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Chapter 1. Introduction 

Down syndrome is a genetic disorder caused by abnormal cell division which results in 

an extra full or partial copy of chromosome 21 (Bull, 2020). The Centers for Disease Control and 

Prevention (CDC) states that the most common type of Down syndrome, accounting for about 

95% of cases, is Trisomy 21. Trisomy 21 is caused by an additional full copy of chromosome 21 

in all cells. Rarely, only a segment of chromosome 21 gets copied instead of the entire 

chromosome, which it is called partial trisomy (Karmiloff-Smith et al., 2016). The remaining 5% 

of Down syndrome cases are caused by Translocation (~3%) and Mosaicism (~2%). 

Translocation occurs when an extra full or partial chromosome 21 is attached to a different 

chromosome and Mosaicism occurs when only some cells are affected by the extra genetic 

material. With a frequency of 1 out of 700 births, Down syndrome is the most common 

chromosomal form of intellectual disability (CDC, 2022). 

 Stone carvings may suggest that Down syndrome existed thousands of years ago. 

However, it was John Langdon Down who named and identified the condition in 1866 (Rynders, 

1987). Down syndrome is one of the most recognizable developmental disabilities in the world 

due to unique phenotypic traits such as a flattened face, almond shaped eyes, a large tongue, 

and short neck and stature. Even with similar phenotypic features, these individuals have a wide 

range of cognitive abilities (CDC, 2022; Korenberg et al., 1994). A complete review of the 

etiology and general traits and characteristics of Down syndrome including the degree of 

intellectual disability is necessary before undertaking intervention.  

Compared to typically developing peers, individuals with Down syndrome experience 

general intellectual impairments including deficits in language development, cognitive 

development, and executive functioning (Abbeduto et al., 2001; Tomaszewski et al., 2018). 

These deficits include verbal, expressive language, attention, working memory, and adaptive 

skills (Greico et al., 2015). Adaptive behavior skills refer to skills that people need to function 

independently in different environments as well as make social connections. Communication 
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skills, social skills, and daily living skills are all components of adaptive behavior skills. These 

skills are another developmental deficit seen in children and adolescence with Down syndrome, 

most notably in communication and daily living skills (Marchal et al., 2016). Although these 

deficits in adaptive behavior skills impact their education and friendships in childhood, they 

continue to impact their lives past childhood including employment and residential 

independence (Tomaszewski et al., 2018). 

Down syndrome also presents with an increased risk for other health conditions such as 

cardiovascular diseases, metabolic disorders, respiratory disorders, gastrointestinal diseases, 

leukemia, Alzheimer’s disease, and musculoskeletal disorders (Bull, 2011). These 

musculoskeletal disorders including ligamentous laxity and low muscle tone can lead to an 

increased risk of injuries in this population and can also constrain motor development (Foley & 

Killeen, 2018; Thelen, 1989). Abnormal reflex development, obesity, and heart defects can 

inhibit motor development as well (Block, 1991). The sum of these constraints, as well as 

cognitive deficits, cause children with Down syndrome to exhibit a normal, but delayed 

sequence of motor skill development (Winders et al., 2019). They often reach milestones at an 

age two times that of a typically developing child (Palisano et al., 2001; Block, 1991).  

Gross and fine motor skills are recognized by the CDC as essential milestones important 

for a child’s development (CDC, 2022). However, motor development has other important 

functions besides mobility purposes. Researchers typically consider motor development and 

behavioral development separate, but the acquisition of these skills is fundamentally associated 

(Adolf and Hoch, 2019). Existing literature has established that there is a significant relationship 

between motor skills and the development of adaptive behaviors skills such as cognition, 

language, and social interactions in typically development populations and in children with 

autism spectrum disorder and developmental coordination disorder (Leonard & Hill, 2014). 

These findings are also consistent with Piaget’s Theory of Cognitive Development which 

proposes that infants gain knowledge and develop cognitive skills from physical action such as 
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walking and grasping (Piaget & Cook, 1952). A delay in motor development will prevent an 

infant or toddler from interacting with their environment and subsequently decrease their 

involvement in cognitively stimulating activities. This may have significant impacts on 

developmental areas such as adaptive behavior skills. Deficits in motor function and adaptive 

behavior skills may exclude individuals with Down syndrome from experiencing life events such 

as playdates, sports involvement, employment, higher education, and independent living. The 

proficiency of both motor skills and adaptive behavior skills impacts the quality of life of 

individuals with Down syndrome; however, little is known about the influence motor skill function 

has on all components of adaptive behavior skills.   

A plethora of past research has highlighted the importance of motor development as it is 

very important in a child’s early life. Yet, some of these relationships for individuals with Down 

syndrome are still not fully understood including the influence on adaptive behavior skills. The 

research that does exist only focuses on single components of adaptive behavior skills. This 

research has found that motor skill function impacts adaptive behavior skills such as cognition 

(El-Hady et al., 2018), language skills (Yamauchi et al 2019), and self-care (Beqaj et al., 2018). 

Additionally, an adaptive sport intervention has been shown to increase both motor function as 

well and social behavior skills (Perić et al., 2021). Nevertheless, there is insufficient research 

examining how motor skill proficiency including gross and fine motor skills affects all 

components of adaptive behavior skills. Ultimately, there needs to be additional literature to 

support and strengthen the view that motor development is essential to the development of all 

components of adaptive behavior skills in individuals with Down syndrome. 

Statement of Purpose 

The primary purpose of this study was to examine the relationship between motor skill 

function and adaptive behavior skills in individuals with Down syndrome. This study also aimed 

to understand which adaptive behavior skills are influenced the most by motor function. 
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Additionally, a secondary purpose of this study was to contribute to existing literature on the 

adaptive behavior skill profile of individuals with Down syndrome.  

Definition of terms 

Motor Skills 

 Motor Milestone. “A fundamental motor skill, the attainment of which is associated with 

acquisition of later voluntary movements. The order in which an infant attains these milestones 

in relatively consistent, although the timing differs among individuals” (Haywood & Getchell 

2019).   

 Motor Proficiency. “It is essential in early childhood for overall motor development and 

considered as the basis and building blocks of more complex movements skills” (Liu et al., 

2015) 

 Gross Motor Skills. “Gross motor subset evaluates skills that are important for 

movement and play: head control, rolling, sitting, walking, and balance. All of these skills are 

essential for future skilled motor performance” (Burakevych et al., 2017). 

Fine Motor Skills. “The fine motor subtest evaluates ocular-motor control, hand and 

finger movements, reaching and grasping, pre-writing skills, and the use of tools” (Burakevych 

et al., 2017). 

Adaptive behaviors  

Adaptive Behavior Skills. “Communication, daily living and social skills performed by 

individuals in their everyday lives” & “Learned behaviors that reflect an individual’s 

communicative, social and practical competence to meet the demands of everyday living and 

fluctuating environments” (Schalock et al. 2010). 

Communication Skills. “Communication skills include language ability, numeracy, 

academic skills and self-direction” (Schalock et al. 2010). 

Daily living skills. “Daily living skills include daily living skills, safety, health care, 

routines and occupational skills” (Schalock et al. 2010). 
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Social Skills. “Social skills include social responsibility, self-esteem, interpersonal skills 

and social problem solving” (Schalock et al. 2010). 

Limitations  

A limitation of this study is that most participants were recruited from (expensive, higher 

SES) educational programs or the Special Olympics which may impact the generalizability of 

this study. Both programs have a core focus of improving the education, health, and well-being 

of these individuals. At the educational programs, these students get very personalized attention 

on their deficits and how to improve them which will have an impact on their adaptive behavior 

skills. The participants that were recruited from the Special Olympics are athletes and their 

athletic status could affect their motor function as well as their adaptive behavior skills. They 

may be practicing their sport often which will lead to better motor skills. Additionally, both the 

education programs and Special Olympics require these individuals to work with their peers 

which may impact their adaptive behavior skills such as social and communication skills. 

Another limitation is the lack of a control group without motor impairments. Without a control 

group, it may be difficult to clearly examine the effects of cognition versus motor function on the 

adaptive behavior skills. Finally, adaptive behavior skills were based on parent report which 

could produce response bias. This response bias could be intentional meaning parents might 

not want their child to seem as impaired as they are. It could also be unintentional meaning a 

parent might not realize what their child is capable of, or they might not understand what a 

question is asking.  

Assumptions 

This study utilized both questionnaire data and assessment data. There were two main 

assumptions during this study. First, it was assumed that the participant’s guardian in this study 

was answering the questionnaire questions as truthfully and accurately as possible. Additionally, 

that the participants understood what was being asked of them and they performed to the best 

of their ability during the motor assessment. Finally, it was assumed that the measurements 
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were reliable and accurate for this population. Furthermore, the researcher that conducted the 

assessment is proficiently trained and carried it out reliably. 

Summary 

Few studies have examined the relationship between motor skills and all components of 

adaptive behavior skills. There is a lack of research examining how motor function, both fine 

and gross motor skills, influences all adaptive behavior skills in individuals with Down syndrome. 

The primary purpose of this study was to examine the associations between motor skill function 

and adaptive behavior skills in individuals with Down syndrome. 
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Chapter 2. Review of Literature 

 The purpose of this literature review is to present the current understanding of Down 

syndrome as well as the developmental delays exhibited in individuals with Down syndrome. 

Furthermore, this literature review also presents previous research findings regarding motor 

function and its relationship with adaptive behaviors skills in typically developing children as well 

as the limited studies involving children with Down syndrome. These findings are relevant to 

parents with children with Down syndrome, practitioners, therapists, and health educators.  

Down Syndrome 

Although depicted in sculptures and drawings thousands of years ago, Down syndrome 

was not recognized until 1866 when a doctor named John Langdon Down named the disorder 

(Rynders, 1987). The cause of Down syndrome was unknown until 1932, when Waardenburg, a 

Dutch ophthalmologist, and Davenport, an American geneticist, suggested the disorder may be 

a result of a chromosomal abnormality (Mégarbané et al., 2009). Now, 90 years later, Down 

syndrome is the most common genetic disorder affecting 1/700 live births (Bull, 2020). There 

are multiple types of Down syndrome which are caused by different chromosomal abnormalities. 

All types of Down syndrome are a result of abnormal cell division which results in an extra full or 

partial copy of chromosome 21 (Bull, 2020). Down syndrome has three main causes: trisomy 

21, translocation, and mosaicism. In most cases, about 95%, Down syndrome is due to trisomy 

21 which is caused by an additional copy of an entire chromosome in every cell, resulting in a 

total of 47 chromosomes (Coppedè, 2016; Patterson, 2009; Bull, 2020). In about 88% of trisomy 

21 cases, the extra chromosome is from the maternal genes and arises due to an error in cell 

division during meiosis called nondisjunction (Hassold & Hunt, 2001). Rarely, only a segment of 

chromosome 21 gets copied instead of the entire chromosome, which it is called partial trisomy 

(Karmiloff-Smith et al., 2016). The remaining 5% of cases are due to either mosaicism or in rare 

cases due to the inheritance of a chromosomal rearrangement called translocation (Coppedè, 

2016; Patterson, 2009). Mosaicism is rare and occurs when some, but not all cells have an 
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extra copy of chromosome 21 (Karmiloff-Smith et al., 2016). Since there are still cells that have 

the correct number of chromosome 21, individuals with mosaicism may have fewer phenotypes 

of Down syndrome (CDC, 2022). Finally, translocation occurs if a portion of chromosome 21 

attaches to another chromosome. Translocation is the only cause of Down syndrome that can 

be inherited from the parents. However, not all cases of translocation are inherited (Karmiloff-

Smith et al., 2016). Since defects in maternal genes are the main cause of Down syndrome, 

maternal risk factors are important to understand. Although there are multiple maternal risk 

factors for Down syndrome, the leading risk factor is maternal age past 35 years old (Wu & 

Morris, 2013; Allen et al., 2009). If an individual is older than the age of 35 while pregnant, 

physicians are aware of the increased risk of Down syndrome and will likely prenatally screen 

for this disorder.   

If Down syndrome is suspected during a pregnancy, it can be prenatally diagnosed by a 

noninvasive screening called cell-free DNA which has a detection rate of 99% (Carlson et al., 

2017). The use of this type of noninvasive prenatal screening has reduced the use of invasive 

testing like amniocentesis or chorionic villus sampling (Rink et al., 2016; Bull, 2020). Yet, many 

cases of Down syndrome are not diagnosed until birth when the physician may notice the 

appearance of the infant. The initial, postnatal diagnosis of Down syndrome comes from a 

physical examination of the newborn by a practitioner. A Down syndrome diagnosis is typically 

accompanied by physical and cognitive characteristics. Compared to typically developing peers, 

individuals with Down syndrome experience general intellectual impairments including deficits in 

language and cognitive development (Abbeduto et al., 2001). Down syndrome presents with 

physical characteristics such as a flattened face and nasal bridge, short neck, small ears, 

tongue out of mouth, small hands and feet, single palmar crease, poor muscle tone, and shorter 

stature (Bull, 2011; Roizen, 2003). Once Down syndrome is suspected, the most appropriate 

genetic test to confirm it is a karyotype (Sheets et al., 2011; Bull, 2020). After diagnosis, an 
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individual with Down syndrome will require lifelong medical care as they are typically affected by 

numerous medical conditions (Valentini et al., 2021).  

From birth, an individual with Down syndrome is at an increased risk for many physical 

health conditions. Research examining 736 children and young people with Down syndrome 

found that they present with a high prevalence of potentially treatable medical conditions 

including, but not limited to, heart defects, sleep apnea, leukemia, alopecia, hearing loss, 

gastrointestinal disorders, respiratory disorders, and thyroid diseases (Valentini et al., 2021). As 

medical care is advancing, the life expectancy of individuals with Down syndrome is increasing 

and is currently around 60 years old. Consequently, as individuals with Down syndrome are 

living longer, the prevalence of age-related comorbidities such as Alzheimer’s disease is also 

increasing (Fortea et al., 2020). Throughout their lifespan, individuals with Down syndrome are 

also at a higher risk of musculoskeletal defects. Among the musculoskeletal defects, individuals 

with Down syndrome typically present with ligamentous laxity and low muscle tone which can 

increase the risk of musculoskeletal injuries including the dislocation of the hip or patellar, 

planovalgus feet, and atlantoaxial subluxation (Bull, 2020; Foley & Killeen, 2018; Selby et al., 

1991). Due to both musculoskeletal defects and heart defects making exercise difficult and 

dangerous as well as a thyroid disorder slowing their metabolism, individuals with Down 

syndrome are at higher risk for obesity (de Winter et al., 2012). An individual with Down 

syndrome may struggle with one or more medicals conditions which will affect them throughout 

their life.  

In addition to lifelong medical care, individuals with Down syndrome also require more 

supervised care in educational, employment, and residential settings. Deficits in executive 

functioning and adaptive behavior skills make it difficult for an individual with Down syndrome to 

live an independent life (Tomaszewski et al., 2018; Will et al., 2018). These deficits include 

verbal skills, expressive language, attention, working memory, and adaptive skills (Greico et al., 

2015). Although individuals with Down syndrome struggle with most adaptive behaviors, they 
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are sociable and outgoing unlike other intellectual disabilities (Greico et al., 2015). Physical and 

cognitive deficits affecting individuals with Down syndrome can put constraints on their motor 

and psychosocial development.  

Dynamic Systems Theory  

Dynamic Systems Theory can be applied to developmental processes where there are 

constraints that inhibit an individual to acquire new skills. This theory proposes that there are 

three constraints (individual, task, and environment) that influence the development of a skill or 

behavior (See Appendix A for diagram of theory) (Thelen,1989). Constraints can either 

discourage or encourage development. Individual constraints refer to the individual’s unique 

physical and mental characteristics and can be structural such as height, weight, or vison or 

functional such as fear or motivation. Task constraints refer to the goals and rules of the 

movement or behavior. Environmental constraints refer to the world around the individual 

including temperature and terrain. These subsystems interact with one another to enhance or 

inhibit development (Thelen,1989). The development defined in this theory can be applied to 

both the development of motor skills and adaptive behavior skills.   

Development in Down Syndrome  

Motor Development  

Specifically, Dynamic Systems Theory can be applied to motor development. As 

previously stated, individual structural constraints are present in nearly all individuals with Down 

syndrome including short stature, decreased strength, hypotonia, and ligament laxity (Bull, 

2020). Other constraints that affect some, but not all, individuals with Down syndrome include 

heart defects and obesity (Valentini et al., 2021; de Winter et al., 2012). When applying 

individual constraints to motor development, the presence of these constraints can contribute to 

delays in motor development (Agulló & González, 2006). These constraints can make physical 

activity dangerous or difficult for children with Down syndrome, thus contributing to the motor 
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delays. Although this paper’s focus is on individual constraints, other factors such as motivation, 

available equipment, and environmental features can impact motor development.  

Gross motor development seen in children with Down syndrome follows a similar 

sequence compared to the motor development of their typically developing peers (Winders et 

al., 2019). Yet, the average acquisition time of gross motor skills is later (Winders et al., 2019) 

and can even be double the typical acquisition time seen in typically developing children (Kim, 

Kim et al., 2017). One major gross motor milestone for infants is the ability to independently 

walk. For a typically developing infant this milestone occurs around 12 months; however, for 

children with Down syndrome this skill may not develop until 23 - 28 months of age (Winders et 

al., 2019; Kim, Kim et al., 2017). Although children with Down syndrome eventually achieve 

most motor milestones, deficits in gross motor skills continue throughout their lifespan into 

adulthood (Carmeli et al., 2012). Deficits in fine motor skills are important to consider as they 

are very important when completing activities of daily living. Priosti et al. (2013) found that 

children with Down syndrome have deficits in both grip strength and manual dexterity, two 

necessary elements for fine motor skills. Furthermore, Dolva et al. (2004) reported that children 

with Down syndrome were less capable of performing fine motor skills such as tying shoelaces 

and brushing teeth. The deficits in motor development are significant; however, they are not the 

only deficit seen in individuals with Down syndrome.  

Adaptive Behavior Skills Development 

Dynamic Systems Theory can also be applied to the development of adaptive behavior 

skills. Adaptive behaviors are learned behaviors that reflect an individual’s communicative, 

social, and practical competence to meet the demands of everyday living. As environments 

change, people must learn new skills in order continue to meet the environmental demands. 

Individual constraints such as height, strength, motivation, and attention span can all influence 

learning a behavior. Additionally, environmental factors such as the education system and 

parental support can influence learning a behavior.  
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The development of adaptive behaviors skills in individuals with Down syndrome 

progresses slowly and may never fully develop as deficits in adaptive behavior skills are present 

across all ages (Will et al., 2018; Coe et al., 1999; Marchal et al., 2016; Tomaszewski et al., 

2018). Duijn et al. (2010) found that children with Down syndrome compared to typically 

developing children develop their adaptive behavior skills at a slower pace and reach a ceiling 

score around 12 years old. Adaptive behavior skills are the functional ability of a human to 

practice independence and social responsibility (Doll, 1953). The importance of adaptive 

behavior skills in the diagnosis of an intellectual disability is recognized by the American 

Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disorders (American 

Psychiatric Association, 1994) and the International Classification of Functioning, Disability, and 

Health (World Health Organization, 2001). There are three domains to adaptive behavior: (1) 

communication skills which refer to language abilities, reading and writing, number, time, and 

money concepts, (2) social skills which include interpersonal skills, friendships, social 

participation, and social problem-solving, and (3) daily living skills which include self-care skills, 

activities of daily living, the ability to use transportation, and the ability to use technology (Tassé 

et al., 2012).  

When examining the separate components of adaptive behavior skills, previous literature 

shows that the socialization skills of individuals with Down syndrome are stronger than the other 

two aspects of adaptive behavior skills: communication and daily living skills (Fidler et al., 2006; 

Marchal et al., 2016; Tomaszewski et al., 2018). Communication and social skills have been 

found to get worse with age, whereas daily living skills remain stable (Makary et al., 2015). 

Proficient adaptive behavior skills are essential for independence in both work and residential 

settings for individuals with intellectual disabilities (Woolf et al., 2010; Dell’Armo & Tassé, 2018). 

A previous study found that adaptive behavior skills, mainly daily living skills, are a predictor of 

employment status in individuals with Down syndrome (Tomaszewski et al., 2019). Ultimately, 

adaptive behavior skills have a large impact on an individual’s quality of life (Balboni et al., 
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2020). Overall, the proficiency of both motor skills and adaptive behavior skills impact 

individuals with Down syndrome; however, little is known about the influence motor skill function 

has on adaptive behavior skills.  

The Relationship Between Motor Skill Function and Adaptive Behavior Skills 

The Theory of Cascades of Development 

There may be limited research that examines the influence motor skill function has on 

adaptive behavior skills. However, there are multiple theories that support this concept. For 

example, Adolf and Hoch’s Theory of Cascades of Development (2019) states that motor 

development is enabling for other behavioral development including perception and cognition, 

language and communication, and emotional expression and regulation (See Appendix B for 

diagram of theory). These authors clearly specify that motor development is the rate limiter in all 

other areas of development (Adolf & Hoch, 2020). They theorize that motor development is 

embodied, embedded, enculturated, and enabling (Adolf & Hoch, 2019). Adolf and Hoch (2019) 

define these terms as the following: action depends on the current state of one’s body, 

environments constrain action, society and culture can shape motor behavior, and motor skills 

create opportunities for exploring and learning that impact development across diverse 

psychological domains. This theory encompasses many aspects of motor development such as 

how a disability may limit motor development and how motor development may limit 

psychological development. As Adolf and Hoch used the terms embodied, embedded, and 

enculturated, the Dynamic Systems Theory framework also emphasizes the interplay of an 

individual’s personal factors and environmental factors and how they influence motor skill 

development (Thelen, 1989). The term “enabling” used by Adolf and Hoch explains the 

immense impact motor development has on other developmental areas. This aspect of Adolf 

and Hoch’s theory is consistent with a theory by Piaget and Cook (1952) which proposes that 

infants gain knowledge and development cognitive skills from physical actions. Ultimately, 

theories by Piaget and Cook and Adolf and Hoch may be separated by decades of research, yet 
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they support the same idea that motor development is the steppingstone to many other areas of 

development. Based on these theories, there can be an expected relationship between motor 

skill function and involvement in activities including adaptive behaviors skills.  

The relationship between motor skill proficiency and adaptive behavior skills needs to be 

fully explored in individuals with Down syndrome. There have been insufficient studies looking 

directly at this relationship and those that exist have examined these relationships in children 

with autism spectrum disorder and other developmental disorders. Although these studies were 

examining a different population, the authors found positive associations between motor skills 

and adaptive behavior skills in children with autism spectrum disorder (MacDonald et al., 2013; 

Bremer & Cairney, 2018; Leonard & Hill, 2014) and developmental coordination disorder 

(Leonard & Hill, 2014). Children with Down syndrome show different deficits in both motor and 

adaptive behavior skills than children with autism spectrum disorder and developmental 

coordination disorder, so it is important to study these relationships in their population. 

Nonetheless, there have been studies that examine motor skill proficiency and its impact on 

different, individual components, of adaptive behaviors in Down syndrome.  

Motor function and Communication Skills 

The most studied component of adaptive behavior skills is communication which includes 

language abilities, reading and writing, number, time, and money concepts. A previous study 

found that typically developing toddlers who developed more proficient motor skills, were more 

likely to explore their environments, and by 14 years old they were more likely to achieve a 

higher academic level (Bornstein et al., 2013). This is consistent with Piaget’s theory of 

cognitive development which proposes that during the sensorimotor stage of learning infants 

gain knowledge and develop cognitive skills from physical action such as walking and grasping 

(Piaget & Cook, 1952). In agreement with this theory, the ability to sit independently, a gross 

motor skill developed in infancy, has been shown to be a good predictor in language 

development (Libertus & Violi, 2016). Campos et al. (2000) reported that a delay in motor skill 
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acquisition could influence the entirety of development and cause greater cognitive deficits. 

More recently and within the population of Down syndrome, gross motor skill proficiency has 

shown to have positive impacts on cognition (El-Hady et al., 2018) and language development 

(Yamauchi et al., 2019). Although fine motor skills are often overlooked, one study reported a 

relationship between fine motor skills and math ability in children ages 5 – 6 years old (Pitchford 

et al., 2016). Specifically in individuals with Down syndrome, Chen et al. (2014) found a 

relationship between the development of fine motor control and cognitive control. Previous 

literature supports the relationship between motor skill function and communication skills in 

Down syndrome; however, there is limited literature examining the other components of 

adaptive behavior skills.  

Motor Function and Social and Daily Living Skills  

The majority of research that exists on the relationship between motor function and 

social skills is studied in typically developing children or children with a general developmental 

disability. As early as developing the motor milestone of walking, Karasik et al. (2014) found that 

learning to walk affected infants’ social interactions. Among children with developmental 

disabilities, fine motor skills were found to be predictive of social skills (Kim et al, 2016). While 

no studies directly examine the association between motor skills and social skills in Down 

syndrome, a study implementing a soccer training intervention noted that there were gains in 

both motor skills and social behavior skills (Perić et al., 2021). For children to be able to play 

with their peers and participate in sports, they must be able to perform motor skills. Participating 

in more games and unstructured play with their peers has been shown to increase a child’s 

social skills and ability to make friends (Brooks et al., 2015). Finally, when examining how motor 

function influences daily living skills, one study found that as motor skills of typically developing 

children increased, so did their daily living skills like self-care (Sezici & Akkaya, 2020). 

Furthermore, two studies have found motor skill function to be a good predictor in daily living 

skill ability such as self-care in children with Down syndrome (Beqaj et al., 2018; Volman et al., 
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2007). Although insufficient literature exists, there have been associations found between motor 

skill function and both social and daily living skills in individuals with Down syndrome. This 

concept needs to be analyzed with a more robust approach examining motor function and all 

components of adaptive behavior skills.   

Research Questions 

There is limited research examining the relationship between motor skill function and 

adaptive behavior skills in individuals with Down syndrome. Therefore, the following research 

questions were proposed: 

1. What were the associations between motor skills and adaptive behavior skills in 

individuals with Down syndrome?  

2. Were there different strength relationships between motor function and the three 

components of adaptive behavior skills?  

3. What was the adaptive behavior profile of individuals with Down syndrome? 

Hypotheses 

It was hypothesized that individuals with Down syndrome who had better motor skills 

would have better adaptive behavior skills. Additionally, it was hypothesized that the strength of 

the relationship between motor function and all components of adaptive behavior skills would be 

equal. Finally, it was hypothesized that the social skills domain of adaptive behaviors would be 

the strongest adaptive behavior skill for individuals with Down syndrome.  

Significance of Research 

Individuals with Down syndrome show deficits in both motor skills (Winders et al., 2019) and 

adaptive behavior skills (Will et al., 2018). Furthermore, adaptive behavior skills are necessary 

to live an independent and high-quality life (Balboni et al., 2020). These skills can help with 

employment, building relationships, and living independently (Woolf et al., 2010; Tomaszewski 

et al., 2018). If the proficiency of motor skills supports the development of better adaptive 

behavior skills in children and adolescence with Down syndrome, then it justifies the importance 
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of early interventions and rehabilitation focusing on motor skill development. It also supports the 

need for more intervention research examining which early motor skill interventions are the most 

appropriate for increasing motor function in infants and children with Down syndrome. Such 

interventions could help prevent individuals with Down syndrome from having severe deficits in 

adaptive behavior skills which could increase their opportunities in life and ultimately increase 

their quality of life.  
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Chapter 3. Method 

Participants 

The International Review Board (IRB) approved of all methods for this study. A power 

analysis was run to calculate the total sample size needed to determine whether a correlation 

coefficient differs from zero (Hulley et al., 2013). Expecting to find a correlational value 

somewhere between a 0.5-0.7 (alpha: 0.05; beta: 0.8-0.2), the power analysis calculated a 

target total sample size of 13-29 participants.  

Twenty-two (M=11, F=11) individuals with Down syndrome, ages 8 – 32 years old 

(M=18.06 ±6.07) were recruited from Special Olympics in Texas and other Down syndrome 

organizations throughout North Texas and Southeast Michigan. At Special Olympic events, 

booths were set up that provided Texas Christian University a research area where participants 

could learn about and participate in this study. Participants that were recruited from other Down 

syndrome organizations came to a research laboratory for data collection. Consent was 

received from the parent or guardian of the participants or from the participant themselves, if 

they were at least 18 years old. In addition to consent, verbal and written assent was received 

from the individual with Down syndrome. Inclusion criteria included a Down syndrome 

diagnosis, and that they were free of any injury. Exclusion criteria included individuals that had 

any medical condition that limited participation in motor function evaluations.  

Measurements 

Demographics 

To obtain background information on each participant, a demographic questionnaire was 

given to the parent or guardian of each participant (Appendix C). After completing the consent 

form, the parent or guardian completed the demographic questionnaire to record: sex, age, 

height, weight, gender, ethnicity, household income, and parent or guardian’s highest level of 

education. 
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Adaptive behavior skills   

The Vineland Adaptative Behavior Scales, 3rd edition (Sparrow et al., 2016) was used to 

assess adaptive behavior skills. The Vineland-3 consists of the interview form, parent/caregiver 

form, and teacher form (see Appendix D for the scale and forms). The Vineland-3 also has a 

domain level assessment and a more in-depth comprehensive level assessment. This study 

utilized the comprehensive parent/caregiver form. This assessment was completed remotely by 

a parent or guardian. Following in-person data collection, an email was sent to the parent or 

guardian including instructions on how to complete the Vineland Adaptative Behavior Scales 

assessment. This email provided a URL link to a platform called “Q-Global.” “Q-Global” is a 

web-based system for administering, scoring and reporting Pearson assessments including the 

Vineland Adaptive Behavior Scale. Once the parent or guardian began the assessment, they 

had one month to finish it. They were able to stop and start the assessment as often as needed 

and the previous answers were saved.  

The assessment is divided into 5 domains: communication, daily living skills, socialization, 

and optional sections for motor skills and maladaptive behavior skills. However, this study only 

collected information for the first three domains detailed below. In each domain, there are three 

subdomains with items addressing certain criterion. Each item under the different subdomains 

needed to be given a score ranging from 0 – 2. A score of 0 means the individual never 

engages in the activity described by the item. A score of 1 means the individual sometimes 

engages in the activity described by the item. A score of 2 means the individual habitually 

engages in the activity described by the item. Additionally, the parent or guardian can check off 

a box that says “estimated,” if they were not confident in their answer. Estimated responses are 

summed to confirm these responses would not affect the results. The raw score is the 

summation of the scores from each item and can be converted into standardized scores with a 

norm table based on age. Finally, these standardized scores are then used to find the overall 

adaptive composite score. The Vineland Adaptive Behavior Scales has demonstrated a high 
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validity ranging between 0.41-0.98 and reliability ranging between 0.86 – 0.97 for assessing 

adaptive behavior skills (Pepperdine & McCrimmon, 2018). It must be noted that compared to 

the previous version, the Vineland-3 produces lower scores amongst individuals with intellectual 

and developmental disabilities, and these differences get larger for individuals with lower levels 

of ability (Farmer et al., 2020). Overall, the Vineland-3 is an effective and efficient method to 

measure adaptive behavior skills and the domains are described below.  

 Communication Domain. The communication domain assesses how well the individual 

can exchange information with others. It is further divided into 3 subdomains: receptive, 

expressive, and written. The receptive communication subdomain contains questionnaire items 

addressing the ability to understand, listen, and pay attention. The expressive subdomain 

addresses pre-speech expression, language, vocabulary, and expressing complex ideas. The 

written subdomain addresses reading, writing, and typing skills (Sparrow et al., 2016). 

Daily Living Domain. The daily living domain assesses the individual’s performance on 

everyday skills relative to their age group. It is further divided into three subdomains: personal, 

domestic, and community. The personal subdomain contains items addressing the ability to 

care for themselves including eating, toileting, dressing, grooming and health care. The 

domestic subdomain contains items addressing safety at home and chores. The community 

subdomain contains items addressing technology skills, rules and rights, times and dates, job 

skills, money skills, and transportation (Sparrow et al., 2016).  

 Social Domain. The social domain assesses an individual’s functioning in social 

situations. It is further divided into three subdomains: interpersonal relationships, play and 

leisure time, and coping skills. The interpersonal relationships subdomain contains items 

addressing responding to others, understanding emotions, thoughtfulness, friendships, and 

dating. The play and leisure time subdomain contains items addressing playing, sharing, and 

going places with friends. The coping subdomain contains items addressing manners, 

apologizing, responsibility, controlling impulses, and keeping secrets (Sparrow et al., 2016).  
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Motor Skills  

The Bruininks-Oseretsky Test of Motor Proficiency Short Form 2nd edition (Bruinicks and 

Bruinicks, 2005) was used to assess fine and gross motor skills using the 4 motor area 

composites including fine manual control, manual coordination, body coordination, and strength 

and agility. Participant’s motor skills were evaluated in-person. Each of these motor composites 

have two subtest which are listed and described below. It is a norm-referenced, standardized 

measurement for individuals 4 – 21 years old. Each subtest has a raw score which can include 

number of points, number of correct activities performed, or number of seconds performed. The 

raw scores are added up and converted into standardized scores with a norm table organized 

by age and sex. It is designed to help diagnose motor impairments as well as be used as a 

measurement in research (Cools et al., 2009). Several reviews have examined the 

measurement properties of gross motor assessment tools for use with typically and atypically 

developing children and adolescents. Currently there is no test specifically designed to measure 

and assess motor skills and motor competence in older individuals. While there is no single 

ideal measure of gross motor competence in adults many of the test items in the Bruininks-

Oseretsky Test of Motor Proficiency Short Form are relevant motor skills in older populations. 

As a result, the data from individuals that were over the age 21 years old, were converted into 

standardized scores using the norms for a 21-year-old.  

The short form was used instead of the complete form due to time constraints. It consists of 

fourteen test items proportionally selected from the 8 subtests of the complete form (see 

Appendix E for the scale and forms). Additionally, according to Bruininks and Bruininks (2005), 

there is a strong correlation between the short form and the complete form (r = 0.80 to 0.87). 

The Bruininks-Oseretsky Test of Motor Proficiency Short Form, 2nd edition has demonstrated 

validity ranging from 0.50 – 0.80 and excellent reliability greater than 0.90 for evaluating the 

motor skills of children and adolescents (Deitz et al., 2009). Additionally, 6 of the 14 subtests 

were found to have fair to good reliability with an intraclass correlation coefficient (ICC) ranging 
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from 0.40 to less than 0.75, and 3 were found to have excellent reliability with an ICC of 0.75 or 

greater (Nocera et. al., 2021). Five of the 14 subtests have poor reliability for youth with Down 

Syndrome. Poor reliability was defined as an ICC less than 0.40 (Nocera et. al., 2021). The 

overall score and percentile rankings for the Bruininks-Oseretsky Test of Motor Proficiency 

Short Form have excellent reliability for children with Down Syndrome (Nocera et. al., 2021). On 

the contrary, Essebaggers (1999) reported that the short form version of this assessment may 

not be a valid tool for measuring motor proficiency in adolescence with Down syndrome.   

 Subtest 1: Fine Motor Precision. This subtest includes activities that require precise 

fine motor control in the fingers and the hand. The Short Form consists of two activities: drawing 

lines through paths and folding paper. The performance is based on how well the participant 

can stay within the boundaries for drawing and folding and it is an untimed test. (Bruininks & 

Bruininks., 2005) 

 Subtest 2: Fine Motor Integration. This subtest includes activities that require the 

participant to be able to reproduce various geometric shapes as accurately as possible. These 

tasks also require the ability to integrate visual stimulus with motor control because there are no 

additional visual aids or guidelines. The Short Form consists of two activities: copying a square 

and copying a star. The performance is based on multiple facets including basic shape, closure, 

edges, orientation, overlap, and overall size. (Bruininks & Bruininks., 2005) 

 Subtest 3: Manual Dexterity. This subtest includes activities that involve reaching, 

grasping, and bimanual coordination with small objects. These tasks are supposed to resemble 

daily activities like using eating utensil, buttoning buttons, and playing with cards and puzzles. 

The Short Form consists of one activity which is transferring pennies. The performance is based 

on speed and accuracy. (Bruininks & Bruininks., 2005) 

 Subtest 4: Bilateral Coordination. This subtest includes activities that are required to 

play sports and recreational games. They involve body control, and sequential and 

simultaneous coordination of the upper and lower body limbs. The Short Form consists of two 
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activities: jumping in place and tapping feet and fingers with the same sides synchronized. The 

performance is based on the number of successful jumps or taps. (Bruininks & Bruininks., 2005) 

 Subtest 5: Balance. This subtest includes activities that are integral for maintaining 

posture when standing, walking, and performing other common everyday activities. These 

activities evaluate stability of the trunk, stasis and movement, and the use of visual cues. The 

Short Form consists of two activities: walking forward on a line and standing on one leg on a 

balance beam. The performance is based on the number of steps taken and the amount of time 

the participant can balance. (Bruininks & Bruininks., 2005) 

 Subtest 6: Running speed and Agility. This subtest includes activities that require 

speed and agility. The Short Form consists of one activity which is a one-legged stationary hop. 

The performance is based on the number of hops the participant can do in 15 seconds. 

(Bruininks & Bruininks., 2005) 

 Subtest 7: Upper-Limb Coordination. This subtest includes activities that involve 

visual tracking with coordinated arm and hand movement. The Short Form consists of two 

activities: dropping and catching a ball with both hands and dribbling a ball with alternating 

hands. The performance is based on the number of catches and dribbles the participant can do. 

(Bruininks & Bruininks., 2005) 

 Subtest 8: Strength. This subtest includes activities that involve trunk and upper and 

lower body strength. Strength is important to assess as it plays a large role in any gross motor 

skill. The Short Form consists of two activities: knee push-ups or regular push-ups and sit ups. 

The performance is based on how many the participant can complete in 30 seconds. (Bruininks 

& Bruininks., 2005) 

Procedures 

After receiving IRB approval, recruitment and data collection began. Researchers set up 

a specific station to recruit and collect data at the Special Olympics in Texas. Other participants 

were recruited through emails and phone calls to Down syndrome organizations throughout 
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North Texas and Southeast Michigan. The procedures of this research had an in-person and 

remote component. The in-person component took around 45 minutes and took place at the 

Special Olympics event or in a research laboratory setting. The in-person components began 

with the researcher asking the participant if they would like to participate in the research study. 

After explaining the project, the researcher asked for written consent from both the parent or 

guardian or from the participant, if they were over 18-year-old. In addition to consent, verbal and 

written assent was received from the individual with Down syndrome. Once consent and assent 

were received, the researcher began with the parent/guardian demographics survey. The 

researcher then assessed the motor skills of the participant using the Bruininks-Oseretsky Test 

of Motor Proficiency, 2nd edition Short Form. After the in-person data collection, the researcher 

sent an email to the parent or guardian containing a link to the Vineland Adaptive Behavior 

Scale remote assessment. The Vineland Scales of Adaptive Behaviors assessment was fully 

remote and took the parent or guardian around 30-45 minutes to complete depending on the 

adaptive functioning level of the child. Results from the two assessments were provided to the 

participants and parents/guardians once the scoring and interpreting was complete.  

Statistical Analysis  

This study was designed as a correlational research study using both questionnaire data 

and objective data. Independent variables included gender, sex, and age. Dependent variables 

included motor skill function and adaptive behavior skill function. Once all the data was 

collected, statistical analysis using Statistical Package for the Social Sciences (SPSS) (IBM 

Corporation, Armonk, NY) tested the relationship between motor skills and adaptive behavior 

skills including the composite, communication, social, and daily living scores in individuals with 

Down syndrome. For the primary purpose of this study, a Pearson correlation was used to 

assess the strength of these associations. For the secondary purpose of this study, descriptive 

statistics and a one-way ANOVA was used to compare the mean scores for the adaptive 

behavior skill domains. For exploratory purposes, Pearson correlations were also run to 
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examine the associations between family household income and parents’ education and motor 

skill function and adaptive behavior skill function. Finally, an independent t-test was run to 

confirm that there were no gender or ethnicity differences in any of the variables used in the 

study.  
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Chapter 4. Results 

Demographic information about each participant was recorded. This information was 

completed by a parent or guardian. Sex, age, height, weight, gender, ethnicity, household 

income, and parent or guardian’s highest level of education was documented. Descriptive 

characteristics of participants can be found in table 1 and parent/guardian household income 

and education information can be found in table 2. The mean age of participants (11 male, 11 

female) was 18.06 ± 6.07. Ninety-five percent of the sample was white. Of those 21 individuals, 

18% of them were white, Hispanic and 82% were white, non-Hispanic. Sixty-eight percent of the 

participants were of healthy weight status. Twenty-seven percent were overweight or obese, 

and only 4% were underweight. Sixty-eight percent of families from this sample had an average 

household income of over $100,000. Additionally, ninety- one percent of the participants had a 

parent with a bachelor’s degree or higher. Pearson correlations were run to examine the 

associations between household income and motor function and adaptive behavior skills. 

Correlations were also run to examine the associations between parental education and motor 

function and adaptive behavior skills. Results showed no significant correlations between 

household income and motor function or adaptive behavior skills or between parental highest 

education and motor function and adaptive behavior skills. 
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Table 1 

Descriptive statistics for participants (ages 8 – 32) with Down syndrome 

 DS (n=22) 

Age (years) 18.06 ± 6.07 

Sex; n (%)  

    Male 11 (50%) 

    Female 11 (50%) 

Race; n (%)  

     White  21 (95%) 

     Other 1 (5%) 

Ethnicity; n (%)  

     Hispanic 4 (18%) 

     Non-Hispanic 18 (82%) 

BMI 24.80 ± 4.20  

BMI Classification; n (%)  

     Underweight 1 (4%) 

     Healthy  15 (68%) 

     Overweight 4 (18%) 

     Obese 2 (9%) 

 

Table 2 

Descriptive statistics for parental income and education 

 Parent (n=22) 

Parental income; n (%)  

     $10,000 - $49,000 3 (14%) 

     $50,000 - $74,999 2 (9%) 

     $75,000 - $99,999 2 (9%) 

     $100,000 - $150,000 7 (32%) 

     Over $150,000 8 (36%) 

Parental education; n (%)  

     High School 0 (0%) 

     Some of college 2 (9%) 

     Bachelor’s degree 9 (41%) 

     Master’s degree 7 (32%) 

     Doctorate degree 4 (18%) 
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Prior to testing the study’s hypotheses, descriptive statistics were computed for the 

standardized motor function and adaptive behavior skills scores. These scores are presented 

mean ± SD (range). The mean score for the Bruininks-Oseretsky Test of Motor Proficiency was 

27.3 ± 3.7 (20 – 33). Sixty-eight percent of participants scored at or below the 1st percentile for 

motor proficiency. The Vineland Adaptive Behaviors domain scores are expressed as standard 

scores with a mean of 100 and standard deviation of 15. The mean score for the overall 

adaptive behavior composite score was 68.9 ± 10 (20 – 77). The mean score for the 

communication, daily living, and social adaptive behavior score was 67.7 ±12.6 (20 - 79), 67.4 ± 

11.8 (28 - 81), and 72.6 ±11.6 (32 - 85), respectively. These statistics are shown in table 3. 

Additionally, independent t-tests were run to examine any sex or ethnicity differences in 

variables. The independent t-test showed no sex or ethnicity differences in any of the variables. 

 

Table 3 

Descriptive Statistics for Motor Function and Adaptive Behavior Skills in Individuals with Down 
syndrome 

Assessment Mean (± SD) Minimum Maximum 

 Motor function  27.3 ± 3.7 20.0 33.0 

Adaptive behavior overall composite 68.9 ± 10.0 29.0 77.0 

       Communication domain 67.7 ± 12.6 20.0 79.0 

       Daily living domain 67.4 ± 11.8 28.0 81.0 

       Social domain 72.6 ± 11.6 32.0 85.0 

 

A Pearson correlation was run to examine the relationship between motor function 

scores and adaptive behavior scores. After running Pearson correlations with an alpha value of 

0.05, there was a positive, moderate, and significant relationship between motor function and 

the overall adaptive behavior composite and the communication domain of adaptive behavior 

(r=0.50). There was a positive, weak, and significant relationship between motor function and 

the social skills domain and the daily living skills domain of adaptive behavior (r=0.49 and 
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r=0.43, respectively). These relationships are shown in table 4 and figures 1-4. This means that 

motor function can help explain about 25% of the variance in the overall adaptive behavior 

composite score and the communication domain, about 24% of the variance in social skills 

domain, and about 18.5% of the variance in the daily living domain. Ultimately, these results 

showed that there are significant associations between motor function and adaptive behavior 

skills in individuals with Down syndrome. Individuals that have more proficient motor function, 

also had more proficient adaptive behavior skills. 

Table 4 

Pearson Correlation Values Between Adaptive Behavior Skills and Motor Function 

Adaptive behavior domain Motor Function Significance 

Adaptive behavior overall composite 0.50* p=0.018 

Communication domain 0.50* p=0.017 

Daily living domain 0.43* p=0.045 

Social domain 0.49* p=0.020 
*. Correlation is significant at the 0.05 level (2-tailed). 

 
Figure 1 

Relationship Between Motor Function and Adaptive Behavior Overall Composite 
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Figure 2 

 
Relationship Between Motor Function and Communication Adaptive Behavior Domain 

 
 
 
 
Figure 3 

 
Relationship Between Motor Function and Daily Living Adaptive Behavior Domain 
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Figure 4 

Relationship Between Motor Function and Social Adaptive Behavior Domain 

 
 

Finally, a one-way ANOVA was also run to compare the mean scores for the individual’s 

adaptive behavior components. There was not a significant difference at the p<.05 level 

between the three different adaptive behavior domains: communication, daily living, and social 

skills (p=.275). No post-hoc was run due to insignificant results. The mean social adaptive score 

was higher than the other two adaptive behavior scores. These results are shown in figure 5. 

Figure 5 

Mean scores of the 3 adaptive behavior domains 
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Chapter 5. Discussion 

 The primary purpose of this study was to examine the relationship between motor 

function and adaptive behavior skills in individuals with Down syndrome. The results showed 

that there was a weak -to- moderate, positive, and significant relationship between motor 

function in individuals with Down syndrome and their adaptive behavior skills. Within the three 

different domains of adaptive behavior skills, the strongest association was between motor 

function and communication skills (r=0.50). The next strongest association was between motor 

function and social skills (r=0.49). The weakest, yet still significant, association was between 

motor function and daily living skills (r=0.43). These relationships are concurrent with previous 

literature.  

 The most researched adaptive behavior skill is the communication domain. This domain 

encompasses many areas of cognitive development including listening, understanding, talking, 

memory skills, writing, reading, and reading comprehension. Consistent with the moderate 

association found in this study, a longitudinal study examining motor skill development in 

toddlers and their academic status by 14 years old found that those toddlers who developed 

more proficient motor skills, were more likely to have higher cognitive abilities and achieve 

higher academic levels by high school age (Bornstein et al., 2013). In accordance with these 

results, a study analyzing the predictability of gross motor skills on language development found 

that the ability to sit independently in infancy was a good predictor in the development of 

language (Libertus & Violi, 2016). In addition to examining gross motor function, the Bruinicks - 

Oseretsky Test of Motor Proficiency short form also included subtests that assessed fine motor 

function. Since the results of this study found the overall motor function score to be correlated 

with communication skills, it can be inferred that both fine motor and gross motor function has 

links to communication skills. This conclusion is consistent with previous research that has 

found relationships between fine motor skills and math ability (Pitchford et al., 2016) and 

reading and writing ability including: decoding, vocabulary, print knowledge skills, letter- word 
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identification and phonological awareness in preschoolers and children (Grissmer et al., 2010, 

Cameron et al., 2015, Cameron et al., 2012). Although an abundance of literature examines 

these associations, few examine it within the population of individuals with Down syndrome. The 

literature that does exist examining this relationship in Down syndrome, is consistent with the 

results in this study. Yamauchu et al. (2019) found that motor development was correlated with 

both cognitive and language development in young children with Down syndrome. They also 

suggested that achievement of walking could facilitate later cognitive and language 

development in children with Down syndrome. In addition, a previous study examining the 

correlations between cognition (attention/concentration), motor function, and quality of life found 

positive, moderate, and significant relationships between all variables (El-Hady et al., 2018). 

Finally, a previous study reported a relationship between find motor control and cognitive control 

skills in in adolescents with Down syndrome (Chen et al., 2014). The correlations found 

between motor function and communication skills in individuals with Down syndrome in this 

study is concurrent with previous research.  

 Although there is less research examining the associations between motor function and 

the other two adaptive behavior domains: daily living skills and social skills, the literature that 

exists is consistent with the results in this study. Sezici and Akkaya (2020) found a positive, 

statistically significant relationship between typically developing children’s motor skills and daily 

living skills such as self-care skills. Previous research examining this relationship in individuals 

with Down syndrome, found a very strong and significant relationship between fine and gross 

motor skills and functional performance (Beqaj et al., 2018). Functional performance in the 

article by Beqaj et al. (2018) was defined as activities such as grooming, eating, dressing, 

activities related to household maintenance, and operation of electronic devices. Slightly 

different from the results in this study, Beqaj et al. (2018) were able to find stronger associations 

between the two variables, having manual dexterity and grip strength explaining about 80.4% of 

the variance in the daily activities section of PEDI-CAT. Another study came to a similar 
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conclusion, indicating that motor ability including manual dexterity, balance, and ball skills was a 

significant predictor of functional status of children with Down syndrome (Volman et al., 2007). 

The correlations found in this study may not have been as strong as previous literature 

potentially due to response bias in the daily living skills domain section on the Vineland Adaptive 

Behavior Scale. Response bias could include the parent or guardian underestimating the 

functional ability of their child. Another potential cause for this difference is the participants 

underperforming on the motor skills in the Bruinicks - Oseretsky Test of Motor Proficiency.  

Previous literature examining the relationship between motor function and social skills 

also found significant associations; however, this literature was limited in typically developing 

individuals and near absent in individuals with Down syndrome. One study found that 

developing early motor milestones such as learning to walk effected a typically developing 

infants’ ability to have social interactions (Karasik et al., 2014). Research examining this 

relationship in children with developmental disabilities found that fine motor skills were 

significantly associated with social skills (Kim et al., 2016). This relationship did not exist with 

gross motor skills, and the strength of the relationship differed by disability type (Kim et al., 

2016). The conclusions of Kim et al. (2016), may be able to help explain why this current study 

did not find a stronger association between motor function and social skills. The ability to 

socialize may differ between types of disabilities and since individuals with Down syndrome tend 

to naturally have more proficient social skills, motor function may have less effects on the 

development of social skills. Previous research showed that motor ability including ball skills, 

balance, and manual dexterity was significantly and moderately associated with social cognitive 

performance (Beqaj et al., 2018). More applicable, a previous study that examined the effects of 

a soccer training intervention on social skills in children with Down syndrome, found that the 

intervention increased both motor function as well and social behavior skills in these children 

(Perić et al., 2021). Additionally, a pilot study examining the effects of an adapted dance 

program for children with Down syndrome found significant improvements in gross motor 
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function (McGuire et al., 2019). McGuire et al. (2019) also assessed parental perceptions post-

dance intervention and half of the parents reported improvements in their child’s social 

behaviors. For example, one parent stated, “I think his social skills are much better than 3 

months ago.” While research is limited in this area, the results of this study do concur with 

previous literature examining the role that motor function has on daily living skills and social 

skills.  

A secondary purpose of this study was to contribute to existing literature on the adaptive 

behavior profile of individuals with Down syndrome. The results of this study, although 

insignificant, were consistent with previous literature. Starting with the adaptive behavior profile 

as early as toddler age, the emerging areas of relative strengths in social skills were similar to 

that which has been described in older children and young adults with Down syndrome (Fidler et 

al., 2016). Previous studies as well as the results of this study support an adaptive profile that 

has strengths in social skills compared to the other two adaptive behavior skills in individuals 

with Down syndrome. Marchal et al. (2016) found this same pattern of strengths and 

weaknesses in adolescence with Down syndrome. The results in this study were in agreement 

to those of Marchal et al. (2016) that found social skills was a stronger adaptive skill than 

communication skills followed by daily living skills. Finally, Tomaszewski et al. (2018) examined 

the separate components of adaptive behavior skills in adults and found that the socialization 

skills of individuals with Down syndrome were stronger than the other two aspects of adaptive 

behavior skills: communication and daily living skills. Unlike Marchal et al. (2016) and this 

current study, daily living skills scored higher than communication skills in adults with Down 

syndrome. The results in this study were consistent with social skills being the most proficient 

adaptive behavior skill in individuals with Down syndrome. Yet, there is inconclusive results on 

whether daily living skills or communication skills are more proficient. Since the individuals in 

this study ranged from childhood to adulthood, it could lead to a question of whether within that 

age range (8 – 32), daily living skills overtakes communication skills in individuals with Down 
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syndrome. For example, a 10-year-old with Down syndrome might have more proficient 

communication skills, but as they age their daily living skills may get better, even surpassing 

their communication skills. This proposed theory would be consistent with previous research 

that has found that communication skills get worse with age whereas daily living skills remain 

stable in adults with Down syndrome (Makary et al., 2015). Overall, the descriptive patterns 

seen in the adaptive behavior domains in this study were consistent with previous research. 

Although more data would be needed, these results could help support previous research that 

shows adolescence with Down syndrome have more proficient communication skills than daily 

living skills. Also supporting that with age, communication skills worsen whereas daily living 

skills remain stable or even get better. 

Implications 

Although more concrete evidence is needed, the relationships found in this study provide 

evidence that motor function may be enabling for other forms of development. These findings 

support Adolf and Hoch’s Theory of Cascades of Development (Adolf & Hoch 2020), providing a 

basis for the justification of early motor development interventions for infants and children with 

Down syndrome. These interventions in turn will facilitate the development of adaptive behavior 

skills which increases the likelihood of these individuals living independently, obtaining 

employment, and building meaningful relationships (Tomaszewski et al., 2018). This research 

concludes that, although more randomized control studies are needed, occupational and 

physical therapy should focus more on early motor development interventions for infants with 

Down syndrome. 

Limitations and Future Directions 

This study had potential limitations. This study lacked a control group of individuals 

without motor impairments. Without a control group, it may be difficult to clearly examine the 

effects of cognition versus motor function on the adaptive behavior skills. Future research 

should include a control group of individuals with intellectual disabilities but without motor 



   
 

 

37  

impairments in order to examine the confounding effects of cognition on adaptive behavior 

skills. These studies will be able to more accurately state that motor function is a main 

contributor to the variance in adaptive behavior skills. Furthermore, the design of this study was 

purely observational which resulted in the inability to state any causal relationships. Future 

research should focus on implementing early motor skill interventions in infants and children 

Down syndrome and measuring the changes in motor function as well as adaptive behavior 

skills as they age. Results from randomized control studies could help strengthen evidence for 

The Theory of Cascades of Development (Adolf & Hoch 2020). There is also indication that the 

assessment used to measure motor proficiency in this study may need to be validated for this 

population (Essebaggers 1999). This creates limitations as some of the motor skill results may 

not reflect the overall motor proficiency of the participants. Future research should consider 

using a more accurate method of measuring motor function. Some potential options, depending 

on the participants ages would be the Test of Gross Motor Development (Ulrich, 2016), The 

Peabody Developmental Motor Scales (Folio, 1983) or the complete form of the Bruinicks - 

Oseretsky Test of Motor Proficiency (Bruinicks & Bruinicks 2005). Another limitation is that the 

assessment used to measure adaptive behavior skills, as with other similar measures, is reliant 

upon a parents or guardian rating their child which is susceptible to response bias. Finally, there 

were limitations within the demographics of the participants. The majority of this sample were 

non-Hispanic, white individuals. Although a portion of the sample were Hispanic, there were no 

black or Asian individuals. Since the independent t-test showed no ethnicity differences in any of 

the outcome variables, the narrow diversity of the sample may not have had a large effect on 

the results. This would have been more conclusive if the sample contained individuals of other 

ethnicities. Additionally, the sample was affluent which may not be representative of the 

population of families with children with Down syndrome. These demographics could cause 

confounding factors within the study such as better education or life experiences affecting their 

adaptive behavior skills. However, analysis showed no significant associations between income 
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or education and outcome measures. Overall, the participant demographics could limit the 

generalizability of the results of this study.  

Conclusions 

 Individuals with Down syndrome display significant impairments in adaptive behavior 

skills in comparison to typically developing peers. These impairments can further decrease their 

opportunities in life such as getting a higher education, employment, and independent living. 

Motor development may be a key enabler of development in other areas such as 

communication skills, daily livings skills, and social skills. Future research should examine early 

motor skill interventions and the effects they might have on adaptive behavior skills in 

individuals with Down syndrome. These studies can help discover the most effective early motor 

skills interventions which practitioners can begin to implement in the lives of infants with Down 

syndrome.   
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ABSTRACT 

THE ASSOCIATION BETWEEN MOTOR SKILLS AND ADAPTIVE BEHAVIOR SKILLS IN 
INDIVIDUALS WITH DOWN SYNDROME 

 

By 
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Children with Down syndrome (DS) exhibit delayed motor development (Winders et al., 

2019). Furthermore, individuals with DS show deficits in adaptive skills necessary to live an 
independent and high-quality life (Balboni et al., 2020). Researchers consider motor 
development and behavioral development separate; however, the acquisition of these skills are 
fundamentally associated (Adolf and Hoch, 2019). There is insufficient research examining how 
motor skill function affects adaptive skills in individuals with DS. The primary purpose of this 
study was to examine the associations between motor and adaptive skills in individuals with DS. 
Twenty-two participants with DS (ages 8 – 32) completed the Bruininks-Oseretsky Test of Motor 
Proficiency Short Form and The Vineland Adaptative Behavior Scales. Results showed no 
significant differences between the three adaptive domains: communication, daily living, and 
social skills (p=.275). There was a positive, moderate, and significant relationship between 
motor function and overall adaptive behavior composite (r=0.50). Results support that motor 
development may be a key constraint in the development of communication, daily livings, and 
social skills. 
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