauley & 

Swisher, 1984). It is possible that future research should include criterion-referenced measures as 

well for this particular subgroup. Relative to executive functioning, although the BRIEF-2 parent 

report form was an excellent measure of observed executive functioning, the NIH Toolbox was 

difficult for many of the children with DS. Only 11 participants with DS were able to complete 

the Toolbox, leading to the conclusion that another performance-based measurement of 

executive functioning could have been more informative. Otherwise, parent-based reports may 

be the best measure of executive functioning we have for children with DS and other global 

delays. 

Given the findings from this cross-sectional study, a longitudinal study may offer even 

more details about dynamic systems theory and the development of multiple domains. In the 

present study, we were able to make correlations regarding executive functioning, language, and 

physical activity; however, we were unable to measure gains in these areas resulting from 

differing doses of physical activity. All children are born with differing individual constraints 

that give them a different baseline in skills. A longitudinal study would allow us to evaluate what 

dose of physical activity is needed to see the impact on development of other domains. 

Additionally, a future study looking at multi-domain interventions for children with disabilities is 

warranted. Because this study s findings suggest that movement moderates the effect of 

executive functioning skills on language development, investing time in developing and 

evaluating multi-domain interventions is a logical next step. 

Conclusion 

Overall, this study provides knowledge that aligns with the dynamic systems theory for 

whole-child development in children with and without disabilities. Significant group-based 
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differences were found in the executive functioning  and language domains, with children with 

DS having more reported difficulties with executive functioning and lower language scores than 

children who are typically developing and children who are DHH. Executive functioning scores 

significantly predicted language, especially when accounting for the variability in language 

scores due to differences among groups. Further, participation in structured physical activity 

moderated the effect of executive functioning on language skills. These findings encourage 

further inquiry into the interrelationships between domains as well as support the use of multi-

domain interventions for children with disabilities to potentially strengthen both executive 

functioning and language. 
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CHAPTER V: CONCLUSION 
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Summary and Principal Findings 

Current literature in both executive functioning and language shows growing interest in 

the crossover of these domains; however, there is limited work evaluating how such crossover 

affects children at risk for secondary language disorders, providing a basis to determine how 

interventions that target multiple domains could benefit these children. The objective of this 

three-manuscript dissertation was to evaluate the relationship between multiple domains (i.e., 

language, executive functioning, and motor) in children with secondary language disorders and 

examine how it compares among varying etiologies. The long-term goal of this line of research is 

to explore the relation between multiple domains in children with language disorders to 

understand how the dynamic systems theory can be used to support better language outcomes. 

The dissertation included three articles, each evaluating multi-domain crossovers in children with 

secondary language disorders. The first article evaluated the relationship between the executive 

functioning skill of attention and language in children who are deaf and hard of hearing (DHH). 

The second article explored how the motor domain can be utilized to build language skills in 

children with Down syndrome (DS). The third article investigated the relationships between the 

domains of language, executive functioning, and structured physical activity in children who are 

DHH, children with DS, and children with no diagnosis, and evaluated how disability etiology 

played a role in these cross-domain relationships.  

Dynamic systems theory of development provided a theoretical background supporting 

this line of inquiry. The theory posits that multiple subsystems (e.g., motor, executive 

functioning, language) exist independently of the others, but they interact to influence 

development (van Geert, 2000). This dissertation work broadly hypothesized that relationships 

between domains exist and shape development differently based on individual (e.g., disability 

type) and environmental (e.g., intervention type) constraints. The findings of the three-article 
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dissertation support the hypothesis by identifying relationships between domains for children at 

risk for secondary language disorders and finding that multi-domain interventions help 

strengthen development.  

Relationships between Manuscripts 

This dissertation is comprised of three articles that each seek to answer a separate but 

related question regarding a dynamic systems-based approach to the development of children at 

risk for secondary language disorders. The three articles focused on different elements important 

to the hypothesis of the dissertation. 

In the first article, the domains of executive functioning, in this study represented by 

attention, and language were explored in the DHH population. Prior research looking at the co-

occurrence rates of Attention Deficit and Hyperactivity Disorder (ADHD) and hearing loss were 

generally inconclusive but found that parents of children who are DHH reported more ADHD-

associated behaviors than parents of typically hearing children (Theunissen et al., 2014a; 

Theunissen et al., 2014b). However, the limited prior research in this area did not consider the 

language needs of children who are DHH, which could cause over-reporting on ADHD 

questionnaires that contain heavily language-based items. In fact, in previous studies conducted 

by Redmond and colleagues, the over-reporting of ADHD behaviors in children with 

developmental language disorder was minimized when removing language-based items from 

ADHD questionnaires (Redmond, 2020; Redmond et al., 2019; Redmond, 2002). We adopted 

this strategy of removing language-based items from ADHD questionnaires for a sample of 

children who are DHH. We hypothesized that children who are DHH would have more reported 

ADHD-behaviors than children who are typically developing, and that the number of attention-

deficit behaviors would be correlated to their language abilities. Analyses revealed an effect of 

hearing status (whether children had typical hearing, wore cochlear implants or wore hearing 
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aids) on overall inattention ratings and social/academic performance. Children who use cochlear 

implants had significantly lower ratings of inattention, meaning their parents reported fewer 

issues with inattention. In comparison, children who use hearing aids had more social/academic 

performance deficits than children with typical hearing. Differences in inattention scores for 

children with cochlear implants remained even when items biased towards language skills were 

removed from the measure, but differences in performance for children with hearing aids 

disappeared. Omnibus language scores across groups significantly correlated with academic and 

social outcomes, whereas parent report of fatigue significantly correlated with inattention and 

hyperactivity. These correlations do suggest possible multi-domain connections for children who 

are DHH between language, attention, and fatigue.  

This first study demonstrates how, for children who are DHH, other domains of 

development may affect their experience of the world. Unlike prior work with children who have 

a primary language disorder (e.g., Redmond 2020), children who are DHH were not broadly 

overidentified as having ADHD-linked (i.e., executive functioning-related) behaviors based on 

their linguistic profile. However, the cognitive fatigue experienced by children who are DHH did 

relate to parent report of inattention and hyperactivity. The executive functioning domain and the 

language domain appear to interact within parent perceptions and interpretations of child 

behavior. This study, in combination with the work in children with primary language disorders, 

provides initial support that etiology may differentially affect the link between cognition and 

language.  

Building upon the idea that executive functioning skills, like attention, play into the 

language learning abilities of children at risk for secondary language disorders, the question of 

how we can utilize these multi-domain relationships in intervention was addressed. Children 

with global delay (e.g., DS, Williams syndrome) have a particular weakness in expressive 
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vocabulary (Caselli et al., 2008; Laws et al., 2015; Warren et al., 2008); however, relatively little 

research has evaluated best practices in vocabulary interventions for these children (Jordan et al., 

2011). Word learning requires memory and attention, executive functioning skills that are also 

often delayed in children with DS (Daunhauer, 2014). Thus, the second study of this dissertation 

aimed to evaluate how an activity that may aid memory and attention, dance (a new, motor 

domain), could also influence language.  

The theory of saliency posits that words become more memorable by adding components 

to them, such as motor movement (Wildt et al., 2019). The use of motor movement to help 

engage children and make words more salient created a three-domain intervention, allowing us to 

evaluate the use of a dynamic-systems theory-based approach to language treatment. The results 

from the dance-based intervention further added to our knowledge of the possible role of 

dynamic systems theory in the development of children with DS. Analyses revealed that 

preschool-aged children with and without DS gained significantly more words taught via 

movement than domain-specific intervention (i.e., traditional language therapy). Surprisingly, 

engagement, a context-dependent measure of attention in real-time, did not significantly differ 

across intervention types.  

An important finding from the study was that word gains in domain-specific intervention 

were highly correlated with teacher reports of working memory, suggesting that success in a 

language-only intervention relies on a developed executive functioning system. Alternatively, the 

word gains in the dance-based intervention were not correlated to any executive functioning 

skill, suggesting that the use of the motor domain via dance makes words more salient even in 

individuals with less-developed executive functioning systems. These results further support 

multi-domain relationships for children with secondary language disorders in terms of language, 

executive functioning, and movement. 
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The third article considered the findings from the first and second articles and focused on 

answering a more overarching question about the relationship among domains for children with 

secondary language disorders, particularly when the diagnoses associated with those disorders 

have different expected effects on nonverbal cognition. The first study identified a relation 

between cognition and language in children who are DHH, and the second study identified a 

relation between motor movements and language learning in children with DS (and, possibly, a 

separate relation between executive functioning and language learning in a non-motor 

intervention context). Extant research has found connections between language and executive 

functioning (Kaczmarek et al., 2018; Sikora et al., 2019), language and physical activity (Mellor 

& Morini, 2023; Pruitt & Morini, 2021), and physical activity and executive functioning (Carson 

et al., 2016; Erickson et al., 2019); however, research that evaluates the interconnectivity for 

children with secondary language disorders between all three does not exist. The dynamic 

systems theory suggests that all three of these domains 

& Thelen, 2003), and domain interactions may differ based on underlying disability diagnoses 

(i.e., individual constraints).  

For the third article, a moderate-scale investigation into the interaction of domains for 

children with and without secondary language disorders was conducted. Measures included 

parent reports of participation in physical activities, parent reports of executive functioning 

deficit behaviors, performance-based executive functioning tasks, and an omnibus standardized 

language measure for the 75 participants. Significant group-based differences were found in the 

executive functioning and language domains, with children with DS having more reported 

difficulties with executive functioning and lower language scores than children who are typically 

developing and children who are DHH. Executive functioning scores significantly predicted 
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language, especially when accounting for the variability in language scores due to differences 

among groups. Further, participation in structured physical activity moderated the effect of 

executive functioning on language skills. This final finding aligns with the dynamic systems 

theory of development and may act as a basis for the initial development of multi-modal 

interventions based in dynamic systems theories.  

Although the three articles investigated different components of language, executive 

functioning, and physical activity for children at risk for secondary language disorders, they each 

grow scientific knowledge regarding dynamic systems theory and its application to children who 

may have atypical development. 

Knowledge Gaps and Implications for Future Research and Practice 

The three articles in this dissertation answered many questions regarding the inter-

relations among domains of development while also opening the door to new questions to be 

answered through future investigations within this line of research.  

The three studies all utilized parent and teacher report to quantify executive functioning 

skills, reflecting how our understanding of this domain is reliant on parent and teacher views of 

executive functioning. Prior work, indicates however, that adult-report skills and performance-

based measures may not be equivalent: Ten Eycke and Dewey (2015) found that parent reports 

of executive function correlated with attention and academics; however, only performance-based 

measures of executive functioning correlated with motor skills. This suggests that parent reports 

may give a different  than direct measures of executive 

functioning, especially as it pertains to multi-domain relationships. Additionally, when using 

parent reports with children who have disabilities, the correlation between parent report and 

performance-based measures of executive functioning skills is minimal (Gardiner et al., 2017; 
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Vriezen & Pigott, 2010). This gap in knowledge calls for further inquiry into the use of parent-

report and performance measures in assessing executive functioning skills in children with 

disabilities.  

The first inquiry would be a qualitative investigation into what parents (and teachers) 

understand regarding executive functioning skills and how this understanding could shape their 

reports, especially when considering non-academic behaviors. It is possible that different 

diagnoses influence parent interpretations of behavior in different ways. Recent studies have 

started to integrate qualitative methods into measure development, but these inquiries have 

focused on children with ADHD (Matza et al., 2017) and autism spectrum disorder (Ledger-

Hardy, 2017).  

A second line of inquiry to evaluate the executive functioning measurement gap would be 

to develop and validate performance-based measures for children with more severe language and 

learning difficulties. In the third study, fewer than half of the children with DS were able to 

complete the performance-based measure of executive functioning. Ten percent of the children 

who were DHH were also unable to complete the performance-based measure. In the second 

study, a performance-based measure of executive functioning was planned but abandoned due to 

participant behavior and inability to complete even the trial items. Earlier research also found 

difficulties using performance-based measures with the DS population (Daunhauer et al., 2017). 

If executive functioning gains in short time periods are to be measured and utilized in research 

evaluating multi-domain interventions, an appropriate performance-based measure is needed.  

The three studies of this dissertation focused on the domains of executive functioning, 

motor, and language, but there are many other domains important to child development. Social 

emotional development has ties to movement and executive functioning (Gandotra et al., 2023), 
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and preliminary data has found that motor skills play a moderating role on executive functioning 

outcomes and social-emotional skills (Hill et al., 2023). Measures for social-emotional wellness 

have already been developed (Varni, 2001; Waldman et al., 2021). These measures have not 

been used to investigate multi-domain correlations and interactions in children with disabilities, 

especially in regard to language. Social emotional development is a vital consideration in treating 

a child with a language disorder, and further knowledge regarding domain interactions is needed 

to gain a full picture.  

This dissertation acts as a foundation for a line of research with the goal to explore the 

relation between multiple domains in children with language disorders to understand how the 

dynamic systems theory can be used to support better language outcomes. Thus, the overall 

future aim is improved intervention practices that enhance the effectiveness of speech-language 

therapy for children with language disorders. All three articles support the theory that a 

relationship between domains exists for children at risk for secondary language disorders. The 

second article, specifically, offers pilot data indicating how integrating the motor domain in 

language intervention can impact multiple domains regardless of level of need. Only a handful of 

intervention studies exist that pair movement with language-learning, and each reported 

significant gains in language skills (Duncan et al., 2017; Lund et al., 2019; Mellor & Morini, 

2023; Pruitt & Morini, 2021; Toumpaniari et al., 2015); however, only one of these studies 

evaluated the usefulness of movement-based interventions on children with language disorders. 

There is building support for these interventions for gains in all domains: language, motor, 

cognition, and social-emotional skills; however, they do not exist for the children who actually 

need them. A primary suggestion is to develop interventions and conduct clinical trials assessing 

gains in multiple domains for multiple disability groups. The transition into translational research 
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cannot occur without these foundational intervention trials. A second next step is a longitudinal 

study with children with secondary language disorders, methodically measuring each domain at 

regular time-points to evaluate how physical activity type, dose, and individual variables (e.g., 

age, IQ, disability type and severity) impact the effectiveness of intervention. No other 

longitudinal study of this nature exists, but it could answer many questions that cross-sectional or 

short-term intervention studies (such as the three articles in my dissertation) do not have the 

breadth of and depth to answer.  

In conclusion, these three articles are a call to action for scientists and clinicians across 

fields. For scientists, studies in child development, especially in diverse populations, should 

consider multi-domains instead of singular domain studies. Clinicians should not be afraid to 

think across domains; perhaps a model of service delivery that considers multiple, interacting 

domains, such as seen in early intervention, could be beneficial to aging children. Dynamic 

systems theories of development are strongly supported in literature and recent research focuses 

on exploring the everyday implications of multiple-domain development for children who are 

typically developing. Expanding these studies to children with delays in development is vital and 

is possible. The time is now for innovative inquiries that build evidence for practice and support 

better outcomes for children with language needs. 
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Appendix A 

Engagement Scales 

Rating Scale Description 

1 Extremely engaged; always imitates words/phrases when appropriate, always 
imitates movements, no redirecting to activity, independently stays in assigned 
spot. 

2 Very engaged; often imitates words/phrases when appropriate, often imitates 
movements, needs a few reminders to redirect attention to activity, 
independently stays in assigned spot. 

3 Somewhat engaged; inconsistently imitates words/phrases when appropriate, 
inconsistently imitates movements, some redirecting to the activity, some 
fidgeting, some inappropriate dialogue during activity, independently stays in 
assigned spot. 

4 Slightly engaged; never imitates words/phrases when appropriate, rarely 
imitates movements, needs constant redirecting to the activity, fidgeting, 
constantly talking with others while activity is continuing, inconsistently stays 
in assigned spot. 

5 Not at all engaged; never imitates words/phrases when appropriate, never 
imitates movements, even with constant redirection to the activity does not 
attend, fidgeting, constantly talking with others while the activity is occurring, 
unable to stay in assigned spot. 

Engagement Rating Scale: Dance Session 

Time Off Task Formula 

Total Time of Video  Time- Off Task = Total Amount of Time on Task 

Dance: ____-_____=____ 

  



 
  160 

Rating Scale Description 

1 Extremely engaged; always comments when appropriate, no redirecting to 
activity, maintains eye contact with activity without prompting, independently 
sits. 

2 Very engaged; often comments when appropriate, needs a few reminders to 
redirect attention to activity, maintains eye contact with activity with minor 
redirection, independently sits. 

3 Somewhat engaged; inconsistently comments when appropriate, some 
redirecting to the activity, inconsistent eye contact with activity, some 
fidgeting, some inappropriate dialogue during activity, independently sits. 

4 Slightly engaged; never comments when appropriate, needs constant 
redirecting to activity, does not maintain eye contact with activity, fidgeting, 
constantly talking with others while activity is continuing, inconsistently sits. 

5 Not at all engaged; never comments when appropriate, even with constant 
redirection to activity does not attend, does not maintain eye contact with 
activity, fidgeting, constantly talking while the activity is occurring, unable to 
sit independently. 

Engagement Rating Scale: Traditional Session  

 

Time Off Task Formula 

Total Time of Video  Time- Off Task = Total Amount of Time on Task 

Traditional: ____-_____=____ 
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Appendix B 

Sample Dance Intervention Lesson 

Sessions 1-6 

 

Set-up 

 Materials: music and speaker, props, and lesson words for the day 
 Students sit in a semi-circle around SLP (in assigned spots on the carpet); all having view 

of SLP 
 Music volume is appropriate to easily hear SLP 

 

Targeted Words: butterfly, snail, toes, fly, kiss, hide, climb, reach, top, below 

 

Exercise 1 

 
toes; straighten legs out to front, point and flex feet; round body like a snail in a shell 

 Words: butterfly, fly, kiss, toes, hide, snail 
 Instructions: SLP will have students follow along as she models movements 

  
 

 
  
  
  
 Repeat 5x 

  
  
  
 -2-  
  
  
 Repeat 5x 
 

 
  
  
  
 Repeat 5x 
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ball] 
 -2-  
  
  
 -2-  
 All: [legs and arms come outwards] 
 Repeat 5x
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