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Chapter 1
., Introduction

Autism spectrum disorder (ASD or autism) is a pervasive developmental disorder
characterized by deficits in social skills, communication and repetitive or restricted
interests (APA, 1994). Recent prevalence statistics suggest that 1 in every 110 children
are diagnosed with ASD (CDC, 2011; Matson & Kozlowski, 2011). Tﬁe continuous rise
in diagnosis has been the focus of controversy and makes autism one of the most frequent
childhood neurodevelopmental disorders {(Fombonne, 2009; Matson & Kozlowski, 2011).
Global sereening for autism has been recommended by the American Academy of
Pediatrics (AAP) for all young children twice by 24 months of age (AAP, 2007). National
campaigns have been initiated by major research-driven autism authorities to educate
parents on the early signs of ASD (CDC;2011; Yirmiya & Ozonoff, 2007; Zwaigenbaurn
et al., 2005; Zwaigenbaum et al., 2007), Diagnostic measures have been standardized
and can identify children with autism at a very voung age (Gotham, Risi, Pickles, &
Lord, 2007; Luyster et al., 2009; NRC, 2001). The bene% of early diagnosis ailows
families to enroll their children as soon as possible in early intervention which is the most
widely accepted mode of behavioral freatment (Dawson et al,, 2010; Eikeseth, 2009;
Kasari et al., 2005; Kasari, Gulsrud, Wong, Kwon, & Locke, 2016).
The necessity of early intervention for young children with autism has been clearly

indicated (Dawson, et al., 2010; Eikeseth, 2009; Hayward, Eikeseth, Gale, & Morgan,



- 2009; Kasari, et al., 2005). Research has shown that early intervention improves daily
living skills, academic performénce and soctal communicative skills in young children
with autism (Dawson, et al., 2010; Kasari, Freeman, & Paparella, 2006; Kasari, Gulsrud,
et al., 2010; Lovaas, 1987; Rogers, Hali, Osaki, Reaven, & Herbison, 2000; Rogers et al.,
2006; Wong & Kwan, 2010). Different treatment methods are used in early intervention,
however the overarching concept is similar- to teach social communicative skiils needed
for successful daily living, with the purpose of generalizing these skills beyond the
treatrment setting (Kasari, et al., 2005; Laugeson, Frankel, Mogil, & Dilion, 2009;
Machalicek et al., 2008),

Deficits in social communicative skills are the hallmark characteristic of autism
and interventions for young children with autism are driven by these deficits (Dawson, et
al., 2010; Eiliott, Gresham, Frank, & Beddow, 2008; Gresham, Sugai, & Horner, 2001;
Kasari, et ai.,-ZOOS; McConnell, 2002; Rogers, et al,, 2000). Although early intervention
services are available for young children with autism, the content of early intervention
varies across settings.  For example, some services are focused on teaching discrete
social communicative skills, such as making eye contact with a caregiver, improving
requesting skills, and learning éymboiié"ﬁiéy skills (Kasari, et al., 2006; Lovaas, 1987).
Other programs are focused on more g!a%al'"{is-b'cial communicative skills and offer an
opportunity for parers to interact with their children in an environment that fosters play
through providing toys and equipment intended to engage children in social play

(Dawson, ef al., 2010).



Models of early intervention

A number of studies have provided value pertaining to the importance of early
intervention for young children with autis;:in. One of the earliest documented and most
widely cited early interventions for youﬁg &iﬂdren with autism is applied behavioral
analysis (commonly known as ABA) established by Lovaas (1987). ABA consists of
teaching children typical social communicative skills needed for daily living through
positive reinforcement and repetition. Examples of social commumicative skills taught
include requesting, sharing, functional play (with construction toys or puzzles) and
symbolic piay. This intensive early intervention provides direct one-on-one instruction
| with an interventionist and is generally implemented for 40 hours per week. ABA
research indicates that young children improve intellectual and educational fimectioning

(Lovaas, 1987). Lovaas’s study has had a significant impact on the content of early

intervention and although this study resulted in children making significant social

communicative gains, the absence of a contr;bl group made it hard to fuﬁy attribute these
gams to the intervention itself. Since Lovaas’s {1987) study more thorough research
guidelines have been established for intervention research in autism (Lozd et al., 2005).
These guidelines include standardized methods of diagnosis and the use of randomized
clinical trials (Gotham, Pickles, & Lord, 2009; Gotham, et al., 2007; Lord, 2000a; Lord,
et al., 2005, Luyster, et al,, 2009).

Subsequent studies have met the recommended research guidelines for early
intervention and indeed positive social communicative changes have resulted (Dawson, et
al, 2010; Kasan, et al., 200(?; Kasari, G}llsmd, et al., 2010; Kasari, Paparella, Freeman, &

Jahromi, 2008, Lord, et al., 2005). In an _éariy intervention focused on teaching parents to



implement behavioral strategies targeted at improving social communicative skills in
their children, significant improvements were found (Késari, et al., 2008). This
intervention, which took place in the child’s home, showed improvements of joint
attention (ncn-verbal communication about a third entity with another person) and
symbolic play skills (substituting one object for another} in young children with autism
(Kasari, et al., 2008). Another in-home early intervention resufted in improvements of
cogmition, language and social deveIopn“i%‘:nf:{}?{ogers, et al., 2000; Vismara, Colombi, &
Rogers, 2009). This model of early intervention, the Denver model, combined the rigor
of ABA with play-based routines that took place in the child’s home (Rogers, et al.,
2000). Recently, in a randomized contro! trial using a modified version of the same
intervention found significant improvements in language, iﬁteliectuai development and
daily living skills (Dawson, et al,, 2010).
Dose, duration and content of early intervention

Despite evidence on the effectiveness of early intervention, the content of early
intervention differs based on the model implemented. Some interventions focus on
diééreie social communicative skills whﬂe ‘other interventions focus on more global
social communicative skills (Bruinsma, Koegel, & Koegel, 2004; Dawson, et al., 2010;
Kasari, et al., 2006; Kasari, et al., 2008). Interventions with direct one-on-one instruction
with the child and an interventﬁonist have been implemented {Dawson, et al., 2010;
Lovaas, 1987). The content of these programs often revolves around the child’s typical
datly routines and the social content within these routines, such as verbal and nen-verbal

requestinig, play, and appropriate behavior (Dawson, et al., 2010; Lovaas, 1987). Other

interventions have been implemented and target specific social communicative skills



mncluding joint attention and symbolic pl ay (Bruinsma, et al., 2004; Kasari, et al., 2006).
Although various models of early interv.cr.;;irpn exist and the fidelity of the
implementation has been met, there are always slight differences across settings and
interventionists {Dawson, et al., 2010; Kasari, et al., 2006; Kasari, Gulsrud, et al., 2010;
Kasari, et al., 2008; Lovaas, 1987; Vismara, et al., 2009). Although the necessity of early
intervention has been clearly indicated the specific content of early intervention has less
agreement amongst the research community (Kasari, et al., 2005).

Best practice recommendations for early intervention include 1) immediate
enrollment in early intervention when children are suspected of having antism spectrum
disorder, 2) a minimum of 25 hours of direct one-on-one instruction weekly and 3} the
opportunity to interact with age-matched iypicany developed peers (NRC, 2001). These
guidelines have been formed based on eonsénsus from experts (Lord, et al., 2005), but
research regarding all aspects of these guidelines is ongoing, Parent-friendly methods of
treatment are needed in order to meet the constraints some families face adhering to these
recommendations (Meadan, Ostrosky, Zaghlawan, & Yu, 2009). One aspect of the
recommendations that appears to be difficult to meet is the number of intervention hours.
Twenty-five hours of one-~on~one instruction has been recommended, while some
interventions suggest more time spent in ipterveation other studies have shown
improvements with less time than the recommendation (Lovaas, 1987; Vismara, et al.,
2009). A modification of the Early Start Denver Model (Rogers, et al., 2000), offered a
different dose of program treatment and i%z}ilementing a model of intervention consisting
of fewer hours (Vismara, et al., 2009), ’I,.;.l'}e'{%ci‘cus of the intervention was fo decrease the

number of hours parents spent {raining with an interventionist. Using a multiple baseline



approach, the authors found that one hour of didactic parent training si gnificantly
improved the children’s social communicative skills through increased utterances with
their parents, imitative behaviors and attentiveness (Vismara, et al., 2009).

With as lifile as 6 hours of parent training having positive effects on the child’s
social communicative behaviors there is a need to further explore program dose and how
to maximize time spent in early interveﬁtiéﬁ' with the social communicative benefits
(Anderson, Oti, Lord, & Welch, 2009; \;iszé{ara, et al., 2009). Consequently, aspects of
treatment dose continue to be questioned (Eikeseth, 2009; Kasari, et al., 2005; Meadan, et
al,, 2009,

Social communicative intervention for school-aged children

Social skills become more complex as children get older and because of this the
social scene becomes more difficult for older children with autism to navigate
(Bauminger & Kasari, 2000; Bauminger, Soloman, et al., 2008; Bauminger, ﬁoicmon, et
al., 2008; Baaminger, Solomon, & Rogers, 2010). Interventions and programs for ofder
children with autism are driven by social qommunicative deficits (McConnell, 2002;
Williams White, Keonig, &"Scahill, 2007) Some of the behavioral strategies used for
early intervention are also appropriate f(;r scicia] communicative interventions of school-
aged children with ASD, when the appropriate age-related adaptations are made
(Liceiardello, Harchik, & Luiselli, 2008). Age-related adaptations can be made to
strategies such as prompting and rehearsal, play-based activities, free-play activities,
reinforcement, modeling, storytelling and direct instruction. These behavioral strategies
are all examples of techniques that have been successfully implemented and used in

social communicative interventions across different ages (Vaughn et al., 2003).



The content of social skills i)rogf;;ms for séhooi~aged children varies, but the
basic premise of all interventions is to 'ieachr age-appropriate social skills needed for daily
living (Bellini & Peters, 2008; Bellini, Peters, Benner, & Hopf, 2007). Both the content
and delivery method of social skills programs range in nature, Social skills program
delivery has included social stories, peer training, video feedback, modeling social skills,
coaching social skills, behavior rehearsal, direct feedback, time-delayed feedback,
positive reinforcement of appropriate social skills and both didactic and activity-based
settings (Bellint & Peters, 2008; Bellini, et al., 2007; Chan, O'Reilly, & Leblanc, 2008;
Chung et al., 2007; Liber, Frea, & Symon, 2008; Williams White, et al., 2007). The
content of social skills programs typicaliyr‘:focuses on general social skills needed for
daily living, such as making eve con'iac't;‘}"%tllé_' to and fro use of conversation, making
friends, understanding sarcasm and more generalty social graces needed in forming
friendships. However, in some social skills programs behavior management and more
discrete skills need to be taught, including skilis such ag hygiene, money management,
and other independent skills, It is generally agreed that social skill programs are a
necessity for school-aged children with autism (Frankel et al., 2010, Laugeson, et al,,
2009; Mc(;‘onﬂell, 2002).

To what extent these programs have led to improvements in social comnunicative
skills remains uncleer, For example, a meta-analysis by Bellini et al., (2007) found
minimal hﬁprovements when school-based social skills programs were studied,
Generally, it appeared that some immecii:.léiﬂ;ér ?ééciai improvements occurred during and

immediately following the intervention, such as increases in positive behaviors and



decreases in negative behaviors. Unfortunately long-term social change and generalizing
learned skills over time were limitations (Beliini, et al., 2007).

When a social skills intervention was implemented where stories were read and
each story targeted specific social skill, results indicated improvements in positive social
behaviors such as children raising their hands (o ask a question and decreases in negative
behaviors such as inappropriate vocalizatioﬁs {Chan, et al., 2008}, Comprehensive
questions based on the story were administered to judge understanding, followed by a
role-play of a social situation to facilitate skill practice. Although the children in this
study improved their social skills, the study was limited by a small sample size (N=2),
In another social skills intervention, lasting 12 weeks, peer trainers and video feedback
were used in 8 more didactic program format (Chung, et al., 2007). The intervention
found improvements in social skills such as increased appropriate conversation and
decreased inappropriate conversations for some of the participants (Chung, et al., 2007).
However improvements in social skills were not maintained three months following the
ntervention. A

In summary, it is generally agreéd thiat children with autism can benefit from
social skills programs (McConnell, 2002; Williams White, et al., 2007). Reviews of
social skills programs have had some positive oufcomes, resulting in short-term success.
Yet, there is less consistency in generalizing learned social skills beyond the treatment
setting and over time (Beﬂini & Peters, 2008; Beilini, et al., 2007; Gresham, et al., 2001).
Clearly, generalization is a goal in both practice and research. Recommendations for
future research are aim@d. at improving social skill generalization (Lord, 2000b). These

recommendations include the use of typically developed peers, natural seftings



(especially home and school}, appropriate skill practice and ensuring an appropriate
treatment “dose” (Lim, Kattapuram, & Lian, 2007; Lord, et al., 2005, Rogers, ¢t al.,
2000; Zwaigenbaum, et al,, 2007). Although it is apparent that more work is needed to
address the content of social skills interventions, 1t has been established that social skills
interventions arc & necessity for children with autism (Lord, 2000a; Lord, et al., 2003;
McConnell, 2002}, The specific content of social skills programs and how to best
implement programs in order to adhere to social skill generalization is still under
investigation. Indeed addressing the limitation of social skill generalization has been
recommended as a priority in social skills interventions for school-aged children with
autism (Gresham, et al., 2001; Lord, et al:,; 2003; Tutt, Powell, & Thornton, 2006).
Motor skills and children with autismsspgﬁrum disorders

One area that had not been given much consideration in the implementation of
social skills programs is the impact of motor skills. In addition to the core characteristics
of autis;'nﬂ social communication deficits, repetitive behaviors and restricted interests,
children with autism frequently have motor skill deficits (Berkeley, Zittel, Piiney, &
Nichols, 2001; Fownier, Hass, Naik, Lodha, & Cauraugh, 2010; Green et al., 2002;
Green et al., 2009; Leary & Hill, 1996; Lloyd, MacDenald, & Lord, 2011; Provost,
Heimerl, & Lopez, 2007; ?qust, Lopez, & Heimerl, 2007; Staples & Reid, 2009). In
some of the original clinical descriptions of what is now called autism, Asperger attached
considerable weight to mator oiumsinesé (F{%tb, 1991). Yet the current use of motor
performance in autism diagnosis is embsjdd‘;d‘in gestures, stereotypies and imitation
{Gothan, et al., 2009; Gotham, et al,, 2007; Lord, 2000a; Luyster, et al,, 2009). Some

researchers have suggested that moter delays may be one of the earliest detectable signs



of ASD and a cardinal feature of the disability (Carter et al., 2007; Fournier, et al., 2010;
Sutera, Pandey, Esser, & Rosenthal, 2007, Teitelbaum, Teitelbaum, Nye, Fryman, &
Maurer, 1998). Undeniably, social communicative deficits remain the rc.]earesi indicator
of autism in current practice (Lord, 2000g; Risi et al., 2006). Nevertheless, why children
with autism display deficits in motor skilis is 2 question of interest for many researchers
in the field. How ASD manifests, and the neural system involvement is an ongoing area
of study (Mostofsky, Burgess, & Gidiey Larson, 2007; Mostofsky et al., 2009),
Motor skills in young children with autism |

In children with ASD, between birth to 5 years, delayed motor milestones have
been reported (Chawarska et al., 2007, Landa & Garrett-Mayer, 2006, Lioyd, et al., 2011;
Teittelbaum, Teittelbaum, Nye, Fryman, & Maurer, 1998). These delays have ranged in
nature, from delayed infant motor milestones such as movéhg from prone 1o supine to a
later onset of walking and other discrete motor skills such as fine motor skills needed for
building (construction blocks) and gros‘;é.i‘ﬁd:i;or skills like alternating feet while taking the
stairs. Retrospective video analysis indiégétéd'that motor delays early in development act
as some of the initial signs of developmental concern in children eventually diagnosed
with ASD {Ozonoff et al., 2008; Teittelbaum, et al., 1998). Teittelbaum, ¢t al. (1998)
found oral motor deficits as well as delays in motor milestones such as lying, righting,
sitting, crawling and walking were present in voung children with autism before the cnset
of social communicative deﬁdits. The authors concluded that motor skill deficits might
be some of the earliest signs suggesting autism.

It has been suggested that developmental delay, in children with ASD, contributes

to deficits in motor skills (Ozonoff, et al., 2008). Although developmental delay may be

10



a factor, it does not entirely explain motor skill deficits (Green, et al.,, 2009; Landa &
Garrett-Mayer, 2006; Lloyd, et al., 2011). When children with autism were compared to
children with language delay fine motor skill deficits were evident in children with ASD
at 6 months of age and significantly worsened fine and gross motor skills were evident at
14 and 24 months of age (Landa & Garrett-Mayer, 2006). This study suggested early
motor skill deficits as a potential characteristic which could distinguish children with
autism and children with other developmental delays (language delay) (Landa & Garrett-
Mayer, 2006). Ina large clinical sample of young children with ASD (n=172, age 18-36
months} motor skills deficits existed wh‘i&.e controliing for developmental delay (Llovd, et
al., 2011). The authors found gross and fine motor deficits became significantly worse as
this group of young chiiéren aged, while controlling for visval receptive organization
(non-verbal problem selving) (Lloyd, et al., 2011).

In additien to motor skills delays, other motor deficits in voung children with
autism have been found in gait and postural control. Children with autism between the
ages of 4- 6 years old demonstrated a short step length and irregular body oscillations
during walking, consistent with a less stable and more variable posture compared to
typically developed contrels (Vernazza-Martin et al., 2005). Younger children with
sutism displaved similar gait and postural control deficits compared to typically
developed controls (childreﬁ fess than 2 }’6&1’% old}, including abnormal heel-to-toe
patterns, arm posturing and generally anox’n;iiies in n;(wement including waddle walking
{Esposito & Venuti, 2008), |

Motor planning deficits have also been indicated in children with autism, such as

translating motor intention into a global motor action. In these studies each motor task

11



involved in the overall action was produced as an independent task (Fabbri-Destro,
Cattaneo, Boria, & Rizzolatti, 2609). Similarly, Vernazza-Mariin et al. (2005) found that
young children with ASD had difﬁculty defining the goal of the motor action consistent
with motor planning deficits, even when thé task was adapted in a highly motivating
fashion (a researcher playing in the areas that the children were performing in). While
children understood the motor instruction, as evident by the action of moving toward the
object, the final motor task couid not be completed (play-based activities established in
the playing area) indicating shortfalls in motor planning {Vernazza-Martin, et al., 2005),
This study showed that children were able to perform individual motor tasks but unable
to chain multiple motor tasks together into a more complex motor action, consistent with
motor planning deficits,
Motor skills and school-aged children with autism

School-aged children with autism{elliso have significant motor skill deficits. The
Test of Groés Motor Development-2 (TGMID-2) assesses locomotor skills such as
running, galloping, hopping, sliding, leaping and jumping as well as object control skills
such as overhand throwing, striking, kicking, underhand roiling, dribbling and catching.
All of these skills are considered essential skilis needed in physical education and active
play (Ulrich, 2000). Using this motor skili assessment children with autism displayed
deficits in locomotor skills and object control skills in the poor aﬁd VEry poor range
(Berkeley, et al., 2001; Staples & Reid, 2009; Ulrich, 2000). In a more recent study using
the TGMD-2, findings corroborated previous research and reemphasized that children
with autism could perform the motor skills, but in a less mature form (Berkeley, et al.,

Iy
3

2001; Morin & Reid, 1985; Staples & Reid, 2009). For example, children could

12



complete the skills, but the quality of motor skills was well below age-matched norms.
Staples & Reid (2009} used two control groups, age-matched typically developed peers
and children matched on the raw scores of the TGMD-2 (younger typically developed
children). They concluded that children with autism had movement skills that were
performed equivalent to children half of their chronological age (le. 10 year old children
with autism performed motor skills equivalent to a 5 year old), When 6- 10 year old
children with high—functi(ming autism were compared to age-matched controls with a
specific developmental disorder of m@i&eﬁﬁctien, greater motor deficits were found in
the children with autism {Green, et al,, 2!6{)2). In other words children with autism had
weaker motor skills than children with a disability determined by motor skill deficits,

Motor planning deficits have been indicated in school-aged children with autism.
Recent research has found that children with autism managed single motor tasks weil, but
deficits were present when chaining motor tasks into a global action (Fabbri-Destro, et
al., 2609). More complex motor skills requiring a combination of actions, like object-
control skills, were harder for children with ASD io execute.
Brain-based autism theories

Autism is considered a neurodevelopmental disorder; in fact recent statistics
sugpest that autism is the most frequent l_z;egﬁrodevelopmental disorder (Fombonne, 2009),
How brain development affects this pervasi;'e and persistent disability is an ongoing area
of research (Bartholomeusz, Courchesne, & Karns, 2002; Fombonne, Roge, Claverie,
Courty, & Fremolle, 1999). Retrospective research indicates that brain growth
accelerates sometime between 1- 3 vears old, in children with autism (Hazlett et al.,

2005). Fombonne et al. (1999) found that children with ASD between the ages of 2- 5

13



years old displayed Macrocephaly, head circumference greater than the 97 percentile,
mwre frequently than typically developed controls. Using MRI, the cerebral brain Vefﬁme
of children with ASD was significantly éfeater fhan would be expected (Alyward,
Minshew, Field, Sparks, & Singh, 2002; Sparks et al., 2602).

Using fMRI to study the connectivity within the motor circuits during simple
motor tasks, decreased motor circuits were found in children with ASD {(Mostofsky, et
al., 2009). Compared to typically developing centrols, children with autism displayed
similar neural connectivity during rest, but differences were evident during a simple
motor task, a finger tap exercise. Notably, the authors of this study discussed the brain
area responsible for the procedural acquisition of motor skills may also be important in
language and social development, both of which are deficient areas in children with ASD
and core diagnostic characteristics (Mostofsky, et al., 2009).

Other brain-based theories relat@é {6 autism and motor development include the
mirror neuron hypothesis. Research in monkeys suggested that the mirror neuron system
is & critical link between observation and action (di Pellegrino, Fadiga, Fogassi, Gallese,
& Rizzolatti, 1992; Gallese, Fadiga, Fogassi, & Rizzolatti, 1996). There is also evidence
to suggest that this system functions similarly in humans and may act as a neural basis
that contributes to the social understanding of others actions and intentions (Rizzolatti,
Fadiga, Gallese, & Fogassi, 1996}, Collectively, research suggests that neural strategies
used to execute tasks are quite different or even absent in individuals with ASD during
the observation of tasks. Although, it appears highly probably that this system impacts

EST ‘

imitation, research is still ongoing.
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Motor skills and social development in children with aufism

Interventions and research for children with autism are driven by social
commuﬁicative deficits, the core characteristics of autism. As such, home, school,
clinical and community-based programs target improvement in these areas and are often
packaged as early intervention or social skills programs (Bellini & Peters, 2008; Frankel,
et al., 2010; Gresham, et al., 2001; Williams White, et al., 2007}, It is rather well known
that functicnal social skills are needed to form friendships, engage with adults, and
participate in meaningful relationships (Bauminger, Soloman, et al., 2008; Bauminger,
Solomon, et al., 2008). The social communicative deficits in children with ASD range in
nature but overall acquisition, performance and fluency of social interactions are difficult
(Gresham, et al., 2001, Kasari, et al., 2006; Kasari, et al., 2005; Kasari, et al., 2008).

- Traditional social skills programs for school aged children with autism consist of
direct instruction followed by practice in a group or individual treatment setiing. Without
basic social skills these children are at risk for being rejected by peers and missing out in
other developmental milestones (Chamberlain, Kasari, & Rotheram-Fuller, 2007;
MeConnell, 2002). Research has shown that children with autism are capable of
establishing and maintaining friendships -\';hen the social circumstances are ideal
{Bauminger, Soleman, et al., 2008; Bauminger, Sclomon, et al,, 2008; Kasari, Locke,
Gulsrud, & Rotheram-Fuller, 20105, However, the content of social communicative
programs are not always meeting the needs of school-aged children with autism,
especially generalizing learned skills beyond the program {Bellini & Peters, 2008;

Bellini, et al., 2007).
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For the most part, literature concemning the social skills of children with autism
and literature concerning the motor ski iiils: of children with autism remain séparate.
Nonetheless, the role that motor skills piaym social development or the role that social
skills play in the development of proficient motor skills is an area needing further
exploration. Autism symptomology is thought to be modifiable and peer relationships
possible when a favorable environment has been provided (Bauminger & Kasari, 2000;
Baunminger, Soloman, et al., 2008; Bauminger, Solomon, et al,, 2008; Bauminger, ¢t al.,
2010; Pan, 2009).

In a large study of typically developed children, sport participation was a Strbng
predictor of social competence (Howie, Lukacs, Pastor, Reuben, & Mendia, 2010). In
this study children who participated in sports and clubs had higher social skills based on a
standardized social skills index. gxmxiaﬂ}m a group of children with disabilities,
physical function and 1&10‘(01‘ skills were imﬁortar;t predictors of social competence- better
physical function and motor skills were indicative of greater social competence (Kang et
al., 2010}, This study concluded that physical therapists should promote sport as an
avenue to improve social skills for youth with disabilities, Based on the results of these
studies, the need for social communicative programs for children with a;utism and the
question of content that has been implicated in both early intention and social skills
intervention, it seems reasonable that the relationship of motor skills and social skills
should be explored further.

Various forms of practice and age-appropriate play are recommended in the
literature as possible avenues.to establisb’fi‘q;g.gﬁerm social communicative success (Lord,

et al., 2003). Clearly from the research that has been examined more work is needed in
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developing efficacious programs to teach both social skills and to facilitate fearning
motor skills (Lloyd, et al,, 201 1; McConnell, 2002; Staples & Reid, 2009). But, what is
unknown is the impact or interaction that these skills have on each other,

Proficient motor skills are useful tools in environments that foster play, like the
schoolyard (Ulrich, 2000). Children with ASD often lack functional and pretend play
ideas and do better when play ideas are generated for them (Mastrangele, 2009). Motor
skiils could be advantageous for these children to participate in age-based activities and
pames that are developmentally appropria‘[e., The use of structured games, like sport, may
provide good opportunities for social practice and teaching motor skiils may also provide
children with the functional play skills needed to participate in common playground
activities and games (Mastrangelo, 2009).

It has been established that practicing skills in 2 naturalistic setting is valuable for
skill generg.lization (Machalicek, et al., 2008; Pan, 2009; Williams White, et al., 2007},
Functional motor skills may help optimize the use of naturalistic seftings for children of
all ages. Using individualized programs established through a multidisciplinary team is
considered “best practice’ in social cgmmunicative interventions {Callghan, Henson, &
Cowan, 2008). As a part of this muitidié}éipﬁinary team, physical educators, physical
therapists and occupational therapists may add an important additive piece by providing
programs and training that facilitate learning age-appropriate motor skills.

Less proficient motor skills have been predictive of autism symptomology in
young chiidren (Suiera, et al,, 2007; Teittelbaum, et al,, 1998). But, how motor skills
relate to social communication skills in children with ASD has not been studied.

Intuitively, it might be thought that-teaching age- appropriate motor skills could provide a
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child with the functional skills necessarif ﬂt"bléngage in piay and facilitate practice with
peers. In understanding this relationshi; ﬁrq,we need to understand the impact of motor
skills on the social communicative skills of children with autism. Recommendations for
optimal social skills programs have been made in the literature for children with autism.
First, programs need to be flexible enough to appropriately match the social deficit with
the program and social practice is necessary to provide children with contextual
significance and an opportunity to generalize the skills (Elliott, Malecki, & Demaray,
2001; Gresham, et al.,, 2001; Rao, Beidel, & Murray, 2008). This myniad of
recommendations includes having a “tool box™ of approaches and strategies (Sweizy,
2008).
The relationship of motor ékills and sou.ﬂ communicative skills in young children
with aatism

Althougﬁ we are learning more about ASD every day the most widely cited and
recommended mode of treatment is early intervention for the youngest children with
autism (Dawson, et al., 2010; Kasari, et al., 2005; NRC, 2001). Early infervention has a
direct focus on social communication skills, core diagnostic characteristics of ASD
(NRC, 2001). For these young children this includes skills such as imitation, joint
attention and play (functional and symbolic play skills) (Kasari, et al., 2003).
Randomized control trials have clearly displayed that intensive early intervention
significantly improves behayior in the social communicative domain as well as other
aspects of autism symptomology (Dawséﬁ, ¢t al,, 2010; Kasari, Gulsrud, et al., 2010;
Wong & Kwan, 2010}. Improv&:mems_ based on early intervention include IQ, language,

adaptive behavior and autism diagnesis {ie. moving from ASD o PDD-NOS) (Dawson,
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et al, 2010; Lovaas, 1987). Although there is widespread agreement on the necessity of
early intervention, there is less consistent agreément on early intervention content
(Dawson, et al., 2010; Kasari, et al., 2005; Lovaas, 1987; Rogers, et al., 2000).

Descriptive studies have clearly demonstrated significant deficits in motor skills
for young children with autism. Motor skill deficits have been ackno.wiedged as potential
diagnostic marker of autism early in dew‘é’lép‘ment and a cardinal characteristic of the
disorder (Fournier, et al., 2010; Rinehart & McGinley, 2010; Sutera, et al., 2607;
Teittelbz%mn, et al., 1998). Deficits have been found in gait, postural control, motor
planning, locomotor skiils, objects-control skills and infant motor milestones (Berkeley,
et al,, 2001; Rinehart et al., 2006; Staples & Reid, 2009; Sutera, et al., 2007, Teittelbaum,
et al., 1998; Vernazza-Martin, et al., 2005). However, very little has been studied and
discussed in terms of how these motor skill deficits interact with social communicative
development, a core characteristic and deficit area for individuals with ASD’s,

The Denver model, an early intervention program for young children with autism,
might be the closest mtervention that successfully intertwines motor skills and social
success; however, the impact of proﬁciéf%’t thotor skills has not been measured {Rogers,
2000). In fact, many of the social skills programs reviewed imply the use of games or
activities to facilitate social learning. Some of the activities used in intervention require
refatively proficient motor skills. Unmistakably, the emphases of the programs are
social, but it is possible that these two domains are already intertwined, and this could be
impacting children’s success in these programs. In summary, teaching age-appropriate
motor skills might add to a practitioners “tool box™ of intervention strategies aimed at

improving social success.




Although carly intervention sel"vices; ére available for young children with autism,
the rising prevalence of autism poses difficulty for service providers in adhering to the
concurrent increase in early intervention service needs (Downs & Downs, 2010; Wise,
Little, Holliman, Wise, & Wang, 2010). State early intervention services have
experienced six month waitlists. There is a need to better understand accessible content
for parents that is easily accessible (Meadan, et al., 2009), It is possible that motor skills
may serve such arole,

The purpose of this dissertation is to understand the relationship of motor skills
and the social communicative skills of children with autism spectrum disorder.

These papers are arranged in three studies. The first study focuses on the relationship of
gross and fine motor skills with the calibrated autism severity in a group of young
children with autism (14- 33 months). Calibrated autism severity scores encompass a
standardized measure of autism severity, and therefore a standardized measure of social
communicative scores { Gotham, et al., 2009; Gotham, et al., 2007).

Study two explores the relationship of gross and fine motor skill with the daily
Hiving skills of young children with autism (14- 48 months). Daily living skills of young
children with autism are often used as outcome measures in carly intervention programs,
Embedded in this assessment of daily living skills are other standardized scales of social
communicative skills. This study aims to é)%f;lore the relationship of fine and gross motor
skills with standardized social communicative skills in a group of children with autism in

the age range of early intervention,
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Finaily study three, explores how the functional motor skills of school-aged
children (6- 15 vears) with autism predict calibrated autism severity and standardized
social skills (in an older group of children).

It is hypothesized thaf better motor skills predict better social communicative
skills in children with autism. This relationship has not been explored in either young
children with autism or school aged chil’éreﬁ rwii].l autism. Yet, deficits in both the motor
and social communicative domain have been indicated. Therefore, it is possible that
these domains are interacting. If these hypotheses hold true, these findings could impact
the services of young children with autism and the addition of motor skill nrograms in

early intervention services.
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Chapter 2
The relationship of motor skills with the calibrated severity of young children with
autism spectram disorder
Introduction

Autism spectrum disorder (ASD or autism) is a pervasive developmental disorder
characterized by deficits in social skills, communication and repetitive or restricted
interests (American Psychiatric Association [APA], 1994). Recent prevalence statistics
suggest that 1 in every 110 children are diagnosed with ASIY (Matson & Kozlowski,
2011). Diagnostic measures have been standardized and can identify children with autism
as early as 1 year of age (Gotham, Risi, Pickles, & Lord, 2007, Luyster et al., 2009; NRC,
2601). Unfortunately the continuous rise in diagnosis makes autism one of the most
frequent childhood neurodevelopmental disorders (Fombonne, 2009),

The most widely cited and recommended mode of treatment for young children
with autism is early intervention, which has a direct focus on improving social
communicative skills such as imitation, joint atiention and play (functional and symbolic
play skills) (Dawson et al,, 201 é; Eikeseth, 2009, Hayward, Eikeseth, Gale, & Morgan,
2009; Kasari, Freeman, & Paparella, 2006; Kasari et al., 2005; NRC, 2001).
Improvements based on intensive early intefvention have included improved 1Q,
language, adaptive behavior and autism éiagﬁ'osis (ie. moving from autism, to pervasive

developmental disorder-not otherwise specified [PDD-NOST) (Dawson, et al., 2010,



Kasari, et al‘,' 2006; Kasari, Gulsrud, Wong, Kwon, & Locke, 2010; Wong & Kwan,
2010).

Although autism interventions are di:riven by deficits in social communication
skills, young children with autism frequenti;have motor skill deficits (Green et al., 2009;
Leary & Hill, 1996; Lloyd, MacDonald, & Lord, 2011; Provost, Heimerl, & Lopez, 2007;
Provost, Lopez, & Heimerl, 2007; Staples & Reid, 2009). Movement research in the past
has focused sterec;ty_pies and imitation (Levinson & Reid, 1993, Luyster, et al., 2009;
Reid, O'Connor, & Lloyd, 2003). Hewever, more recent research has shown that motor
deficits for children with autism are present (Llovd, et al., 2011; Staples & Reid, 2009;
Teittelbaum, Tetitelbaum, Nye, Fryman, & Mawrer, 1998; Vernazza-Martin et al., 20051

Early signs of motor deficits such as delayed motor milestones (for example,
walking} may be first noticed by parents Who later recetve a diagnosis of autism for their
child (Chawarska et al., 200;7). Empiricz_i:i‘.lz-fe:search has confirmed that early motor delays
are present in children with aufism at a youﬁg age {as young as 6 months of age) (Landa
& Garrett-Mayer, 2006; Lloyd, et al,, 201 1; Teittelbaum, et al., 1998}. Delayed motor
milestones such ag lying, righting, sitting, crawling and walking as well as oral motor
deficits have been described and if has been suggested that early moter defays may act as
some of the first signs of developmental concern in children eventually diagnosed with
autism (Teittelbaum, et al., 1998). Early motor deficits have even been indicated as a
potential early diagnostic marker of autism (Teitielbaum, et al., 1998).

Deficits in motor planning also exist in children with autism. Fabbri-Destro et al.
{2009) reported that children had difficulty translating motor intentions into a global

motor action where each motor task involved in the overall action was treated as an



independent task.  Deficits in gait and postural contro! have been indicated through
shorter step length, irregular body oscillations, abnormal heel-to-toe patterns, abnormal
arm posturing and generally higher frequencies of anomalies in movement including
waddle walking (Esposito & Venuti, 2008; Vernazza-Martin, et al., 2005).

Whiie motor skills deficits are present in young children with ASD the primary
focus of early intervention is based on imaproving social communication deficits, a
phenotypic characteristic of autism. Consequently, very little has been discussed in terms
of how motor skiil deficits interact with the core characteristics of autism spectrum
disorder,

Basic motor skills early in life could provide a solid foundation for the
components of early intervention to manifest positively, in other words provide children
with the foundational skills needed to move towards an optimal outcome (Helt et al.,
2008; Sutera, Pandey, Esser, & Rosenthal, 2007}, Yet, this suggestion has not been
studied directly. Although the modality of early intervention varies, the basis of early
mtervention revolves around sociai communicative skills through active play (Dawson, et
al., 2010; Kasari, Paparella, Freeman, & Jahromi, 2008; Rogers, Hall, Osaki, Reaven, &
Herbison, 2000}, For the most part, deficits in social skills, communication and repetitive
or restrictive inferests, the core characteristics of autism, have been studied without
careful consideration of deficits in motor skills. Motor skilis have just started to gain
atlention in descriptive autism research, yet the importance of motor skills in young
children with autism has not been explored, especially in connection to the core

behavioral characteristics of autism. Early intervention is focused on aciive play which



often requires relatively proficient motor skills (Dawson, et al., 2010; Lloyd, et al,, 2011;
Makrygianni & Reed, 201{))‘.

The tmportance of standardized assessments in measuring social communicative
change has been clearly indicated (Matson & Wilkins, 2009). Recently new standardized
method of assessment for autism severity have been published (Gotham, Pickles, & Lord,
2009). The Autism Diagnosis Observation Schedule (ADOS) is widely accepted as the
‘gold-standard” in autism diagnosis (Lord, 2000; Luyster, et al., 2009; Matson & Sipes,
2010). The ADOS is a semi-structured interview designed for individuals suspected of
having autism spectrum disorders and consists of “presses” (standardized activities
performed throughout the assessment) designed to elicit social interaction,
communication and play, through conversation, play-based activities and the imaginative
use of materials (Lord, 2000). The ADOS:generates diagnostic algorithms with
thresholds set for autism and broader au?fsrﬁ"—"s‘pec{rum/ pervasive developmental disorder
(Lord, 2000}, New revised algorithms for the ADOS modules 1, 2 and 3 have been
published with stronger specificity and sensitivity (Gotham, et al., 2007). These revised
algorithms moved the ADOS closer to a measure of autism severity {Gotham, et al.,
2007) and recently, standardized scores in calibrated severity using raw scores from the
new revised algorithms of the ADOS were published (Gotham, et al., 2009}, Calibrated
autism severity scores have been indicated as optimal for comparisons of assessments
across time {and age), and to identify different trajectories of autism severity independent
of verbal 1Q (Gotham, et al., 2009).

Previously, autism ‘severity’ waé ;ﬂﬁjective and frequently based on language

delay, cognitive functioning, behavioral issues and raw scores on the ADOS were used
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(Lovaas, 1987; Sutera, et al.,, 2007}. However, none of these outcome variables constifute
valid and reliable methods of severity assessment, per se (Gotham, et al., 2009). The
calibrated severity scores represent core deficits specific to the social communicative
domain and repetitive and restricted interests, as they are mapped based on ADOS raw
scores (Gotham, et al., 2009). Understanding how motor skills relate to severity may help
to better understanding motor skill deficits in relation to autism as a whole, and further
how motor skills may influence the core characteristics of autism.

The purpose of this study is to determine the relationship of motor skills in the
calibrated autism severity of a group of young children with autism,
Method

Participants. The Medical Institutional Review Board at the University of
Michigan approved all methods and procedures for this study. Young children with
ASD, pervasive developmental disorder-not otherwise specified (PDD-NOS) and non-
ASD between the ages of 12- 33 months were recruited from early intervention studies
and clinical referrals to the University of Michigan Autism and Communicative
Disorders Center (UMACC), an autism clinic in Chicago and a University autism clinic
in North Carolina. Generally, children were recrulted through autism support groups,
study flyers and referrals from pediatricféﬁﬁs? and teachers were informed of the research
study when visiting the autism clinic. All participants in this study (N= 159) had a
confirmatory diagnesis of autism (ASD}, PDD-NOS or nen-ASD {developmental delay).
Diagnosis was determined by standardized algorithms established from the Autism

Diagnostic Observation Schedule (Gotham, et al., 2067).



Measurements

Child Diagnostic Measures. All pazticipants were administered the ADOS
(Lord, 2000} or its precursor, the Pre-Liﬁg;zis_tic Autism Diagnostic Observation
Schedule (PL-ADOS) (Dilavore, Lord, & Rutter, 1995), in order to acquire diagnostic
information through direct observation of th.e children by a trained clinictan. The
participants at the University of Michigan Autism and Communicative Disorders Center
were administered the Toddler module of the ADOS (Luyster, et al., 2009}. Each member
of the research clinical teams, at all centers (Michigan, Chicago and Nerth Carolina),
established inter-rater reliability exceeding 80% exact agreement (kappa>0.60) on codes
for the PL-ADOS, ADOS, and Toddler module for three consecutive administrations
before the studies began. Reliability was maintained over time through consensus coding
of approximately every sixth administréticn ‘with a second rater who was blind to referral
status.

Measurement of Developmental Level. The Mullen Scales of Early Learning
(MSEL) was used to assess cognitive development (Mullen, 1995). This test of
development provides reliable and valid infonmation for children from birth to 68 months
of age. The subscales of the MSEL are organized into 5 domains: gross motor, fine
motor, visual reception (nonverbal problem solving), receptive language, and expressive
language. An early learning composite score is derived from the fine motor, visual
reception, receptive language and expressive language scales. |

Motor Skill Measurement, The gross motor scale of the MSEL was used to
assess gross motor skills (Mullen, 19957:}:.'. :f-"'i"-‘iﬂ"‘;is scale was administered in a clinical setting

with other developmental and diagnostic measures at baseline and prior to random group
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assignment. A gross motor standard score was used for analysis. Since, standardized T-
scores do not provide sub-scores below 20, an age equivalent scores calculated (see Table
2.1). Standard scores from the gress and fine motor subtests of the MSEL were used to
assess the gross and fine motor skills of the children with ASD,

Data Reduction. All examiners strictly adhered to the standardized procedures
outlined in each respective test manual. As .indécated in the measurement description of
instruments, research retiability and infer-rater reliability was established for the ADOS.
Autism cut-off was based on up-to-date revised standardized algorithms (Gotham, et al.,
2007). These algorithms included scores based on social communication, repetitive and
restricted interests and stereotyped behaviors. Calibrated autism severity was calculated
based on standardized algorithms (Gotham, et al., 2009). Assessments were conducted by
experienced administrators who were familiar in working with young children with
autism. The MSEL was also administered to all participants- descriptive scores from the
MSEL included an age difference score (see Table 2.2} (Mullen, 1995). The age
difference score was caiculated based on the chronological age of the participant and
their subsequent gross motor and fine motor age equivalent. The motor scales are
standardized for children birth to 33 months Standardized motor scores were used for
analysis in this study as the sample consisted of children 33 months and younger (Carter
et al., 2007). Descriptive characteristics of the sample included age, gender and ethnicity.
A diagnosis of autism, PDD-NOS or non-ASD was obtained and reported based on the
participant’s standard ADOS score (Lord, 2000; Luyster, et al., 2009); standard |
developmental levels are reported based on the standard measures of the MSEL (Mullen,

1995).
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Data Analysis

Data analysis tested the relationship/of gross and fine motor skills measured by
the gross motor scale and the visual expressive {{ine motor) scale of the Mullen Scales of
Farly Learning (MSEL) with the calibrated severity of autism spectrum disorder as
measured by the calibrated severity algorithms {Gotham, et al., 2009; Gotham, et &,
2007, A linear regression model used the gross motor and fine motor scores on the
MSEL as the dependent variables fo test the relationship motor skills with the calibrated
severity scotes of autism. Age and non-verbal problem solving (as based on the visual
receptive organization subscale of the MSEL} were also included in this model.
Results

A total of 159 children with a confirmed diagnosis of ASD (n= 110}, PDD-NOS
(n=26) and Non-ASD (n=23) were inclilded in this study (mean age= 27.6 months, £4.6
months). Descriptive characteristics of this sample can be found in table 2.1. As shown
in table 2.2 MSEL standard scores revealed the presence of fine and gross motor deficits,
A frequency analysis revealed a high proportion of the sample scored within the basal
norm range {a standard T score of 20). Fifty percent (50.7%) of the sample scored the
basal norm for the gross motor scale of the MSEL and twenty-four percent (24.5%) of the
sample scored within the basal norm range of the fine motor scale of the MSEL,

Average age equivalent scores are reported for all subscales of the MSEL (see
Table 2.1). For descriptive purposes a gross motor difference variable was caleulated-
this variable quantifies the amount of m()lOi delay in months regardless of chronological
age (see Table 2.2). The same formula was "jl.lSEEd to compute a fine motor difference

score for the children’s fine motor skills (Table 2.2). Based on the age difference



calculation, children were performing 6.9 months behind normi-referenced gross motor
skills and 9.5 months behind norm-referenced fine motor skilis of typically developed
children.
Influence of Fine Motor Skills on Calibrated Severity

A regression analysis was performed on the calibrated severity scores using the
predictor’s of standardized fine motor scores, age (in months) and visual receptive
organization (non-verbal problem solving).' This initial analysis showed evidence that
fine motor skills and non-verbal problem solving were strong predictors of calibrated
severity in autism. Collinearity diagnostics suggested that age could be dropped from
this model based on its strong relationship to visual receptive organization {non-verbal
problem solving). This preliminary analysis informed analysis of covariance

(ANCQVA) fitting standard fine motor skills, ren-verbal problem solving, gender,

cthnicity and autism diagnosis (age was dropped based on collinearity diagnostics). There

were no significant interactions. ANCOVA showed that both fine motor skills and

autism diagnosis were significant predictors of autism severity (p <0.001 and p <0.001)

(Table 2.3). Since standard scores were not well distributed a visual binning analysis was

conducted, distributing fine motor T scores (based on the MSEL) into categorical data of

Jow, medium and high motor scares. ANCOVA performed on the categorical fine motor

skills (hased on visual binning} revealed that fine motor skills were significant predictor

of calibrated severity of autism (Table 2.4). This model also indicated that diagnosis was

a predictor in calibrated severity.
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Fine motor skills were a signiﬁcént predictor of calibrated severity scores
{(p<0.01). This final model indicated that children with worse motor skilis had a higher
auiism severity.

Influence of Gross Motor Skills on Calibrated Severity

A preliminary analysis of standardized gross motor skills (based on the MSEL),
non-verbal problem solving and age, was performed on the calibrated severity of autism.
Age was dropped from this mode! based on collinearity {(a strong relationship of Mullen
visual reception). When age was dropped from the linear regression standard gross motor
skills as based on the MSEL were not a significant predicted of calibrated severity of
autism. This prehminary analysis informéd ANCOVA which included stendardized
gross motor scores, non-verbal problem ;qoi\;éi'ng, geﬁder and ethnicity. There were no
significant interactions. Calibrated severity is based on a 10 point metric, validated based
on standardized scores from children with ASD, PDD-NOS and Non-ASD, therefore
inchuding participants with PDE—NOS and Non-ASD is important so that participants
with lower calibrated severity scores (fewer autism symptoms) are included in this study.
ANCOVA using the standard gross motor skills based on the MSEL found significant
effects of diagnosis on the calibrated severity of autism (p < 0.001) but not gross motor
skills (Table 2.5). Since standard gross motor T scores (based on the MSEL) were not
well distributed a visual binning analysis was conducted, distributing the data into the
categories of low, medium and high motbf scores (based on MSEL gross motor standard
scores). ANCOVA performed on the categoficai gross motor skills based on visual
binning revealed that gross motor skills were a significant predictor of calibrated severity

of autism (Table 2.6), with all other variables held constant.

44



Discussion

The fine and gross motor skills in young children with autism predicted calibrated
avtism severity. Children with werse fine and gross motor deficits received a higher
calibrated autism severity score. This study indicates a relationship between the motor
skill deficits of children with autism and social communicative deficits, as indicated
through calibrated autism severity, In addition, descriptive analyses of motor skills
indicated clear motor deficits were evident in this young group of children (sce Table 2.1
and 2.2). |

In autism literature, motor skills have started to receive more attention
(Chawarska, et al., 2007; Lloyd, et al., 201 1; Sutera, et al., 2007). The fine and gross
motor deficits in this study are concerming especially givén the young age range of the
children (14- 33 months). Early motor skill deficits have been indicated in early
diagnosis (Terttelbaum, et al., 1998), positive prognosis (outcome) (Sutera, et al,, 2007)
and often motor skills are used as inclusion criteria for early social communicative
interventions (such as the ability to walk). In autism literature the motor skills of children
are discussed, but beyond acimowfedgh{g cfébupationai and physical therapy, inventions
focused on improving motor skills for these voung children are relatively underexplored
{Provost, Heimerl, et al., 2007; Provost, Lopez, et al., 2007). On the contrary, early
intervention focused on social communication skills is a priority in autism research
{(NRC, 2001}. Although it is not surprising that early intervention is focused on social
communicative skills, it is possible that motor skills are impacting social communicative
success (Sutera, et al,, 2007}, In this large diagnostic sample of children with autism and

non-awtism fine and gross motor skills already show a relationship to the social
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communicative domain, based on the predzctwe validity of motor skills in calibrated
autisin severity (see Tables 2.4 & 2.6).

The recent publication of the calibrated autism sevezity. scores adds an interesting
diagnostic tool for research in autism spectrum disorders (Gotham, et al., 2009).
Calibrated severity is mapped based on ADOS raw scores, a diagnostic tool which
characterizes the core deficits of autism based on behaviors in the social communicative
domain and repetitive and restricted interests. Of note, the ADOS is the “gold standard”
in autism diagnosis (Lord, 2000; Lord, Rutter, DiLavore, & Risi, 1999; Matson & Sipes,
2010). The calibrated severity score algorithms were not privy te motor skill data during
calculation. This large well-defined diag.gosj;ic sample was the first of its kind to use
motor skills as a predictor in social comfnuﬁé&:étive deficits based on calibrated severity
scores. The restricted age range of the sample sheds Hght on how motor skills might
impact social communicative skills at such a young age (fine motor skills deficits and
calibrated severity scores), The fine and gross motor skills as indicated through the
MSEL were a significant predictor of calibrated severity and therefore predictive of the
social communicative domain. Beyond the immediate relationship of motor skiils and
calibrated severity, age equivalent motor skills revealed 6-9 month deficits in this young
group of children (see Tables 2.1 & 2.2).

Evidence-based research supports early intervention as one of the most widely
accepted and best modes of freatment foszyoung children with autism {Dawson, et al.,
2010; Kasan, et al,, 2006; Kasari, et al,, 2005; Kasari, et al., 2010; Kasari, et al., 2008;
Wong & Kwan, 2010). 1t has been recognized as a significant factor in positive

prognosis for children with autism and establishing early intervention “sooner rather than
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later™ has been accepted as a necessity (Dawson, et al., 2010; NRC, 2001; Sutera, et al.,
2007}, Amongst researchers and clinicians consensus exists on the necessity of early
infervention, yet there is less agreement on content (Kasari, et al., 2005). Clearly the
social communicative deficits in children with avtism are of the utmost concern, and an
essential target in treatment. Nevertheless research has established significant deficits in
motor skills, even at an early age (Lloyd, et al., 201 I; Provost, Hetmerl, et al., 2007,
Provost, Lopez, et al., 2007). Motor deficits are beginning to be recognized as a
phenotypic characteristic of aufism, potential diagnostic marker of autism and influential
in autism prognosis (Fournier, Hass, Naik, Lodha, & Cauraugh, 2010; Sutera, et al.,
2007; Teittelbaum, et al., 1998), While only beginning to receive attention, the influence
of this line of research may be significant in early intervention,
| Eatly mtervention is a priority in autism research, yet challenges exist in conducting
this type of research. The scientific strength of randomized contro! trials is important for
research and evidence-based practice, but there is an elevated drop rate of control
| participants from reéearch. Once aligned with the control group families often drop out of
the study and seek treatment elsewhere (Lord et al., 2005). Parents have a hard time
understanding the relevance of the research, which should not to be mistaken with the
relevance of early intervention (Lord, et al., 2005). Therefore, finding modes of treatment
that are meaningfui, accessible and ‘parent-friendly’ is important in autism research
{Meadan, Ostrosky, Zaghlawan, & Yu, 2009). Motor skills, a functional and tangible
behavior, may be one avenue of intervention to help parents implement intervestion

success at home. Although this is an initial relationship, the use of adapted equipment
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and basic motor skill programs have been successful in populations of young children,
aimed at improving motor skills (Goodway & Branta, 2003).

Motor skills are predictive of calibrated severity and this relationship may impact
mtervention content. In addition to teaching social communicative skills such as eye
contacting, requesting and play skills, teaching discrete motor skills may be important too
and could be targeted in early intervention. Play-based activities are commonly used in
carly intervention and although the activities are targeted at improving social
communication skills inefficient motor skills may be a hindering factor in the children’s
ability to participate in some of these activities.

One research area that has established connections between motor deficits and social
communication skills is neurodevelopment (Fournier, et al., 2010). Neurodevelopment
research in autism suggests that there are neurobiological underpinnings for the motor
deficits presented in individuals with autism (Fournier, et al., 2010). A recent meta-
analysis of motor coordination in ASD argues that the motor deficits should be
considered a core feature of autism spectrum disorder, alongside social and
communicative deficits and repetitive and restricted behaviors, This same study argued
that intervention should sericusly take these deficits into consideration (Fournier, et al.,
2010). Other neurodevelopment researchers have made similar suggestions (Ben-Sasson
et al., 2009}, FMRI studies have acknowledged that neural systems responsible for the
procedural acquisition of motor skills are also critical in language and social development
(Mostofsky et al., 2009).

Aside from social communicative and motor relationships in neurodevelopmental

rescarch, behavior-driven research has suggested that motor skills could hinder success in
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early intervention (Sutera, et al., 2007), Children who started this early intervention with
better motor skills finished with a more positive outcome (Sutera, et al., 2007). In
typically developed children the relationship of motor development and movement skills
have been made in both language yrodﬁctisn and active play (Kasari, et al., 2006; Kasari,
et al., 2005; Kasari, et al,, 2008; Luyster:iL(;pez, & Lord, 2007; Luyster & Lord, 2009).
Better motor skills allow children to explore their environment, and exploration gives
opportunity to participation and therefore practice of other social communication skills,
such as play with other children.

Understanding how motor skills relate to the calibrated severity of children with
autism is a step closer towards understanding how motor skills impact social
communicative success. The calibrated severity metric represents autism severity as
.indicated through social communicative and repetitive or restricted behaviors, al] of
which are core characteristics of autism {Gotham, et al,, 2609}, In this study, fine and
gross motor skill deficits based on the M%EL were related to higher levels of éaiibrated
autism severity, which ultimately represents:'stmnger deficits in the social communicative
domain. Therefore, it seems likely that interventions focused on improving motor skills
may ultimately lead to improvements in the social commmunicative domain.

Without doubt social communicative deficits are evident and prominent in young
children with autism, but this study shows a relationship between these core deficits and
motor skills. Motor skills act as foundational skills for active play and without proficient
or even adeguate motor skiils children may be further disadvantaged towards learning
and practicing new social communicative skills- and this has implications for early

intervention success,
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Future studies need to address this relationship further. Although studies have
indicated that calibrated severity is refatively stable, we see positive developmental
frajectories in very young children with autism spectrum disorder (Dawson, et al,, 2010;
Ozonoff et al,, 2010; Ozonoff et al., 2008; Yimiya & Ozonoff, 2007). Implementing
successful interventions targeted at improving basic motor skills may further assist
children in improvements of calibrated severity and improvements of social
communicatiye skills.

- Conclusion

Establishing efficacious early intérvention programs is a priority in autism
research (Kasari, et al., 2005, Yirmiya & Ozonoff, 2007). Dawson et al. {(2010) were the
first group to conduct a well controlled randomized control trial of early interveniion for
toddlers with autism spectrum disorder. This novel study provided clear evidence that
carly intervention improves 1Q, language, adaptive behavior and autism diagnosis.
However, early infervention content is still an ongoing area of study. The results of this
study suggest that there is more to focus on and new avenues to explore including the
importance of including motor skili learning in early intervention programs.

Fine and gross motor skills are predictive of severity, yet with such a young group
of children with autism,_ there is opportunity for autism severity to improve- albeit with
.zhe: appropriate intervention techniques, m g’ddétion to the health-related benefits of
improved motor skills, the calibrated severity and social communicative skills of such

voung children with autism may also benefit.
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Table Captions.

Table 2.1. Descriptive characteristics of the participants.

Table 2.2. Average motor skill difference variable based on the difference between the
motor age equivalent score and the child’s chronological age.

Table 2.3. Analysis of covariance (ANCOVA} for Fine Motor skills (standard scores) on
Calibrated Severtty of Autisrﬁ.

Table 2.4. Analysis of covariance (ANCOVA} for categorical Fine Motor skills on
Calibrated Severity of Autism,

Table 2.5. Analysis of covariance (ANCOVA) for Gross Motor skills (standard) on
Calibrated Severity of Autism.

Table 2.6. Analysis of covariance (ANCOVA) for categorical Gross Motor skills on

Calibrated Severity of Autism.
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Chapter 3
The relationship of motor skills and the adaptive social and communicative behavior in
young children with autism.

~Introduction

Autism spectrum disorder (ASD br"a‘rﬁtism) is a pervasive developmental disorder
characterized by deficits in soc.ial skills, communication and repetitive or restricted
interests (American Psychiatric Association [APA], 1994). Recent prevalence statistics
suggest that 1 in every 110 children are diagnosed with autism (CDC, 2011; Matson &
Kozlowski, 2011}, Diagnostic measures have been standardized and can identify children
with autism af a very young age (Gotham, Rist, Pickles, & Lord, 2007; Lord, 2000;
Luyster et al., 2009b; NRC, 2001). The continuous rise in diagnosis has been the focus of
controversy and a highly debated topic in the field of autism (Matson & Kozlowski,
2011). The controversy has been focused on why autism prevﬁlence has increased so
rapidly and drastically in recent vears. Embcdded in the controversial discussion is the
role of genetics, other associated disabﬂi.ties:. éiagnoétic tools, vaccines and environment
(Matson & Kozlowski, 2011; Matson & Sipes, 2010). Although a plethora of theories
exist, there 1s no known specific cause to account for the rise in diagnosis (Matson &
Kozlowski, 2011). This makes autism one of the most frequent childhood

neurodevelopmental disorders (Fombonne, 2009).
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Global screening for autism has been recommended by the American Academy of
Pediatrics (AAP) for ail young children twice in early childhood, at 18 months and 24
months {AAP, 2007). National campaigns have been initiated by major research-driven
autism authorities to educate parents on the early signs of autism spectrum disorder
{Autism Speaks, 2010; CDC, 2011). Unfortunately, the rising prevalence poses difficulty
for service providers in adhering to the concurrent increase in early intervention service
needs for this group of voung children (Downs & Downs, 2010; Wise, Litile, Holliman,
Wise, & Wang, 2010). Best practice recommendations for early intervention include:
immediate enrollment when children are suspected of having ASD, a minimum of 25
hours of focused intervention with an adequate teacher (weekly) and the opportunity to
inferact with age-matched typically devel_bped peers (NRC, 2001). Based on the
feedback from State early intervention servm: providers, children suspected of having
autism typically experience 6-month service waitlists and markedly less than the
minimurs of 25 hours of recommended service hours.

In addition to the hallmark characteristic of autism, social communicative deficits,
children with autism also display deficits in motor skills (Lioyd, MacDonald, & Lord,
2011; Matson, Mahan, Fodstad, Hess, & Neal, 2010; Provost, Heimerl, & Lopez, 2007;
Provost, Lopez, & Heimerl, 2007; Teittelbaum, Teittelbaum, Nye, Fryman, & Maurer,
1998; Yirmiya & Ozonoff, 2007). In some of the original clinical descriptions of what is
now called autism, Asperger attached considerable weight to motor clumsiness {Frith,
1991). Why children with autism displeiiy;ééﬁcits in motor skills is a question of interest

: R o "
for many researchers in the field, How autism manifests and the neural system
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involvement is an Gngo-ing area of study (Fournier, Hass, Naik, Lodha, & Cauraugh,
2010; Mostofsky, Burgess, & Gidley Larson, 2007; Mostofsky et al., 2009,

Unfortunately motor deficits appear early in life for many voung children with
autism, and become prominent around 1424 months of age (Chawarska et al., 2007).
Currently, the use of motor performance‘inﬂféiiitism diagnosis is embedded in gestures,
stereotypies and imitation (Lord, 2000; Luyster et al., 2009a). However empirical
research has suggested that motor skill deficits may be one of the earliest detectable signs
of autism and a cardina! feature of the disability (Fournier, et al., 2010; Sutera, Pandey,
bsser, & Ro.%;enthal, 2007; Teittelbaum, et al., 1998).

In the youngest children with autism, delayed infant motor milestones have been
reported (Chawarska, ef al,, 2007; Landa & Garrett-Mayer, 2006; Lloyd, et al., 2011;
Teitelbaum, Teitelbaum, Nye, Fryman, & Maurer, 1998). Parents have noticed motor
delays early in development and delayed motor milestones (especially walking) have
acted as an initial deveiopmén@ conceli‘n":‘ézc{parents, who later received an autism
diagnosis for their child (Chawarska, et él., 5607). P;etrosp&ctive research hag confirmed
that early motor delays are present in children with autism at a young age (Llovd, et al.,
2011; Teitelbaum, et al., 1998). Prominent motor deficits start to appear between the
ages of 14- 24 months of age (Chawarska, et al., 2007; Landa & Garrett-Mayer, 2006).
When children at ﬁigh@isk for autism (children who had a sibling with autism), were
studied prospectively three groups emerged for comparison, children with language
- delay, autism and typical development (Landa & Garrett-Mayer, 2006). Deficits in fine
motor skills were evident in children with autism at 6 months of age and significantly

worsened fine and gross motor skills were evident at 14 and 24 months of age {Landa &
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Garrett-Mayer, 2006). This prospective study suggested early motor deficits as a
potential diagnostic distinction between children with autism and children with other
developmental delays {language delay) (Landa & Garrett—Mayer, 2006).

Retrospective video analysis of young children with autism, indicated that motor
delays early in development act as some of the first signs of developmental concern
(Teitelbaum, et al., 1998). Through video analysis Teitelbaum, et al. (1998} found oral
motor deficits as well as delays in motor milestones such as lying, righting, sitting,
crawling and walking present :in young children with autism at a young age. When 75
* toddlers with autism and pervasive deveilopmentai disorder- not otherwise specified
(PDD-NOS) were studied from age 2-4 years, carly motor delays as well as social
communicative delays were helpful in earlier recognition of autism (Chawarska, et al.,
2007). A large cross-sectional study of young children with autism (n=172, aged 18- 36
months) found that fine and gross motor deficits became worse going from teddlers o
preschool (Lloyd, et al., 2011),

Other motor deficits have been found in gait and postural control. Children with
autism (aged 4- 6 years) demonstrated a short step length and irregular body oscillations
during locomotion consistent with a less stable and more variable posture compared to a

control group without a disa'bili;;y (Verrfaiszég—Maﬂin et al,, 2005). Young children with

Fr i

zutism {iess than 2 years) displayed simﬁial:.:b'}ai-ET and postural control deficits {Esposito &
Venuti, 2008). At 20 months of age children with autism showed deficits in gait
parameters which included performing abnormal heel-to-toe patterns, odd arm posturing
and generally higher frequencies of anomalies in movement including waddle walking

.(Esposito & Venuti, 2008),
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Motor planning deficits were evident when children with autism could not
translate motor intention into é global motor action, but rather treated each motor task
involved in an overall action as an indepéndem tagk (Fabbri-Destro, Cattaneo, Boria, &
Rizzolatti, 2009). Similarly, Vernazza-Martin et al. (20035) found that .young children
with autism had difficulty defining the goal of the motor action consistent with motor
planning deficits. Even when the task was adapted in a highly motivating fashion,
children appeared to understand the motor instruction, evident in their purposeful action
of moving toward the object, but the final motor goal could not be completed, indicating
shortfalls in motor plamﬁng (Vernazza-Martin, et al., 2005). These children were able to
perform simple motor tasks but unable to chain multiple motor tasks together into a more
complex motor action, consistent with motor planning deficits,

These descriptive studies have clea?ly demonstrated that deficits in motor skills
exist in children with autism at a younggggﬁﬁd have even gone so far as to suggest early
motor deficits as a preliminary diagnostic marker of autism spectrum disorder and a
cardinal characteristic of the disorder (Fournier, et al., 2010; Matson, et al., 2010;
Teittelbaum, et al., 1998). Deficits have been found in gait, postural control, motor
planning, lecomotor skills, object-control skills and infant motor milestones (Berkeley,
Zittel, Pitney, & Nichols, 2001; Rinehart et al., 2006, Staples & Reid, 2009; Sutera, et al.,
2007; Teittelbaum, et al., 1998; Vernazza-Martin, et al., 2005},

Even though motor skill deficits are present in young children with autism, the
primary focus of early intervention is based on social communication deficits and
improving these skills ( Dawgson: et aIA., 2010 K_asari., Freeman, & Papareila, 2006; Kasari

et al., 2005; Rogers, 2000; Rogers, Hall, Osaki, Reaven, & Herbisen, 2000). Emperical

69



research suggests motor deficits are prominent and pervasive across time and age,
however very little has been discussed in terms of how motor skill deficits interact with
the core-characteristics of autism, deficits in social communication skills (Berkeley, et
al., 2001; Fournier, et al., 2010; Landa & Garrett-Mayer, 2006; Lloyd, et al., 2011;
Staples & Reid, 2009).

Early intervention for young children with autism is consistently recommended as
a necessity {Dawson, et al,, 2010, Kasari.,'zgtsai., 20035; Kelley, Naigles, & Fein, 2010;
NRC, 2061). The focus of early iniervellxti.(}izl .is social communicative, this inchudes
improving skills such as imitation, joint atiention and play (functional and symbolic play
skills) (Kasari, et al., 2003). Randomized control trials have undoubtedly displayed that
intensive early intervention significantly improves behavior in the secial communicative
domain as well as other aspects of autism symptomology (Dawson, et al., 2010; Kasari,
Gulsrud, Wong, Kwon, & Locke, 2010; Wong & Kwan, 2010}, Early intervention has
been successful at improving 1Q, language, play skills, adaptive behavior and autism
diagnosis (e, moving from autism, to PDD-NOS) (Dawson, et al., 2010; Kasari, et al.,
2006; Kasari, Paparelia, Freeman, & 1 ahr(}_mi, 2008). Although there is widespread
agreement on the necessity of early interi?eq‘;ion, there is less consistent agreement on
early intervention content (Kasari, et al., 2005).

The importance of social communication skills for young children with autism
has been clearly been indicated (Dawson, et al., 2010; Helt et al,, 2008; Kasari, et al.,
2003; Kasari, et al,, 2010, Kasari, et al,, 2008; Kelley, et al., 2010; Wong & Kwan,
2010). How motor skills impact social communicative skills and on the other hand, how

social communicative skills may impact the motor skills of voung children with autism is

70



an area of study that is relatively underéxplored. It is possibie that the motor skills of
young children with autism are affectz’ngrlsdéiai communication skills. The hypothesis for
this study is that stronger motor éki[is, both fine and gross motor skiils, provide more
opportunity for social communicative saccess.

The purpose of this study is to test the relationship of fine and gross motor skills
on the adaptive behavior composite, daily living skiils, social and communicative skilis
of children with ASD, PDD-NOS and non-ASD.

Method

Participants. The Medical Institutional Review Board at the University of
Michigan approved all methods and procedures for this study. Young children with
ASD, PDD-NOS and HOH—F{SD.})GYWF:@T!;&};{% ages of 12- 60 months were recruited from
early intervention studies and clinical referréﬁs to the University of Michigan Autism and
Communicative Disorders Center (UMACC), an autism clinic in Chicago and a
university autism clinic in North Carolina. Generally, children were recruited through
autism support groups, stuc_ly flyers and clinical referrals from pediatricians and teachers
were informed of the study during clinical visits.

All participants {n=233} in this study were children between the ages of 14- 49
months (mean age= 30.36 months) with a confirmatory diagnosis of autism (ASD),
pervasive developmental disorder- not otherwise specified (PDD-NOS) or non-ASD
(non-autism developmentally delayed chiidyen).

Measurements | :
Child Diagnostic Measures, All participants were administered the Autism

Diagnostic Observation Schedule {ADOS} (Lord, Rutter, DiLlavore, & Risi, 1999) or its
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precursor, the Pre-Linguistic Autism Diagnostic Observation Schedule (PL-ADOS)
(Dil.avore, Lord, & Ratter, 1995), in order to acquire diagnostic information through
direct observation of the children by a trained clinician. The participants at the Michigan
center were administered the Toddler module of the ADOS (Luyster, et al., 2009a).
Diagnosis was determined by‘smndardized algorithms established for the Autism
Diagnostic Observation Schedule {Gotham, Pickles, & Lord, 2009; Lord, 2000). The
children’s parents were also frequently administered the Autism Diagnostic Interview-
R_evised to confirm diagnosis (ADI-R; Rutter et al., 2001), A clinical psychologist or a
trainee who had completed research training and met standard requirements for research
reliability administered the ADOS (Lord, et al., 1999).

Each member of the research clinical teams, at all centers, established inter-rater
reliability exceeding 90% exact agreement {kappa>0.70) for all items on the ADI-R and
80% exact agreement (kappa>0.60) on codes for the PL-ADOS, ADOS, and Toddler
module for three consecutive administrations before the studies began. Reliability was
maintained over time ihrough consensuééb&iing, approximately every sixth
admuinistration with a second rater.

Developmental Level Measurement. The Mullen Scales of Early Learning
{MSEL) (Mullen, 1995) was used to assess cognitive development. This test of
development provides reliable and valid information for children from birth to 68 months
of age. The subscales on the MSEL are organized into 5 domains: gross motor, fine
motor, visual reception (nonverbal problem solving), receptive language, and expressive
tanguage. An early leaming composite score is derived from the fine motor, visual

reception, receptive language and expressive language scales,
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The Vineland Adaptive Behavior Scales (VARBS) (Sparrow, Cicchetti, & Balla,
2005) were used to assess adaptive skills. The VABS is a standardized parent-report
measure of everyday adaptive functioning and vields domain scores in the areas of
communication, daily living skills, social skills, and motor development (fine motor and
gross motor). This assessment was administered by interview or over the phone, to the
parent or primary caregiver of the participant.

Motor Skill Measurement. The gross motor scale of the MSEL was used to
assess gros.s motor skills (Mullen, 1995). This scale was administered in a clinical setting
with other developmental and diagnostic measures at baseline. Age equivalent scores
were used for analysis because standard.iiéd‘scores are not provided for children beyond
33 months of age (even though most children with ASD do not meet the ceiling
requirements of this subscale}. The gross and fine motor subtests of the MSEL were used
to assess the gross and fine motor skills of the children with ASD based on age equivalent
scores,

Pata Reduction. All examiners strictly adhered to the standardized procedures
outlined in each respective test manual. As indicated in the measurement description,
research rehiability and inter-rater reliability was established for the ADOS. Autism cui-
off was based on new revised standardized algorithms (Gotham, et al., 2007). These
algorithms included scores based on social communication, repetitive and restricted -
interests and stereotyped behaviors. All agsessments were conducted b} experienced
administrators who were familiar in working with young children with autism. In
addition to the ADOS, the MSEL was administered to all participants. Descriptive

characteristics of the sample also include an age difference score- the age difference
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score was calculated based oﬁ the chronological age of the participant and the child’s as
based on MSEL norms (Mullen, 1995}.5?

Data Analysis. Data analysis consisted of a regression analysis to test the
relationship of fine and gross motor skills on the adaptive behavior composite, daily
living skills, social and communicative si{ilis of children with ASD, non-ASD and PDD-
NOS. Adaptive behavior, daily living skills, social and communicative skills were
indicated through the standardized scales of the Vineland Adaptive Behavior Scales
{(VABS) (Spatrow, et al., 2005). A preliminary analysis, tested fine and gross motor
skifls on each dependent variable holding constant age and non-verbal problem solving
and informed analysis {a linear regression was conducted separately for both fine and
gross motor skills). A final 'énalysis;coﬁgigt-éd of analysis of covariance (ANCOVA)
designed to hold important variables con:sﬁaﬁtm including age, non-verbal problem
solving, gender, ethnicity and autism diagnosis (ASD, PDD-NOS and non-ASD).
Results

Atotal 0of 233 children with a coi:%}z%ﬁmory diagnosis of ASD (ﬁz 172}, PDD-
NOS (p= 22} and non-ASD (n= 39) were included in this study (mean age= 30.36
months). Descriptive characteristies of the sample can be found in Table 3.1. The
average fine and gross motor deficits in months are reported in Table 3.2.

A correlation analysis revealed strong correlations between all dependent
variables (Table 3.3). Initial analyses were ;011ducted on the adaptive behavior
composite, comprised of all énbsca’ieé, an'dl then separate analyses were conducted for

each scale of interest.
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Influence of Fine Motor Skills on Adaptive Behavior Composite

An initial linear regression analysis tested the moderation of fine motor skills, age
and visual receptive organization (non-verbal problem solving) on the adaptive behavior
composite of young children with aﬁtism. In this initial linear regression, fine motor
skills (p < 0.001), age {p < 0.001) and visual receptive organization (p < 0.05) were
significant predictors of the adapted behavior composite. The initial linear regression
informed analysis of covariance (ANCO‘;/’A) fitting ron-verbal problem solving, age, fine
motor skills, gender, ethnicity and autisri; dmgmms (ASD, PDD-NOS or non-ASD).
There were no interactions. The final n;;odei. showed fine motor skills (p < 0.001),
diagnosis (p < 0.001) and age (p < 0.001) were significant predictors of the adaptive
behavior composite holding all variables constant (see Table 3.4). This final model
indicated that children with worse fine motor skills had lower adaptive behavior
composite scores,

Influence of Gross Motor Skills en Adaptive Behavior Composite;

An initial linear regression analysis tested the mo.derat;'on of gross motor skills,
age and visual receptive organization (non-verbal problem solving) on the adapted
behavior composite of young children With autism, In this initial linear regression gross
motor skills (p < 0.001), age (p < 0.001) and visual feceptive organization (p < 0.001)
were significant predictors of the adaptive behavior composite. The initial linear
regression informed analysis of covariance (ANCOVA) fitting gross motor skills, non-
verbal problem solving, age, gender, ethnicity and autism diagnosis (ASD, PDD-NOS or
non-ASH). There were no interactions. The final mode! showed that gross motor skiils

Ap < 0.01), ethnieity (p <0.001}, diagnosis (p <0.001), age (p < 0.001) and visual

75



receptive organization (non-verbal problem -soiving)' {p <0.001) were significant
predictors of the adaptive behavior comﬁbsii‘e (see Table 3.6). Children with worse
motor skills had lower adaptive behavier composite scores as indicated in the Vineland
Adaptive Behavior Scﬁ;le.
Influence of Fine Motor Skills on Daily Living Skills

An initial linear regression analysis tested the moderation of fine motor skiils, age
and visual receptive organization (non-verbal problem solving} on daily living skills. In
this initial linear regression, fine motor skills (p < 0.001) and age (p <0.001) were
significant predictors. The preliminary analysis informed analysis of covariance
(ANCOVA) fitting non-verbal probieny solving, age, fine motor skills, gender, ethnicity
and autism diagnosis (ASD, PDD-NGS dr’ﬂ,owASD). There were no gignificant
interactions. The final model showed fine }éiz)tor: skills were a significant predictor of
daily living skills when all other variables were held constant (see Table 3.4).
Influence of Gross Motor Skills on Daily Living Skills

An initial linear regression analysis tested the moderaﬁon of gross motor skills,
age and visual receptive organization (non-verbal problem solving) on daily living skills.
In this initial linear regression gross motor skills (p < 0.61), age (p <0.001) and visual
receptive organization (p < 0.001) were significant predictors of daily living skills. The
initial linear regression informed analysis of covariance (ANCOVA) fitting non~verbal
problem solving, age, gross motor skills, gender, ethnicity and autism diagnosis {ASD,
PDD-NOS or non-ASD). There were zﬁéé;ig;ziﬂcani interactions. The final model
showed that gross mofor skills, et}lnicizf,’.di;{gﬁosis, age and visual receptive organization

(non-verbal problem solving) were significant predictors of daily living skills (see Table
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3.6). Gross motor skills were a significant predictor of daily living skills (p < 0.01),
children with worse motor skills had a lower daily living skills as indicated in the
Vineland Adai:)tive Behavior Scale.
Influence of Fine Motor Skills on Adapted Social Behavior

Preliminary analysis tested the ability of fine motor.skills, age and visual
receptive organjzationﬂ (noxiéverba} proiﬁkz_m: solving) to predict the adaptive social
behavior of young children with auﬁsm.. In:{hi.s inttial linear regression, fine motor skills
{p < 0.05), age (p < 0.001) and visual receptive organization {non-verbal problem
solving) (p < 0.05) were significant predictors of adapted social behavior. The
preiiminary analysis informed analysis of covariance (ANCOVA) fitting fine motor
skills, age, visual receptive organization (non-verbal problem solving), gender, ethnicity
and autism diagnosis (ASD, PDD-NQS or non-ASD) to predict adaptive social behavior.
There were no significant interactions in this model. The final model showed that fine
motor skills, age, gender and diagnosis were significant predictors of adaptive social
behavior (see Table 3.5). Significant predictors included age (p < 0.001) and fine motor
skills (p < 0.001). This final model indicated that children with worse fine motor skills
had lower sociai adaptive behavior.
Influence of Gross Motor Skills on Adaptive Social Behavior

Gross motor skills were not a significant predictor of standardized social adaptive
behavior (as indicated on the Vineland Adaptive Behavior Scales) (see Table 3.7). An
initial linear regression analysis tested the ability of gross motor skills, age and visual
receptive organization {non-verbal problem solving) on the adapted social behavior of

young children with autism. In this initial linear regression, age (p < 0.001), visual
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receptive organization (p < 0.001) and gross motor skills (p < 0.05) were significant
predictors of adapted social behavior, ”Ifhe gni‘fial linear regression informed analysis of
covariance (ANCOV A} fitting gross motor skills, non-verbal probiem soiving, age, -
gender, ethnicity and autism diagnosis (ASD, PDD-NOS or non-ASD). There were no
significant interactions. The final model showed that gender, diagnosis, age and visual
receptive organization (non-verbal problem solving) were significant predictors of
adaptive social behavior (Table 3.7). Gender was a significant predictor of social adaptive
behavior (p < 0.01), based on standard scores of the Vineland Adaptive Behavior Scales,
males were more likely to receive a score 3.66 points below females. Diagnosis was also
a significant predictor of adaptive social behaviot {p < 0.001), when non-Autism was set
to zero, children with autism scé)red on dverage 11.42 points behind non-autism and
children with PDD-NOS were more Hkély ttﬁ‘lscora 8.12 points behind non-autism, QOther
significant predictors included age (p < 0.001} and visual receptive organization (p <
0.001).
Influence of Fine Motér Skills on Adapted Communicative Behavior

An initial linear regression analysis tested the predictors fine motor skills, age and
visual receptive organization (non-verbal problem solving) on the adaptive
communicative behavior of young children with autism. In this initial linear regression,
fine motor skills (p < 0.01}, age (p <0.001) and visual receptive organization {p < §.01)
were significant predictors of adapted commumicative behavior. The initial linear
regression informed analysié of covariaﬁ(jé {(ANCOVA) fitting fine motor skills, non-
verbal problem solving, age, gender, ethnicity and autism diagnosis (ASD, PDD-NOS or

non-ASD}. There were no interactions. The final model showed that fine motor skills,
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gender, diagnosis, age and visual receptive organization {non-verbal problem solving)
were significant predictors of adaptive communicative behavior holding all variables
constant (see Table 3.5). Gender was a significant predictor of communtcative adaptive
behavior (p < 0.01}, based on standard scores of the Vineland Adaptive Behavior Scales,
males are more likely to rec.eive a score 325 points below females, Diagnosis was also a
significant predictor of adaptive communicative behavior (p < 0.001), when non-Autism
was set {o zero, children with autism scored 10.70 points behind non-autism and children
with PDD-NOS were more likely to score 7.92 points behind non-autism. Other
significant predictors included age {(p < 0.001), visual receptive organization (p < 0.05)
and fine motor skills (p < 0.01). This final model indicated that children with worse fine
motor skilis had lower communicative adaptive behavior,
Influence of Gross Motor Skills on Adaptive Communicative Behavior

The gross motor age equivalent scores on indicated on the Mullen were not a
significant predictor of standardized cormmiunicative adaptive behavior (as indicated on
the Vineland Adaptive Behavior Scales)‘fiség Table 3.7). An initial linear regression
analysis tested the moderation of gross motor skills, age and visual receptive organization
{nen-verbal problem solving) on the adapted communicative behavior of young children
with autism. In this initial linear vegression, age (p < 0.001) and visual receptive
organization {p < 0.001) were significant predictors of adaptive communicative behavior.
The nitial linear regression informed analysis of covariance (ANCOVA) fitting non-
verbal problem solving, age, gross motor skills, gender, ethnicity and autism diagnosis
(ASD, PDD-NOS or non-ASD). There were no interactions, The final model showed

that gender, diagnosis, age and visual receptive organization (non-verbal problem

U
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solving) were significant predicters of adaptive social behavior, Gross motor skills were
not a significant predictor in this model. Gender was a significant predictor of
communicative adaptive behavior (p <0.05), baséd on standard scores of ihé Vineland
Adaptive Behavior Scales, males are more likely to receive a score 3.13 points below
females. Diagnosis was also a significant predictor of adaptive communicative behavior
(p <0.001), when non-Autism was set to zeto, children with autism scores .10,65 points
behind nen-autism and children with PDD-NOS were more likely to score 7.62 points
behind non-autism. Other significam predictors included age (p < 0.001) and visual
receptive organization (p < 0.001}. i

Discussion

The purpose of this study was to investigate the relationship between fine and
gross motor skills on the adaptive behavior composite, daily Hving skills, adaptive social
and adaptive communicative behavior of children with ASD, PDD-NOS and non-ASD.
Fine motor skills were predictive of behavior composite, daily living skills, adaptive
social and adaptive communication based on the Vineland Adaptive Behavior Scales (2™
edition} (Sparrow, et al., 2005). Gross motor skills were predictive of adaptive behavior
composite and daily living skills.

These findings add importanf infc;?éatiqn about the relationship of motor and
social communication skills in children with ASD. Motor skill deficits have been
indicated in young children with ASD through retrospective and prospective research
(Chawarska, et al., 2007, Liovd, et al., 2011; Ozonoff et al., 2008; Teittelbaum, et al.,
1998). Although motor skill deficits are persistent and pervasive in young children with

ASD across time and age, early intervention is primarily focused on social
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communicative deficits (Kasari, et al., 2005; Lioyd, et al,, 2011; Rogers, 2000;
Trevarthen & Daniel, 2003; Zwaigenbaum et al,, 2005).

Motor skill deficits range in nature and across tasks and it has been suggested that
 deficits in motor skill could in fact be hindering improvements in social communication
skills (Lloyd, et al., 2011; Sutera, et al., 2007). Early motor deficits in young children
with autism include delays in infant motor milestones, gait, postural control, fine and
gross motor deficits and in older children with ASD basic movement skills needed for -
participation in physical education and pi:}éiygmund activities (Chawarska, et al., 2007;
Fabbri-Destro, et a%a,, 2009; Matson, et al.,, 2010; Staples & Reid, 2009; Vernazza-Martin,
et al., 2005).

Some studies have acknowiedged a potential relationship in the social
communicative and motor domains, however this suggested relationship has emerged
from the data, and comparisons have not been planned (Landa & CGarrett-Mayer, 2006;
Ozonott, et al., 2008; Sutera, et al., 2007). This study used the amount of motor deficit to
map onto the social communication deficits and has indicated that 2 relationship of motor
and social communicative deficits is evident in children with autism, even at a young age.
Although the content of early intervention has focused on improving the social
communication skills (Dawson, et al,, Zf};id(};-.Kasari, et al., 2006; Kasari, et al., 2010;
Rogers et al., 2006}, there is less agreement '(m specific content (Kasari, et al., 2005),
Motor skills may be a missing component of current intervention programs and an
additive piece fo further improve motor skills and social communicative skills in voung

children with autism.
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The results of this study indicate that fine motor skill deficits mapped onto
behavior composite, daily living skills, adaptive social and adaptive communicative
skilis, while gross motor skill deficits mapped onto adaptivé behavio% compeosite and
daily living skills. In previous studies, developmental level (IQ) and age have been
important indicators for optimal early intervention outcome and therefore indicators of
social success (Dawson, et al., 2010; Gotham, et al., 2009). Both of these factors have
been taken into consideration in this study, and held constant in order to further
exemplify the influence of fine and gross motor skills on social communicative behavior
{non-verbal problem solving is a common stand-in for developmental level and a better
indicator for children with autism given the amount of language delay common in
autism). Fine and gross motor deficits ar’e giréctly reiated to the primary outcome
measures of early intervention for children with autism (based on social communicative
improvement}, and therefore could be potential factors in children’s success.

With the best content for early intervention under investigation, and with early
intervention on the forefront of ASD research, the importance of motor skills should also
be considered (Dawson, et al,, 2010; Kasari, et al., 2005; Matson & Kozlowski, 2011;
Sutera, et al., 2007}, The Denver model, an early intervention for young children with
autism, might be the closest early intervention that successfully intertwines motor
development, social communicative skilis and social success; yet how proficient motor
skills impact social success has not Been‘;{easured {Rogers, 2000). In fact, many early
interventions imply the use of games or ac‘cii\:ities to facilitate social learniné and some of
the activities require relatively proficient motor skills for success. For instance games

like “chase”, songs that require actions, climbing activities (like sliding or playing on
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equipment), as well as activities that include coloring or drawing are often important
components of early intervention programs. Arguably, these activities may be more
successful with more proficient motor skills. Unmistakably, the emphasis of the programs
1s social communicative, but it is possible that these two domains are already intertwined.
Teaching age-appropriate motor skills m1gh‘g add to a practitioner’s repertoire of
intervention strategies aimed at improﬁng s;ociai success (Llovd, et al., 2011; Sutera, et
al., 2007; Swiezy, 2008).

The results of this study are not meant to negate the importance of deficits in
social communication prevalent in ASD. However the prevalence of motor deficits in
young children with ASD) needs to be considered in early intervention {Chawarska, et al.,
2007; Lloyd, et al., 2011; Matson, et al.,, 2010; OzonofT, et al., 2008; Teittelbaum, et al.,
1998). Yet, the depth of motor deficits in children with ASD at a young age {age range
14- 36 months) causes concern (Lioyd, et al,, 2011). The relationship of motor skills,
with behavior, daily living skills, adaptive social and adaptive communicative skills
suggesté another avenue to further explsi‘é and possibly add 1o the social success of these
young chiidren.

The content of early intervention varies. Parent-driven early interventions are
starting to gain recognition and have been successful (Vismara, Colombi, & Rogers,
2009). A diagnosis of autism can be overwheiming for families and it often requires a
substantial change in familial schedule:s, programs and activities (Hall & Graff, 2011).
Adhering to strict behavioral models of early intervention can be difficult, especiaily
given the change in routine and schedules early intervention causes. Motor skills could

be a relatively tangible skill for parents to conceptualize and possibly a set of skills to
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focus on when family or parental stress is elevated. Since motor skills are related to
social communicative skills, this may help at improving social communicative skills too.

Adaptive social and communicative behavior is necessary for basic daily living
skills. Deficits in motor skills are related to deficits of adaptive behavior composite,
daily living skills, social and communicative skills independent of cognitive function
{non-verbal problem solving). Since the improvement of social cormunication is critical
in ASD in moving towards positive prognosis, and deficits in the same area are core
features of ASD, the relationship of motor skills, a rather underexplored area, are
important towards this endeavor, Social communication deficits are the single most
defining feature of autism (Rogers, 2000). However, the results of this study show a
direct relationship of the core characteristics of autism with motor skills,

This study is an initial step towards indicating the improvenﬁ.ent of motor skills as
a function of social communicative success. Although few, if any, interventions have
focused on improving motor skills, motor skill deficits widen as children age, even in the
early years (Lioyd, et al., 2011}, In a description of the early autism phenotype social
communicative deficits were evident in infant siblings, alongside motor deficits, such as
delayed sitting and an unstable posture {Yirmiya & Ozonoff, 2607).

How to best implement motor sKill improvement programs and how to combine
early intervention to include motor sfciilii;ngéévement is an area of future research,
However, programs such as those adapted through pre-school physical education and the
use of adapted equipment, focused on motor skill improvement would be good startiné
points (Goodway & Branta, 2003). Children with ASD have unigue characteristics which

will be important to consider in motor skill programming, For example, using schedules
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and simple instruction consistent with visual and verbal prompts will be important.
Behavior strategies sometimes including unique reward systems, simple tasks and the use
of motivating adaptive equipment will be imperative. However, given the need for motor
skill improvement and the relationship b%\fg@m motor skills and social communicative
skills, this type of program might be a signi.%';cant additive piece for young children
diagnosed with autism in addition to more traditional early intervention programs.
Future directions

The necessity of earty intervention for young children with ASD has clearly been
mdicated. However, a more concerning feature is agreement on program content. Direct
comparisons of early interventions has just started (Kasari, et al., 2008). Retrospective
comparisons of early intervention programs are difficult given different outcome
measures used to suggest success (Lord et al., 2005; Matson & Sipes, 2016). Clearly,
motor skills deficits have been indicated, gnd this study shows direct relationships
between fine and gross motor skilis for f’bu;ﬁg children with autism. Next steps include
motor skill interventions. Given the motor deficits in this group of children, group-based
programs {o improve these skills are imperative. 1f motor skill interventions are
successful, how motor skill interventions improve social communication success may
also provide important information. It is possible that the benefits of early motor skill
intervention may yield similar improvements in outcome measures currently used to
evaluate the success of social communicative early intervention programs.
Limitations

Limitations to this study include the retrospective nature of this work and the

secondary data analysis. Age equivalent s¢ores were used in order to standardize scores
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across ages, and increase the age range of the children in this study. More sensitive
motor skills assessments need to be implemented to help in addressing this relationship,
Conclasion

Deficits in fine motor skills directly map onto the adap{ive soclal, communicative,
adaptive behavior composite' and daily living skills of children with ASD, PDD-NOS and
non-ASD. Deficits in gross motor skills directly map onto the adaptive behavior
composite and daily living skills of children with ASD, PDD-NOS and non-ASD. These
findings acknowledge that motor ski‘iis‘dé'fﬁziits are related to the core characteristics of
ASD, deficits in the social and communic;agi‘-ve domain. Furthermore, it has been
suggested that motor skill deficits may be a cardinal feature of ASD and not secondé.ry to
deficits in the social communicative domain (Fournier, et al., 2010). Although more
research need to be completed to acknowledge this statement, the results of this study
further support that motor skills are influential, even when non-verbal problem solving
was held constant. Not only are motor skills deficits present in children with ASD at a
young age (Lloyd, et al., 2011}, but the relationship of these deficits to the social
communicative domain, may impact early intervention. Motor skills need to be

considered and included in early intervention programming,

=
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Table Captions

Table 3.1. Descriptive characteristics of the participants.

Tabie 3.2. Average motor skill differcnée variable based on the difference between the
motor age equivalent score and the child’s chronological age.

Table 3.3, Correlation analysis of dependent variabies.

Table 3.4. Analysis of covariance (ANCOVA) for Fine Motor Skills on Adaptive
Behavior Composite and Daily Living Skills. |

Table 3.5, Analysis of covariance (ANCOVA) of Fine Motor on Adaptive Social and
Communicative Behavior

Table 3.6. Analysis of covariance (ANCOVA) for gross motor skills on adaptive

behavior composite and daily hiving skills.

Table 3.7. Analysis of covariance (ANCOVA} for Gross Motor Skills on Adaptive Social

and Communicative Behavior
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Chapter 4
The effect of motor skills on the social communicative skills of school-aged children with
autism spectrum disorders
Introduction
Autism spectrum disorder (ASD) 18 a pervasive developmental disorder
characterized by deficits in social skills, communication and repetitive or restricted
interests (American Psychiatric Association {APA], 1994). Recent prevalence statistics
suggest that 1 in every 110 children are diagnosed with ASD (CDC, 2011; Matson &
Kozlowski, 2011). Characteristics of children with ASD are present at a young age and
are pervasive over time and age (Bellini, Peters, Benner, & Hopf, 2007; Gresham, Sugai,
& Horner, 2001 Lord, 2000a; Lord et aﬁ,’ 2{}06 Luyster et al., 2009). Programs and
services for school-aged children with ASD) are focused on social communicative deficits
and ofien packaged as a social skills program. Although there appear to be a plethora of
social-skills based research in ASD literature, program efficacy along with the
application of learned social skills beydnd the treatment setting have come into question
(Bellini & Peters, 2608; Bellini, et al., 2007, Chamberlain, Kasari, & Rotheram-Fuller,
2007; Kasari, Locke, Guisrud, & Rotheram-Fuller, 2010; Kasari & Rotheram-Fuller,

2005; McConnell, 2002; Williams White, Keonig, & Scahill, 2007),
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Best practice recommendations for social skills programs have been made based on
clinical judgment and substantiated research (Elliott, Malecki, & Demaray, 2001;
Gresham, et al., 2001; Kasari, et al., 2010; Rao, Beidel, & Murray, 2008). Program
recommendations include the use of naturalistic settings and age-maiched peers (Lord et
al., 2005; Rao, et al., 2008). Nonetheless, one common limitation, of social skilis
programs, that has emerged is the genera]‘izgtion of learned skills beyond the treatment
setting (Bellini & Peters, 20(58; Beﬂini,t@lt al, 2007, Gresham, et al., 2001). Very few
social skills based interventions have had su;:cess in generalizing social skills beyond the
treatment setiing (Bellini & Peters, 2008; Bellini, et al., 2007; Elliott, et al., 2001}, it is
unclear whether current interventions can successtully adhere to this limitation and
whether best practice recommendations that have been established address the need for
generalization (Bellini & Peters, 2008; Belliny, et al,, 2007; Gresham, et al,, 2001),
Regardless of these limitations, the importance of social skills programs for school-aged
children with ASD has clearly been established (McConnell, 2002).

One avenue that has not been explored is the impact that motor skills play in the
social development of children with auism. Recommendations, based on best-practice
claim that skill practice is a critical pi,eccé';.izto-}:@hrther apply learned skills beyond the
reatment setting (Lord, 2000b; Rao, et al,, 2008). For school-aged children practice
might inciude school-based play or common schoolyard activities and these activities
often require relatively proficient motor skills to participate with success (Berkeley,
Zittel, Pitney, & Nichols, 2001; Ulrich, 2000). However, motor skil} deficits azre common
amongst school aged children with ASD and may be hindering this type of practice

(Berkeley, et al., 2001; Green et al,, 2002; Green et al., 2009; Staples & Reid, 2009).
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Motor skill deﬁcité persist and are present in school-aged children with autism
{Berkeley, et al., 2001; Staples & Reid, 20{5}9) In a Jarge, well-defined sample of
children with autism (N= 101}, 80% presented with motor skill deficits (Green, et al.,
2009}, Some research has suggested that the severity of the motor deficit is driven by
intellectual ability, in other words, children with a lower [Q or developmental level have
weaker motor skills (Green, et al., 2009}, But, other studies suggest that the deficits
cannot entirely be attributed to inteliectual ability (Green, et al., 2002; Lloyd,
MacDonald, & Lord, 2011). When a higher-functioning group of children with autism
were compa}ed to children with a motor skill specific disability, the children with autism
had the weakest motor skills (Green, et al., 2002). This finding indicates the depth of
motor deficits common in school-aged Eiﬁfi’fdren with autisem.

School-aged children with auusmhé{fe deficits in locomotor and object-control
skills based on the Test of Gross Motor Developmenf- 2 (TGMD-2) (Berkeley, et al.,
2001; Staples & Reid, 2009, Ulrich, 2000). The TGMD-2 assesses locomotor skills such
as running, galloping, hopping, sliding, leaping and jumping as well as object-control
skills such as overhand throwing, §triking, kicking, underhand rolling, dribbling and
catching (Ulrich, 2000). The skills tested on the TGMD-2 are considered essential skills
needed in physical education and active play (Ulrich, 2000). In a more recent study using
the TGMD-2, findings corroborated previcus research and reemphasized that children
with autism could perform the skills, but in a less mature form (Berkeley, et al,, 2001;
Morin & Reid, 1985; S’{aplés & ‘Reid", 2009)G Staples & Reid (2009) used two controf
groups in their study, age-matched typ-ic;il}; tdévelopéd peers and children matched on the

raw scores of the TGMD-2 (younger children). They concluded that children with autism
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had movement skills that were performed equivalent to children half of their
chronological age (ie. 10 year old children with autism performed motor skills equivalent
toa 5 year old). When 6- 10 year old children with Asperger’s syndrome (a form of
ASD) were compared to age-matched controls with a specific developmental disorder of
motor function, greater motor deficits were found in thé children with Asperger’s
syndrome {Green, et al,, 2002). In othe;ii;dr_ds children with autism had weaker motor
skills than chiidren with a disability deté.r;m:i;ﬁed by motor skill-deficits.

In some of the original clinical descriptions of what is now called autism,
Asperger aftached considerable weight to motor clumsiness (Frith, 1991). Why chiidren
with autism display deficits in motor skills is a question of interest for many researchers
in the field. How ASD manifests and the neural system invoivement is an ongoing area
of study {Fournier, Hass, Naik, Lodha, & Cauraugh, 2010; Mostofsky, Burgess, & Gidley
Larson, 2007; Mostofsky et al., 2009).

Recent research has found that children with autism managed single motor tasks
well, but deficils were present when chginmg motor tasks into a global action (Fabbri-
Destro, Cattanco, Boria, & _Iiizzo}atti, 2{)09) In short, more complex motor skills
requiring a combination of actions, like obj;;;t-control skilis, were harder for chiiﬁren
with ASIJ to execute. During simple motor tasks such as a finger tap exercise, the
connectivity within the motor circuits was decreased in children with ASD using fMRI
{Mostofsky, et al., 2009). Compared to typically developing controls, children with
autism displayed similar neural connectivity during rest, but differences during a simple
motor task were evident. Notably, the authors of this study discussed the brain area

responsible for precedural acquisition of motor skills may also be important in language
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and social development, both of which are. deficient areas in children with ASD and core
diagnestic characteristics (Mostofsky, efﬁijétl.fﬁ()i)?). Currently, the use of motor
performance in ASD diagnosis is embedded in gestures, stereotypies and imitation
(Gotham, Pickles, & Lord, 2009; Gotham, Risi, Pickles, & Tord, 2007; Lord, 2000a;
Luyster, et al,, 2009}, However, descriptive studies have clearly indicated that motor
skills deficits go beyond gestures, stereotypies and imitati_on (Berkeley, et al., 2001;
Green, et al.,, 2002; Green, et al., 2009, Staples & Reid, 2009).

Although motor skill deficits are present in scheol-aged children with autism, the
primary focus of intervention is on social communicative skills, The effectiveness of
social skills programs range in nafure and various methods of delivery have been
implemented (Bellini & Peters, 2008: Bcihm, et al., 2007; Gresham, et al., 2001). These
methods include, but are not limited to I;r‘bn;f)ting and rehearsal, play-based activities,
free-play activities, reinforcement, modeling, storyteiling and direct instruction (Vaughn
etal., 2003). The importance of providing efficacious social programming for schoo!-
aged children with autism has cleéﬂy been established (McConneli, 20023, However,
there is less agreement on the specific content of social skills programs (Bellini, et al.,
2007; Gresham, et al., 2001; Kasart & Rotheram-Fuller, 2005). Researchers are still
working on methods of “best practice”, but for the most part literature supports programs
that provide flexibility, naturalistic settings for skill practice and more than one group
meeting per week (Ellioft, et ai., 2001, Gresham, et al., 2001; Lim, Kattapuram, & Lian,
2007, Rao, et al., 2008). Based ‘on tﬁesé .£;é§;;)mmendations it seems reasonable to helieve
that proficient motor skills may help in éstaﬁﬁ#hiﬁg optimal opportunities to practice

social skills.
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The purpose of this study is to determine whether the functional motor skills of 6-
13 year old children with high-functioning autism, as measured by the Test of Gross
Motor Development 2™ Edition (TGMD-2; Ulrich, 2000}, pradict success in a social
skills based on standardized assessments. It is hypothesized that children with better
motor skills will have better social-skills.
Method

Participants. The Medical Institutional Review Board at the University of
Michigan and the University of California- Los Angeles approved all methods and
procedures for this study. The participants for this study were students in the Ann Arbor
Public Schools and Los Angeles public schools. Permission to work within the Ann
Arbor Schools was obtained from the Sugaerintencicxlt, the head psychologist, principals of
the selected schools and teachers whose students were eligible to participate in this study.
All parents signed an informed consent prior to the start of the study. The participants
were children with a clinical diagnosis of autism or pervasive developmental disorder-
not otherwise specified (PDD-NOS), based on the Ann Arbor Public School and Los
Angetles Public Schools ASD diragnostic-: _c"'rit:eria, and met diagnostic criteria for ASD or
PDD-NOS bésed on the Autism Diagnoétic'Ibﬁservational Schedule (ADOS) (Lord,
2000a). The participants were between the ages of 6- 15 years old with [Q scores above
64 and included in typical classrooms. None of the participants in this study had
additional diagnoses of sensory or physical impairments.
Measurements

Assessments for the participants took place at the University of Michigan Autism

and Communication Disorders Center (UMACC), an autism center at the Univeristy of
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California- Los Angeles and in some caéés@he children’s home, Teacher-based
assessments and play observation took place at the péﬁicipant’s school.

Motor skill measarement. The motor skilis of each participant were measured
using the Test of Gross Motor Development 2™ Edition (TGMD-2; Ulrich, 2000}, This
test was used because it assesses common motor skills that are needed for successful play
in physical education and playground settings (Ulrich, 2000). The TGMD-2 is divided
into two common subtests; locomotor skills and object control skills, The locomotor
subtest measures six gross motor skills that require fluid coordinated movement. The
skills assessed are the run, gallop, hop, leap, horizontal jamp and siide. The dbject—
control subtest measures six gross motor skills assessing the child’s ability to play with
balls, The skills assessed are striking a S%étigﬂ"ary ball, stationary dribble, catch, kick,
overhand throw and underhand throw, Once the child masters the skills on the TGMD-2,
they are prepared to begin to learn how to use them in more sport specific activities, The
TGMD- 2 is a norm-referenced test for children aged 3- 10 years old, but has been used
frequently in older children, especially those with disabilities (Berkeley, et al., 2001;
Morin & Reid, 1985; Staples & Reid, 2009). The raw scores on the TGMD-2 were used
rather than the standardized norms given that some of the children in this study exceeded
10 vears of age. Inter-rater 1'eiiaBi!ity was established at 80% before the study began,

Child Diagnostic Measure. All participants had an educational classification of
autism and a confirmatory diagnosis.of aﬁ{lsm or PDD-NOS was determined by
administering the ADOS, a semi-styucm;ed ?;féndardized assessment of communication,
social interaction and play (Gotham, et al., 2007, Lord, 2000a). Pre-established

diagnostic algorithms and cut-points have been correlated to inform clinicians and
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researchers of diagnosis (Getham, et al., 2007; Lord, 2000a). Each member of the
research team @tablished inter-rater reliability exceeding 80% exact agreement
(kappa>0.60) for all ADOS items on three consecutive administrations before the study
began.

Intelligence Quotient (1Q). Thé\__S‘tgndford»Binet Intelligence Scales, Fifth
Edition (SB-5) was used to measure eacill pé’ﬁicipant’s mtelligence quotient (Roid, 2003).
This assessment was used to ensure that the participants in this study had an 1Q above 64.
This test has been used previously for children in this age range to confirm 1. All feam
members had experience and practice in administering this standardized test.

Measure of Secial Skills. Teachers of the participants completed the Social
Skills Improvement System Rating Scale.s (SSIS; Gresham & Elliott, 2008}, A standard
social score is derived from this tool based on social skills, problem behaviors and
academic performance (Elliott, Gresham, Frank, & Beddow, 2008) |
Data Reduction

All administrators strict}j/ adherédtgeithe standardized procedures outlined in each
respective test manual, As indicated in the measurement description, inter-rater
reliability was established for the TGMD-2 and ADOS. Autism cut-off was based on
standardized up-to-date revised algorithms (Gotham, et al., 2007). These algorithms
included scores based on social communication, repetitive and restricted interests and
sterectyped behaviors. Calibrated autism severity was calculated based on standardized
algorithms (Gotham, et al., 2009). The SB-S was administered by experienced assessors
and the SSIS was a standardized form filled out by the participant’s teachers. Raw scores

from the TGMD-2 were used for analysis because some of the participants exceeded the
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age of the norm-referenced motor scores'.i Raw total, locomotor & object-contro} scores
were used for the purpose of analysis. Descriptive characteristics of the sample included
age, gender and ethnicity, A diagnosis of autism or PDI-NOS was obtained and reported
based on the participant’s Stand.ard ADOS score and a standard IQ) was derived from the
SB-5 and reported as such.
Data Analysis

Data analysis tested the effect of motor skills measured by the TGMD-2 on the
standard social skills of children with ASD as indicated by SSIS and the calibrated autism
severity. ANCOVA was used to test the relationship of motor skills on social
communicative skills holding constant age, 1Q, ethnicity, gender and autism diagnosis. It
is hypothesized that children with highef‘rﬁ%%’ér skills based on the raw scores indicated
on the TGMD-2 will have more success in social communicative skills as indicted
through standard scores on the SSIS and calibrated avtism severity scores.
Results

Thirty-five participants with a confirmed diagnosis of ASD (N=23) or PDD-NOS
(N=12) were included in this study (mean age 9.2 (+2.5) years). Descriptive
characteristics of the sample can be found in Table 4.1.
Influence of Motor Skills on Calibrated Severity

Analysis of covariance (ANCOVA) fitting total raw motor skills indicated by the
TGMD-2 (Ulrich, 2000), IQZ, age, gendéf,:}'séghnicity and autism diagnosis was performed
on the calibrated autism severity (Gothz;ﬁn eia!, 2009). There were no significant
interactions. Total raw motor skill scores were not a significant predictor of calibrated

autism severity. The only significant predictor in this model was gender {p < 0.05) (see
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Table 4.2). ANCOVA was performed on subscales of the TGMD-2, the locomotor
subscale and the object-control subscale. The locomotor subscale did not predict
calibrated autism severity. The only predictor in this model, fitting locotmotor raw
scores, IQ, age, gender, ethnicity and autism diagnosis was gender (p < 0.05) (see Table
4.3). When ANCOVA was performed on suBécaIe of object-conirol, motor skills weré 3
significant predictor of calibrated autism severity {(p < 0.05) (Table 4.4). The other
predictor in this model was gender (p < 0.05).
Influence of Motor Skills on the standardized social skills of school-aged children
with Autism

Analysis of covariance {ANCOVA) fitting total raw motor skills scores, IQ, age,
gender, ethnicity and autism diagnosis was performed and the standardized social skills
as indicated through the soc.ia}. skills skills improvement system (SSIS) (see Table 4.5).
There were no significant interactions. ANCOVA was performed on subscales of the
TGMD-2, the locomotor subscale and ihé’ Q@ject—coaqtrai subscale. The locomotor
subscale did not predict standardized social skills (see Table 4.6). ANCOVA was
performed on subscale of object-control, motor skills were not a significant predictor of
standardized social skills (see Table 4.7 and Figure 4.1).
Discussion

School-aged children with autism have consistently performed poorly on
standardized tests of motor skills (Berkeley, et al., 2001; Green, et al., 2002; Green, et al.,
2009; Staples & Reid, 2009). This study corroborated previous research as school-aged
children with autism performed poorly on the TGMD-2, a standardized test of motor

skills (Ulrich, 2000). Although motor skiué have gained recognition in autism literature,

e
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the focus of intervention for school-aged children has been on social skill development
{(McConnell, 2002). When the locomotor skills and object control skills were combined
into a total standardized motor score there was no relationship to calibrated autism
severity ot standardized social skills. When the locomotor and object control motor skills
were analyzed separately the locomotor skills were not predictive of calibrated autism
severity or standardized social skills. However, the object control skills of the same
group of children were significantly predictive of calibrated autism severity holding other
important variables constant (p < 0.05).

Calibrated autism severity scores have been indicated as optimal for comparisons
of assessments across time (and age), and tc;identify different trajectories of autism
severity independent of verbal IQ (Gotham, et al,, 2009). Motor skills of school-aged
children with autism have never been used as criteria in the prediction of calibrated
autism severity. The significant relationship of standardized object-control skills sheds
light on to the importance of motor skills. Children with weaker object control skills,
based on the TGMD-2 (Ulrich, 2000}, had higher calibrated severity scores (indicative of
more severe autism symptomology} (Gotham et al., 2009}

Previously, ASD “severity” was subjective and frequently used outcome variables
included language delay, cognitive function, behavioral issues and raw scores from the
ADOS (Lovaas, 1987; Sutefé, Pandeiy, Eﬁfqer & Rosenthal, 2007), However, none of
these stand-ing constitute valid and reiiabie ixiéthads of severity assessment. The
calibrated severity scores were mapped based on ADOS raw scores, which represent core
deficits specific to the social communicative do?nain and the basis of ASD

characteristics. These deficits of social skills, cormmunication and repetitive behaviors or
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restricted interests were based on the standardized semi-structured interview,
administered to the individuals through presses (a common term used in the ADOS, a
press 18 based on the manualizéd pm{ocpi::.fm ADOS administration} meant fo obtain and
give opportunity for soctal communication based on age and language level (Lord,
2000a). The calibrated severity scores were calculated independent of cognitive function
{Gotham, et al., 2009). In other words, cognitive function is not indicative of ASD
severity. The relationship of object-control skills to calibrated autism severity maﬁi help
to better understand autism as a whole, and further how motor skills influence social
skills and the core characteristics of autism.

The social deficits of school-aged children with autism are the hallmark
characteristic of autism and the primary focus of intervention (Machalicek et al., 2008;
Williams White, et al., 2007). However, only minimally effective social skill
improvements have been found (Bellini; et al,, 2007). Generally, it appears that some
immediate social change occurs, but 1orfé‘itu;‘.éinal social change is weak and peneralizing
learmned skills over time was undoubtedly a limitation of social communicative
interventions. Regardless of the limitations to current social skills research, it has been
established that social skills interventions are a necessity in any educational program for
chiidren with au‘zism., based on the extensive social deficits experienced in this group
(Lord, 2000a; Lord, et al.,, 2005: McConnell, 2002).

Since object-control skills map on to the calibrated severity of autism, and since
calibrated severity captures the social communicative deficits of this group of children, it
is possible that improved motor skills may impact social communicative success.

Behaviorally higher levels of social comnmunicative success have been established when
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children participate in games on the playground. For example, children participating in
sports like soccer, or games like four-square (a common ball-game on the playground),
are ranked in the highest category of social communicative success (Kasari, et al., 2010).
it 1s less clear whether children’s lack of participation in movement games onlthe
playground are due to deficits in motor skills, or whether or not the social aspect of the
game is too complex or intimidating. Creating successful environments for children to
practice social skills is important and for school-aged children the playground is an
important avenue to explore, How 1mpr9ved motor skills may impact this avenue of
social skill generalization is an area of futuf‘; research,

Although motor skills did not predict standardized social skills in this same group,
there 1s & need to further established assessments that capture changes based on
intervention (Matson & Wilkins, 2009), Finding measures with strong sensitivity and
specificity are a necessity (Gotham et al., 2009). Currently, the calibrated autism severity
scores are the closest measure to capture the core social communicative characieristics
with necessary specificity and sensitivity {Gotham et al, 2009).

Limitations

Standardized measures of social slf;ilis are important. However, social skills are
often measured differently aéross studieéi:-}} more standardized and sensitive measure of
social change would be optimal for this study. Calibrated severity is independént of IQ),
however, children with autism have a broad range of IQ and this particular study was
limited to children with IQ above 64. A more comprehensive study would include

children with autism, regardless of IQ scores.
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Future Research

Future research needs to further explore how motor skills and social skills are
related. Learning how motor skills map onto social change and whether or not improved
motor skills correspond with positive so&iaiﬁ'devemp.ment is an area of future study.
Sccial skills are a priority in autism research. But, understanding other factors that may
impact social success is important. Content of social skills intervention has been
questioned and motor skills have not been included in the discussion. Yet, a relationship
exists. Understanding the impact of this relationship needs to be explored further.
Conclusion

school-aged children with autism have both motor skill and sociai skil deficits,
The hallmark characteristic of sutism is deficits in the social communicative domain,
This study provides an initial relationship between motor skills and social communicative
skills as indicated through the célibr&teé,_s%\;eriiy scores. Children with weaker motor
skills have higher calibrated severity scc;rres-:.x iHow this reiaﬁonship exists behaviorally,
and from a social skills programming perspective needs to be explores further. However,
given the necessity of social skills programs for school-aged ch.ilaren with autism and the
broader need to explore specific social skills content, motor skills need to be included in

the discussion.
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Figure 4.1. Calibrated Autism Severity Scores and Object Control Skills in school aged
children with autism.
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Chapter 5
Conclusion

Autism spectrum disorder {ASD} is a p'ervasive developmental disorder
characterized by deficits in social skills, communication and repetitive or restricted
interests (APA, 1994). Recent prevalence sfatistics suggest that 1 in every 110 children
are diagnosed with ASD (CDC, 2011; Matson & Kozlowski, 2011). Diagnostic measures
have been standardized and can identify children with autism at a very young age
(Gotham, Risi, Pickles, & Lord, 2007, Luyster et al., 2009; NRC, 2001). The continuous
rise in ASD diagnosis has been the focus of controversy, based on the 17% annual
increase. Prevalence has also been a highly debated topic in the field of autism since
research suggests genetic links and promotes behavioral interventions while parent
groups have brought public awareness to vaccinations and other theories that have not
been thoroughly researched. The rate of diagnosis and the current statistics make autism
one of the most frequent childhood neurodevelopmental disorders (Fombonne, 2009,
Matson & Kozlowski, 2011},

Coinciding with the core characteristics of the disorder are behavioral
interventions driven by the hope of improving social communicative deficits. In fact
learning social strategies to navigate the mmiore general social world are critical skills for
everyone, but particularly important tools for individuals with ASD to learn. The need for

focused interventions teaching social communicative skills to individuals of all ages is
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one of the most important behavioral methods indicated in positive prognosis {Kelley,
Naigles, & Fein, 2010}, When the social trajectories of children with autism, PDD-NOS
and non-autism developmental disabiliti@s_ were studied longitudinally from ages 2-13
vears, the social gap significantly widened as children aged (Anderson, Oti, Lord, &
Welch, 2009). For young children social communicative interventions have been
successfully implemented in the home and clinic settings through early intervention
(Dawson et al., 2010; Kasari et al., 2005; Kasari, Gulsrud, Wong, Kwon, & Locke, 2010;
Wong & Kwan, 2010). In older children with autism, clinic and school-based programs
aré often packaged as a social skills program (Bellini & Peters, 2008; Bellini, Peters,
Benner, & Hopf, 2007; Gresham, Sugai, & Horner, 2001; McConnell, 2{){}2.}. Eérly
intervention has been indicated as a priority in autism research and social skills programs
for older-children with autism have also been indicated as a necessity (Frankel et al.,
2010; Kasari, et al., 2005; McConnell, 2002)

Although a rather underexp[oredﬁéré?éf research, the motor skills of ¢children
with autism, have started to gain attention (Green et al., 2002; Green et al., 2009; Llovd,
MacDenald, & Lord, 2011; Matson, Mahan, Fodstad, Hess, & Neal, 2010; Staples &
Reid, 2009). Based on descriptive studies deficils in motor skilis are apparent in many
children at a young age, but persistent and pervasive with age (Green, et al., 2002; Green,
et al., 2009; Lloyd, et al,, 2011; Teitelbaum, Teitelbaum, Nye, Fryman, & Maurer, 1998).
Most studies evaluating motor skill deficits are descriptive and methods of improving
motor skills in children with autism have not been published. On the other hand, the
halimark characteristic of autism may overshadow the motor skill deficits that have been

recognized and without doubt interventions for children with autism have been driven by
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social communicative deficits (Dawson, et al., 2010; Frankel, et al., 2010; Gresham, ef
al., 2001; Kasari, et al., 2005; Laugeson, Frankel, Mogil, & Dillon, 2009; McConnell,
2002). f

Although the presence of both social communicative deficits and motor skill
deficits are present and persistent in individuals with ASD, research rarely focuses on the
nferaction of these characteristics. In young children with autism spectrum disorder,
there has been some acknowledgementi"‘i}fa‘;fw‘ijlere proficient motor skills may be helpful
to further success in carly intervention (I]oyd etal.,; 2011, Sutera, Pandey, Esser, &
Rosenthal, 2007). In a large clinical sample of young children with autism motor skill
deficits became worse as very young children aged (young children between the ages of
12- 36 months) (Lloyd, et al,, 2011}, How these wide deficits impact the use of motor
skills in early interventions has yet to be explored. However, given the types of games
and play-based activities used in early intervention, it seems likely that insufficient motor
skilis may impact children’s participation and ultimately impact early intervention
success,

The results of this dissertation i_ndicate large motor skills deficits in young
children with autism spectrum disorder";_al; average fine motor skill deficits were
approximately 12 months behind the ch.ronc;logical age of the child, and gross motor skill

deficits were approximately 9 months behind the éxpecmd chronological age of the child.
The_se deficits and the wide age difference between the performance of motor skills and
the children’s age-equivalent scores, it is possible that motor skills could impact success
in play-based activities, common in early intervention. It has been clearly indicated that

early intervention is successful for young children with autism (Bellini & Peters, 2008:
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Bellini, et al., 2007; Kasari, et al., 2003; McConnell, 2002). Hewever, there is less
agreement on the content of such programs, and one area that has been particularly
underexplored is the role of motor skills in social communicative programming (Lioyd, et
al,, 2011; Sutera, et al., 2007,

The results of this study show that motor skill deficits directly map onto daily
living skills, adaptive social & communicative skills and the calibrated severity of young
children with autism. The relationship in:this large clinical sample of young children
with autism further strengthens the peteﬂﬁéll":associaﬁon of motor skill intervention in
combination with, or alongside current early intervention content. Evidence clearty
indicates that early intervention works, and is essential in the early care of young children
with autism (Dawson, et al., 2010; Kasari, Freeman, & Paparella, 2006; Kasari, et al.,
2005; Kasari, Gulsrud, et al., 201 O'; Kasari, Paparella, Freeman, & Jahromi, 2008; NRC,
2001). However, which mode of early intervention works best, or the content of early
intervention is less agreed upon {Kasari, et al., 2006; Kasari, et al., 2005). The use of
motor skills has not been reported as a specific feature of current early intervention
programs that are receiving atterntion in autism research, The closest intervention that
appears to successfully intertwine mioto; aklils and early intervention is the Denver model
(Rogers et al., 2006). Coincidently, this parii;i'c-uiar rr;{)dei of early intervention was
recognized as a major contribution towards autism research from a behavioral
intervention perspective (Dawson, et al., 2010). Yét the direct impact of how motor skill
proficiency relates to this particular intervention was not studied.

In older children with autism, the relationship is less apparent. However, this also

begs the question as to whether or not measures of social communication are sensitive
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enough to establish change. In addition, the motor skilis of this group of school-aged
children were well-below norms set for much younger children (Ulrich, 2000). Although
the distribution of motor skills may pose problems in interpreting social communicative
rejationships, the motor skills deficits were clearly indicated, and corroborated previous
research (Berkeley, Zittel, Pitney, & Nichols, 2001; Staples & Reid, 2009). Ofnote
motor skills have already been indicated as important factors in ranking social
communicative behavior, but not necessarily acknowledged accordingly (Kasari, Locke,
Gulsrud, & Rotheram-Fuller, 2010). Behgvioraliy higher levels of social communicative
success have been established when children participate in games on the playground, For
exarﬁple, child:ren participating in sports like soccer, or games like four-square (a
common ball-game on the playground), are ranked in the highest category of social
communicative success (Kasari, Locke, et al., 2010). It is less clear whether children’s
lack of participation in movement games on the playground are due to deficits in motor
skills, or whether or not the social aspect of the game is too complex or intimidating.
Regardless, creating successtul environments for children to practice social skills is
important and for school-aged children the playground is an important avenue to expim:e‘
How improved motor skills may impact this avenue of social skill generalization is an
area of future research.

Future rescarch needs to ccntinui%iei'{iﬁ]ering refationships between social
communicative skills and ﬁmter skills. In addition, interventions aimed at improving
motor skills neéd to be implemented. Group-based motor skill interventions focused on
play may act positively on the motor skill success of children with autism, but this may

also impact children’s success in the social communicative domain. Based on the results
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of this study, the strongest rélationships between motor skill deficits and social
communication skills are apparent in young children with autism. Although focused on
implementing change with this young group, we cannot neglect the needs of schooi-aged
children with autism who are often undér'r“se?!v.éd from a programming perspective.

As the most frequent neurodevelopmental disorder, autism has been gaining
attention, Descriptive studies have started to recognize the frequency of motor skill
deficits in this group (Lloyd, et al,, 2011; Staples & Reid, 2009; Teitelbaum, et al., 1998},
Older children have performed poorly on standardized motor skills tests, including
significant deficits in object-control skills {ball skills) and tocomotor skiils (such as
running and galloping) (Berkeley, et al., 2001; Morin & Reid, 1985; Staples & Reid,
2009} In some studies children with autism have met the criteria for developmental
coordination disorder, a disorder defined by deficits in the fine and gross motor skills
(Green, et al,, 2002; Green, é‘f al., 2(}'{)9}? fki'i}_some of the original descriptions of autism,
“clumsiness” was mentioned. However,‘ciifii.caily, the focus of motor skills deficits for
children with autism has focused on stereotypies and imitation skilils (Gotham, et al.,
2007; Lord, 2000, Luyster, et al., 2009). Consequently, it appears that motor skills have
been relatively underexplored from and intervention perspective.

This study acts as an initial step towards indicating the priority of motor skill
intervention and potential relationship of this improvement towards ultimately improving
the social communicative skills of children with autism. This relationship raises more
questions and needs to be explored further. It is possible that improving motor skills may

also map onto social communicative skills and calibrated autism severity,
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Earlv intervention has gained a ot of attention in autism research based on the
successes, and very young children are making very exciting improvements (Dawson, et
al., 2010). Unfortunately social skillg prograins for older children with autism have not
had the same magnitude of suceess. As children age, the social world becomes more
complex (Gresham, et al,, 2001). The premise of social skills programs for school-aged
children is also focused on social communication, but the use of age-appropriate social
communicative interventions are importa;ii' considerations (Kasari, Locke, et al., 2610),
Although improvements in social skills b.lav.é been indicated in programs for school-aged
children, generalizing learned skills in months following or even bevond the treatment
setting is difficult (Bellini & Peters, 2008; Bellini, et al., 2007; McConnell, 2002). In
school-aged children with autism, object-control skills directly mapped on 1o the
calibrated severity of autism. Clearly, motor skill deficits are present in this group of
children and now there is a directly relationship of weak motor skills to higher calibrated
severity and poorer social skill performance. Previous research suggests that school-age
children performed moter skills equivalent to half of their age (Staples & Reid, 2009).
Other studies have clearly indicated that deficits exist in motor skills and are persistent
with age {Green, et al., 2002, Green,.et a’il;.2009)‘ In fact, one study comparing children
with autism to children with motor skill-specific deficiis indicated that children with
autism had worse motor skilis (Green, et al., 2002). The importance of adapted physical
education and motor skill instruction for this group of children shotﬂd be aimed at
improving basic motor skills. How improvements map on to improved social skills is an
area of future research and potentially an avenue to further explore in relation to social

skills programming. The results of this study are not different from social
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communicative results for other studies looking at young children with autism and
school-aged children with autism. This study found that motor skills were significant
predictors in the social communicative cf%)rﬁain of young children, coinciding with social
communicative changes commonly found in young children with autism. On the other
hand, only one relationship was found for school-aged children with autism, object-
control skills directly mapped onto the calibrated autism severity scores. Likewise, social
skills program for school-aged children, although necessary, have indicated fess success
than that of early intervention programs focused on young children with autism spectrum
disorder.

It is possible that these lines of research are not aligned, but theoretically,
improving motor skills seems like a relatively novel area 1o study changes in social
communicative behavior as it relates to‘ic_léiiizi:éiren with autism spectrum disorder. We are
jearning more about autism through I‘ES;EIE}‘(;.}"T:&VB{}J day. Understanding how motor skills
influence or fit into the autism phenotype is important. Calibrated autism severity scores
are the most specific and sensitive measures that we have in respect to autism
sympiomology (Gotham, Pickles, & Lord, 2009). This study shows that for young
children and school-aged children a relationship exists. Exploring this relationship over
time, longitudinally in the same group of children is impertant and another step in better
understanding this relationship
Future research

Motor skills are an important area of study in regards to leaming more about
autism spectrum disorder. .Iﬂ“ltutufe reseaf%:%i .n.reeds to further explore this relationship, and

better understand how motor skills may impact social communicative programs, for both
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young children with autism and school-aged children with autism. Not only does this
question need to be explored further from a social communicative perspective, but also
from the perspective of improving motor skil?ts.- It is possible that programs aimed at
improving motor skills may also provide opportunities to learn some of the social
communicative skills aimed at é.m.prevemgn‘lj_ through carly intervention and social skiiﬂs
programs. Future research needs to ‘studj; V\;\ihe::ther or not motor skills can be improved
and whether or not motor skills improveme;'xts are related to social communicative
success, including the generalization of social skills to beyond the treatment setting.
Conclusion

Motor skill deficits are related to the social communicative skills of young
children and school-aged children with autism. Interventions aimed at improving motor
skills may also impact the social communicative success of children with autism
spectrum disorder. The relationship of motor skills with the hallmark characteristic of

aulism, social communicative deficits, needs 1o be taken seriousty. The content of social

communicative programs is-under consideration and motor skill interventions needs (o be

IEN .
A

a part of the discussion.
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