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ABSTRACT

- The link between movement and cognition is not new, but remains steeped in
~ controversy in the educational community. One of the reasons for this controversy has
- been the lack of substantial research that supports the link between movement programs

and observable academic benefits.

The results of recent research have indicated that the retention of primary reﬂexes,
particu]arly the tonic neck reflexes in young children, can result in difficulties that
affect the overall functioning of the child. The retainment of reflexes may lead to

| clumsiness, poor eye hand coordination, poor manipulative skills and consequently
academic achievement may be compromised in some children (Sugden & Wright,
1998). This research is about determining the efficacy of Primary Movement program,
a reflex replication program designed to reduce the effect of these inappropriately

-retained reflexes (McPhillips, Hepper, & Mulhern, 2000)

The research began by investigating the preiralence of retained Asymmetrical Tonic
Neck Reflex (ATNR), the cause of significant motor difficulties, in a sample of
approximately 200 preprimary children in metropolitan Perth, Western Australia using
the Schilder Neurological Test which is one of the standard neurological tests to

- determine the presence of this reflex (McPhillips, Hepper, -& Mulhern, 2000; Morrison,
1985). Baseline data was also established for all children in the following areas: motor
skills (using Movement ABC Assessment Battery for Children (Henderson & Sugden,

- 1992); language skills (using Peabody Picture Vocabulary Test (Dunn & Dunn, 1997);

and visual motor integration (using the Developmental Test of Visual Motor Integration

o (Beery, 1989). Following the gathering of this data, an intervention based on the

* Primary Movement program was then conducted. The effect of the Primary Movement
intervention was compared on the above variables, to the results of a gross motor

mtervennon and a free play intervention (control)

._As such this thesis mvestlgates the effi cacy of the anary Movement program as an
early mterventlon tool for preschool chlldren m Austraha dlsplaymg retamed reflexes

- .]-’and assocnated issues such as motor dlfﬁcultJes is evaluated
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" CHAPTER ONE: INTRODUCTION
- L1 Context -an-d backgroﬂnd of the study

~ The role of movement in relation to the physical. emotional and academic development
| of children i-s generally not well understood by educators. Gallahue and Ozmun (1998)
maintain that although there has been a great deal of philosophical support for the
relationship between the body and the mind, little had been done of an experimental or
practical nature prior to the 1960s to confirm the importance of movement in educational
situations. The developmental psychologists, Arnold Gesell and Myrtle McGraw, were
among the first to recognize that the processes by which infants learned to control and

- coordinate their bodies set the stage for all further development. However, movement was
seen as a “tool of developmental assessment” rather than *a topic for process-oriented
research” (Lockman & Thelen, 1993, p.954) . During the 1920s and 1930s, investigators
described in detail the stages of change in posture and movement characwrizing the early

. years of life althou gh the links between motor development and cognition were not
initiated until Piaget (1952) recognized the role that movcmen.t played in the

~ developmental stages through which children progressed. Up until this time, educational
and scientific communities believed that thinking and movement were unrelated and there

was little support for early scientists who envisioned links between the two (Jensen, 1998).

N A change in thought was instigated by Henrietta Leiner who $uspccled that the
cerebellum, which was traditionally thought to simply process signals from the cerebrum

" and send them to the motor cortex area, may play a role in cognition as well (Jensen,

B 1998). Leiner had observed a thick cluster of fibres running through the cerebellum and up

1o the cerebral cortex during the dissection of a human brain in a neuroanatomy class. Of |
significant interest was the observation that these nerve fibres were coming from all over

| the'brain. posing the question that if the cerebellum was only involved in movement, why
did it need such substantial and diverse information from various parts of the brain. There
was also interest in the role of the neodentate nucleus, an area within the cerebellum, |
which is present only in humans and considered to have asignificant role in thinking.

- Dow, a neurologist, confirmed the accuracy of Leiner’s assumptions when, in treating one



of his patlents prcsentmg with cerebelldr damage he nottced lmpall'Ld cognmve l'unctlon

| (.lensen 1998)

The early report_s on the 'role of the.cerebellum recorded by Leiner were generally
anecdotal and unable to be verifiedl pnthologically. It was anotlter 30 years before
functional magnetic resonance imaging (MRI), would substantiate the findings of Leiner
and Dow (A. L. Leiner, Leiner, & Dow, 1993). Recent studies based on fMRI research -
have confirmed that the cerebellum, the role of which was previously thought to be solely
related to movement, does in fact play an important part in cognitive and language skills
(Fawcett & Nicolson, 1995; Fawcett & Nicolson, 1999; Schmahmann & Sherman, 1998).
Consideration therefore needs to be given to the importance of the relationship between
movement and learning due o the fact that movement and learning appear to be in constant
| ir:terplay (Greenﬁcld 1995). Simply put one cannot separate movement from the learning
. process, a view shared by Halverson (1971) in statmg that “movement is a means by

which a Chlld may learn more about hlmscll about his environment and about his world"

(p. 18).

In order for motor skills to develop at age appropriate rates, there needs to be

“ participatiOn in experiences that involve movement. According to Portwood (2003),

i children need extensive opportunities to practice and refine movement skills. Limited

.opportunitics to extend coordination, balance and motor skills, leaves development of these
skills to chance. Espenschade and Eckert (1980) pointed out that infants and children have
a capacity and a need for “spontaneous motor activity which will enable the child to

| practice neuromuscular coordination and will assist the child in the exploration of the
environment” (p. 122). The age appropriate development of perceptual-motor skills

| requires the effective processing of sensory information in the form of tactile, visual and
proprioceptive cues leading to efficient and coordinated movement. Low birth weight,
prematurity, prenatal influences, cerebral palsy and neurodevelopmental factors involving |
theretztinment of primary reflexes may also affect the development of these skills
(Barnhart,'Davenport,. Epps, & Nordquist, 2003; Maldonado-Duran, Glinka, & Lubin,

B 2003; Sugden & Wright, 1998). Childrc,n with poor perceptual-motor skills, irrespective of

the underlying causes, may be referred to as clumsy or motorically awkward and the terms



developmental apraxia and perceptual-motor difficulties have often been used to

characterize the problem (Barnhart, Davenport, Epps, & Nordquist, 2003).

The nomenclature of motor difficalties is complex; however, the most recent

classification of poor motor co-ordination was defired as ‘Developmental Coordination

Disorder’ (DCD) by the American Psychiatric Association as follows:

Performance of daily activities that require motor coordination is
substantially below that expected for the child’s age and this motor delay
interferes significantly with academic achievement or activities of daily

living (Miller, Missiuna, Macnab, Malloy-Miller, & Polatajko, 2001 p. J5).

Younger children may display clumsiness or delays in achieving academic and motor
. milestones and even though the basic fundamental skills of reaching grasping, sitting and
standing have emerged appropriately these fundamental movements have not developed
sufficiently into skills that allow them to fully explore and learn from environmental

experiences (Sugden & Wright, 1998).

- The implications of DCD on learning are significant, particularly in areas fequin‘ng eye
lra'cking and fine motor/manipulative skills such as reading and writing, and consequently

“academic performance, may be compromised. Jensen (1998) advocates that if movements
- are impaired then the cerebellum and its other connections to the brain may be
compromised influencing language, reading and other activities requiring cognitive input.
Children with DCD also tend not to be as popular with their peers as children with normal
developmental movement skills, therefore putting self esteem and appropriate social skill
development at risk (Miller, Missiuna, Macnab, Malloy-Miller, & Polatajko, 2001).
According to Son and Meisels (2006, p.774) early motor assessment can be used as one of
the indicators of future school achievement of young children thus emphasizing the
important link between motor proficiency and later academic skills from an early age.
DCD may persist into adult life and the presence of the symptoms of DCD in the early
years carries an increased risk that without intervention, difficulties will continue beyond
school age, a failure to address these problems leading to “academic, behavioral, physical

and psychosocial consequences” (Missiuna, 1996, p.4). The occurrence rate worldwide of
3



DCD is approximately five percent with 10 percent of children considered to be ‘at risk’

and as such this constitutes a significant proportion of the population (Sugden & Wright,
1998).

While it is acknowledged that many factors in isolation or combination may contribute
to the manifestation of movement difficulties, the persistence of primary reflexes which
emerge during foetal life may have a significant effect on the development of motor and
coordination skills (Morrison, 1985). The association between retained reflexes and
developmental motor issues has a long and sometimes controversial history. Fay (1954),
Bobath and Bobath (1975), Holle (1976) as well as current researchers such as Morrison
(1985) and McPhillips, Hepper and Mulhern (2000) have identified that retainment of
primary reflexes may be a major conti'ibutor to DCD. McPhillips, Hepper and Mulhern
(2000) reported the results of a study in which 60 children aged eight to eleven years, from
regular primary schools in Northern Ireland, presenting with reading difficulties, average
verbal IQ and a persistent Asymmetrical Tonic Neck Reflex (ATNR), were involved in a
randomized, double blind, placebo controlled trial. This research was an attempt to
“determine the effects of a specific movement program, Primary Movement (McPhillips:
Hepper, & Mulhern, 2000), on the inhibition of primary reflexes and educational
performance. Results indicated that participation in Primary Movement led to a significant
decrease in the level of ATNR, and reading scores increased substantially in comparison to
.the control and placebo groups. The results of a further study by McPhillips and Sheehy
(2004), led to the conclusion that “persistence of the ATNR plays a role, direct or indirect,

in delaying the reading progress of a significant number of children attending ordinary

- primary schools” (p. 30).
- 1.2 Signlﬁ(:ance of the study

- There has been "a. gfeat deal of interest in the relationship between motor skills and
cognition throughout the 20th century. One of the most significant reported relatiohships
was a theory of cognitive development put forward by Piaget (1968) in which movement
 was emphasised as the primary agent leading to the acquisition of increased cognitive
~ structures, especially in the carly vears. Piaget observed infants and children over an

“extended period and identified various behaviour cues as evidence of cognitive



_'_'__"development Movement is emphasnzed by Ptaget as being the primary agent in the

| 'acqunsltton of 1ncreased cogntttve structures parttcularly during infancy and preschoo]

o ._years” (Gallahue& Ozmun 1998)

- From early theories based on the role and importance of movement for learning thete
- hes been the development of perceptual-motor programs aimed at improving intellectual
development. Programs developed by Kephart (1971), Delacato (1963) and Ayres (1972a;
Ayres, 1972b) among others, were seen as panaceas for cognitive problems and were

- professed to improve performance in skills such as reading, language and compreh:nsion.
These programs placed a heavy emphasis upon the perceived need to remediate perceptual-
motor functioning as a prerequisite to higher order cognitive functioning (Kavale &
Mattson, 1983). All of -hese programs are based on the theory that the ability to generalize
in higher mental processes is dependent on the ability to form motor generalizations and

"~ that underlying deficits in perceptual-motor skills are responsible for problems with

cognition.

‘Unfortunately, the results of initial research into movement did not support the view of

~these theorists that academic skills would improve with extensive perceptual-motor

~ training. Research outcomes were also plagued with criticisms of poor methodology and
validity (Cummins, 1991; Kaplan, Polatajko, Wilson, & Faris, 1993; Kavale & Mattson,
1983). Consequently, any perceived links between motor-based intervention programs and
| ‘cognitive skills have been met with skepticism and controversy. According to Kavale and
Mattson (1983), the wide acceptance of perceptual-motor intervention techniques has
being based “on informal, subjective evidence rather than formal, experimental |
investigations” (p.5). Even though there is little positive evidence to support the
effectiveness of perceptual-motor based programs as cognitive interventions, many schools
in Western Australia have provided expensive professional development for teachers to
support program implementation. A survey by Western Australian researchers Blackmore
and Corrie (1996) of schools in the Western Australian Perth Metropolitan area reported
that 29 percent of those that responded conducted perceptual-motor programs and '

anecdotal responses indicated that teachers believed that they were beneficial to the

academic achievements of children.



More recent approaches to research into the relatlonshlp between movement and

B _cogmuon have been far more scientific and precise and have indicated evidence of a much

deeper understanding of the parts of the brain linking both motor experiences and cogmtlve
skills (Fawcett & Nicolson, 1999; A. L. Leiner, Leiner, & Dow, 1993). Parts of the brain
- thought initially to solely influence and control movement are now known to be linked to
the effective performance of cognitive skills. Of particular interest has been the effect of
neurodevelopmental concems on the skills of reading and writing. According to
- McPhillips, Hepper and Mulhern (2000) the development of the nervous system including |
the brain stem, cerebral cortex and the cerebellum occurs at a fixed rate with lower brain
anatomy responsible for early movement and higher brain structures taking over as
development proceeds. They contend that if the lower brain structure_s do not relinquish
~control to higher structures, motor learning and consequently reading and writing skills
.may be compromised. If structures of the lower brain dominate, in particular the brain
stem, there may be evidence of retained primary reflexes and there have been many studies
| including several recent studies linking retained primary reflexes to impaired performance |
on cognitive tasks (B. Bobath & Bobath, 1975; Jordan-Black, 2005; McPhillips, 2001;
McPhillips. Hepper, & Mulhern, 2000; McPhillips & Jordan-Black, 2007, McPhillips &
' Sheehy, 2004). The conclusion drawn from this research indicates that if children retain
primary reflexes (in particular the Asymmetrical Tonic Neck Reflex) then reading ability
'(McPhllllps 2001) as well as performance in mathematics and spelling (Jordan-Black |

o 2005) could be compromised.

~ This study is significant because:

° There are close links between the mhlbltlon of primary reflexes and the reachtng of
motor milestones (Capute, Accardo, ‘Vining, Rubenstein, & Harryman, 1978).
o | -Abnormallttes with regard to the persrstence or the degree of perststence may lead
: to issues in the development of motor functlonlng (Holt, 1991) and cognitive -
- pursurts (Jordan-Black, 2005). - o |
e There is a need to determme the prevalence and extent of retalned reﬂexes -tn
o prepnmary aged children. | | - |
e This research is the first of its kmd in an Australian context Itis also lhe ﬁrst ttme

| that research of this nature has been conducted with chtldren of prepnmary age



ST Thrs is srgmf cant as motor assessment is a usefu] toOl when adequate assessment
- o of an early cognitive achievement level is not easy, as is the case with children of
o | lhlS age that are developmentally below readrng and writing age (Son & Meisels,
| 2006) Includmg motor skills in an early school assessment and providing an early
o | intervention for children at risk for school failure ensures that the developmental
: needs of all children in all domains are purposefully addressed. Therefore, the
._ evaluation of the success of the Primary Movement program on addressingthe

factors described above is integral to this research.
e 1,3Purpose of the study

The purpose of this research is: - |

o s To determme the prevalence of and the seventy of pnmary reflexes m the - |

__ i prepnmary agcd population. __ .' L B |

e | 'To determine whether a program designedl to ‘switch of and'integrate pnmary '
reflexes into higher order behaviour would enable the development of R

~°  uncompromised motor coordmatron and lead to subsequent cogmtlve benef ts
. 1.4 Research questions

l What is the prevalence and seventy of the ATNR reflex in the s'tmple of prepnmary N

o _- | . 'chrldren"

&

., 2. Does partrcrpauon in the Prrmary Movement program have an effect on the mhrbrtton of

-~ the ATNR in those that present with ATNR in the sample populatron"

. 3.Does pamcrpauon in the anary Movemem program have an effect on: motor abrlrues |

~in the sample preprimary children? | N | |
o | 3(a) Does partrcrpauon in the anary Movemenr program have an effect on the number .
- of chrldrcn classified as havmg DCD based on M-ABC results'7 B



o 4 Does paruclpauon in the Prrmary Movemem Program have an effecl on the drawmg of

o an mdwrdual sself porlrart"

. 5 Does pamcnpauon m lhe Prrmary Movemem program have an effect on recepuve

:_'_':'.‘vocabulal’y skrlls in lhe sample of l-"“”f"""“"'y chnldren"

™

B 6 Does parucrpauon m lhe Prrmary Movemem program ha"e dn ci fect on vnual motor -

L mlegrauon in the sample of prepnmary ch|ldren?

- 7. Does pammpauon in the I’nmary Movemem program have an effect on: rapld nammg

| abllny in the c.ample of prepnmary chlldren‘7 |
1.5 Limitatlons of the study

Thcrc are a number of polenual and real limitations to a study such as this because it
was conduclcd in real school seltmgs where many variables were unable to be directly

'controllcd but could be assumed to be the same for lhe thrce groups.

'Variables related 1o the school selting such as the ‘Hawthorne Effect' and the effect_ of

| ~teachcr enthusiasm must be consrdered While both the intervention teachers and the

o 'comrol teachers attended professlonal trammg in the Primary Movement program and the |

- mtervcnuon teachers were randomly chosen, these factors must still be considered.

| Tcachcr s personalities and enthusiasm for parumpauon were factors that were impossible

- to control precisely however to ensure fidelity of implementation, visits were made

- fortnightly to each classroom (experimental and control) and teachers were asked to keep a

 diary of participation.

The Primary Movemem program itself is prescri ptiveandall attempts were made to

 ensure thal teachers kept to the prescribed scquence of movements through visits and dlary

- rccordlng This does not preclude the fact that some teachers may have included some of.

- their own songs or movements during the intervention period. It is also possible that some

o teacher_s may_ have omitted some aspects of the prescribed program at some time due to

- illness or misadventure. This can also be said for the control groups. While teachers were



| gwcn 9tnct gundehncs m lcnm of thc protocol to be followcd during gross motor and free |
'pldy aclwlucs it |s possnblc th.xt olher acuvmes may have been pursued madvcrtcnlly

wlthout mtenuon to dcvnatc from lhe prcscnbed activity during the intervention period.

- 'Thc research is action based in a school setting. It is impossihle to ensure that all
_ya-riabl'cs that contribute what is described as ‘a normal pre-school curriculum’ were
| included in all thre schools over all nine classes. Choosing schools from similar

~ socioeconomic areas (Wiihin a 10 kilometre) radius was the best that could be achieved
with such a large population involved in this research. Another consideration is the effect

of the home environment and the possibility of some students being exposed to

S opportunmcs for cxtcnslon in van.xblcs such as language development, rc.xdlng or lulonng

- and coachmg that were not afforded to other students.

| Measures were l.xkcn o dddrcss the ‘Hawthorne Effect’ mcludmg the provnsmn of lwo
control groups. On school visits the same attention mcludmg reward stickers .md pnusc
was given to the chlldrcn and teachers in the control groups as was given to the chlldren

and teachers in lhe mlcrvenuon group by the resedrcher. |



'CHAPTER TWO: CONCEPTUAL FRAMEWORK AND REVIEW OF
' ASSOCIATED LITERATURE '

Intfoduction

This chapter provides the conceﬂmal and theoretical framework underpinning this

- research. It is important to recognize the changing understandings of developmental and
motor processes that have emerged since the earl y years of research in this area as these
central tenets have made a significant contribution to contemporary theories and |
therapeutic approaches. The two main theories of motor development underpinning this
research are: the maturational approach of Gesell and Armtruda (1945) and McGraw
(McGraw, 1945) and the more contemporary dynamic systems theory of motor
development (Bernstein, 1967) and Thelen (1995). Dynamic systems theory includes the
constraints theory of Newell (1986), which is pivotal to this particular study. A third model
 that is considered in this chapter in terms of motor acquisition and interventional strategies
- is the cognitive — motor approach based on the information processing model which
conceptualizes the acquisition of movement as a problem solving exercise and involves

cognition, motor and affective elements. This and the other theories influencing the field

- will be explained and linked with the research that underpins them and consequent

therapcutic practices emerging from these understandings will be outlined.

| The role of movement in the overall development of the child including the
| develdpment of sensory and perceptual processes and the link between perceptual-motor

“and cognitive development is also outlined in this chapter. The syndrome of

- Developmental Coordination Disorder and the impact this has on various areas of child

developmént is also addressed. Of importance in the consideration of child development

~ are the stages of motor competency which are explained with particular emphasis on the

role of reflexes.

| Over the years, substantial research has been reported on various interventions that
“have evolved due to the recognition of the significant role that movement plays in
" _develdpme_nt and the identification of the effect that delayed motor_ development '_cah'have
CE | o N



| - on overall development 1nclud|ng cogmtlon Slgmﬁcant attentron is pa1d in thrs chapter to

o 1ntervent10ns based on neurodevelopmental or ‘process’ theones as these form the

- 'conceptual framework for investi gation of the effi icacy of the Prtmary Movement program

as an intervention tool
2.1 The significance of movement in infant development

R One of the most significant periods in the history of motor development is the
-~ maturational period which occurred from approxtmately 1928 to 1946, with the work of -
- Gesell (1940), Gesell and Armatruda (1945) and McGraw (1945) domlnatlng theoretlcal
understanding. During this period, theories were based on the belief that each stage of the
| developmental process unfolds according to pre-programmed operations in the brain.
Theories of development during this period placed significant emphasis on reflexive '
behaviour in the foetus and also on infant and neurogenic movements which are those
generated by the Central Nervous System (CNS) (Piek, 2006). Another significant period
~was the process oriented period spanning 1970 to the present. Theories during this period
- were ba.sed on an understanding of the processes which are believed to underpin
developmental change. The theories of motor development which dominate this period
- include those based on ecological approaches such as the dynamic systems model which
focuses on factors external to the infant in initiating change and hence development.
Irrespective of the numerous theories attempting to explain the primary initiators of
movement development, whether they be maturational or environmental in nature, the fact

that movement is significant in promoting infant development remains undisputed.

- 2.2 Neurodevelopmental overview

| To the layperson it may seem that the development of movement begins after birth,

~ however the process of movement development actually starts in the uterus with sub-l |

cortically controlled reflexive movements forming the basis for the future phases of motor

development. At this stage of development, movement is driven by what is known as the

~ primary reflex system (McPhillips, Hepper, & Mulhern, 2000; Morrison, 1985). Thrs

- primary system remains active into the early months after birth, allowing the infant to “
 respond to touch, light, sounds and changes in pressure, and provides critical su'rvival_..
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- responses such as rooting and sucking. There are over 70 identified primary reflexes such

o as the Asymmetrical Tonic Neck Reflex, the Spinal Gallant Reflex and the Moro Reflex

| '_(I_ll'ingworth, 1987). At approximately six months of age, the maturation of the nervous

~ system results in these reflexes being ‘inhibited’ or transformed intopostural reﬂex_es that

 leadto rolling, sitting, crawling and eventually walking. As children move through
infancy, motor control progresses cephalocaudically, which is from head to feet and

proximodistally, trunk to extremities, and the infantile gross motor patterns become more

| reﬁned

Dunn g these stages there is increasing emphasis on the lmportance of partlcrpatron in

o motor activity in order to develop perceptual-motor skrlls the basis for early learning about

_ one' s_lmmedlate envrronment. According to Bowers (1988), by engaging in movement the
 child has an opportunity to receive and store sensory information from the external sensory
| receptorssuch as the eyes, ears and skin and also from the vestibular and kinaesthetic
“internal receptors. All children “benefit from experiencing a wide range of movements of

N their bodies in the early years for the development of control and coordination of the skills

o of work, play and daily living” (Bowers, 1988, p. 48). Perception involves the

interpretation of incoming sensory data gathered by the sense organs and the organization

of this new and incoming information with information that is already stored in memory.

All conceptual and perceptual learning at this age such as body awareness, spatial

awareness, directional awareness and temporal awareness is based on motor responses and
therefore the greater the exposure of the child to motor experiences, the greater the :

. 'development of perceptlon (Kephart, 1971)

Given that movement is consrdered vrtal to the overal] development of chnldren and -

. j'f*central to the manner in Wthh they gather information about and mteract with the

environment (Piek, 2006), it is understandable that movement can also be lmked to
| -cognmve development, social activity and communication (Cech & Martin, 1995) These

N developmental periods provrdmg an understandln g of the role that movement plays durm g

~ each stage will be dlscussed in more detail i in the followmg SCCthl‘IS




23 Developmental stages of movement B

| | During the first year of life, there is a drametic change in the movement ab'.iuli'i.ies Of '
‘infants due to the interaction of many different factors in motor development including the

- individual and the environment. Significant movement is observable prior to birth and also

in the first six months after birth. This period is referred to as the primitive reflex period.

- These reflexes promote survival and also are the precursor movements or the building

‘blocks for future movement.

 2.3.1 Reflexive behaviour

N '0ne of the earliest phases in movement development occurs in the foetal stage which
“according to Piek (2006) is the stage in development covering the period eight weeks post

conception to birth. This is classed as the primitive reflex stage. While it is possible to

 generally describe the evolution of reflexive behaviour into voluntary motor control it is

much more difficult to explain how and why these changes occur and this will be debated

~ from several different viewpoints.
Primitive Reflexes

o | According to Peiper (1963) pri'miti've reflexes are involuntell'y and'mediated _by;l'ower :
- brain centres. Payne and Isaacs (1995) state that these -reﬂexes occur sub-cortical_ly; -
meaning below the level of the cortex of the brain, a view shared by Fiorentino (1981)
B reinforcing the belief that reflexive movements are produced without the direct ' S
' involvement of hi gher brain centres. Many of these reflexes are present prenatally and are
elicited in utero (Haywood, 1993; Piek, 2006, Wyke, 1975). Many of the initial reflexes
"are necessary for survival after birth, for example, the Moro reflex which assists with:the -
first intake of breath and the rooting reflex which enables the newborn to feed (Ha'y.wo'od,
lQ93).The rooting reflex is activated when the area beside the infant’s mouth is touched.
Bly (1994) states that the turning' of the head while in prone position, an aspect of the
rooti ng reflex is also life saving, as it enables the infant to breath and prevents suffocation.
" The Asymmetrica] Tonic Neck Reﬂex (ATNR) is one of the most widel y resea.rched '_ o
 primitive reflexes (Gallahue & Ozmun, 1998) and is elicited when the neck is rotated.
3




Others include the Moro and startle reflexes which may be elicited by placing the infant in
a supine position and producing a feeling of insecurity of support. This causes a sudden
extension of the arms and fingers and, to a lesser extent, extension of the legs and toes as
well as a sharp intake of breath. The Moro reflex is one of the most widely used tools in
the neurological examination of the infant as an asymmetrical response intended to elicit
the reflex may indicate neurological dysfunction or injury to a limb (Gallahue & Ozmun,

2006)

Table 1
Developmental Sequence and Approximate Rate for Appearance and Inhibition of

Selected Primitive and Postural Reflexes

Month

“Moro ' X X X X X X X

Startle X X X X

Search X X X X X X X X X X X X
Sucking X X X X

Palmer grasp X X X X X

Babinski X X X X

Plantar grasp X X X X X X X X X
Tonicneck X X X X X X

Note: “X” indicates presence of reflex (Gallahue & Ozmun, 2006, p. 127)

14



Persrstence of a pnmary reﬂex beyond the normal mhlbltlon stage may be tndlcattve of |

- :'- neuro‘oglcal dysfunctton and is beheved to be more s1gmﬁcant in terms of indicatinga .

e "z-_'_-possrbt lity of neurologtcal dysfunctlon rather than if a reflex that is absent (Haywood

S 31993 Morrison, 1985: Perper l963) Over the years, a Umetable has been developed for

o the appearance and inhibition of prtmrtrve reﬂexes Table 1 above indicates thts -

~ developmental sequence.

P

| There is some conjecture regardmg the use of the term pnmttrve reﬂex (Plek 2006)'.' o
Touwen (1984) argues that this term rmplles that the mfant S bram lS pnmluve at brrth

- and functions only at a reﬂextve level

The responses are called pnmltrve because the mfant s bram is constdered o

- to be a primitive, underdeve]oped mcompetent deﬁcrent- edttton of the N o

. adult brain. They are reflexes because the mfant s bram is consrdered to :

- function on a reflex basrs-“reﬂex bemg used to contrast wrth cortrcall y

. 'controlled voluntal')’ actrvnly (p ”5 )

Touwen ( 1984) malntams that mfants have many reacttons of whrch some are medlated

S 'by the Central Nervous System to strmulus and the questlon is, whether the infant does

o more than respond to these sumult ina reﬂex specrl' ¢ way. While l‘t-’«flt-’-x“’e behav10ur IS

o f_ , _one propcrty of the mfant bratn it is considered that the other main property is to generate
o acuvrty (Touwen 1984 p. 123). Gallahue and Ozmun (2096), propose that there are two

o tmportant stages of the reﬂexrve movement phase These are the 1nformat|on encodlng

phase whlch occurs during the foetal period and contmues until the fourth month of

o mfancy and the mfonnauon decodmg stage whrch begms about the fourth month of

mfancy In the first stage, the lower bratn centres are dommant and cause mvoluntary
- reactlons to a wide range of sttmu]t In tnfancy, these reﬂexes assrst wrth the gathenng of | |
| ml'ormatron as well as seektng nourrshment and protectlon As the hr gher brain centres |
. begm o develop, the lower bram relmqurshes control and there IS an lﬂhlbl[lon of the |
~ reflexes. The skeletal movements are replaced by voluntary movement acttvrty controlled
| by the motor area of the cerebral cortex. At thrs stage, the infant begms respondmg to

. sensory sumull wrth perceptual motor functtomng, that is, mstead of merely reactmg to



sumull the development of volu ntary control |nvolves reacung to sensory sumulr wrth

o l."stored lnformatron U

Dunn g the rellex|vc stage the newbom is cons1dered to be an organlsm “whrch

' l'uncuons mainly on the basis of reflexes and reflex like reactions i.e. sub- cortlcally m a

o broad sensc” (Touwen, 1984, p.117). Researchers including Capute, Accardo, Vlnlng, |

‘Rubenstein, and Harryman( 1978), Florentmo(l981) Gallahue (1993), Holt(l975)

Hottinger (1980) and to a certain extent Bobath (1980) refer to this period as a reﬂexlve .

- period’ with Wyke (1975) explaining this as an understanding that “the neurologrcal

mechamsms that produce and control bodily movement throughout the fi rst year of each

tndlvldual 'S exrstence are entirely reﬂex" (p. 27).

There are however theorlsts tncludmg Plek (2006) and Touwen ( 1976) who dlspute |

| '._thls totally rel'lextcal vlew ol' early motor development stating that the ¢ emphasls on

| reﬂexes retarded early mvestlgatrons into the deveIOpment of the bram and tn partlcular

coordrnatlon" (Plek 2006p ll) Touwen purports (l984) that the

e lnfant $ nervous system is recognlzed as bemg too complex to be.

o "explarned merely on the basis of reflexes and reactions, however useful

. '_ these may be for a neurologrcal examination (p 119) and

" Purely stereotyped reflexes do not occur, althoughrel'lex' mechanisms

- may be hldden by the varlable responses of the infant’s complex braln T

'.__.(p 123).

Accordlng to Haywood ( I 993) the exact role of Spontaneous or random movement and

- reﬂex:ve behavrour m motor deveIOpment |s strll a subject of debate amongst

developmentallsts
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~ 2.3.2 The role of reflexes in motor development

In terms of the role that reflexes play in overall motor deveIOpment, the most
traditional view of reflexes is Lhat those reflexes which resemble the later voluntary.
movements, such as locomotor reflexes, must disappear before voluntary behaviour can
- occur (Pontius, 1973). This view is shared to a certain extent by Roberton (1984) who |
contends that certain primitive reflexes need to appear and then disappear before the
attainment of voluntary motor skills. Hence the role of reflexes in motor development is
controversial. Touwen (1976) however questions the idea of sequential developmentin
which reflexes appear and are then suppressed by the development of voluntary activity.
Available evidence suggests that specific reflexes do play a part, or have an indirect role,
in preparing the infant for later voluntary movement. According to Gabbard (1992) |
reflexes contribute si gniﬁcantly to the “regulation, strength, and distribution of infant

~ muscularity” (p. 245). This can be applied to other elements of motor maturation such as

~ balance, for which specific reflexes can provide practice.

While it is the belief of some theorists that reflexes merely reflect t.he'developing'
- struCture of the nervous system, others take the view that reflexive movements provide
'practice for the infant in coordinated movements prior to the higher brain centres being
| ready to mediate the action (Peiper, 1963). In the past two decades researchers have gone
| | beyond describing reflexive behaviour to studying the underlying causal mechanisms. The
way in which reflexes are viewed is determined by the theoretical stance of the observer.
The traditional views on reflexive movement reflect a neurodevelopmental perspective
whereas developmentalists working from a dynamic systems perspective interpret reflexes

as playing a different role in motor development.

Some of the primary reflexes elicited during early infancy resemble later vol'untary
movements and are sometimes called postural reflexes. Gallahue and Ozmun (2006) state
that in the past few decades, it has been hypothesized by researchers such as Thelen and
- McGraw that these postural reflexes form the basis for later voluntary movement. It is
believed that the gradual maturation of the cortex allows it to take over the control of the
~ postural reflexes such as stepping, crawling and swimming. This ideology was challenged

by Zelazo (1976) who is quoted by Gallahue and Ozmun (2006) as sUggesting’ that:
| 17



DR Indeed current behavioural and neurological research with infants

P challenges the validity and generality of the hypothesized independence -
| 'between early reflexive and later instrumental movement. An alternative
. hypothesis holds that the nevvborn’s reflexes do not disappear but retain

 their identity within a hierarchy of controlled behaviour (p.125).

Arguments against this hierarchical view-w_ere posited by anatornists who argued that
| there is a recognizable gap of up to several months occurring between the inhibition of a
- postural reflex and the onset of voiuntary movement (Bower, 1976; Kessen, 1970; Wyke,
. 1975) and this time lag indicated that there was no direct link. It was alsoargued that the

~ performance of reflexive and voluntary movements was controlled by different parts of the

“brain (Gallahue & Ozmun, 2006).

According to Coley (1978) the prevalent view is that reflexes provide “automatic
. movement that is a form of practice for aiding in the attainment of future movements” P

'43) Forentlno (1981) concurred that the reflexes play an important part in future

R movement by “regulating the degree strength, balance and distribution of muscular tone

N o (p 26)

Altemattvel Y, although acknowledging that postural reflexes are essential for o

appropnate motor control, Piek (2006) suggests that there appears to be little support for )

the idea that primitive reflexes provide the basis for later movement abilities. This -
- unpopular belief is based on the work of McDonnell, Corkum and Wilson (1989) who

suggest that the two processes, primitive reflexes and voluntary control are both

~ ‘“neurologically and developmentally distinct” (Piek, 2006, p. 24). Rather than being linked

 toone another, reflexes and voluntary control develop at the same time. This idea forms

- the basis of a theory termed the “motor—-genre” theory (McDonnell Corkum & Wilson,

1989).

Clearly, there are dlffen ng theoretlcal vrewpornts concemmg the relationship between |

reﬂexlve behavrour and voluntary movement However there 1s no doubt that reﬂexes are |

R



~ an essential aspect of early movement and according to Pick (2006) have been influential

" in understanding early and later motor development for a significant period of time. -
2.4 Si'ghiﬁ'cant theories of motor development

- Following the primary reflexive stag;ﬁ of development, a child progresses throu gh key

areas of development identified by Shirley (1963) as postural, locomotor and prehensile

~ milestones. While it is acknowledged that there is often variance in the pattern of early

o reSpon'ses, the order and age of occurrence of achievement of these milestones remains
relevant today (Piek, 2006). The results of studies of large numbers of infants'by Gesell
(1940) made it possible to determine an ‘average’ sequence and rates of reflex
development and inhibition and also developmental age norms for motor skill acquisitiOn;
In research leading to the publication of these developmental norms, Gesell and his
 associates examined more than 10,000 infants at various age periods and utilized these
analyses to detect infants deviating from usual growth patterns, a process that has |

Continued to the present day (Gallahue & Ozmun, 1998; Illingworth, 1987).

Research outlining the importance of achieving these deve]opmcnta] mllestones is

| | partlcularly significant because it has been reported that race, socioeconomic status and sex
- can influence the rate of achievement in motor development (Capute, Shapiro, Palmer,

- Ross, & Watchel, 1985). For example, infants with maternal participation in drugs and -
alcohol, who are premature or a low birth weight, may have a delay in the development of -
normal movement stages or motor milestones leading to a marked impairment of motor
'_coordlnatlon A factor receiving less attention is the influence of neurodevelopment yet -'

this seemingly involuntary process that influences all aspects of human deve]opment may

- indeed delay or even inhibit achievement of motor milestones.
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25 Maturational theories of motor developmgm IEETTARS.

Earl y theories of motor development were primarily centred on a maturauonal view of
development Theorists who subscribe to maturational theory maintain that each stage of
- the developmental process unfolds according to preprogrammed operations encoded in the
"~ brain. According to Eckert (1987), as the cortex develops it inhibits the functions of the
- sub cortical layers, thus assuming an ongoing increase in neuromuscular control. Reflex

: behav:iours'are phaeed out and voluntary behaviour is assumed by the infant.

) - An important aspect of the theory of maturation is developmental direction or the order' |
|n which this development occurs. Gesell and Ames (1940) identified a cephalocaudal -

(head to feet) and proximal to distal (points close to the body centre to the body’s
| 'penphery). Put simply, soon after birth infants control their head and at the end of the first

year, they can stand. The upper arm and upper leg will develop control before the forearm,
foreleg hand and foot (Piek, 2006). McGraw (1945) was another maturationist who linked
- the progression, from prone lying to creeping to upright locomotion, to cortical (cerebral

- cortex) control over muscle function.

| Although this principle has been widely accepted, it has been challenged by recent
't"lndings,"which suggest that the fetus has large repertoire of movements from seven
tueeks onwards including a simultaneous onset of arm and leg movements at eight weeks
 (de Vries, Visser, & Prechtl, l982). Piek (2006) reports that researchers Galloway and
| 'IThelen observed that infants can reach and interact with toys using their feet before they
- can reach with their hands. This leads to the suggestion that the principle of developmental

- direction may be task specific and there may be exceptions to the rule (Newell & van

Emmerick, cited in Piek, 2006 p. 36).

The maturational view incorporates the _notion that a significant diversion from the
_sequence or timing of motor mileetones may be an indicator of abnormal development
(T ouwen, 1976). This has resulted in the emergence of various intervention programs
. including psychomotor patterning through the Doman-Delacato (1963) method. This
method addresses the issues thought to arise from missing out on what are percei\jfed to be
essential aspects of the developmental sequence. Research into the efficacy of these o
- 20



SR programs m addresstng what is beheved to be Central Nervous System dtsorgamzatlon has o

o .not necessanly been supportlve of process mterventlons based ona maturatlonal a tuoach

When one conmders how similar motor sequences are across cultures there 1s valldlty

1n the supposrtlon that sequentlal phases of movement development are “endogenously
?__ generated through maturational processes” (Plek 2006, p. 39). One of the cntlclsms of the
L maturatlonal approach, according to Piek (2006), is that there is too much emphasns placed

" on the ‘norm’ and there are a significant number of studies that emphasize variability in

B _'---idevelopment of individuals who ultimately achieve normal motor control. Further even

- ~ though chlldren achieve motor mllestones wnthm the nonnal range lhlS does not exclude .

. -them from neurologlcal damage

~ 26Information-processing approach

The lnfonnatlon- processmg model 1s ltkened to the workmg of a computer 1n whtch

o the human is the 1nformat10n processor and IS a dlstlnctly top down approach Stclmach

o f( 1982) Thls 1mplles that motor control 1s a senes of processes that can be categortzed as

o : control s the closed loop mode'l whlch lS shown below

o mput central output and feedback (Ptek 2006) Each stage lS a umque sectlon Wthh can

- be analysed separately

The most popular of the mfonnatlon processmg models used 1n the analysrs of motor
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el e R . c o P T T L L R T I L
T < I - . - P
- . STl S T e e T L - .
i oL X A Soof e X5 2. T T S
B ) I LR . TE e o
B - T N
? T T 1 #

v - o R et t
Coa R, 1
-+

Control ot
responsa

| Environmental U Sense B R e i | Res
Environmental |} R He s ponse
~ information - | - organs Perception selectlon

" Figure I The information-processing model (Piek, 2006 p4s)



R The mformatlon processmg- processrng approach allows the lnference and measurement of -

IR ._'.'_5--_'_.!_?'-'cogmtrve aspects of motor functromng 1nclud1n g such concepts as ‘memory feedback and

-.'-"_perceptron This provldes the participant, teacher or coach with information about the
B aSpects of the skill performance WhICh are often neglected (Kelso 1982) ThlS approach

o \ 'was dominant during the 60's and 70°s, and according to Plek (2006) has been useful in.

R analyzmg developmental coordination disorders as it enables researchers to 1dent1fy and

" ",__:lnvestlgate the stages affected by the dlsorder There are however i tssues assocrated wrth

~~ the approach. One of the first to consrder is that most of the research on motor

R development using the information from the 1nformat|on-processmg approach was focused |

B on older chlldren and on a lrmlted number of motor skills. There was llttle research on

- arnfant motor development usmg this approach (Piek, 2006). Further concerns are ralsed by

.(Kelso 1982) who states “...despite the broad appeal of the 1nfonnat|on-Pf0°ess‘"g

o _framework its contribution has been somewhat narrow, focusing pnmanly on the analysrs

. "‘-_'of specrf c expenmental srtuatlons" (p.89). Kolt and Schnyder-Mackler (2003) purport that

- that there is some concem with the theory that the central control of movcment by the CNS “

~ inthe form of a motor program 1nvolves a memory based mechamsm Consequently a

- generallzed motor program is stored as an abstract representatlon of movements Thls

~ motor program is retrieved when a movement is performed The concern is that on thlS

. basis there is a requirement for a large retentlon of mformatlon in order that the full

R complements of movement pOSSlbllllleS are covered Thls has led to arguments by

' _-_Bemstem (1967) that thls resulted in far too many components belng controlled at the same :

~ time especrally consldenng the vast numbers of muscles and Jomts requrrcd for movement |

o __f_;.;Thls led to the development of the dynamtc pattern theory that wrll be dlscussed later m n the o

B chaptcr ln the dynamlc pattem theory there is “no central representatton of all components |

?""of the movement mstead the orgamsatlon of muscle contractlons and Jomt movement lS

o coordmated by envnronmental mvanants and hmb dynamlcs” (Kolt & Snyder-Mackler

7;,-_".2003p111)

. 2.7 Cognitive- motor approach -

The cogmtl ve- motor approach is adopted by Henderson and Sugden (1992) as part of
B the Movement Assessment Battery for Chlldren and “serves a pragmatrc functton in
| provldmg a gu1dmg framework for assessment and mterventlon” ( p ]29) The cogmtlve |



motor approach is a simple variant of the information - processing model and recognises
the affective factors within the individual such as motivation and confidence, in its
problem solving approach to movement tasks (Henderson & Sugden, 1992) . According to
Georgopoulos (2002), cognitive motor control refers to processes that blend cognitive and
motor functions seamlessly in an interwoven fashion. A model of the cognitive motor

approach is shown in Figure 2.

Figure 2. The cognitive motor approach (Henderson & Sugden, 1992, p.128)

Based on this model, the solution to a movement problem is seen as having three main
components. The first of these components is the planning stage of the motor act, the
second, the execution of the act and the third the evaluation. All of these factors are
influenced by affective factors such as motivation, confidence and interest in learning the

new task (Henderson & Sugden, 1992, p.129)
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., Movement planning -

In thrs ﬁrst step, the child would consider the whether they are actually capab]e 1f the .

 taskas we]] as consrdenng the conditions that prevail. Using the example of a child

2 '.'-""-catchrng a bal] in planning the movement response, he must know about the task. This

~ means he must know that the thrower is holding an ob_|ect that can be thrown, know that

the .ball will come from the hand of the thrower and know information about the size and
. shape of the object as well as the speed and so on. If the child has had some past
- experience with catching, he can combine what he already knows about the task with the
= new information that this particular task requires and this memory allows hin: to apply the
~ correct strategy regarding the type of movement plan required to this task_. The sensory
- systems, most importantly vision and proprioception play an important role in the control

- of movement.

In texzias of vision, the eye uses static and dynamrc cues to determine all the propertles
| of a v15ua] scene correctly This information is provrded by the constant movement of the
eye and the head to combine static information such as the shape of the ob_|ect w1th

~ information about whether the object is moving or stationary. Kinesthesis or

- propriOCeption refers to information on the position of the body in Space and is gathered by

receptors in muscles, joints, as well as receptors within the vestibular system. This is the
sense that leads to the most speculation as far as children with movement difficulties are
eoncemed and children with deficits in this area may be described as having poor

vestibular functioning (Henderson & Sugden, 1992).

The brain then interprets this perceptual information into an actlon plan and dlctates the'
roles of the muscles and joints in order to achieve the action. This 1nvo]ves not on]y the
interpretation of the sensory information from the present task, but _the utllrzatlon of - |
information from past experience. Therefore the strategies used in a new motor problem
~ will be similar to thosz used in previous situations so is therefore never comp]etely N

" unknown. |



Execution

In order to catch the ball, the boy needs to have a plan of actlon that is organized and -
control such as determining the flight of the ball with his eyes, hand position, and absorb
lhe force of the ball and so on. For an adult with a lot of experience in catching, this task is
relatively easy with only minor new elements added to the task. However, young children

‘have a limited repertoire of consistent movement patterns to consider.

Evaluation

o ~ This stage involves the assessment of success or failure and occurs during the task as
~ well as at the end. During slow and continuous tasks then the movement can be adjusted
concurrently however, this is not possible with faster actions. This stage is also known as

feedback and this can be intrinsic, extrinsic or both. Intrinsic feedback occurs during the

" movement whereas extrinsic feedback is considered to be the knowledge of results.

Extrinsic feedback can come for example from the teacher who may give verbal feedback

on an action such as *“you need to watch the ball into your hands next time”,

" One objective of a cognitive-motor approach is to provide opportunities for children to

" participate in structured experiences enhancing fundamental movement skill learning at an

B _early age with many opportunities to practice and refine skills in a meaningful context. The

“appreach to intervention based on cognitive motor practices involves the task analysis,

"explicit teaching and adaptation of individual skills. In task analysis, skills are broken

o ,- '_d_0wn, moving from the simple to the more complex, carefully built to a whole, and then

practiced to an automatic level. Fundamentally, this approach conceptualises motor tasks

as prbblems to be solved by-lhe individual (Henderson & Sugden, 1992).
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o 28 Dynamic systems theory of motor development

- One of the criticisms of the maturational model is that it cannot account for the
tremendous variability in individuals and cultures as infant development can be “exquisite

and individualized” (Kamm, Thelen, & Jensen, 1990 p.763). This variability in motor

' : deveIOpment was noted by Bernstein (1967) who proposed the ‘dynamic systems’ model

as a means of understanding the contribution of factors external to the individual in motor
development. Bernstein’s work was first published in Russian in 1947 and titled The
| Coordinarion and Regulation of Movement and was not published in English for another' !
twenty years. Bernstein was the first to see movement as “the cooperative interaction of ]
' y “many body parts and processes to produce a unified outcome” (Thelen, 1995, p. 80). and

| rrecognized that movement control could not solely be attributed to muscular force but also

~* must incorporate other factors such as reactive forces (Turvey, Fitch, & Tuller, 1982).

The premise for this theory of motor development is based in physics, chemistry and
mathematics and is founded on the idea that when the elements of a system work together
then the behaviour that emerges is such that it cannot be predicted from separate elements
' (Piper & Darrah, 1994), In this context, the word ‘dynamic’ refers to how a system or a |
particular variable evolves over time (Piek, 2006 p. 53) and from this perspective, motor
development evolves as a consequence of not only the development of various body
systems but also the task to be undertaken and the environmental context in which the task
is done (Haywood, 1993). An example of this interaction between these three comoonents

isthata person may be able to move a particular limb in one body position, but not in
“another. Thus, it is possible to kick both legs at the same time while lying on your back but
not while Standing up. When these multiple systems are considered, developmentalists
 believe that this gives an opportunity to determine Which of the many systems is important
to the onset of the new skills (Haywood, 1993). The principle of this approach is that
" behaviour occurs as the result of many subsystems and the emergence of new movements

| occurs due to “natural laws” rather than a pattern inherent in the Central Nervous System

| (CNS) (Plek 2006 p.51).

Accordmg to Newell (1996) factors that 1nﬂuence development can come from the

| orgamsm whlch 1nc]udes factors such as body helght and wel ght the env1ronment |



B mcludlng gravity and friction and the task. New skills cannot be attempted if one of the

| body s systems have developed but one or more systems are lagglng behind. These slower
~ systems must reach a critical point and are therefore referred to in this model as ‘rate

- limiters’ or ‘rate controllers’ (Haywood, 1993). Dynamic systems theorists consider many

‘systems in determining the rate-controlling factors in development whereas maturationists

consider the central nervous system to be the sole rate determiner. System theorists explain
the various stages of motor development by stating that the factors that influence changes
" in behaviour do not all present at once with one of the factors for change becoming ‘rate
| 'limiting’ and preventing the system from generating a behaviour (Piper & Darrah, 1994).
An example of this is infant stepping, a reflexive movement which disappears at around six
months of age. From the perspective of a dynamic systems appreach, the infant stepping
reflex disappears due to the rapid weight gain which occurs during this period when limbs
get heavier but not necessarily stronger, a combination of “increasingly heavy legs and a
- biomechanically demanding posture” (Thelen, 1995, p.80). When viewetl in this way,

developmenta] change is not planned; rather it comes about as the effect of multiple

- developing elements.

Piek (2006, p.60) describes how the interaction of four subsystems inéludiag sensory,
eognitive and neuromuscular aspects of an individual leads to a new behaviour. It is only
when all these subsystems have reached a certain level that the new behaviour emerges.
Newell (1986) suggests however that the factors infltlencin g motor development and more
speciﬁcally coordination can come from three main sources. These are referred to as
~ constraints as they are factors that restrict movement. These factors are the task, the
organism and the environment. These c'onstraints interact “to determine for a given

organism the optimal pattern of (.oordmatlon and control for : any actmty” (Newell, 1986

P. 348).

' Although traditionally the immaturity of the nearologieal system is proposed to be the
_limitin_g factor in motor devel.opment (organismic), Newell (1986) proposes that .
constraints theory should be more widely interpreted, particularly.in terms of task
eonstmints such as the consideration of the size and weight of an object to be manipulated
~in the development of grasping. This has resulted in the development of terminology such
as ‘developmental transitions’ to replace the term ‘stages of deyelopment’ used b}?' - |
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- _maturatromsts Whrle vrewmg motor development from a stage perspectrve there s little

e '-;-' consrderatron "tven to understandrng the actual processes that resulted in the transrtrons -

o ( Prek 2006) Thrs is important because an analysrs of the developmental stages usrng the

maturatlomst stage approach averages out development and “smoothes deve]opmental

y S bumps and removes variability” (Piek, 2006 p. 62) It is only by exarmnrng motor

" development through stage transitions that a true understandlng of the nonl.near nature of

~ development can be obtained.

S 2.9-Neuronal Group Selection Theory .

~ As theorettcal frameworks for the processes 1nvolved in movement have evolved S0

has a thrrd theory, the Neuronal Group Selectron Theory (NGST) This theory combmes R
~ the two current but conflicting theories, Neuromaturationist and Dynamic Systems theory.

~ Accordin g to Hadders-Algra (2000a) the NGST “combines the ‘nature’ part of the Neural-

-' Maturationist theories with the ‘nurture’ part of the Dynamic Systems theory” (p.566).

_' Proponents of NGST theory promote that duri ng infancy , termed the Pn'mary Variability |
- stage (HaddersQAl gra 2000a) motor repertoires are primarily controlled by evolution and.
are not geared to external conditions. As the individual develops and the motor control

centres become more capable of receptrvrty, motor performancc can be adapted to specrﬁc |

~ situations. ’Ihrs theory could off a balance between the other promrnent but Juxtaposed .

o theones and according to Hadders-Algra (2000b) mrght promote effectrve rnterventton rn o

* children with motor dysfunctron

" : 2 10 Comparlson and description of the mteractron between neuro maturatronal

" o theory, dynanuc systems theory and neuronal group selection theory

o In the dynamic systems model, maturation is rejected as the dominant explanation for
. developmental change and instead the roles of the individual, the environment and the task

- inshaping the development of the infant are emphasised. The following analogy by .

o Gallahue and Ozmun ( 1998) assists in explaining the premise of the systems model: there

o :_trs no recrpe for a cloud, mstead the organization arises from the ﬂowrng together of

i drl'ferent components in anenvrronmental context
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ln order to comprehend more fully the dtfferent perspectlves of these theortes on motor |

o '__',.;”"-._behavlour it may be helpful to look at an infant’s motor behavlour such as reachlng for

o *;:”_'_'and grasping a toy. Accordlng to the neurologrcal model this movement skill is explalned

SR by the lnhlblllon of primary reflexes leadlng to the development of postural reﬂexes Wthh

| promote trunk and head control as well as postural stablllty When the mfant |s L

N neurologlcall y ready, the central nervous system has matured to a necessary level to allow

Lo lhe infant to reach for the toy

From a dynamlc systems perspectlve the maturatlon of the central nervous system is

| _-_nnponant but other factors may influence the |n|t|atlon of partrcular movements such as

o mouvallon bromechamcal leverage, posture 1n reachrng, while the properties of the toy,

- such as size and werght wrll determine the type of grasp that the infant will use as wcll as

_:'T_the position of the arm. and the trajectory path of the reach (Ptper & Darrah 1994) All of |

“these vanables form the system requrred for reach:ng for the toy

The maturatlonal perspectlve of development (Gesell 1940) purports to provlde a

- "comprehenswe views of rnfant development from Wthh parameters for measunng and |

. -;-assessmg both normal and abnormal motor deveIOpment have arisen. From th|s - )

| "perspecttve it is possrble to rdentlfy chlldren who deviate srgntﬁcantly from the normal

s N contrnuum of development recogmzmg that motor development may be compromtsed by a

SR ﬂ.laCk of | mtegnty in the developmg Central Nervous System with the cerebral cortex vrewed o

 asthe control centre. This is evidenced by retainment of pnmary reflexes whrch are

a!_rnmated by the lower orders of the brarn and mdtcaung that control has not yet been passed '.‘

| on to the hi gher orders of the brain. The dynamrc systems perspective identifies the

o mﬂuence of many subsystems rn the deve]opment of movement and contextual factors are

_.emphasrzed over neurodevelopmental factors Although recogntzrng the rnﬂuence of

-j_retarned prlmary reﬂexes mterventlons put forward by those ali gned to the dynamtc

B '_j.-'_systems model are more task onented The retarnment of pnmary reﬂexes may also be

perce1 ived as a task constrarnt (Newell 1986) where SpeClﬁC maturatronal constramts place

. lrmrtatrons on the orgamsm to respond the envrronment

Bemstem (1967) who |n1t|ated the dynamlc systems theory of motor deve10pment

o postulated that the brarn controls groups of muscles not rndlvrdual unrts and these groups



o 'of muscles tendons and bones can also mttlate movement wrthout recervmg 1nstructlons -

L from the cerebral cortex. ln ll‘llS context the behav1our itself can affect and modlfy the

'resultant behav1our through a ‘feed forward’ system that self corrects rather than heedlng

- --"’_ﬁi'dlrecuon from the cerebral cortex “This is in contrast to maturattonal theory and the

mformatlon processing approach to movement acqu1smon in Wthh instructions controlhng

o movement are thought to exist before the motor behaviour emerges encoded in the central |

o nervous system. Here the central nervous system and hi gher centers of the bram control

_movement through a ‘feedback’ system wrth modtﬁcatlons to the movement comlng from

" _the cerebral cortex (Prper & Darrah 1994)

Whlle both dynam1c systems and maturatlonal perspectlves acknowledge that

movement problems exist, the 1dent1ﬁcatlon of causes and therefore the 1nterventtons

employed depend on the theory to Wthh ont. ascribes. The maturatlonal model provrdes

o the most well known structure of the processes of 1dent1ﬁcatton and tnterventton However

o there is mcreasmg research into the effectiveness of the more contemporary dynamlc :

o .-.7_:j"-""systems approaches parttcularly in the area of DeveIOpmental Coordmauon Disorder

o ‘(DCD) Accordmg to Newell (1991), traditional approaches to motor acqursmon have

o fatled to capture the impact of the dynamic stages of motor skill acqursmon and the -

o ecologtcal approach of dynamic systems offers an 0pportumty to capture the “nchness of

o "'_'?"':-.._the essence of skill and the fullness of the constramts that shape it” (p 233)

Consrderauon must be given to the theory whtch combmes both Neuro maturauonal
| | and Dynamtc Systems approaches Although a relatlvely new motor development theory, )
| Neuronal Group Selection Theory (NGST) paves the way for novel approaches to BEERI
o treatment of developmental motor dtsorders mcludmg the provrsron of vanable o
' - ._Q".'sensonmotor experience for younger chlldren (Hadders Algra 2000b) It is suggested that

- _"older chtldren need an emphasts on acttve practlce
2.1 Identification of motor difficulties during de"elopment L

o The transformauon of abthttes in the ﬁrst 12 months of an mfant s hfe normally occurs. |
o wrthout undue attentton due to the predtctable and orderly fashlon in Wthl‘l these changes

| take place It lS only when delayed or aberrant motor pattems are observed that a. S



]:*' .

| .;_professronal may be asked to 1ntervene however normal motor Sklll development cannot

ber recogm"ed wrthout a solid understandmg of normal motor development (Plper &

B Larrah 1994). The type of interventions that are utilized and the behaviour on Wthh the

" 1ntervent10ns are based, depends ultimately on the model of motor development as the

~ evolution of infant motor skills, the faciors influencing rate, pattern and sequence lie
- embedded in the theories of motor development. In order to answer questions about -
tnterventnons for students who deviate from the norma] developmental curve, it 1s

1mportant to examme the theories of motor development that form the ratlonale for :

mterventlons.

- In 1933, Shirley ('1963) identiﬁed and outlined three key areas of developmental

| mllestones These include locomotor and postural milestones, such as unsupported srttmg,' -

as well as prehension milestones including reaching and grasping. While it is

: o acknowledged that there is often variance in the pattern of early responses, the order and
-age of occurrence of achieving these milestones remains relevant today (Piek, 2006). )

Children who fail to reach these developmental milestones within a time period close to

those outlined by Shlrley (19623) are thought to be at nsk of 'developmental delay or

| lmpa.lrment in motor coordination.

~ One significant neurodevelopmental influence on motor development appears to be

- delayed maturation of the nervous system resulting in the dominance of lower order

‘sections of the brain such as the brain stem, rather than the transition of motor control to
 higher order areas. This is evidenced by the retainment of primary reflexes, which

- ordinarily would be integrated into higher order movement control centres, contributing'to
delays in motor acquisition. While the majority of children move through developmental
sequences in a predictable way others experience delays in movement acquisition resulting

~ in compromised perceptual-motor functioning and coordination disorders.

| According to Morrison (1985), the major task for the developing child is to ‘gain '
adequate information about the environment therefore providing a basis for later evolving_

- operational thought. Two of the major means by which the information gathering process |

takes place are throu gh perceptual-motor exploration and visual perceptlon This penod is

a time of ¢ pnmary, secondary and tertlary circular reactions” (Momson ]985) that is, a |



| 'period of development in which novelty attracts attention and maintains a ch.i]d’s interest
until the child is familiar with the object or event at a sensory-motor level, contributing toa
child’s early schemas of *“objects, space, time, motion and causal relationships” (p. 4).
Following this stage, defined by Piaget (1954) as the sensorimotor stage of development, is
the preoperational period that is characterised by important interactions between perception
and cognition. During this stage, that begins at age two and continues to age seven, :
representational thought is developing and perceptions greatly influence adaptations to

academic learning (Morrison, 1985).

- Children experiencing difficulties with sensory and perceptual processes may use a
vari'ety 6f strategies to compensate for the resulting motor difficulties experienced during

' the preoperational period. Morrison (1985) suggested that one of these methods of
N ‘compensation may be reliance on a more language-oriented opérational system whereby
young children may identify with adults and older children rather than their same age
peers. A description of a child experiencing difficulties in sensory and perceptual processes
~may include the following criteria: the child dislikes school based physical education and
' avoids playing recreational sport, does poorly on tasks requiring visual motor skills but has
strong verbal-social skills. While masking a motor difficulty, somé compensatory

strategies Morrison (1985) observed elicit a behavioural response that could be

misconstrued in a classroom context.

| When teachers are confronted by highly emotional and behavioural responses to a
| chlld’s frustration and anxiety that is due, in part, to poorly developed motor skills, it is not
_surpnsmg that such children are mislabeled as “hyperactive, with or without attention
| deﬁcit disorder” (Morrison, 1985, p. 6). In fact, it is likely that as early as kindergarten or
at a pre-academic level, the impact of poorly developed motor skills can lead to repea‘ted |
failure to learn due to poorly developed automatised functions in motor skills, reading and
wﬁting (Morrison, 1985). When tasks become automatised, conscious attention can be
shifted from the components of the act and attention can be focused on elaboration of the
act or to perceive and process feedback received during the task. For example, a child who
“has mastered running can then shift conséious attention to variations such as running and

kicking a ball. Reading requires motor input such as saccadic eye movements and is o'nef
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o apparently unrelated motor actrvrty in whtch the perceptual component is performed |

The inﬂUenCe of differe‘nt intrinsic and extrinsic factors on motor development is

R _'s|gmﬁcant and leads to a mynad of clearly observable and less obvious indicators of

- atyptcal motor skills. Put simply, in a classroom context educators may be less likely to
- attribute a motor deficit to a child’s frustration at not being able to complete an academtc o
- task such as reading or writing. As the 1mpact of neurodevelopmental factors iS a central

- _theme in this thesis, spectﬁcally the role of prrmary reﬂexes this wrll be addressed further

“in subsequent sections.

- Developmental clumsmess was referred to as early as 191 1 by Dupre (Clth in Hulme |
& Lord, 1986) in which he described an awkwardness of voluntary movement
| distinguishable from major motor disorders such as paralysis, due to the more subtle nature
~ of its neuropathology and which affected motor functions supporting everyday life. Samuel
| Orton made the first major contribution to the study ol."clumsiness in 1937 (Hulme & Lord, |
l986). He ascribed awkwardness of physical performance in children to disorders of praxis
(motor planning) and gnosis (visuospatial ability), commenting that both gross motor
movements such as running and also manual dexterity were affected. Interestingly, Orton
-also made significant contributions to the field of neurologically based learning disorders,
such as Dyslexia and his interest in the relationship between motor and academic skills
' such as writing and reading is evident in contemporary research. Orton also noted the

- hmmng effects of the condition on self esteem development, especrally in school aged -

chtldren o

Orton s observauons are supported almost 70 years later by Hoare and Larkm (1991)

- 1who descnbed the attributes of the dtsorder stattng the effect on gross body movements '

 such as runmng, jumping and hoppmg on fine motor dextertty such as writing, drawmg and |

) ~ cutting. Also supported 1S the notion that social problems may arise as a result of 1solatton |

from sport and play, and as a result of these negattve mﬂuences the chtld can expenence

problems with self-esteem.
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Descrlpttve chmcal research dunng the 1960s, predomtnantly by Walton (cnted in

Hulme & Lord 1986) identified many attributes associated with children w1th 1mpatred
o | movement control mcludmg great dtfﬁculty in writing, drawing and c0pymg, defectlve |

'*artlculatton and articulatory dyspraxia, that is, incorrect pronunc:at:on of words, inability

to bare the teeth or put out the tongue on request, as well as an inability to carry out

" -activities essential to everyday life independently such as feeding and/or dressing (p. 259)
Research including that of Gubbay (1975) and Dare and Gorden (1970) during the 70’

| emphasrzed the heterogeneous nature of the condition and described a range of

characteristics that emphasized different features. The four core features of developmental

. :clumsiness identified by Hulme and Lord (1986, p. 260) are:

e Impaired motor performance that is significant enough to interfere with activities
essential to daily life including feedmg and dressing, school tasks w1th a motor |
component such as writing and drawing and physical play acttvmes |

B e Absence of neurological signs indicating “pyramidal, extrapyramtdal or cerebellar

: .“tmpmrment” (p. 260)

. . Normal intellectual capacnty Wllh the possrbthty of htgher verbal than performance
"“_'__”-.IQon the WISC; and - - o L

e :The abthty to perform some motor tasks wrth ease but havmg great dtfﬁculttes in. ;

sy others

These tdenttfymg charactensttcs of developmental clumsiness have remained the basis

of tdenttﬁcatJon of motor diffi culties, however the labels used to describe the condition
~ have changed and at times have been used tnterchangeably leading to confusion in both
_,;'}research and practice. Some researchers have taken the view that different terms actually
o describe different groups of children. Some terms such as ‘physical awkwardness’ are |
quite subjective while others such as ‘dyspraxia’ or ‘sensory-integrative dysfunction’ carry
~ some general assumptions about the underlying nature of the dysfunction (Missiuna& o
= Polatajkco 1995) More recently, the condition previously described as ‘clumsiness’ has .

- _l'been deﬁned as Developmental Coordmatlon Dtsorder N



v 2-.12 Developmental_ Coordination D_isorder'- B

o The Fourth Edition of the Dzagnosnc and Statzsncal Manual af Mental Dzsorders |
(DSM IV APA, 1994) defines Developmental Coordmatlon Dlsorder (DCD) as “a marked

" '_lmpatrment in the development of motor coordination, which cannot be attributed to a

. ‘ general medical condition or mental retardation” (p.53), A recent addendum to the ongmal

~ definition contams an additional criterion that motor difficulties should have a negatlve |

-_.rlmpact on academic achievement of functional sktlls in dally life (Jongmans Srmts- -

o Engelsman & Schoemaker, 2003).

Jongmans et al. identified children with DCD as those who are:

| Experiencing perceptual-motor problems that hinder them to such an
- extent that the quality of their academlc performance or activities of datly -

~ living are affected in the absence of a medlcal explanatlon o

~ (p. 528).

Developmental Co-ordlnatton Dlsordcr (DCD) affects approxlmately ﬁve percent of

- chlldrcn (Sugden & Chambers, 2003) . Maldonado-Duran and Glinka (2003) poslted that

g thls may be a conservative estimate and an additional 10 percent of chlldren may have a

| mmor form of the problem. Visser (2003) suggested that the dlagnos1s is normally based

~on the results of a standardised motor test such as the Movement Assessment Battery for

| | | Ch'(dfeﬂ (M-ABC) (Henderson & Sugden, 1992) where children diagnosed with DCD
“would score outside the normal range. Henderson and Sugden (1992) advise users of the «

- Movement Assessment Battery for Children (M-ABC) that the cut off point for diagnosis of

~ children with DCD are scores below the 5th percentile with those scoring between the 5th

 and 15th percentile classified as ‘at risk’ (p. 108).

“There are numerous problems relatlng to the assessment of motor lmpalrments in

o 'chlldren (usmg the M-ABC described above) due to the absence of “a ‘gold standard’ o

- equwalent to the role of the WISC in the cognltlve domaln” (Henderson & Barnett, 1998 p

= 454) There is some conjecture regardmg the appropnate quantltatlve crltenon for the o
| degree of i 1mpa1rment required for the Chlld S performance to be Judged as abnormal and

thus to warrant the apphcatlon of the DCD label Thls 1S probably due to the fact tnat there o
| | | | | s



. ,__have been fcw large scale studtes to prowde tnformatton on motor scores across the

o  _ general populatlon so there is no sound basis on which to judge the most valid cut-off

| scores (S Henderson & Barnett 1998). A further issue is deterrnlnlng what actually
"constltutes a comprehenswe assessment of perceptual-motor |mpa|rment Dlagnostlc

- cntena stated in the DSM IV (APA, 1994) referto a range of everyday life skills broadly

| categonzed as either gross motor or fine motor control. While these skills are relatively

easy to assess, determining the level of children’s self-help skills such as fastening buttons

and tying laces, is far more challenging. Often these aspects of motor functioning are not

~.included in standardised assessment instruments however, the M-ABC includes a non-

standardised checklist comprised of items seen in everyday functioning to assist with

assessment of these motor skills (Henderson & Sugden, 1992, p. 26).
213 Retained primary reflexes: The effect on normal development

| | Froma neurodeyelopmental viewpoint, every child proceeds through aseries of

-. developmental stages beginning with a reflexive stage which transcends the prenatal and
-early infancy period. It is thou ght that the presence of these various reﬂexes is 1nd1cat|ve of
' the level of neural maturation and hence Central Nervous System development Should

reflexes that are supposed to present in early stages still be retained at later stages of

development, it is malntamed that normal motor control will be affected due to sensory

Lintegration and perceptions being compromised (Morrison, 1985; Shumway-Cook &

o Woollacott, l995). This may be a contributing factor in the diagnosis of DCD.

| Research on the cffect of retalned reﬂexes on a child’s motor E

» development/coordlnatlon is not new. In the l920’s Magnus (cited in Shumway-Cook &
Woollacott, 1995) explored the function of different reflexes finding that reﬂexes that are
" controlled by low_.yer levels of the neural hierarchy are only present when the cortical centres
~ are damaged and tlt_at higher centres of the brain normally inhibit these lower reflex |

| '_]_centres. In the following years Schaltenbrand (citedin Shumway-Cook'& Woollac0tt,
: 1995) described the development of htlman mobility in terms of the appearance and '1
- dtsappearance of [ pin mmve reflexes and went on 1o assert that the persistence of pnmary
reflexes may result from pathology of the brain. Gesell and Armatruda (l947) and | |

| 'McGraw (1945) concurred and attnbuted normal motor development to the Central



o -_::Nervous System (CNS) becommg more cortrcally dommant resultlng in the emergence of

-hrgher levels of control over lower level reﬂexes (Shumway-Cook & Woollacott 1995 p

" 9) Bobath (1965) recogmsed the lmportance of sub- cortical structures in explarmng

ST j_'-_abnormal postural reflex actrvrty in children with cerebral palsy and stated that “the release

IR 1_"of motor responses 1ntegrated al lower levels from restralmng rnﬂuences of hi gher centres |

”.,':-‘f;"'jfi"'espec1ally that of the cortex, leads to abnormal postural reﬂex activity” (Bobath 1965 p.

- ), Based on a reflex/hierarchical theory of motor control and deveIOpment reflex

o 'assessment tests are often used to determlne the level of neural maturatlon Reﬂex prof iles

-:'are used to record the presence of persrstm g and dommatmg pri mary reﬂexes which are

o f-_belreved to be “major deterrents to normal motor control” (Shumway-Cook & Woollacott

o 1995,p.1 1)

The prevarllng thought of the tlme was that a complete understandmg of the reﬂexes -

’“"'_-':_would allow the determmatlon of the neural age of a chrld This is referred to asa

B neurodevelopmental theory of development also referred to as the sensory mtegratron -

. '";..approach (Shernll 1993) and assumes that CNS maturatron is the primary agent for change

in development and mlnlmlzes the 1mportance of factors such as musculoskeletal changes

Momson (1985) supported the hypothesrs that should pnmary reﬂexes partrcularly the }

o tomc neck reﬂexes be retalned a condltlon descnbed by Momson ( 1985) as neurologlcal o

o :__5;.__3:f'__d)’sfunctlon then sensory lntegratlon and perceptlons may be COmpfomlSCd (P 2) The o

- -"ff:j'_"-resultmg perceptual dysfunctlon contnbutes to the drff culties that a chrld expenences in

o ':_acqum ng automrsed perceptual slels such as those required for readlng and wntrng

o _(Fawcett & Nrcolson 1995) Thrs is thought to be due to dysfunctrons in visual trackmg,

o pursurt and sequencrng Wthh are all functlons of ocular-motor control, whrch rtself is

- '.,_'1nﬂuenced by the vestlbular system Thrs vrew 1s supported by Sugden and anht (1998) B

o '_,-'-'-._who state that these motor rmpalrments may also Si gnlf cantly mterfere w1th academtc

L achlevement strateglc plannlng and vlsual-spatlal performance whtch in tum affect the |

slulls of readtng and wntlng

Evrdence of thrs lmk between abnormal reﬂex responses and academrc achrevement 1s

o provlded by the research of nder who assessed the prevalence of abnorma] reﬂex

o 'responses in normal second grade chlldren compared t° a gr oup Of learmng drsabled



. -'chlldren (ther 1972) The study revealed that sngmﬁcantly more abnormal reﬂex

:':'responses were detected in  the learmn g dlsabled children than the norrnal children, It was o

. also found that chlldren wrth no reflex abnormahtles scored more highly on WRAT - o

achlevement tests than the children who dlsplayed abnormal reflex responses

Imparred sensory and perceptual dysfuncttons may result in a failure to learn pl‘lOl‘ to )

~ school expenence however, this is normally *“not detected until the child must percelve

| : and integrate visual auditory stimulus for academic learning and performance” (Mornson

| 1985). This view is shared by Missiuna, Rivard and Bartlett (2003) who argue that many
children with DCD do not display the full extent of their functional difficulties untilthey '
: reach school age because coordination difficulties might not be easy to observetmtil the

ponnt at which the child learns and performs skills that requnre adaptatlon in the speed o

tlmtng, force or distance of the movement (p. 33).

 The impact of experiencing perceptual-motor issues will affect the efﬁcacy with which
. the child perforrns various motor tasks including gross motor activities suchas running,
| catching and throwin g and fine motor tasks such as doing up buttons (Gallahue & C-)‘zmun,
| '1998) which itself affects self-esteem and withdrawal from physical activities (Missiuna et
| al., 2003). The further issues associated with the features of DCD however, in affecting |

~ cognition and academic progress, have far reaching implications on learning,

214 The relationship between movement and cognition

Accordmg to Sibley and Etmer (2003), numerous mechamsms can be used to explam

.the relatlonshlp between physical activity and cognition. There are two broad categones

o 'mto which these mechanisms can be categorized: physiological mechanisms; and

' learning/developmental mechanisms. The physiological mechanisms are those phy sical

- changes that occur with exercise such as “increased cerebral blood flow, alterations in

brain neurotransmitters, structural changes in the central nervous system and modified .

- arousal levels” (Sibley & Etnier, 2003 p. 244). The learning/developmental aspect implies

that movement and physical activity contribute to cognitivedeveIOpment particdlarly in
- very young children (Plca 1997) This relatlonshlp between movement and cogmtlon was

B 1n1t1ally promoted by Plagetlan theory Wthh clarms that 1ntellectual development 1S -



| inﬂ-uehced and determined by interactions with the envitonment primarily by tnov'ement-- .
(Yongue, 1998). Piaget (1968) postulated that the skills and relationships that one |
| experiences during movement carry over to the learnin g'of other relationships and con-cepts
suggesting that more importance be placed on the movement involved in the activity rather
- than the actual physical exertion. Piaget also highlighted the importance of movement
when he noted that movement was “the primary agent in the acquisition of increased
cognitive functioning especially in infancy and preschool” (cited in Gallahue, 1976, p. 26).
From a cognitive perspective, in order to solve a prob'lem or to perform a particular skill, a
series of mental operations must be performed (Stelmach, 1982). Piaget (1953) was one of

the first theorists to relate early development to cognition and argues that all knowledge is

‘related to us initially through our early motor actions (Piek, 2006).

| Piaget (1953) outlined the importance of reflexes in early development not only in .
terms of motor development but in cognitive development as well. According to Piaget,
‘action, either physical or mental results' in knowledge. Although four stages of
development were identified by Piaget in the development of cognition, it is the first of
these stages, the sensorimotor stage, which occurs between birth and two years that is
particularly relevant to the understanding of early infant develop'ment. During this stage,
physical action is the main contributor to receiving new information. Cognitive abilities

- emerge as a result of sensorimotor experiences so in order to interpret the world and
themselves, children need to be active in the environment. Piagetian theory is seen as

“closely aligned with a dynamic systems perspective due to the emphasis placed on tlte
- importance of the organism interacting with the environment and began a movement away

from the prescriptive approaches such as the neurodevelopmental and cognitive

perspectives, which involve top down processes relying on central control mechanisms.

- The reason that Piaget’s input was significant wes because thi.s was the first time that it
was argued that all knowledge was a result of movement or action and motor development
took on a new relevance. It is important the educators working with young children have
an tmderstanding of how cognitive development relates to psychomotor development and
the importance of developing appropriate lesson plans and instructional methods in order
- that child development is facilitated at every level. Piaget’s theories also led to the
: ~development of other theories which placed an etnphasis_ on movement and adaptation to



the environment namely theories related to dynamic systems which explains howa

movement is chosen as a result of interaction with the environment (Yongue, 1998).

' “Actions are therefore seen as beihg self organized and softly assembled rather than hard o |

- wired to a particular system as in the neurodeveIOpmental approach (Ulrich, 1989).

According to Missiuna et al. (2003) children who are diagnosed with coordination
diso__rders and motor dysfunction are likely to demonstrate comorbid conditions including
learning disabilities supporting the notion of the interdependence of both movement and

cognitive functions. The understanding of these comorbidities is important not only when
considering the most appropriate intervention for children with learning disabilities, but

~also in accentuating the entwined nature of motor development and cognitive functioning.

| 2.14.1 Comorbid effects of Developmental Coordination Disorder

 Itis difficult to subtype children with DCD into homogenous groups .(Ho'are, 1I994)

* and this raises a number of issues regarding the characteristics of children with DCD from

- aresearch and treatment point of view. Attention Deficit Hyperactivity Disorder (ADHD)
and Learning Disabilities (LD) are two learning disorders that are presumed neurological
‘in origin and are manifested differently and to varying degrees during the l.ife span
(NJCLD, 2006). It is not uncommon for LD and ADHD to accompany DCD with the three
conditions often showing comorbidity (Dewey & Wilson, 2001; Jongmans, Smits-
Engelsman, & Schoemaker, 2003). The rate of comorbidity between DCD and ADHD has
" been reportedto be 50 percent (Landgren, Petterson, Kjé;llman, & Gillberg, 1996) and

| between DCD and LD of a similar magnitude (Kaplan et al., 1998). It is thought that DCD,
ADHD, and LD do not exist independently but are all “reflections of heterogeneous

atypical braih_ development” (Kaplan, Wilson, Dewey, & Crawford, 1998).

~ The vériability in severity and comorbidity of neurOlOgically based disbrders was N

" identified by Maldonado-Duran and Glinka (2003) who acknowledged that although

varying grades of séverity and COmorbidity exist, some children havc only a relati_Vely'

' minor form of motor dysfunction while others have associated c.omorb-idities'such as LD _'

- and ADHD. This position was also supported by Missiuna, Rivard and Bartlett (2003)_ who

r-n'a',imained that children diagnosed with DCD form a heterogeneous population with _many |
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- variations and acknowledging that there might be involvement of gross motor and postural

functions or only of fine motor manipulative skills requiring eye-hand coordination (p. 33).
The theory of comorbidity is also supported by Missiuna et al. (2003), in listing non-verbal

~ Learning Disabilities, speech/articulation difficulties and Attention Deficit Disorder as

conditions often present with DCD.

- While the link between DCD, LD and ADHD has been established, the exact nature of
the difficulties some children experience with academic pursuits that manifest in these
disorders is less well understood. In referring to motor skills in the context of DCD, the
emphasis is on perceptual-motor skills, as all movements require the coordination of motor
information with perceptual information (Hulme & Lord, 1986). When a child is assessed
as having DCD, their ability to perceive information from the environment, gathered
through movement as well as their ability to interact with the environment is distorted.
Perceptual-motor issues are most likely to be evident in skills requiring a significant degree
of motor control including reading and writing. For this reason many studies on children
with DCD have concentrated on remediating those perceptual deficits assumed to

contribute to the development of motor skills, specifically vision and kinaesthesis (Hoare

& Larkin, 1991).

| 2.14.2 Perceptual-motor dysfunction and effects on cognitive development

- Perceptual processes are those inyolved in the detection and interpretaﬁon of sensory_
stimuli while motor processes are those involved in movement. The combination ot the

two, perceptual-motor processes, are those that coordinate pefceptual and motor skills

(Cole & Chan, 1990). It is thought that children who have DCD have dysfunction of

- perceptual-motor abilities resulting in neurological deficits and by remediating these

deficits DCD and the comorbid components of the condition can be reduced or eliminated.

~ The development of movement and consequently of the sensory and perCeptual-mOtor

| abllmes of infants may be compromlsed for a variety of reasons. A child that expenences |
physmloglcal damage to the parts of the brain that control movement, such asthe
brainstem or cerebral cortex, is unlikely to develop voluntary movement abilities, a stage

B beyond reﬂexwe movement. This is most likely to occur in infants presentlng with cerebral
' ' 4



- palsy or neurologlcal lesnons (Barnhart Davenport Epps &Nordqtnst 2003 Maldonado-
Duran et al., 2003 McPhillips et al. 2000) | : - '

- lnfants with maternal participation in drugs and alcohol, who are premature or a low |

o birth weight may have a delay in the development of normal movement stages or motor

- mllestones leading to a marked impairment of motor coordination. The development of

' perceptual motor skills may also be affected by deficits in the cerebellum the area of the
brain thought to be vital in perceptual-motor functioning (Fawcett & Nicolson, 1995; |
Leiner, Leiner, & Dow, 1993). This thinking is not unlike that of McPhillips (2000) and

R Morrison (1985) who suggest that deficits in the movement related areas of the brain

caused by retained primary reflexes affect perceptual- -motor skills such as balance

coordmatton and, in later years, assocnated activities such as reading and wnttng

- The proposed link between perceptual-motor development and cogmttve development |
1s not new, however attempts to apply this theory in an educational context have led to
N great controversy. Thirty years ago Gubbay (1975) described children with motor deficits
as differing from their developmentally normal peers by having, amongst other issues, poor
~ handwniting and poor academic performance. Recent research has indicated that brain sites
 that are involved in both thought and perceptual-motor processes are not as distinct as once |
~ thought (Rosenbaum, Carlson, & Gilmore, 2001) and Shumway-Cook and Woollacott
(1995) profess that “since movement is not usually performed in the absence of intent,
' | cognitive processes are essential to motor control” (p. 4). The assumption of a link between
| movement, perception and cognition has formed the basis of many process based |
" movement intervention programs since the early 1900's. Orton (cited in Hulme & Lord,
1986) and Piaget (1952) were early thi;orists who established that there was a significant

relationship between movement and cognition with Orton linking his early work to the

study of Dyslexia in recent years.

| This lin_l;' has been further exemplified through the research on Developmental -

| Coordinatior Disorder wltich has been associated with Attention Deficit Hyperactivity

Disorder and Learning Disabilities (Dewey & Wilson, 2001). The results of research on

this relationship between movement and cognition have indicated that it is indeed -

impossible to disassociate the role of movement in cognition. It is therefore reasonable to
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e assume as have the theortsts whose tnterventtons follow that tf a chtld is demonstratlng

learmng dtﬁ' culttes remedtatton of underlytng deﬁcrts tn perceptual motor processmg w1ll |

lead to cogmtwe gatn

The followmg sectlon focuses on the theory behtnd perceptual motor programs and

.....

B of perceptual motor remedtatton for chtldren with cogmtlve det' cits.
“:2;_15 Perceptual-motor based interventtons

- The premise on which perceptual- motor interventiOns are based is that remediation of
underlytng defi cits in sensory 1ntegrat|on and ultlmately perceptual-motor responses are
negatlvely tnﬂuencmg the processes requrred for cognition. The foundations of these
programs are i irmly based on maturattonal theory In order to remediate these perceptual

def' c1ts, students undergo tramtng in sensory actlvrttes such as rocktng, rolling and

'_ swmgtn g as part of the program in order to retratn these Pprocesses and remedlate the

B underlylng det' cit. Thls B the theory on whlch these programs are desrgned

2151 ‘The_theory underpinning perCeptual-motorinterventi-ons N

In the 19603 theortsts such as Barsch Ayres Kephart Cratty and Delacato (c1ted ln

Densem A Bushnell & Hom ]989) were mstrumental tn desr gmng programs for studentsf_ L |

En wrth learnm g dtfﬁculttes based on sensory motor and perceptual-motor lnterventtons

These programs were deS|gned to remedtate or correct perceptual and motor deﬁcrts that :

-; were belteved to underhe and cause: learmng deﬁc 3. Programs were based on the -

followmg common assumpttons perceptton depends upon perceptual abtltty, academtc L
performance |s dependent on perceptual abtltty, and therefore perceptual-motor L
performance can 1mprove academtc performance (Shernll 1993) These theortsts carrted
| out numerous studlcs usmg chtldren w1th Leammg Dtsabtltttes to determtne the o
-_ neurologtcal and cognlttve outcomes of partrcrpatton m these tnterventton programs Those .
' who researched the effecttveness of these 1nterventtons were tnterested to determme "
whether partrcrpatlon 1n sensory acttvmes almed at stlmulattng prlmartly the vesttbular and |
| v1sual senses would lead to an 1mprovement in skrlls such as readmg LT



- Perceptual motor programs based on the work of Ayres (1972) were one type of
- tnterventlon program that was very popular dunn g the 70s and 80s. Perceptual motor 1s -

o often referred to in the literature as ‘Sensory Integratton Therapy or as ‘Sensonmotor |

o ~ Integration’ as it involves the sttmulatlon of various senses seen as vital to a chrld’

learmng and denotes the CNS processing that occurs in both directions between sensory o

. - input and motor output (Shemll 1993). Ayres(1966) deﬁned sensory mtegratton as the

. organtzatton of sensory input for use in understandrng the world Kmesrologtsts also deﬁne |
- sensory mtegratton in the same terms (thllams 1983) Sensory 1nput tmportant to motor

| learntng are the vestibular, kinesthetic, vtsual and tacttle systems where vesttbular refers to

o the sense of balance, klnesthettc to the sense of posrtton and movement of body parts and

" ' tacttle to the sense of touch (Blackmore & Come 1996; Shemll 1993) When these
o systems dtsplay abnormal functtonrng or delayed deve]opment motor development and/or
o 'learmng is affected (Sherrtll l993) Ayres approach mvolved acttv1t1es such as balance

. beam walkmg, whtch provtded the child with opportuntttes to 1ntegrate dtfferent sources of

o ‘--;'-.'fﬂl-:gsensory tnformatton To gatn an understandtng of the theory behrnd perceptual-motor

o __iprograms it 1s 1mportant to revtew the tactile, lunesthettc vestrbular and vrsual systems

= : :__that the programs were presumed to 1nfluence. -

The tacttle system mcludes many sktn receptors that provnde sensory 1nput for touch

I pam heat and cold All mdtvrduals vary in thetr need for tacttle sttmulatton whtle some

o '----'-'_-______"_seem 1mpulse dnven to touch everythrn g (tacttle cravmg) there are those at the opposrte

end of the spectrum that are tacttle defensrve who dislike and aVOId tOUCh Tacttle

. defensrveness 1S commonly assocrated with “Learntng Dtsabtltttes, Auttsttc ltke

- behavtours Mental Retardation and severe emotional drsturbances” (Shemll 1993 p. 233).

The kmesthettc system works closely ‘Vlth the vestlbular system to provrde tnformatton

o _about the posrtton and movement of the body in space There are many sensory receptors

“in the muscles and _|01nts of the body that prowde 1nformatton to the CNS when the tensronl |

| -_'..-_:"wrthln the ﬁbres changes The ktnaesthettc system is responsible for the ATNR and the

| Symmetrtcal Tomc Neck Reﬂex (STNR) m which he.td ﬂexton causes the legs to extend

R | and head extensnon causes the Iegs to ﬂex as well as other reﬂexes. Accordmg to Shemll
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o .(1993) as the krnesthetlc system matures these reﬂexes are 1ntegrated leadlng to the

o coordlnatron of movement

: '-Statie and dynamic balance is maintained through information supplied to the brain by

~ the vestibular system that originates in the inner ear of the temporal lobe. The vestibular

o | system prevents falling, keeps the body parts properly aligned and contributes to -

coordinated movement. According to Sherrill (1993), the four sensory systems

(kinaesthetic, vestibular, tactile and visual) combine to enable balance that requires both

-~ sensory and motor output.

The vrsual system is compnsed of both reflex and voluntary subsystems that are

___1mportant in postural control and motor performance. According to Sherrill (1993) there

A are two types of vision, orthoptic and refractive. Orthoptic vision refers to the six external

| musc1es controlling the eyeball responsible for moving the eyeballs up, down, in, out and
- diagonally. Binocular coordination in which the two eyes work together is particularly

important for balance and poStural reactions. Eye muscle coordination problems are

o COMmMON among persons with dtsablhttes including strabismus (squint or crossed eyes),

which is commonly associated with Cerebral Palsy, Down Syndrome and Foetal Alcohol
- Syndrome (Shemll 1993) Refractive vision refers to visual aculty and problems may
include myopia (nearsrghtedness) and hyperopia (far51 ghtedness) as well as ast1 gmatism

- (blurring and distortion) which are normally treated by glasses or surgery (Shumway-Cook

& Woollacott, 1995).

The theory underpinning perceptual-motor programs is that most children with

: | Learning Disabilities display a perceptual-motor dysfunction of neurological origin

- (Vellutino, Steger, Moyer, Harding, & Niles, 1977) and the emphasis is on remediating

deficient perceptual-motor skills in order to facilitate higher order learning. The methods

- and techniques are strongly developmentally based and great emphasis is placed on early
“motor learning and visual-spatial development of the child. This reinforces the viewpoint
underpinning Piagetian theory which claims that a child’s intellectual development is

influenced and determined by interactions with the environment (Yongue, 1998). The

| importance of motor learning in providing the foundations for higher order learningis
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“outlined by Piaget (1952) who observed that overt motor learning precedes the inner

l'anguage' method of problem solving, a trait that continues through adult life.

According to Myers and Hammill (1976) the motor system is the first neurological
system to develop and begins when the human organism is still in an embryonic state. The
perceptual system follows the motor system with the association system being the last
neurological system to develop. Perception which allows us to make sense of the world is
derived from early experiences with the environment. All of our early exploration of the

environment is through movement. If developmental movement 1s dysfunctional then

: perceptual processes which are related to higher order thinking and cognition may be

- compromised (Leiner, Leiner and Dow, 1993). For this reason, it was surmised that motor

programs that remediated these perceptual deficits would also improve cognitive

performance.

2.15.2 An historical overview of perceptual and sensory deficit based interventions

- Temple Fay, a neurosurgeon (cited in Hopkins & Smith, 1978 p. 125) adopted one of
the first sensorimotor neurodevelomental approaches in the early 1940’s called
Neuromuscular Reflex Therapy. The application of Fay’s work lies predominantly in the
- area of physical rehabilitation and occupational therapy and much of his work was
completed prior to the present knowledge of the central nervous system. His basic premise
was that the infant brain evolves through a series of developmental stages similar to a fish,
a reptile, a mammal and finally a human. That is, as each individual organism matures, it
- passes through the same general phylogenetic stages as its ancestral species did in the
course of evolution. Thus, human babies are at first able to make only gross bodily
movements; later they crawl, then walk, and eventually petform highly skilled movements
with thcir hands and mouths. Central to this theory is the view that the attainment of each
stage is preéumed to be .dependent on the previous. Fay’s description of the developing
infant brain paralleling the evolution of the human species from its earliest origins is
encapsulated as “ontology recapitulates phylogeny” (cited in Hopkins & Smith, 1978 p.

'_ 125) and this developmental approach formed the theoretical basis of a number of motor

~ interventions, one of which remains popular today, in spite of very limited empirical
subport.' | | |
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. "Del.ac.at-o and Doman (cited in Doman, Spitz, Zucman, Delacato, & Doman, 1960)
drew heavily on these ontological parallels with Fay’s work developing the same patterns
- of movement into what is known as the Delacato and Doman program. As directors of the
~Institute for the Achievémem of Human Potential, Delacato and Doman (cited in Doman et
-al., 1960) worked with children with brain injuries using a program based on a theoretical

principle referred to as ‘Neurological Organisation’.

1

. Delacato (1963) éuggested that brain development followed a consistent pattern and
that neurological functions develop vertiCa]ly from spinal cord to cortex with increasing
levels of myelinisation. Myelin is a fatty cell which wraps itself around the axon or E
‘transmission fibre’ that connects one nerve cell to another. It is the fatty myelin sheath
which prevents information leakage as data is transmitted from one neuron to the next,
however the process of myelination or ‘insulation’ takes time to develop and Delacato
" maintained that it is only at the age of eight years that a child is said to have reached a state
of Neurological Organisation. Accordingly, Delacato claimed that if damage to the brain
occurs or if environmental factors restrict a child’s development, then evidence of
neurological dysfunction will be observed including disorganisation in language or motor
‘ability. According to the theory of Neurological Organisation, if there is damage to cells in
- the brain, those cells that remain intact can take over the functions of the ones that have
been destroyed through a process called “patterning” (Myers & Hammill, 1976). Patterning
“involves manipulating the limbs of brain-injured children to produce movements that
-~ would normally be the responsibility of the damaged area. Delacato (1957) defines this
method as “treating a 'central problem where it exists, in the central nervous system, not in

the peripheral areas” (p. 8). It is believed that by frequently repeating the patterning, the

- brain will receive sensory messages.

- Robbins (1966) (cited in Steadward, Watkinson; & Wheeler, 2003) carried out a study

using' the methodology similar to that adopted in this study, in which three'second grade

 classes were assigned to the Delacato treatment, a no treatment control group, or activities

opposed to Delacato treatment. Over a three-month period, the Delacato group received
thirty minutes instruction in creeping, walking and a specified writing position. The
negative group received 30 minutes of dancin g and games and ‘reverse’ patterning. Both
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groups received written instructions to be followed at home regarding sleep posturing,
music and emphasizing sidedness. The dutcomes showed no relationship between creeping
and reading or type of treatment and reading and offer little support for the notion that the

' Delacato program is a general treatment for reading improvement. This view was shared
by Freeman (1967) (cited in Steadward, Watkinson, & Wheeler, 2003) who, along with
other concerns regarding the program, outlined statistical defects in reported studies and
critisised the policy that makes parents therapists. Cohen, Birch and Taft (1970) concluded
from an analyses of both the theories on which the method is based, and the applications of
the method, that there is insufficient evidence from data to support the system of treatment
and that the changes obtained in individuals may in fact be a result of normal growth and
maturation. A further study by O’Donnell (cited in Balow, 1971, p. 522) focused on
participants with reading difficulties. Results showed that the Delacato programme had no
significant effect on oral reading, reading comprehension, vocabulary or phonics skills.

There were also no significant differences on tests of visual motor integration or lateral

dominance.

The American;_ jAcademy of Pediatrics (AAP) had issued warnings regarding the use of
- patterning as early as 1968. These warnings were updated and repeated in 1982 with the

latest cautionary policy statement being in 1999 (Ruppert & Sander, 1999):

* This statement reviews patterning as a treatment for children with
neurological impairments. This treatment is based on an outmoded and
oversimplified theory of brain development. Current information does not
Support the claims of proponents that this treatment is efficacious and its

use continues to be unwarranted (p. 1151).

“In conclusion, on the potential of the Doman-Delacato program, Scherzer and
Tscharnuter (1990) stated that “positive results are considered by many to be
questionable; harmful effects likely to be common and extensive” (p.73). There is no
recent research on the methods of Delacato and Doman indicating declining popularity
of the technique, however, there are numerous case histories and testimonials of a non-

- scientific nature which support the idea of “patterning” (Berg, 2005; Mills, 2000) that are '
| _implémenled from time ‘t,o time in educative and therapeutic settings. | |
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Another treatment approach also gaining popularity during the 1940°s was a
Nearodevelepmental Treatment (NDT) approach developed by Karel Bobath, a
neuropsychiatrist, and Berta Bobath, a physical therapist (B Bebath, 1963). According to
Hopkins & Smith (1978), the concept of neurodevelopmental treatment is based on two
fundamental principles regarding the nature of the central nervous system dysfunction.
First, that retardation of normal movement is caused by interference of normal brain
~“maturation due to a lesion and second, this results in abnormal patterns of posture and

N movement due to abnormal or immature postural reflex activity. The ireatment was

“ primarily initiated to assist children with cerebral palsy and aceording to the Bob'ath's
(Scrutton, 1984) the motor problems associated with cerebral palsy arise from Central
Nervous System (CNS) dysfunction interfering with the development of normal postural
control against gravity. Their approach focused on the “sensorimotor components of
muscle tone, abnormal reflexes, abnormal movement patterns, postural control, sensation,
perception and memory (components likely to be impaired through CNS damage)” (Butler
&Darrah, 2001, p. 2) with the normal developmental sequence advocated as a framework

for treatment. The therapy consisted of direct handling techniques, parental education,

.~ home or classroom programming and a positional programme for functional activities

- (Royeen & DeGangi, 1992). The physical handling is aimed at developing the movement

~ components underlying functional motor skills such as “neuromotor maturation”, balance,

. mobility and postural alignment and stability (p. 175).

Itis difﬁeult to determine the effectiveness of this type of motor therapy approach due
to the fact that these are not specific treatments delivered in a standardised manner. The
techniques depend on the skill of the therapist and the specific aims set for each child and
children often progress in domains that are not measured by the dependent variables.

' According to Royeen and De Gangi (1992) many of the intervention studies based on the
“efficacy of NDT have been based on subjective clinical observations with only “48 percent

yielding statistical evidence of effectiveness” (p. 193) and statistical si gnificance is often

not evident due mostly to small sample sizes.

A meta- analysm by Butler and Darrah (200]) of studtes based on Neuro Developmental

Treatment (ND’I’) determmed that there as llttle evxdence supportmg the value of NDT
| | | | a0



| other than a change in range of motion. The authors concluded that there was not

conststent ewdence that NDT changed abnormal motoric responses, slowed or prevented

o contractures or that it facilitated more normal motor development or functtonal motor

acttvrtles. More intensive therapy did not seem to confer a greater benefit:

" “There was also no clear evidence that NDT produced any other potential
beneﬁts such as enhancement of social emotional, language or cognitive
domains of development, better home environments, improved parent-
child interactions, or greater parent satisfaction (Butler & Darrah, 2001 p.

789).

s evrdent that further studles addressing the efficacy of NDT are necessary. Royeen
and DLGangt (1992) advocated that studies need to investigate the eff] icacy of specific
sensorimotor mterventtons to determine whether one treatment approach is of more benefit
_for specific clinical populations. Olney (1990) stipulated that the first step in this research
IS to investigate the following features: What is the treatment? When should it be initiated
and ended? What frequency and duration_ of therapy provides the most positive effects?
Who should be the therapy providers? In what setting should the therapy be provided?
(Roussounis,'Gaussen, & Stratton, 1987, Royeen & De Gangi, 1992). It is important to
.\ provide answers to these questions through empirically based research if NDT is to be

recognized as an effective intervention for children with perceptual-motor difficulties.
© 2.15.3 Analysis of popular sensory motor and perceptual-motor interventions

The programs advocated by Fay, Delcato, and Bobath are all examples of early process

o based (though not necessanly well known) approaches almed at remedntmg underlylng

perceptual motor deficits. The following programs are examples of some of.the most

| - _popular and familiar process lnterventton strategies for children with Learning Dtsabtltttes
| ;'-"'Ihe premlse is that by addressmg the underlym g deﬁcrts Or processes, learning d|sab|llt1es
N will be remedlated Accordin gto Cole and Chan (1990) perceptual -motor programs are an
-_ | approach to specral educauon that attempts to dtagnose the underl ying problems perceived

as related to processing and then to prov1de an mterventton to remedlate those processes.
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One of the most ldentrf able motor 1ntervent10n programs 1s that deveIOped by Ayres_:‘- |
(1966) known as Sensory Integratlon (SI) Hoehn and Baumelster(l994) descrlbe (SI) -
therapyas B e T T T R B T T

el ?A controversral though popular treatment for the remedlatlon of motor

and academrc problems It has been applled prrmanly to chlldren w1th

| ;.jj;]earmng dlsablhtles under the assumptlon that such chlldren (or at least a o

S >sub group of them) have problems In sensory 1ntegratlon to Wthh some

. _-or all of the1r learmng problems can be ascnbed (p 338)

Although Ayres work is the most well known there are many other theonsts who have

,-.":_“jconmbuted to the development of perceptual motor based programs mcludm g Frost1 g -

o (]967) and Kephart (1971) Accordmg to Myers and Hammrll ( 1976) the “basrc sensory- : |

perceptual motor onentatlon and the suggested remedial dCthltleS are very much the _.

R ._.same (p 3 14) Some examples of research on early movement progr: ams based on the |

| i--ff]j:i-"development of appropnate neurodevelopmental processes follow C ;_,_j D

- : ,.'_Maﬁdrtrt_eFrostig.’s Visual Perception""Program o

Manannc Frostrg developed a theory of vrsual perceptlon based on a .

o neurodevelopmental approach prlmarrly to assrst students w1th I_earmng Dlsabrlrtles in

- o academlC pursurts Frostr g's major area of i mterest was vrsual perceptlon and in 1947 she

" founded the Marianne Frostlg Centre of Educatlonal Development in Los Angeles,
“ 'Callforma Frostig recognized that perceptual adequacy is vital for academic success and
therefore her mam area of interest focused on developing these perceptual Skl"S rather than |

" 1nstructlon specrf' cally in readlng and wntmg Even in teachmg academrc subjects there is

N an emphasrs on therr perceptual aspects Although Frosu g does not dlsregard the

knowledge of subject matter, she does not believe that _]USt knowledge 1S sufﬁcrent tO

o forrnulate optimal educational programs for children wrth Learmng Dlsabrlltres and

"-learmng styles preferred sensory channels and areas of perceptual or cogmtrve strengths |

o and weaknesses must be determmed for each child for effectlve learmng (Frostrg, 1961)

| Research assessmg the efficacy of mstructlon based on th1s concept of sensory preference

= has provlded llttle SUpport for this idea (Velluttno Steger Moycr Hardlng, &eres l977).



o 'Although there has not been any epeciﬁc causative factor for inadequate percept'ualf

~ development, Frostig and Horne (1964) have identified that a disability in visual
| pereeption may result from delayed maturation, cerebral injury or genel:ic and
| env1ronmental factors. According to Myers and Hammill (1976), the Frostig and Horne
- (1964) materials provided a well structured developmental program which can be used for

remedlatlon or developmental learmng in specnfic areas of perceptual weakness.

The Frostig technique (Frosn g & Horne, 1964) was investigated by Olsen in 1966
(c1ted in Balow, 1971) in which 120 students were tested for reading skill and then
administered the Frosti g Test of Visual Perception (Frostig & Horne, 1964). Accordmg to
Balow (1971), correlations between the achievement measures and the Frostig tests were |
“low and non-specific to reading” (p. 520). These results are similar to those found by

Olsen (1966) and raise serious questions about the validity of the Frostig tests in relation to

reading.

) Vellutmo Sleger Moyer Hardmg, and Niles (1977) also raised questlons regardmg the
use of diagnostic tests which are desi gned to isolate inferred disorders in sensory-cogmtlve o
_'processes and then provide direction for remediation. Vellutino et al (1977) states that
- these type of instruments including the Frostig Developmental Test of Visual Perception

(Frostig, 1961) have weak theoretical foundations and do not have ™ sufficient factorial
- validity to be employed as diagnostic measures” (p. 380). While the Frostig materials may

in fact lead to improved perceptual skills, there is no evidence that this translates to

- improved reading skills.

 Kephart: Perceptual-motor program

Kephart s theory of perceptual-motor development and remedlatlon represents a true

o process onented teaching approach in that, according to this theory, children with Learning

Disabilities should be treated in terms of remediating impairments of the basic skills and
- generalisations on which the act of reading and therefore cognitive pursuits depend. |

| Kephart'believed that perception and eegniﬁon develop from a mntor base and a child must
establish motor generallzatlons to reach full intellectual growth. In thls treatment, there is

emphasis on three main areas of perceptual-motor ablhty, sensonmotor ]earmng, ocular |
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| contro] and form perception. Administration of the Perceptual-Motor Rating Scale '
(Kephart 1971) indicates the stages of learning that are inadequate and need to be treated
Sensorimotor deficiencies are addressed through activities involving walking on beams,
balance boards, trampolines, dot-to-dot drawing and bilateral and unilateral exercises

| including rhythmical activities. Ocular control or control of the eyes is developed through
monocular training and rotary pursuit such as tracking a pencil or a torch.li ght and form

perception through blackboard activities, puzzles and pegboards (Myers & Hammill,
1976). |

Kephart places a strong emphasis on the sensorimotor basis of all learning at all ages
'wh_ich he considers consists of generalizations rather than specific skills, for example, |
reading writing and mathematics involve manyl perceptual and motor skills. Even a basic
skill such as drawing a square requires many basic perceptual-motor skills including
manual dexterity, gross motor abilities, ocular control, eye hand coordination and laterality
to name a few. Rather than basing remediation simply on the drawing of a square, Kephart
betieves the skill needs to be taught as a process. Further, it is believed that no training

technique should be considered a goal in itself, rather a means by which a child can be

: taught generalized skills and abilities (Myers & Hammill, 1976). According to Myers and

Hammill (1976) “teachers of various groups of children- mentally retarded, learning
disordered and developmentally delayed- have reported positive results from the use of |

' matenals and activities recommended by Kephart” (p. 325).
Ayres and sensory integration

* The theories and programs of both Kephart (1971) and Ayres (Ayres 1966 1972a 1974
1978 '1979) are quite similar in their emphasis on remediation of percelved underlylng
- deficits in sensorimotor skills and abilities construed as contributing to the learning
' disability. Both approaches are classified as being perceptual-motor/sensorimotor specific.
" Cruikshank (1972) was a strong supporter of the view expressed by both Kephart and '

Ayres that children with dlsabrhtres mamfest perceptua] -motor dysfunctron of neurologrcal :

ongm
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. B .___Ayms cOnceivéd and advanced the theory of Sensory Integration (SI) during the late
| _19_60’5 and early 70’s. According to Hoehn and Baumeister (1994), Sl is a popullar
| aitho_ugh cbntrdversial treatment for remediation of motor and academic problems as it is
seen as “requisite for all perceptual-motor activity” (p. 338). SI therapy was originally
intended as a treatment for children with Cerebral Palsy howev'er, its scope of application
has been extended to many different populations. The main area of application has been

children with Learning Disabilities of which Ayres hypothesized that at least a subgroup

have problems in sensory integration (Ayres, 1972).

| Ayres (1979) recognizes hierarchical levels of brain function leading to sequential
stages in neurological development and stresses the importance of the sub cortical levels of
the brain, particularly the brain stem due to the fact that it can be categorized as ‘early
developing’ both “phytogenetically and ontogenetically” (Hoehn & Baumeister, 1994 p.
338). Ayres’ theory is underpinned by the belief that sensory processing takes place

primarily in these sub cortical levels of the brain and not only motor acts but also cognitive
abilities requiring higher order levels of the brain such as reading and writing are |

‘considered to be dependent on sensory integration.

The five main senses are touch (tactile), sound (auditory), sight (visual), tasté -
(gustatory) and smell (olfactory). In addition, there are two other senses: vestibular, a
movement and balance sense which provides information about where the head and body
are in space, and proprioception, which is a joint/muscle sense that provides information
about where body parts are and what they are doing (Bundy, Lane, & Muvrray, 2002). The
integration of these systems, in particular the tactile, proprioceptive and vestibular systems,
are considered of primary importance because these systems mature the earliest and due to
“their contribution to “‘generalized neurological integration and to enhanced perception in
other areas” (Hopkins & Smith,l 1978 p. 137). These systems contribute to the development

 of perceptual-motor ability including “body scheme, motor planning, motor and academic

- skill development and psychosocial development” (p. 136).

According to A'yq}:s (1979) Sensory Integration is defined as the organizati_oh of

sensory input for use.
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The ‘use’ may be a perception of the body, or the world or an adaptive
o response ora leammg process, or the development of some neural

functlon (p. 184).

Ayres observed that the cognitive approach to the treatment of children with learning
disabilities had led to dissatisfaction of skill trainin g as an entity as it did not lead to the

development of the ability to generalize or to respond adaptively to the environment

(Hopkins & Smith, 1978).

Learning Disabilities in this view, are suggested to be superficial symptoms that are
attributable to an underlying neurological deficit, which is discoverable through diagnostic
evaluation — a ‘process’ approach as opposed to ‘content’ approach to remediation (Hoehn
& Baumeister, 1994). While motor programs or academic skills instruction programs are
designed to precisely and directly influence specific motor and academic skills such as
throwmg a ball or subtracting figures for mastery, the expenence is not expected to be

generahzed beyond those skills. In contrast:

Sensory Integration therapy is thought of as acting to remedy (or
- ameliorate the effect of) certain general sensonmotor dlsorders
| responsible for individual motor or academic diffi culues and to lay a

sensory processing foundation for the successful developmenl of such

| skills (Hoehn & Baumeister, 1994, p. 339).

Ayres (1972) suggests that this foundation is not sufficient in itsclf and that traditional

~teaching methods need to be maintained in conjunction_ﬂyith‘Sensory Integration therapy.

“Ayres published eight papers between 1965 and 1987 (Cummins, 1991). These papers |
contain ten multivariate analyses concerned with the relationships between sensory and
- motor skills and in some studies, the relationship between sensory and academic skills.

~ From these studies, some of which involved children with academic difficulties and others |

. thatdid not, Ayres isolated five main factors that were understood to relate to, or were

| correlated with, patterns of neurological dysfunction. It is believed that these perceptual-
* motor factors emerge from the scores of children with Leami:,ng Disabilities but not from



the scores of chlldren who learn normally The five factors 1denuﬁed by Ayres as berng the

most common in children with learning disabilities are:

 0 Disorder in postural, ncular and bilateral integration; a
e Apraxia (difficulty planning and executing motor acts); o
e Disorder in form and space perception; o

o ‘Auditory ]anguageproblems; and, '

e _Taetile defensiveness (Cummins, 1991 'p._.1'60). S

'Aceording to Cummins (1991) the presence of these factors has been ‘"used topro_vide |
" both the format and the rationale for diagnostic and remedial programs (p. 160). The

B problem with this approach is the diversity among the reviewers of Ayres’ studies with
regard to the precise nature and nomenclature of these factors. This has led to factor labels
being seen as “arbitrary devices that do not necessarily reflect true factor content”
(Cummins, 1991, p. 167). Cummins (1991) concludes that there was in fact no core group |
of variables that could be accurately and consistently identified as discriminating between
learning disabled and normal learning children. This is a view shared by Vellutino et al
(1977) who state that the *sub-tests in these test batteries are so highly intercorrelated that

it is almost impossible to uncover deficiencies in the variety of functions that they are

. intended to measure” (p. 380).

The culmination of the research based on the efficacy of_Ayres’ sensory integration |

~ based programs in terms of diagoosing and providing adequate intervention for specific
. moior deficits has led to the conclusion that these multivariate studies provided no va_lidit_y |

for either the diagnostic procedures or remedial programs advocated by Ayres for children

- with Leammg Disabilities (Cummins, 1991; Vellutino, Steger, Moyer, Hardlng,&Nlles
1977). | | | -



E | 2. 15 4 Eﬂ' icacy of perceptual-motor and sensonmotor approaches m academrc o

B remediation

~ There are a si gnificant number of motor programs that are intended as potential

- p_anaceas for treatment of Learning Disabilities, albeit the efficacy of many of these

_pr_ograms remains controversial and unproven. Hatcher (2003) providesevidence_ that
supports conventional phonological awareness training and letter knowledge as a preferred
intervention for these children. Research on the efficacy of both the traditional approach to
readtng rcmedlatton that is the phonological, code emphasis approach, and the neurologlcal

deficit remediation approaches will be discussed in this section.

According to Fawcett and Nicolson (1995), reading difficulties associated with
. Dyslexla are not only characterlzed by problems with phonological performance but also |
| . by problems with balance and other motor skills indicating deficits in cerebral functlonlng
| As the cerebellum is involved in not only motor but cogmtlve tasks as well, interventions
B solely based on a cognitive model such as a purely code emphasis approach may be |

insufficient for some chlldren rcqumng a neurologlcally based intervention (Schmahmann

&S Sherman 1998).

The use of perceptual-motor programs to rcmedlate literacy assocnated dcﬁcnts is based |
~on the belief that perceptual- -motor experiences underpm early leammg and that chtldren |
- _who have underdeveloped perceptual-motor processing will have difficulties with
_ academic skills (Stephenson, Carter, _&'.'Wheldall, 2'007). Perceptual-Motor Programs
- (l’MP) are designed to train these underlyingprocesses in order to facilitate academic:'
| learmng and 1nclude programs such as Brain Gym (2006) and Smart Starters ("Smart Start |
| with PMP" 2002) whtch are both p0pular in Australian schools | o

The vahdtty and type of methodology utrlrzed in research authenttcatmg the efﬁcacy of
| -the perceptual—motor and sensonmotor programs has often been questloned wrth |
| numcrous reports that results were not posrtlvc in terms of the effects of the mterventlon
'_ (Carte Mornson Sublett, Uemura, & Satrakian, 1984; Cummms 1991; Kaplan Polatajko
| thson & Fans 1993 Kavale & Mattson, 1983). A meta-analysrs of 180 1ntervent10n '
| lprogra.ms carried out.by Kavale.and Mattson (1983), reportedthat al_most half the treatmem '
5T



o effects for these perceptual motor and sensory motor based 1ntervent10n programs were

o negatlve tncludmg the effects of the 1ntervent10ns on academtc achtevement partlcularly o

o readmg They noted that the ev1dence for the efﬁcacy of perceptual motor programs o

8 depended marnly on narrattves and case studles When revrewmg the abtlltles related to -

. l‘*readmg Hammlll (2004) found that the correlatron between motor skrlls and readtn g

o _ablhttes was weak (0 17) and that tramtng 1n perceptual motor programs would have no L

o benef t for readmg Hyatt (2007) revrewed four pubhshed studtes on the effects of Bram o

va and concluded that none of the studles were sound and that there was no ev1dence of

| - any posrttve effects from the pro gram The results of the rcsearch on the effectweness of

~ these 1ntervent10ns was 50 dlsappomtmg thatBrown Brown Burke Cronin, &Evers

o '-_'_(]986) as part of the Board of Trustees of the Council for Learning Disabilities in the o

| -..-;'_"j'__-_Umted States mstructed schools to v1ew partwrpatlon and resource allocatlon to these

AR fprograms as wasteful Further the Board percerved these programs to be an obstmctlon to |

'. "'-__'the prowsmn of apprOprlate servrces stattng

| There 1s llttle or no empmcal support for clalms that the tramtn g of

. perceptual and perceptual-motor functlons 1mproves e1ther the acadermc

ORI performance or the perceptual or perceptual motor functtons of the  - E ._ - |

- '_}learmng dlsabled 1nd1v1dual Therefore such tralmng must be

- "",charactenzed at best as expenmental and non—vahdated (Brown Burke e

s 'f..-.Cronm & Evers l986p 350)

More recent research by Kaplan Polatajko Wllson and Fans (]993) concluded that

o perceptual motor programs made no s1 gmﬁcant dlfference to gross and ﬁne motor skrlls

- '-readmg and mathematlcs and that for chlldren presentmg w1th Learmn g Dlsablhtles |

: "'f”'_-.-,'_--tradrtlonal methods were _|llSt as and in some cases more effecttve T

A cntrcal analysrs by Nolan (2004) questroned the conclusrons made by Kavale and

o _Mattson (1983) Wthh were based on a meta-analysrs of l80 studtes whrch focused on the |

1 efﬁcacy of perceptual motor pro grams Kavale and Matson (1 983) stated in conclus:on that

perceptual motor trarnmg was not an effecu ve lnterventton for chrldren with dtsabthtles |

Nolan (2004) dlsagreed w1th the conclusrons of thlS meta analysns on the basrs of the

e "method by whtch the studtes in the meta-analysrs were chosen thus questlonmg the valtdlty



~ ofthe meta-_-analys‘is. ACcording to Nolan’s (2004) critical analysis, methodolcigiCal flaws

| i__n,clu'ding 'study'selection, completeness of data and analysis value in Kavale and Mattson’s o
- (1983) meta'analysis “form a mosaic of uncertainty about the outcome”

(Nolan, 2004, p 71) and there is a distinct need for a newer meta-aﬁalysis tobe

com"pleted based on current research.

One of the main poirits that Nolan (2004) makes is that one should not dismiss the

pOSsib'le value of perceptual-motor programs based solely on the meta—analysis of Kavale

| and Matson (1983). Nolan states in conclusion: ‘One thing is certain; the debate on the
efficacy of perceptual-motor training will and should continue’ (p.72). One of the reasons

for Nolan’s considerations may be that there is a great deal of research that indicates a

motor link to learning problems. Jongmans,.Smits-Engelsman and Schoemaker (2003) -

- indicate that children with extensive perceptual-motor problems are also likely to have

* minor neurological signs and cognitive issues. Kaplan, Wilson, Dewey and Crawford

(1998) found high levels of comorbidity between Developmental Coordination Disorder

(DCD) and reading disorders and Barnett, Kooistra, and Henderson (1998) estab]ished that

children that present with specific problems such as Dyslexia or hyperactivity often have |

additional problems with motor coordination.

"~ The great debate centres on two qaestion; whether defective motor_ processing causes
or contributes to academic learning problems and whether perceptual-motor training has a
remedial effect on these issues. Although the academic efficacy of motor programs has
been challenged in the past, the most damaging effect on the role of perceptual-motor
programs was achieved by the Kavale and Mattson (1983) meta-analysis (Nolan, 2004).
Th'e_ conclusion of the meta-analysis ascertained that perceptual-motor training had no

-~ si gniﬁcant positive effect on a child’s cognitive or motor skills. Subsequent more recent

| _, | feaearch has shown that when sensory input and integration processing deficits are
minimised through motor intervention there is an improvement in motor performance _and ,
“in some cases, academic perfbrmance increases. During longitudinal research, Jung (éitedi
in Nolan, 2004, p.65 ) found that individuals with Dyslexia and individuals with autism |
showed positive changes in behaviour after intense sensorimotor training. Similarly,

* Portwood (2000) found significant positive results for handwriting, self-esteem, motor
 skills and behaviour. The question remains whether the theoretical analysis of the causal -
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faCtOrs for learning dis’abilities,{' viewed from a process (neurodeVelopmental) perspective,

- generate effective interventions to improve the educational outcomes of students.

| Based on current empirical research, there is limited evidence that a process based

' approach is a successful intervention for children with reading difficulties caused by
neurological .deﬁcits as suggested by, for example, Kephart and Ayres. Consensus on
research into reading instruction methods favours a code-emphasis, product oriented
approach in which the ability to detect, rhyme, segment and blend sounds is considered to
be the foundation for developing reading' skills and has provided the basis for intervention
- programs for children with Learning Disabilities (Carnine, Silbert, & Kameenui, 1997,
Snow. Burns, & Griffin, 1998). This view was reinforced through a meta-analysis of 52
q:xperiments that compared groups of children being instructed using phonics to control
groups who received alternative instruction. The analysis performed by The National
Reading Panel (2000) and convened by the National Institute of Child Health and Human
Develnpment (USA) was subsequently replicatcd by similar investigations into best
practice in Australia (Rowe, 2005) and the United Kingdom (Rose, 2006). All reports gave
strong support fo the teaching of phonological awareness and letter sound correspondences
* with The National Inquiry into the Teaching of Literacy concluding that in Australia,
“systematic, direct and explicit phonics instruction” in conjunction with an integrated
teaching approach is recommended to prevent reading difficulties (Rowe, 2005). Howeﬁer,
according to Nolan (2004), research into the efficacy of process based neurological :
approaches in treating cognitive deficits should well and truly be continued and these ,- _

approaches should not necessarily be dismissed solely on the basis of the poor research

methodology that has frequented its past.

2.16 Contemporary process based interventions

Innovations in technology during the 1990s have allowed for a more detailedanalynis )

- of what actually occurs in the brain during the performance of movement, rlangu_age and

| cognitive skills. This has become possible using functional Magnetic Resonance Imaging
(fMRI). This development has generated great interest aboui the cerebellum and the llnks
between this, the movement centre of the brain, and other structures involved with -

cognition and language, in particular the cerebral cortex. o |
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| In recent times a great deal of interest has been shown in the cerebellum and the role
that it plays not just in movement but in cognition as well. The human cerebellum has long
~ been regarded as purely a motor mechanism however, there is a growing body of data
fochsing on the non-motor functions of the cerebellum. Thach (1996) highlights the
important role of the cerebellum in perceptual-motor actions by stating that the cerebellum
receives sensory input from muscles, skin and joint receptors and from vestibular, acoustic
and visual organs. Due to the cerebellum’s two way bonn_ections with most parts of the
cortex, both cognitive and motor, there is strong support for the belief that the cerebellum

- is involved in the acquisition of cognitive, language and motor skills (A. L. Leiner, Leiner,

& Dow, 1993).

. ___.rl__

' - Fawcett and Nicqlson (1995) and Fawcett, Nicolson and Dean (1996) establisﬁfied'
lh.roﬁgh research, in ihc area of reading difficulties and Dyslexia, tﬁat those children with
' postural stability issues and muscle tone weakness displayed deficits in these areas
comparable in magnitude to their reading and writing and language deficits. According to
- Nicolson et.al.,(1999), developmental Dyslexia is characterized by deficits in |

| ;‘phonological processing, motor skills, automatic balance and information processing
speed” (p. 1662). Support for the theory that the cerebellum, an area thought to be solely
involved in movement, is involved in language as well as cognition comes from Fawcett,
Nicolson and Dean (1996) who, from their research, concluded that “it is now thought that
the cerebellum is involved in the acquisition of ‘language dexterity’ in addition to its
established role in motor skill acquisition and execution” (p. 259). It was once thought that .
- the cerebellum could not have been a causal factor in Dyslexia due to its supposed lack of

iﬁvolvement in language. Nicolson et al., (1999) state that recent research has indicated a

link between the cerebellum and prefrontal areas of the brain including Broca’s language
area and fMRI scans have revealed cerebellar involvement in language related activities as
well as motor activities. Based on this evidence, Nicolson et al. (1999) postulate that
“cerebellar impairment may account for a range of the major difficulties faced by children
| with Dyslexia including phonological skill deficits, processing skill deficits and issues with
~ motor skills (Fawcett & Nicolson, 1996, p.280). Recent behavioural and neuroimaging

tests have shown that Dyslexia is associated with cerebellar impairment in 80 percent of

cases (Nicolson, Fawcett, & Dean, 2001). '
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The Cerebellar Deficit Theory (Nicolson & Fawcett, 1990) introduced the concept of
‘automaticity’: the ability to perform a task automatically without conscious monitoring a
process which depends ultimately on the cerebellum. “Automaticity is the final stage in I
learning any skill where performance becomes expert and less demanding in terms of
resources” (Fawcett & Nicolson, 1995 p.236 ). If skills are not automatic, the brain

struggles to maintain control over balance, posture and involuntary movements (Portwood,

2003).

Issues of automatisation were first shown by Nicolson and Fawcett (1990) when using a
dual task technique such as counting while balancing, it was revealed that performance
deteriorated in children with Dyslexia. A further study in 1992 resulted in the conclusion
that children with Dyslexia have problems with both motor and cognitive skills but mask
 this incomplete automatisation with “conscious cornpensation’ so that their performance
appears normal but requires greater effort (Fawcett & Nicolson, 1992 p.159 ). There are
problems associated with skills that require fast performance or with activities that require
a fluent interplay of a range of skills. These deficits may lead to reading difficulties and

general learning problems (Ramus, Pidgeon, & Frith, 2003).

O'Hare and Khalid ("Smart Start with PMP", 2002) found that children with
developmental coordination disorder (DCD) are-at high risk of reading and writing delay.
It is reported that many of these children demonstrate “features of poor éerebellar function,
reflected in problems with posture, balance and fast accurate control of movement” (p.
234), Recognition of the role of the cerebellum in readin g and the implications of the
cerebellar deficit theory in feading difficulties has led to the development of a variety of

- process based interventions emphasising remediation of cerebellar function.

2.16.1 Interventions based on the role of the cerebellum

- Studies similar to this and including those by Fawcett, N icolson, and Dean (Fawcett,
Nicolson, & Dean, 2001) has led to the assumption that a malfunction of the cerebellum
* and the conscquent defects in movement coordination and eye tracking is the crucial cause'

of the disruption of learning. Therefore, a physiological improvement in the structure of |
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_the cerebellum through a movement based program of some description, could serve as a
'- cure. Accordmg to Stephenson and Wheldall (2008) it was not only the cerebellum that
was of interest but also the vestibular system. Reynolds, Nicolson, and Hambly (2003)
analysed the effect of a movement program designed to ‘train’ the cerebellum to respond
normally to information from the vestibular system. This study involved 35 children aged
between seven and ten years of age that all scored at a significant level on standard

| Dyslexia screening tests. Half of the sample completed an individually prescribed exercise
program at home over a six-month period, while the other half did not. According to this

research, the children that showed significant improvements in reading and verbal fluency

were those on the exercise program,

The treatment regime was established as part of the Dyslexia, Dyspraxia and Attention
" .Treatment (DDAT) centre (currently Dore Program) which was initially used in the United
~ Kingdom in the late 1990’s and began in Australia in 2002. The founder of the Dore
 program was a Welsh businessman, Wynford Dore, who while in search of a cure for

dyslexia, became interested in the work of Levinson (2004) who linked Dyslexia, ADHD

- and phobias to malfunctions in the inner ear, the cerebellum or in both. The program was

run through 21 centres around Australia and more than 10,000 Australians have been
participants in the Dore program since 2002 (Hall, 2007; Stephenson & Wheldall, 2008).
The intervention programs at the Dore centres were claimed to benefit those with
Dyslexia, ADHD, dyspraxia and Aspergers syndrome (Dore, 2006). Although there is no
research stating the exact nature of the exercises in the program, Whiteley and Pope (2003;
Whiteley & Pope, 2003) conclude that this particular treatment “exerts direct effects on

- balance dexterity and eye movement control” (p. 165). The-program claims to build new
neural pathways to the cerebellum to improve cognitive and motor skills (Hall, 2007).

-~ Woods (2003) states that the treatment involves balancing on wobble boards, walking

- downstairs backwards, and beanbag juggling. The fact that the full details of the program
are not given in the research, makes replication of this study impossible. The Dore Group
(Australasia) has currently gone into quurdatlon ("Dore Groups (Australasia) " 2008)
 making further research on this partrcular program very difficult,

ThlS partlcular mterventlon program has attracted controversy due to the clarms made

by Reynolds et al (2003) that this progl'am is “effectlve in lmprovmg cognttlve skills and
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| | ‘-llterary performance" (p 48) In hlS commentary on behalf of the BI‘lllSh Dyslexla
'lg”Assocratnon Rack (2003) asserted that the research by Reyno]ds et al. (2003) was not

R '_ convrnclng and should never have been pubhshed Hack (2003) wntes L

The paper by Reynolds ét al prov:des no evidence that the l)DAT program
has any specific effect on readmg, spellmg or language performance for | e

people w1th Dyslexia, dyspraxia or ADD (p. 139).

o Further criticism of the DDAT program was provided by Hatcher (2003) who | |
. ,_concluded when referring to the research by Reynolds et al (200';) that: T

* There arc flaws in the methodology, analyses and mterpretatlon of the o
results that are so great as to negate the study’s internal vahdlty,

rendenng the results at best umnterpretable wrth respect to the eff cacy of ” o

the treatment (p 147)

Woods (2003) reports that the cost of this treatment 1S around £ UKlSOO whlle Co]lms

; - j(2005) reports that the treatment ranges up to £1900. Snowling, from York Umversnty o .

(crted in Woods, 2003 p. 10), argued that the only obvious result was an increasein
L | ""'"_::f.conﬁdence in the participants and thlS amount is a lot of money to spend on mcreasmg

o : conﬁdence Collins (2005) writes that Dore claims the program is “effectlvely a workout |

o " for the bram that aims to provrde the essentlal physrologlcal ﬁtness for learmng to take -_ ;

g place” and further clal ms that the program corrects the cerebellum in 90 percent of those

~ who undergo the program (p 36)

According to StephenSOn and Wheldall (2008) the 'Dore program is unable to proyide a

. credlble claim for a cure or even for 1mprovement There have onl: y been two pubhshed

S studles and both were funded by the Dore orgamsatlon with a cornmerc:al lnterest m the -

. product’f (r.79).



o 2.16.2 The Primary Movement program o

McPhllhps (2001), whose research focus i is on the neurodevelopmental aspects of the

. bram is speC|ﬁc about the area of the cerebellum that can be influenced throu gh particular

 types of movement, namely the vestlbulocerebellum which is phylogenetically the oldest

o part of the cerebellum, and is the ﬁrst cerebellar struct_ure to differentiate in the human

o foe_tus. According to Lundy-Eckman :( 1998) this specific area of the brain receives input

from the vestibular and visual systems and in conjunctici with other parts of the
cerebellum is responsible for controlling body balance, posture and coordinating head and
' eye movements. The cerebellum is also responsible for the release and control of primary o
| reﬂexes in the developing foetus and neWborn The outcomes of recent studies, MCPhillips
| (McPhllllps 2001; McPhillips, Hepper & Mulhern, 2000; McPhllllps & Sheehy, 2004)

_. have established a link between retained primary reflexes and the performance of skills

" 'rcqurred for successful reading and wn_tmg. The association of retained primary reflexes

" and deyelopmental delay has a long history Bobath and Bobath (1975) recognized the

| relationship between retained pnmary reﬂexes in causmg abnormal motor coordlnatlon
- patterns in children with cerebral palsy as early as 1940. Fay (1954) and Holle ( 1976) were
~ early developers of movement programs aimed at ‘switching off” and integrating pnmary

reflexes into higher order reﬂex behaviour. Other researchers have noted the effect of
'_retamed primary reflexes on developmental motor progress including eye tracking and

| ':-'*_mampulatlve skills and general developmental coordination skills (Barnhart et al., 2003

Sugden & Wright, 1998)

McPhillips, Hepper and Mulhem (2000) carried out a randomised, double blind,

~ controlled trial to establish the effects of replicating primary-reflex movements on specific

| ,' _'reading difficulties in children aged eight to eleven v:urs of age. They suggested “that the

" rehearsal and repetition of primary-reflex movements may have a part in the inhibition
o process itself”” (McPhillips et al., 2000, p.538)' and that by inhibiting these reflexes
controlled by lower brain structures, particularly the Asyrnmetrical Tonic Neck Reflex
' (ATNR), higher brain structures responsible for higher level voluntary movement would

take over, assisting children with reading skills.



- Sixty children attending mainstream primary schools in Northern Ireland were chosen
to participate in the study. These children presented with substantial reading difficulties |
‘and were “at least 24 months behind on the Neale Analysis of Readlng Ability (1999) at

least 18 months behind on WORD and also had a persistent ATNR” (McPhillips et al. , |

2000, p. 538). Sets of three children were matched on age, verbal 1.Q., reading ability and

persistent ATNR and the children were randomly assigned in blocks of 20 children to the

control group, the experimental group or the placebo-control group. The contrel group
carried out their normal daily life for the duration of the study while the experifmental
group receiveil a movement sequence based on the Moro Reflex, the Tonic Labyrinthine

Reflex, the ATNR and the Symmetrical Tonic Neck Reflex. Children in the placebo

~control group also received a movement program that was similar in style but not based on

~ the replication of the primary reflexes. The experimental and placebo-control groups were

~ assigned a new movement every two months.

The results of this research after a 12 month period were signiﬁce_int with ‘the children .
in the experimental group showing a “significant decrease” in the levels of persistent
'ATNR whereas the changes in the other two groups were “not sigr;iﬁcant” with the
(McPhillips et al. , 2000, p. 539). All groups showed improvement over time in the Neale -
| Analysis of Reading'Ability (Neale, 1999) and WORD. However, there was a substantially
greater increase in reading scores for the children in the experimental greup that ledto a
~ significant difference between the groups after the intervehtion. According to McPhillips et

- al (2000), the results of this research supports the view advanced by Morrison (1 985) that
the effects of eersistent primary reflexes (particularly the ATNR) extend beyond the |

| ob’vious disruption of motor development into cognitive areas.

More recently McPhillips and Sheehy (2004) provide an analysis of the preva]ence of
persistent primary reflexes amongst nine to eleven year olds in the general school
.. population of atotal of 11 primary schools in Northern Ireland. Results showed that
children who were poor readers were much more likely to have a significantly higher leﬁel |
of retained ATNR and were more likely to have poorer motor skills than their peers in
higher reading groups. ' This study further highlights the high levels of persistent ATNR
found in students with reading difficulties and, according to McPhillips and Sheehy (2004)

| provnde further evidence of the association between reading difficulties and motor
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difficulties in young children. This is of particular interest as Fawcettand Nicolson (1995)
. foUn_d in their research that children presenting with Dyslexia have also been found to have

significant difficulties in motor skills, further highlighting the proposed link between motor

“and reading.
- 2.16.3 Intervention approaches in'Austr_alian schools.

In an Australian context, the most often used motor interventions at a school level are
perceptual-motor programs (PMP) (Stephenson, Carter,' & Wheldall, 2007) These consist :
of commeroially produced packages that require special equipment facilitating spinning, |
| balance, rocking and rolling (Blackmore & Corrie, 1996). The teacher is required to follow
the outline supplied in the program manual and to implement activities in a set sequence. ¢
Other adults are required for the successful running of the program and this responsibility
normally falls on parents who attend on a roster system. Activities may include balloon
batting with a rolled up newspaper, scooter boards on which the child lies and pulls
themselves around obstacles and using a “‘hopper’” to negotiate witches hats. According to
| Blackmore and Corrie (1996) these programs appeal to teachers because they seem

“intui_tively as though they should help children” and the activities were enjoyable (p. 10).

| A report by Rohl, Milton and Brady (2000) analyses the PMP intervention practrces

| ~ for students with difficulty in literacy and numeracy in a sample of 377 schools across

. Australra In Australia, 30 percent of schools reported using perceptual-motor programs

with only eight percent in NSW and over 30 percent of schools in the other three states

) reporting such use. These results are similar to a survey by Blackmore and Corrie (1996) in
wh'ich' 29 percent of schools in the Perth metropolitan area indicated that perceptual-motor
progmms were conducted in their school and a number of teachers wrote comments

| rndlcatmg that, in therr oprmon these programs were beneficial for children.

“Atan Australlan Ievel the _|ournal Curriculum Leadershtp published an article which

descnbed a lrteracy program funded by the Commonwealth Dtsadvantaged Schools Project

. that utilized a perceptual-motor program and prescribed activities for specific delays. This

. program recewed a natronal Lrteracy and Numeracy Award (Stephenson Carter, &



o Whe]da]l 2007). ThlS mdtcates that although there is a lack of evxdence for the eff cacy of

these programs, they are still bemg 1mplemented in Austrahan schools.

Given the availability of Professional Learning in perceptual motor programs currently
available to teachers in Western Australia and anecdotal reports of equipment putchases by |
S_chools, it is reasonable to assume that teachers in Western Australia are continuing to

conduct perceptual-motor programs. This indicates that there is a need to ensure that all

~ Australian schools and teachers are well informed of relevant recent research and effective

- practice in relation to perceptual-motor programs.

It is presumed that teachers and schools continue to use these interventions accepting

the claims made about them by commercial ventures at face value as they are either

unwilling or as is most likely the case, unable, to research into the efficacy of these

programs.
2.17 Summary of the conceptual framework and associated literature

The interrelationship between movement and development was outlined in this chapter,
It is impossible te consider one without the influence of the other and the best example of
this relationship is demonstrated by the comorbidity between Developmental Coordination
Disorder and Learning Disabilities. It is the identification of this relationship or co-
morbidity that has led to the development of intervention programs for children with
Learning Disabilities based on the remediation of perceived underlying deficits in sensory
integration and perceptual-motor functioning. These are considered to be process based
neurological interventions as they are intended to address problems occurring in the
proceesing of information at a neurological level. The efficacy of these programs as
interventions for Learning Disabilities has been debated on numerous occasiohs with the
most influential research being a meta analysis by Kavale and Matson (1983). The authors
concluded that almost half the treatment effects for these perceptual-motor programs were

negative including the effects of the interventions on academic achievement particularly

- reading (Kavale & Matson, 1983).
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Not surprisingly, these negative results led many people to the conclusion that all
intervention programs based on addressing motor deficits that purported to support

individuals with Learning Disabilities were worthless.

In current times, with technological innovations such as functional Magnetic
Resonance Imaging, there has been renewed interest in the links between motor
(particularly the cerebellum) and cognition. This has led to resurgence in the development
of process based neurological programs intended to address underlying deficits in neural
- processing. These programs are movement based with the premise of activating the

cerebellum for example the DDAT program (currently Dore program) (Reynolds, Nicolson,
& Hambly, 2003) . This intervention is based on the research findings of Fawcett, Nicolson
and Dean (2001) linking the cerebellum to Dyslexia. Another contemporary program is the
Primary Movement program (McPhillips, 2001) which is based on research linking

retained primary reflexes to Learning Disabilities.

While available research on the efficacy of perceptual-motor programs have somewhat
tarnished the reputation of process oriented motor intervention programs, there is definitely
evidence to suggest that children with motor difficulties are more at risk of reading, writing
and spelling difficulties than children without difficulties (Dewey, Kaplan, Crawford, &
Wilson, 2002), and intervention at an early age is vital to ongoing development. New
research in the area of retained reflexes and the development of the Primary Movement
program may provide an alternative to the reported limited efficacy and poor research
design issues associated with a lack of confidence in perceptual-motor programs and motor

programs in general and provide a solid research base on which to determine the efficacy

of this program.

The Primary Movement program as an intervention emphasizes the interaction
between the organism and the environment in the emergence of increasingly complex
motor skills in young children. Although a process based approach to remediation, the
- persistence of reflexes is viewed within the constraints model (Newell, 1986). In this
model, specific maturational constraints are viewed as placing limitations on the ability of

~ the organism to respond to the environment and therefore a specific aspect of maturation
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(persrstence of pnmary reﬂexes) plays a cntlcal role in the development of motor skrlls and

o consequently cogmtlve development

According'to Barnett ("Dore Groups (Australasia) ") there are multiple systems that |
place constraints on the child as an result of their interaction with the task and the |

| environment in which they are performed. These restraints ultimately affect the extent and

- the rate of development of an individual in terms of motor skills. Process based -

' interventions aim to affect the individuals development through reinforcing the

. developmental processes such as perceptual motor ability, however the effectiveness of-:*
| these Interventions needs to be considered from the perspectlve of the other multlple and

' dynamrc systems that have influence on the motor ability and other outcomes of the -
~1-developing organism. The model adopted for this research i is most comparable to the

. Neuronal Group Selection Theory model in which there is recognition of both thenature |
and nurture elements of motor development. Itis assumed that neither the Neuro- -

maturational nor the Dynamic Systems theones can be adopted in totahty in the research of |

the efﬁcacy of motor based intervention programs. Rather, it is the 1nteractlon of the

individual, in a genetic sense, the environment and the task which must be addressed when '
consrdenng intervention processes. The mteractlon of the mdlvrdual the task and the -

'envrronment is drsplayed in Flgure 3 provrdlng a summary of thrs Chapter
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Figure 3. Relationship between theories of motor development and interventions incorporating the review of the literature
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CHAPTER THRLE
METHODS OF INVESTIGATION

In lhlS Chapter the methods of investigation used in this research will be outhned and

o explanned ThlS study investigates the effect of the Przmarv Movement program on the

o =Asymmetncal tonic neck reflex, motor skills, vocabulary and visual motor ability in a

L | cohort of preprimary children. Changes in the asymmetrical tonic neck reflex, motor sktlls

: vocabulary and visual motor ability were compared across three groups: Primary

| Movemenr (intervention group) and two control groups, gross motor and free play. Three

- single individual student studies are conducted in order to exemplify the effect of each

| 1nterventlon on 1nd1vndual student studies. These children were matched as closely as

- possnble on gender, age ATNR level and results in the M-ABC Test.

Both quantltattve and qualitative methods of data gathenn g were utilised for this research

b ﬂ1nclud1ng the collection of work samples for the comparison of individual student studles -

B The work samples of the individual student studies consisted of a self portrait drawing

B completed at the pretest and posttest periods. Both standardrsed and non-standardised tests

| were used for the collectlon of quantitative data.

ThlS main part of the study evaluated the effectlveness of a spec1f' ic intervention by

L companng posttest measures to baseline measures established at the outset. The three

. groups (experimental or Przmary Movement group, gross motor activity control group and

free play control group) from each of the three schools were combined for analysis._

Al teachers involved in the research were introduced to the ‘general pnncrples of the
| _Przmary Movement program, the gross motor program and the free play program inthe
year pnor to the commencement of the research prOJect The spec1ﬁc content of the :

-~ interventions were not presented at this meetlng

Teachers who w1shed to withdraw from part1c1pat1ng in the Przmary Movement
intervention for any reason were offered the other interventions on a random basis. The
specnﬁc programs for each mterventlon were prescrlptwe in terms of content (except for

N the free play group) and fortni ghtly visits by the researcher to each school ensured that all
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IR teachers 1nvolved in each 1ntervent10n were adhertng strtctly to the requrrements of each

R f 1ntervent10n nrogram

- Allocation of classes to.each intervention was random. The researcher had attended the
~ foundation training course for primary teachers working with 3-7 year o]ds in Belfast,
Norlhem Ireland in 2004 and teachers chosen to participate in the Primary Movement

~ intervention were given similar training in the program by the researcher prior to and

~ during the intervention.

- All teachers were requnred to keep a datly diary to record partrcrpatlon in the

N j.."_-%_-:.--ﬁ;.1nterventlon and to keep brief anecdotal records regardlng any percewed changes in the o

- } 'chtldren ‘Teachers were interviewed three times dunng the study and thelr responses to | -

- questtons were recorded, transcnbed and niaintained as anecdotal records,

© 3.1Standardised Tests

" 311Motor

| Motor difficulties were assessed oSing Movement Assessment Battery for Children (M-_ |
 ABC) (HendersOn & Sugden, 1992) a comprehensive standardised assessment battery o
. consxstlng of the M-ABC checklist and the M-ABC test. The M-ABC test gives an overall )
motor impairment score in which the higher the score, the greater the level of motor -
dlfﬁcultles There are four age bands which cover the ages 4-6, 7- 8,9-10 and 11-12 years |
The level 4-6 was used in both pre and posttests in this research. The test gives sub scores |

for each activity area of manual dexterity, ball skills and balance as well as sub scores

. within these areas. The test consists of eight different test items yielding ordinal data from -

~ 0to5with5 1nd1cat|ng a severe motor problem and O 1nd1cat1ng no problems. Items 13

measure manual dexterity, items 4 -5 measure ball skills and., 1tems 6 8 measure (Table 2) |



| 'Table2 : o f o

- The componenrs of rhe Mara: ABC Tesr (Henderson & Sugden, ] 992)

Manuall dexterity | .Ball skills. - |Balance

1. Speed and precision wi-th 4. AcCUracy in throwing | 6. Static balance

left and right hand ' ' . '_ o I | o

2.Coordination of two [ 5. Catching an object | - | 7.Fast explosive movement
| hands R ] I

3. Eye hand coordination | T8 Slowconwolled

| ' N o movements -

Accordmg to the M- ABC test manual the most lmportant score from the test 1s the total

o 1mpa1rment score which summarizes the performance of the child on the test as a whole It

is calculated by adding the scores achieved by the child on the eight items during
' asSessment. The test then provides percentile norms which indicate the percentage of
children falling above or below a particular raw score. In this particular test, a high score
~indicates poor performance so a score which lies at the 2nd percentile will be higher than a
score at the 10th percentile. A child scoring 20 out of a possible 40 on the test is much less.' |
competent than a child scoring 10. Total impairment scores which fall below the Sth |

percentile are indicative of a definite motor problem. Scores between the Sth and 15th

percentile suggest a borderline degree of difficulty.

. The second part of the M-ABC package is the checklist. Items were chosen for theM_-" |

| ABC Checklist for completion by the teacher and the parent. These items give feedback on
“motor performance in everyday situations in the classroom and home environment. | '

Performance on the parent’s checklist is rated on a four point scale (zero is performs skitl

well, three is ‘not close to achieving’) by an adult familiar with the child’s day to day

motor functioning. The teachers checklist has a rating on a three point scale (zero is rarely,

two is often). In both checklists, the lower the rating is, the better the ﬂperformance‘ As the
checkllst is quite lengthy only two sections were used in this partlcular research with

| parents scoring motor performance in the horne envnronment (24 questlons) and teachers |
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scoring behaviour and motor functioning in the classroom (12 questlons) The parent o
- section is dmded into two sections each consnstmg of 12 questnons The first section

included questions on functional skills such as dressin g and tying shoelaces. This sectlon is
classified as child stationary/environment stable. The second section includes qu_estlons on
' general gross motor skills that may be observed in play and is classified as child moviﬂng/
environment changing. The teachers section requested information based on motor o

performance during tasks in the classroom 1nclud1ng the leve] of over act1v1ty, |

impulsiveness and levels of persnstence |
- 3.1.2 Visual Motor

The Developmental Test of Visual Motor Integration (VMI),'(Beed, 1989)consistsdf |
| 2 developmental sequence of 24 geometric forms that the children Wil] be askéH to'c0py.

“According to Beery (1989:) the-main purpose of the administration of the VMI is to 'idemify'-

 individuals who may be encountering difficulties in visual motor integration. The VMI was

" standardised on a United States sample of 2512 individuals aged 2-18 years and has proven

reliability and validity. For the purposes of this research, the Short Format of the VMI test o

: \wnll be used.
o 3._1.3_ Vocabulary

-+ Vocabulary skills (receptive vocabulary) are as.,essed using the Peabody Plcture o
- Vocabulary Test (Dunn & Dunn, 1997) This is an individually administered, unumed |
) norm referenced test in which items are arranged in increasing difficulty. Each 1_tem_ "
.ﬁ | .consists of four black and white pictures arranged.dr-l a page. The child is iﬂstrué_ted to
- select the picture that best represents the meaning of a “stimulus word” presented by 'thé
“examiner (Dunn & Dunn, 1997). The test was standardised on a sample of 2725 persons of
- which 2000 were children and adolescents and 725 were adults. The test is used for the o

B purpos_e of testing receptive vocabulary and for screening of verbai ability.
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3.14 Rapid Naming

- The Dyslexia Early Screemng Test (DEST) (Fawcett & Nicolson, 1996) is a screemng
instrument designed for children from four years and six months, to six years and five
- months of age (p. xi). There are ten tests in the battery and only one, the Rapid Naming =

Test was used in this researci. This test measures the speed at which children could '

N correctly name a page of outline drawings and was chosen in order to give an lndlcatton of

the child’s ability in one aspect of pre reading, automatising.

~ Percentile ranks have been allocated to raw scores in the Rapid Naming Test. For the

S purpose of this study, these have been awarded a score between 1-5. A child who

- completed the Rapid Naming Test very quickly would score a 1, a child who was very
“slow would score 5. These scores correlate to the DEST score key in which percentile o

ranks are given for each age group considering the score that the child achieved. For -

~ example, a child aged five years and six months scores a time of 65 seconds in the Rapid

- Naming test. This score places the child in the below average category (bottom 10-25 -

o '_ percent) and scores a 4. Scores are allocated as follows 5 = well below average (bottom 10

| percent) 4 = below average (bottom 10-25 percent), 3 = average (26-75 percent) 2... .
above average (76-90 percent) | = Well above average (top 10 percent). o

3.2 Non-standardised test materials

The level of perSistent ATNR was assessed using the Schiltler Neur010gical Test as
o described in McPhillips et al (2000) and Ayres (1972a). 'I'he Schilder NeurOIOgical teStis -
| | | performed in an upright position and involves the child holding and maintaining both arms

out to the front at shoulder height, while the tester turns the head to both the left and ri ght .
- side. A child that is unable to maintain the arms in the front position is judged as hav-ing a
positive ATNR and is judged on a zero to three pomt evaluation scale (left and nght) The
' . highest individual score that can be recorded is six Wthh indicates a high level of ATNR

~ the lowest 0 which indicates no observab]e ATNR. Although thlS neurologlcal test is
behavroural in nature the descnbed method of testing in the standmg position lS acceptable -

in cltmcal contexts and, with practlce Judgment is relatively uncompllcated (Momson

1985) .
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Anecdotal records and work samples form an 1mportant basrs for the case studles _' N

- All teachers rnvolved in the research were 1nstructed to keep a dlary 1n Wthh they

o recorded daily participation in the intervention program and monthly anecdotal records

‘Work samples for chlldren who had recorded a hlgh (>4) ATNR score ora low (< 15th

| percentlle) M-ABC score were also, collected from all mterventmn groups with parental

permission. Every month teachers were interviewed and their responses recorded and
transcribed. Questions asked related to general comments about the intervention that they-

“were involved in, the children’s performance dunng the intervention, any skrll transfer that

. may be occurring and any observable behaviour changes in mdlvrdual chrldren '

o | 3;2.'1'_Self portrait by individual student studies

All children participating in the research were requrred to draw a self-portralt pnor to

and afler the penod of i 1nterventron to examine perceptlon of body 1mage The most

e frequently used test in the analysis of chlldren s drawmgs is the Goodenough Draw a Man |

| ,_Test (Hams 1963) which links chlldren s draw1ng to their general 1ntelllgence However

| for the purpose of this research the completlon of a self portralt was s1mply to compare the

- portrayal of self lmage at the start of the 1nterventton penod to the end

A companson was made between the drawmgs (work samples) of the three students

rdentlf ed as 1nd|vrdual student studles at pretest and posttest in order to explore the

[ -f"lpossrble effect of retal ned ATNR on the portrayal of body i lmage ina self portralt I | I . .. .

33 Reliabili.ty and validity of standardised tests

Rellablhty of a study is defined as the extent to whlch it consnstently measures what it

- 1nlends to measure and can be measured in various ways. A test 1s valid to the extent that it

succeeds in measunng what it intends to measure and again there are many dlfferent ways

of measunng a test’ s validity. Test validity is prereqursrte to test rehabrllty If a test 1s not

o valid then there is no pornt in discussing reliability as test valldlty IS requrred before

: -rellablllty can be meamngful (Tzivinikou, 2003)



The standardrsed tests used in thlS research the M ABC (Henderson & Sugden 1992) 3 |

Peabody Picture Vocabulary Test (Dunn & Dunn, 19971 VMI Developmentar Test of
o Motor Integration (Beery, 1989) and the Dyslexra Early Screening Test (Fawcett &

Nicolson, 1996) all have information concerning validity and rehablhty included i 1n the o

L | pubhcauon manual whrch 1S mcluded in each test package This lnformauon is reproduced

o 5;-_._below

o 'I'he M-ABC is one of the most popular mstruments in the assessment of chlldren w1th |
, movement coordmatlon problems (Ruiz, Graupera, Gutrerrez & Mlyahara 2003) The M- ,' |

o ABC can be used by a variety of professionals mcludmg teachers, theraplsts and

x pedmtncrans According to the M-ABC test manual (Henderson & Sugden 19 2) studles
have provided evidence that this test “measures motor drfﬁcultles in a way that 1s o

meaningful to other professronals mvolved in the same exercrse and IS related to the _- o

| ~ measures they use”(p.193).

The relrabrlrty of the test was establlshed in the UK usmg 360 chrldren randomly

R - selected from a total populatlon of 3000 exammmg test retest and intertester rehablllty In |

. _"_.:_;test retest rellabtllty the mmlmum value at an y age was 0.75 and mtertester 0 70 S - e

- Peabody Picture VocabulapyTes;-Th;rd Edison (PPVT-I)

The PPVT-III is an 1nd1v1dually admlmstered norm referenced wrde ran ge measure of

e -.lrstemng comprehenston for spoken words in standard Engllsh The test was standardrsed

o on a USA pOpulatlon of 3,725 mdlvrduals for item analysis. Of that total 2 725 were used '

B for norms development Specral populatrons such as learmng dlsabled heanng lmp‘ured "

| and glfted and talented were 1ncluded in the standardlzauon sample o

| To establlsh valrdlty, the PPVT-III was conormed wlth the Expressrve Vocabulary Test" |

L '_'f'whrch is a compamon assessment of expresswe vocabulary The medlan correlatlon

e between the two tests was 0 '79 Cntenon related rellabrhty showed a correlatlon w1th

I | measures of c‘bgmtlve ablllty usmg the WISC III Verbal IQ of 0 91 S L |



ln terms of rellabllrty, mtemal relrabrlrty for thrs form of the test was determmed to be )

o . alpha 0 92 to 0 98 wrth medtan 0 95 and test rctest 0 9l t0 0 94 ':'l

S D,,,, Testof Visual Motor fg(ww) i

The VMI conslsts of a developmental sequence of 24 geometrlc forms to be copred

f

e '.'-_-".',_wrth paper and pencrl For the purposes off th1s research the VMI was admlmstered m a

B 'class group and were marked by a s1ngle 1nd1v1dual Test norms were denved from a

- '_'-.-'."_sample of 5, 824 in the USA from urban, rural and suburban areas between the ages of two

R tyears and s1x months and 19 years

The VMI correlates hlghly wrth chronologlcal age (0 89) and w1th academlc

BEEANS -*___achtevement Correlatlons between the VMI and school readmess tests overall have

I averaged around 0 50 Correlatlons w1th readmg and other achrevement tests were hlgher -

o for the pnmary grades than the upper grades. There is a tendency for the VMI to com]ate :

i; more hlghly wrth arlthmetrc than wrth readmg (Beery, 1989 p 15)

Test retest rehablltty scores range from 0 63 (over a seven month pertod) to 0 92 (over “'

- * '-1 two week penod) w1th a medran of 0 81 Spllt half rellabtllty ranged from 0 76 to 0 91

R w1th a medlan value of O 85 S s e L e o

The DEST 1s a 30 mlnute test desrgned for use m the early years (ages four years s1x

L _ﬂmonths to SIX years srx months) It rnvolvcs 11 two mrnute sub tests one of whrch is rapld i

B ":"-fff-'-"-namlng The raptd nammg sectron is one of the sub tests and requires each student to name

o as qurckly as possrble a page fu]l of outllne drawmgs of famrllar objects. This test is based

o on | the ‘Raprd Automtsed Narmng Test devrsed by Denlda in the 1970s as an 1nd1cator of _‘

S DYSleXIa (Fawcett & Nlcholson 1996 P 6) Norms have been derived for each test 1n the |

e battery and these relate to the chtld’s age at the trme of testlng To establlsh the norms 1n |

o the test manual at least ]00 chlldren 1n each age group 4: 6 to 4 11 5 0 to 5 5 5 6 to 5 11 '_

g ;:“_and 6 0 to 6 1 1 were mvolved 1n each test and overall ]000 chrldren were 1nvolved 1n the



BT ;festabllshment of these norms Test Retest rellablhty for the Rap1d Narrung Test is a h1 gh 0

RS 75 l As the DEST was developed to ﬁll a need for a Dyslex1a screemng test construct -

P '[:--’-f'_-:'valldrty has not been establrshed as there are no other tests to compare th1s test to

The three schools for thlS research were of srmllar socro-economrc status all be1ng 1n

o _' ;' the southem suburbs of metropolltan Perth w1th1n a radlus of ten kilometres of each other’._"'

o N1ne classes of prepnmary students of srmllar srze plus one spllt class of 1 1 pre pnmar Y

B - chlldren (total of ten) were 1nvolved in the study Three classes from each 5°h°°1 were

o mvolved in the research with the exceptron of School One in Wl‘llCh four classes (three

ey prepnmary and a spllt preprlmary/year one) were 1nvolved Only the chlldren of

prepnmary age were tested at School One however all of the chlldren in the class

R ,-"pamclpated in the lnterventlon This was done for ethical reasons in that 1t was felt that 1t¥'r o

s was unfalr that one small group of prepnmary students (n = 11) should mrss out on

partrcrpatlon due to them belng ina Spllt class Perrmssron for all schools teachers and

R parents was ascertamed as part of the ethlcs appllcatlon and permrssron for thrs pIOJeCt " _—

BRI -,lr '-". I o
AF T ’ , :

Each class at each school was randomly allocated an mterventlon one Prtmary

*’9':--"”i.--'-j_“.;Movemem‘ class (School One two anary Movement classes) one gross motor actrvrty o

ge Class and one free play class A total of 206 students were 1n1t1ally mvolved in the study -

Lo All prepnma.ry chlldren enrolled at these schools for the year 2005 were lncluded The

R f mean age of the prepnmary students at pretest who parﬂcrpated in the study was 61 months .

L (5 years and 1 month) and at posttest 69 monthS (5 year S and 9 months)

One class at each of the partrcrpatlng schools was randomly allocated an lnterventlon

| o elther anary Movemem‘ gross motor or free play For ethrcal reasons all ch1ldren at all

- schools had a chance to parhcrpate in some form of phys1cal actrvrty, Prrmary Movement

B gross motor or free play, for 15 minutes each day Th]s was in addltlon to the normal’ pre

- - primary cumculum based actlvrty program common to all schools The fact that three

| | schools and 10 dlfferent classes were 1nvolved ensured that a broad range of normal’ pre -

. pnmary actmtres would be represented in the study

. R . PR - .
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The Prtmary Mo vement group partrcrpated in the Prtmary Movement program a reﬂex

-'_frephcatlon program which was devrsed by McPhrlhps (2000) Tlns program mvolves the

S '_ﬁ]'_"_fdally repetltron of movement sequences that repllcate the early reflexive foetal movement

B and _r_nclud__es specrﬁc exercises which are thought to stimulate not only the cerebellum but

"'other areas of the brain involved in movement. The majority of the program is presented -

o : :usmg nursery rhymes and other child friendly action songs and rhythmlc movements. All

. teachers followed a prescribed ¢ sequence of presentatton throu ghout the program for15.

o | nunutes each day after lunch. A typical period of Primary Movement would cons1st of

" seated and standmg songs in which movements which are known to stimulate the -

: occurrence of reflexive behaviour are performed This is followed by the slow movement -

| .'Wthh 1s a drrect replrcatlon of erther the ATNR or Moro reﬂex

The gross motor group teachers were allocated a llst of actlvmes from Wthh to choose :

c -"‘._dally act1v1t1es All teachers were 1nstructed that each activity needed to be aeroblc in

B ;nature to 1nvolve large muscle groups such as the legs and to be teacher dlrected

L Playgl'ound equipment such as monkey bars and climbing frames could be used for

R Iobstacle courses but no equrpment other than the fixed playground eq“'Pme"t was to be.

SR '_used Thrs actlvrty was carned out after lunch (with the exceptlon of one class that had

P thelr session in the mornmg) for 15 minutes each day

The free play group had 15 mmutes of free play after lunch w1th teacher supervrsron

S but no teacher direction. Equlpment other than ﬁxed playground equ1pment was to be |

: made avarlable 1f convement In most schools thIS was packed up after lunch and therefore

 was not avarlable



U B Table 3 - .

L] "_Resulrs of random allocauon of srudents to mrervemron groups

i School Name P Groups L N umber Per Group Mnles _‘ L FemaIes:"‘-’.-:'::-_-__"'_:j:_-_‘}."i_-'_'.—;-':".__ Tolal R

SchooITwo o anary Movement'_ - 22 . '- 11 11 R
T L Gross motor 2] R | I 3 T

B S°h°°] Three | | ._P"mal)’ Movemcnt 22 R R 9 S T e

Free Pay | 19 T e 6 63

| asTetingProcedure

All chlldren were pretested in the ABC Test of Motor Ablllty (M-ABC) (Henderson &

| Sugden 1992) and the Peabody Plcture Vocabu]ary Test (Dunn & Dunn 1997) and the -

~-Rapid Naming section of the Dys]exla Early Screening Test (Fawcett & Nlcolson 1996) in
E the first weeks of the school term, (February) 2005, and posttested in November 2005. |
Testing for the presence of ATNR was also complleted at these times. Testing was carried -
~outby research assistant/s under the supervision of the researcher. Written instructions '
| i were given to the research assistant/s along with prior practice sessions to ensure that each -
_“test,was administered correctly. One research assistant was speciﬁcally trained in testing
| for ATNR and was responsible for testing children in pre and poSttest phases under the

L SUpervision of the researcher. Testing was carried out in a ‘wet area’ adjacent to the

. classrooms in each school. Teachers were given a copy of the VMI Developmental Test of

'_::!},_Vlsual Motor Integratlon (Beery, 1989) along with the instructions for comp]etmg the test -

with their class. This was completed i in the first week of school for pretest (February)

2005, and during November 2005 for posttest in c]ass time. Schools that were pretested

o ﬁrst and commenced the intervention earlier were posttested last to ensure that a]] classes

L \-spent an equ1table amount of t t1me on the mterventlon ;



Two sections of the M-ABC Checklrst an optlonal sectlon of the Motor ABC Test

S (Henderson and Sugden 1992) were distributed to parents Section One and Sectron Four -

S _":wer o dlstnbuted for completlon in the first two weeks of February 2005, and again in

o _‘November 2005. Teachers were reqUII‘ed to complete Section 5 of the M-ABC checklis in

" the same time period. Parents were also required to complete an actrvrty schedule

o '-recordlng the actlvrtles outsrde of school hours that thelr chrld partrcrpated in. This was

o 'pnmanly for the purpose of determmlﬂg whether partrcrpatron in outside actlvrtres ‘may

| _have influenced results if the child was. selected for the individual case phase All chlldren
were asked to complete a human fi gure drawmg of themselves ona plam plece of A4 paper |

L usmg a Pencrl at pretest stage and again at posttest stage in order to ascertam any changeS |

" in perceptron of body 1mage that may occur,

s 361 Pr evalence of ATNR SR

In order to address research questron one descrrptrve statrstlcs from the three groups -

- ':were comblned to report on the prevalence of ATNR in the cohort of preprlmary chrldren :

PR as well as any d1 ferences between males and females

 62InbibitenofATNR

| To address research questron two the effect of the anary Movement program on

R ATNR medran scores were calculated and drfferences between groups determined using ,-

?ﬂfthe Wllcoxon Signed Ranks Test Thrs is a non-—parametrrc test used to test the median =

L dlfference m parred data and is the non-parametnc equrvalent of the patred t-test

S ‘Research questron three, the effect of the Prlmary Movement program on motor

. | development is addressed usmg the non parametrrc equrvalent of the one way ANOVA the

SR Kruqka] Wallis test due to the non- parametnc nature of the data A comparlson of pre and |

| posttest data was made usmg the ercoxon Srgned Ranks Test



B _3 6. 3 El’t‘ect of the Przma:;v Movem ent program on receptlve vocabulary and vnsual

PR motor development

Data to determme the effect of the Prtmary Movement program on vocabulary and

R _vnsual motor ablllty (research questlons 5and 6) was anal ysed us1ng a one way ANOVA at

o -pretest and posttest to determme the sum]anty of the gl‘Ollps pnor to the lnterventlon ThlS

o “:f--:'was fo]]owed bya repeated measure ANOVA on standardlsed scores wrth test tlme as the i

. -"'_._ _'__’:'j:_-_._]ﬁrepeated measure.

© 3.64Effect of the Primary Movement program on rapid naming.

Data exammmg this vanable were analysed usm g the WI]COXOH S1 gned Ranks Test on o

L :f-"_-_- _"_?j"..,.',f"_;each of the treatment gToups at pre and posttest due to the non parametnc nature of the L

pP*formed on the data m order to address the respectlve research questlons.' |

Table 4 prowdes a summary of data collectlon procedures and analysls that w1ll be




L i"Ballel')’ for Chlldmﬂ

g .;'f-:_:'_:}.""-_ﬁ_._"_ff.?Proposed anal)’ses of standardtsed and non -standardtsed 'test resu[ts o ._ f =

Tesl .'

Scale

.__;,;_AnalySts

'__. "Asymmetnca] Tomc Neck
e tReﬂex P R

',__QSchtlder Neurologtcal Tcst‘%‘}f

0-6"'

Dm:cnptwe ana]ysns to show frequency and

S ?: _:-'.severtty

" thcoxon Stgned Ranks Test

--'Companson of mean scores at pretest and

| postest for each group

__ Movement Assessment

SURIEN _'.'_'Battel'y for Chtldren

SN (Total |mpatrment seorE)i-';} o

— Repeated measures ANOVA on standardtsed

' scores with test tlme as repealed measure

- Movement Assessment

o :;_'(Sub-tests)

| -__Kruskal-Wallts'Iest R
E2 .Companson of 1; tean tmpatrment scores at |

o pretest and posttest for each grOUP

Sy MO‘OTS'UHS |1
A E 'Battery forChtIdren
_'-'(Parent Checldtst )

| .'.Teacher Checltltst)

Movement Assessment

| 'Wilcoxon Signed Ranks Test.

[ Visual Motor Tntegration 1
AT e el Vtsual Mo[or lntcgrauon

'_Developmental test of

One way ANOVA (pretest and posttest)
o '_"_:'Repeated measures ANOVA on standardtsed

| scores wnth test ume as repeated measurc

[ Receptive Vocabulary —

._",Peabody Ptcture

RPN :-'One way ANOVA (pretest. and posttest)
S VOC&bll]ﬂl’Y Test _ _' [ R Repeated measures ANOVA on standardtsed

I __';scores wuh test ttme as repealed measure

R “Rapid Naming

Dyslexta Early Screentng

Test (Sub test)

e ._;_theoxon Stgned Ranks Test




C cmenme

In th|s chapter data collected to answer the research questrons w1ll be presented The

“ ,data collected from 195 prepnmary chrldren formed the basis for the results of this

L -},’research Although 206 pre primary chlldren took part in the pretest of this research nine

SR of the or| gmal cohort of chlldren was unable to be posttested due to attrltlon Results are

- '_1_:‘_-;_""also presented from 1nd1v1dual student studtes |

Results are presented for the mtervent10n study ﬁrst followed by the results for the

B -'lnd1v1dua1 student studles 1n order to answer the followmg research questtons

o ‘\1 What 1s the preval ence and seventy of the ATNR reﬂex 1n the sample of prepn mary

chlldren? S B T

2 Do es partl c1pat10n 1n the p,-,mary Movement program have an effect on the mhtbmon of |

. the ATNR 1n those that present wrth ATNR in the sample populatlon‘7 : :.':.'.: o

R _'3 Does partrcrpatlon 1n the Przmary Movement prograr\ have an effect on the |

e ,__::'f'__i{"',.development of motor in the sample Preprlmafy Ch'ld"e"" '

(a) Does part1c1patton in the prlmary Movement Program have an effect on the number

R of Of chtldren class1ﬁed as havmg DCD based on M-ABC results'7 :'_ . S

o '4 Does partrcrpatlon in the anary movement program have an effect on the drawing of

B 'ian 1nd1v1dual's self portralt‘? )

B 5 Does part1c1patlon m the Prtmary Movemenr program have an ) effect on: the

B development of receptrve vocabulary skrlls in the sample of prepn mary chlldren? .

6 Does part1c1patton in the Przmary Movemenr program have an effect on: the

B jﬁ-development of vrsual motor mtegratron in the sample of preprrmary childr en?



i 7 Does part1c1pat10n in the anm} Mo vement program have an effect on rapld nammg

rablhty in the sample of prepnmary chxldren?

 These questions represent a natural organizing structure for this Chapter.

-4 1 Research Question 1: What is the prevalence and severity of the ATNR reﬂex m

the sample of preprimary children in Perth, Western Australla"

o For the purpose of this study an ATNR score of 0 ATNR not detectable 1 2 wnll be
classrf' ed as mild, 3—4 moderate and 5-6 hi gh. ThlS is accepted practlce usmg thlS |

instrument (Jordan-Black 2005; MePhilips 2001)

e :°Figure4.Frequency of 'ATNR scores for all children at pretest -

ATNR Score

Results mdlcate that 30 percent of children (n-58) presented wrth no observable |

ATNR 56 percent (n..109) were adjudged to have an ATNR level of 1-2 (mlld) 12

B '_%percent (n--23) presented with an ATNR in the moderate range and 2 percent (n=5) of

SRS scores were in the hlgh range (Fig. 4). 'Ihe medlan ATNR score of the sample group
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(n=195) was 1. The median will be used for the comparison of pre and post ATNR test

results using the Wilcoxon Signed Ranks test in the following section.
4.1.1 ATNR score according to gender

The median score for male participants (n= 96) was 1.0 and for females (n=99) 1.0
Table 5 shows the percentage score for each group. The largest percentage of both males
and females were represented in the lowest groups with 84 percent of males and 87 percent
of females having an ATNR score below 2. Four percent of males and only one percent of

females scored in the high range of retained ATNR.

Table 5

Asymmetrical Tonic Neck Reflex Score and Gender Expressed as Percentages.

ATNR Score 0 1-2 (mild) 3-4 {moxderate) 5-6 thigh)

Female 32 55 12 1

4.1.2 ATNR score and intervention group

The students were randomly allocated to intervention groups prior to the testing of
ATNR. The median ATNR score for all three groups at pretest was 1.0, The Primary
Movement group had 84 percent of students scoring an ATNR of O or in the mild range the
gross motor group having 89 percent and free play 83 percent. The free play group had the
highest percentage of students recording moderate and high scores for ATNR (17 percent),
closely followed by the Primary Movement group (16 percent) and the gross motor group
(12 percent). A Kruskal Wallis test performed on the groups showed no significant
difference in ATNR between the three groups at the start of the project (Table 6)
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Table 6
Percentage of children in each Randomly Allocated Intervention Group based on

Asymmetrical Tonic Neck Reflex Score

ATNR Score 0 1-2 (mild) 3-4 (moderate) 5-6 (high)
Primary Movement 36 48 12 4
Gross motor 28 61 10 2
Free play 22 61 15 2

4.2 Research Question 2. Does participation in the Primary Movement program have
an effect on the inhibition of the ATNR in those that present with ATNR in the

sample population?

The median ATNR score for all intervention groups at pretest was 1. At posttest, the
median score for ATNR had reduced to O for the Primary Movement group. All other
intervention groups retained a median score of 1 indicating no overall reduction in ATNR
for these groups. Table 7 indicates the number of students above and below the median

ATNR score at pretest and posttest.

Table 7
Percentage of Students Above and Below Pretest and Posttest Median ATNR Score in Each

Intervention Group

Primary Gross motor Free play

Movement

Pre (n=77) Post Pre (n=64) Post Pre (n=54) Post

_ (n=77) (n=64) : (n=54)

Median | 10 0. i e e
Scores above
median 43 14 34 a3 44 37
Scores below
median

57 86 66 67 56 63
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o Pre an d posttest results were compared usmg the Wllcoxon Sl gned Ranks Test (Table

i '_@-._8) :A Si gmﬁcant dtfference was found only 1n the Prtmary Movement group for befOf e and
Ry after results In the Prtmary Movement group, the mean rank decreased from 20 to l l (p <
L 0 00]) and there are sngmf cantly fewer students above the medtan score 43 percent 1n the

'7.:-;-f"_-_"'_-_ﬁ'j._l;'-"pretest and 14 percent at posttest There were no si gntﬁcant 1mprovements for the other 2

y,"‘tnterventlon groups (gross motor p 0 418 and free play p 0 098) o

- _"Compartson of Pre and Post ATNR Test Results for the Prtmary Movement Gross motor '

B s-jand F ree pIay Group Ustng the thcoxon Stgned Ranks Test B

R R :I:_Towl o -_ & -,7 '_

L tatled)

RS - _-..‘anar} S Ncgatlve Ranks_i’; : 38 20 22- - 768 50_ OIS EUR RSOt R
Pt Movement B APy R |

Posattve Ranks RS U A 11 50 11 50 |

<00

Posmve Ranks e e 12018
e ths CL39

S '|4 3 Research Questton 3 Does partlclpatton m the anary Movement program have

'f-'tan effect on the development of motor sl-ulls in the sample of preprlmary chlldren" -

Motor sktlls were measured ustng the Motor Assessment Battery for Chtldren (M- |

| "-ABC) (Henderson & Su gden 1992) There are three sub tests ln the practtcal test manual
L (-“':dextenty, ball sktlls and balance Sectlons of the parent and teacher checklrst were also

"-'used A chlld’s overall score on the M-ABC 1s caIled the total 1mpa1rrnent score Thts score |

o '1s then converted to a standardtsed score Thrs conversnon to a standardtsed score allowed |
: an anaIySts usm g ANOVA A repeated measures ANOVA was performed on the |

fstandardtsed score based on overall performance (total 1mpa|rment score) 1n the M-ABC o

e for the three 1nterventton groups wtth test ttme as the repeated measure



There was a main effect of time (F (1,192) = 9. 334, p = 0. 003) but not of treatment (F

(1,192) = 0.607, p= 0.546). There was however, a significant interaction between time and

treatment (F (2,192} = 4.045, p = 0.019). Post hoc analyses revealed that there was a
significant difference between the Primary Movement group and the gross motor group
(p = 0.015). The means for the gross motor and free play groups did not increase
significantly, however the Primary Movement intervention group mean significantly
increased from a 93.8 at pretest to 99.9 at posttest. This indicates that although there was
improvement in performance in all groups, the Primary Movement group was the only
intervention group to demonstrate statistically significant improvement between pretest

and posttest (Fig. 5).

105=
Group

l Primary Movt

B8 Grose Motor

[ Free Play

104+

103+

@ @ S & o
9 8% &8 8 2 R
l 1 1 1 1 1

M-ABC Standardised Score {mean)

Posfiest

Time
Error bars: 85% ClI

Figure 5. Effect of three movement interventions on M-ABC standardised scores at two

test periods
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4.3.1 Research Question 3 (a) Number of children classified as having Developmental
Coordination Disorder or at risk of Developmental Coordination Disorder based on

scores in M-ABC in three groups at pretest and posttest.

The relationship between the level of retained ATNR and performance in the M-ABC is
shown in Figure 6. These results show that the higher the level of retained ATNR, the

lower the performances in the M-ABC test. This is particularly the case for males.

. Bender
B
[ temate
pu
-
>
= 1
[+ 4
Fa
L 4
c
w
<
1
o

1-5% &15% 16-50% 51%+
M-ABC percentlle range

Ertor bars: B5% C1

Figure 6. The relationship between persistence of the ATNR (mean ATNR level) and
impairment scores on the M-ABC (M-ABC percentile range).

Henderson and Sugden (1992) state that children falling at or below the 5™ percentile
in total impairment score are classed as having the attributes of Developmental
Coordination Disorder, while students scoring between the 5 and 15" percentile need to
be closely monitored as they are at risk of coordination difficulties. Students above the 15™

percentile band are considered to be demonstrating adequate motor skills according to the
M-ABC.
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'I'he number of students below the S‘h percenttle rncreased 1n both the gross motor and

: free play groups Onl y the anary Movement group showed a reductron in the number of

| | fchrldren below the 5“‘ percentlle (Table 9) Whrle there was a decrease in the number of

'J ':"'“*chrldren 1n what lS consrdered the at nsk’ grOUP (5 15 per cent) (Henderson & Sugden

o 1992) the decrea.,e 1s greatest for both the Przmary Movement group in which 17 percent of

o ._chtldren were cons1dered at nsk 1n pretest but only 1 percent in posttest and the free play

._l'-_.;";"group 30 percent to 7 percent Numbers of students over the 15 percent threshold increased

| 1n the Prtmary Movemem' group from 73 percent to 9] percent ThlS was the highest

- percentage 1ncrease amongst the three groups The free Pla)’ gr OUP also impr oved with 65

percent of students belng over the threshold at pretest compared to 86 percent at posttest

L '__.;,_.;Table 3

o '_:_-'Percemage Of Students m each M-A BC Percem'zle Band at Pretest and Posttest : N

anary Movement (n—77) ._G.ross motor__(n_=6_4)_- e | Frce play (n-54)

Nhawnd g
T . .
g . -

o Pr‘e_test.f_ ¢ Pretest  LPost

© 44Resultsof M-ABCsub-tests

'I'he M- ABC test 1S made up of three sub tests - manual dexterrty, baIl skrlls and

' | ,balance Each of these sub- tests was analysed rndependently to determtne the effect of the

o .Przmary Movement mterventton Pretest and posttest resu]ts of each sub- test are presented

o ..below These tests unltke the total tmpatrment score are not standardtsed and therefore

s non-parametnc measures are used



'34'4_-1Maﬂ“al dexterity sub-test: L e

Data were compared for the three groups us1ng the I(mskal-Wallls test. There was no

S - | 51gmt' cant difference between the three groups on the sub test of manual dextenty M-ABC |
_':':__.-_"_...Test at pretest (H(2) 06'7 p= 0716) (Table 10) el S

o '..__Table 0

'_ Manual Dexrprtty at Prerest Showmg Mean Ranks of Three Groups - - o

anar) Mavemcm o 77 . L B 20

o ch play ' S 9875 B R

n As the groups were establlshed to be the same at pretest scores can be compared
between pre and posttest stages allowmg for covariance. Results are shown below in Tabie
11. Data for the manual dexterity test were compared for the three groups between pre test
and posttest scores using the Wilcoxon Signed Ranks Test. Significant differences were
found for the Primary Movement and gross motor groups. For the Primary Movement
group, there was a significant improvement in performance on manual dexterity from pre -
' test to posttest, T = 799.0, p = 0.022. In contrast there was a significant decrease i in- .

N performance on manual dexterity for the gross motor group from pre test to posttest, T=

621.5,p=0. 046. There was no significant dlfference in performance on manual dextenty |

- "_for the Free play group from pre test to posttest I'=582.0, p 0 955



fTable "n

Compartson of Pre and Postresr Manual dexterity Results for rhe Primary M 0"‘—’"’3’" .

Gross moror and Free play group using the Wilcoxon Signed Ranks Test.

o Tteatmcm S n Mean Rank Sum of Ranks. -Asymp Stg (2-.

" _Movement

o latled)

Primary ~  Negalive Ranks 44 T 3516 T 1547.00

" PositiveRanks 24 33.29 19900
G T T no DO

. 442Ballskilissub-test

~ PositiveRanks = 34 - - 33,78 1 148 50
Towl e e 0046

. Posmve Ranks 2§ 23, 74 L 59350 :

Data were compared for the three groups usm g the Kruskal Walhs test at pretest There o

R was no si gmf' cant dlfference between the three gl'OUPS on the S“b test °f ball Sk’"S at AR

o ‘--:pretest (H(2) =069, p=0, 707) (Tablel 2).

© Table 12

:-."ff:._--"!BaIl sk:lls ar Preresr Showmg Mean Ranks for Three Groups

‘ anar)Movemem — - 101 56

 Grossmotor 6 . 95 69

Data were compared for the three groups on pre test and posttest scores usmg the

A -'._.Wllcoxon Stgned Ranks Test (T able 13) e .
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'I'here was a sr gmﬁcant dlfference for the gross motor group on]y For the gross motor i

o .:-group. there was a s1gmﬁcant decrease in performance on ball skrl]s from pre test to

T __l.il.__-:.}"\@.posttest T=157.0,p=0. 042. There was also a decrease in performance on ball skr]ls for "

| the Free play group which just failed to reach si ignifi cance from pre test to POS“CSt T -

o 12 0,p=0. 062). In contrast there was little change in performance on ba]l Skl"S fO" the -

| ,' f-anary Mavement group from pre test to posttest T 4740 p 0616

Table 13

1  .";'-f'Companson of Pre and Posttest Ball skills Results for the Primary Mavement Gross motor |

o . iand F ree Play group using the Wilcoxon S:gned Ranks Test.

 “Treatment S o | _n S | Mean Rank Sum of Ranks :';fAsymp._ Sig. (2-

 tailed)

- -Primary - Negative Ranks .22 21.55 - 474,00 -
- Movement . R | B
| © PositiveRanks 23 2439 56100

" Grossmotor -"_"‘,"Negauve Ranks 12 13, os Cooaste0

~ Positive Ranks o200 13 ss_ Ao
o Total o6 o ey 002

o Fm p ay | Negame Renks 11 i 13'_ e “ 2. 00 Sl

W Posmve Ranks 16 -'--16 63 266,007

443 Balance sibodest. i n T e PR

Data were compared for the three groups uslng the Kruskal-Walhs test There was no .

- srgmf' icant difference between the three mterventron groups m the pretest of M-ABC
balance skills (H (2) = 0636 p =0.728) (Table 14) FETRRR



o f'rable 14

£e Balance at Pretest Showmg Mean Ranks for Th ree Groups L e

Trwtme_m. — T N S Mean Rank

 PrimaryMozainent ”o | 96 72

Data were compared for the three groups on pretest and posttest scores us1ng the

thcoxon Signed Ranks Test. There were significant improvements for all three groups.

e For the Primary Movement group there was a significant improvement in performance on

balance from pretest to posttest, 7' = 13] .0, p <0.001. For the gross motor group there was

‘a significant improvement in performance on balance from pretest to posttest, T'= 161. 5, p

<0. OOI For the free play group there was a si gmf cant lmprovement in performance on

" ‘_balance from pretest to posttest T— 158 5 p<000] (Table 15) -

- Table15 -~ e e T e T e

- | Companson of Pre and Posrrest Ba!ance Results for the anary Movement Gross Motor i

S tall ed)

- Movement

o Grossmotor -'Negauve Ranks_ | | 33 2247 74150 TR R

- PositiveRanks 9 1704 I6L5O.
Toal 64 - B LR . B

. PositiveRanks 5 11 70 7 s850
o Tota] T 84 L T 001

.



4 5 M-ABC Checklist

The checkhsts form the second sectlon of the M ABC assessment (Dunn & Dunn 1997) as

outhned m matenals and methods A lower score |nd|cates lmprovement m the Skl"S or

. ablhtles descnbed ln the checkhst

4"_.5'.1' ParentChecklist Section l:-'-_Child Stationary/Environment Stable

For each of the treatment groups, a Wllcoxon Signed Ranks Test was performed on the pre

and posttest scores. A significant difference was found between pretest and posttest scores |

- for all three intervention groups (Table 16). An analysis of the z score indicates that while

- "all children improved significantly in terms of the parent’s perception of motor skiilsin
th|s sectlon there was slightly greater improvement in the children in the anary ..

Movemem group A decrease In rmparrment score is indicative of 1mprovement

Table 16 | | | : | _
Mean Ranlss Z score and Srgmf icance of Parenr Checkhsr Secrron I ar Prerert and

Posrresr for Each Treatmenr Group

Primary | -Gross motor - -~ Freeplay

Movement | S T | e o

Pre (n=70) Post Pre (n=54) ~ Post Pre(n=41)  Post
 MeanRank  33.80 2082 2445 1717 2017 IL13

_Probability <0000 <0001 <0001

452 Parent Checklist Section 4 — Child Moving/ Environment Changing.

For each of the treatment groups, a Wilcoxon Signed Ranks Test was oerformed on the. pre
“and posttest scores. A Si ignificant dlfference was found between pretest : and posttest for all
three groups (Table 17). An analysns of the z score mdrcates that whlle all chlldren |

rmprovcd significantly in terms of the parent’s perceptron of motor SklllS in this sectlon

- there was slightly greater improvement in the children in the anary Moveme_nr group._ A

~ decrease in impairmient score is indicative of improvement.
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Tdblcl'/ TR e e R s L e
Mean Ranks z score and .S'zgn zf cance af Parenr Checkhsr Secncm 4 ar Preresr and Posrresr

for each Trearmem Group

Primary - Grossmotor  ~ Freeplay
Movement 5 | - T I
Pre (n=70) = Post Pre (n=54) Post Pre(n=44)  Post-
- z score - 4S] T g et ST 98 B
Probability  <0.001 . <0.001] o - 0.005

_4 5. 3 Teacher Checklist Sectlon 5 Behavioural Problems Related to Motor
Diﬂ' cultles .

For each'of lhc treatment groups, a Wllcoxon Signed Ranks Test was performed on the pre

"~ and posttest scorce A slgmﬁcam dlffercnce was found belween pretest and posuest scores

only for the gross motor group (Tablc 18)

| Table 18 | |
Mean Ranks, z score and .S:gmf cance of Teacher C heckhsr Sec!:an 5 ar Preresr and

-Posrresr for each Trearment Group

Primary | * Grossmotor ~~ ~Freeplay

~ Movement o L L

Pre (n=77) Post Pre (n=64) ‘Post Pre(n=54) .. Post
Mean Rank 34,31 25,21 20,44, 2584 ML 13.78

" Probability  0.177 - o012 0116

- ltis no_w pOssibl__e 1o conclude m anéwcr o fes_eai'Ch question th"ree, that theétudems in
' the Primary Moveme'mgro'up\i?ere the only ones tmmprave significantly in the total
im'pairmem scOrc of the M-ABC‘.While scores for bOth the free play and the gross motor

- groups mcrcascd between pre and posllest (indicating a decrease i in ability), scores for the

studenls in lhe anary Movement group remamed at lhe pretest level.



Of parttcular mtcrest was 'hc srgmf cant 1mprovcmcnt in the manu.tl dcxterrty sub test

E .' by onl y the chtldren in thc Prmrarv Movemem group. ln the ball sktlls subtest, students in

o *;lhe anary Movement group matnt.uned their level of ball skills throughout the test perlod

. _whlle students in the gross motor and t'ree play groups decreased in performance

F' nally, while all students 1mprovcd i gmﬁcantly according to parents pcrccptlons of

o motor skrlls using the M-ABC checklist, an analysis of z scores indicates that the students -

in the Primary Movement group demonstrated a higher level of | tmprovement than the other

- two groups However, the results of the checklist need to be viewed with cautron gwmg

B -‘”consrderatton to the possibility of influence of both placebo and ‘Hawthome Eftects on

o parent s perception.

4 6 Research Question 4: Does parttcipatlon in the anary Movement program

B ! have an effect on Indlvidual l" gure drawing?

o .Be-low are the human figure drawings of the three individual student studies. In each

R _tndtwdual case the three children present with an ATNR in the moderate to high range at

: pretest stage (4- 6). The chtld w1th the highest level of pretest ATNR (6) was ‘Jon’. In his
R drawings (Fi g. 8) he has omltted the body at both pretest and posttest (ATNR score 4).
- .'_Stmllarly ‘Jed' (th 9) has produced a pretest drawmg (when ATNR was 4) that may be

- -lmterpreted as grotesque wrth a mnsshapen body and legs drawn out of pr0port|on SRR
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| Figui'e9. lhdividual sample ‘Jon (Free Play) self portrait at pretest (left) and'posttest,

- cigh).

: o 4.7 Research Question 5: Does participation in the Primary Movement program

o have an effect on receptive vocabulary ability in the sample of preprimary children? |

Receptive vocabulary ability was tested using the Peabody Picture Vocabulary Test
(Dunn & Dunn, 1997). As this test is standardised, a repeated measures ANOVA was

 performed on the standardised score based on overall performance for the three

intervention groups with test time as the repeated measure. There was a main effect of time

- (F(1,188) = 21. 595, P < 0. 001) but not of treatment (F (2,188) = 0. 746, P=0. 476) or

~ interaction between time and treatment (F (2,188) = 0. 365, P=0. 694). This demonstrates

that all groups increased standardised scores over time and that tkere were no signiﬁcanl

 differences between treatment groups (Fig. 10).
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Figure 10. Effect of three movement interventions on mean standardised Peabody Picture

Vocabulary Test Scores at two test periods

It is now possible to conclude that participation in the Primary Movement program

does not have an effect on receptive language skills in the sample of preprimary children.

4.8 Research Question 6: Does participation in the Primary Movement program have

an effect on visual motor ability in the sample of preprimary children?

Visual motor ability was tested using the VMI Developmental Test of Visual Motor
Integration (Beery, 1989). Mean standardised data were analysed using a one-way
ANOVA at pretest and posttest. A repeated measures ANOVA was performed on the pre
and posttest standardised scores on the Beery VMI with test time as the repeated measure.
There were no significant main effects but there was, however, a significant interaction
between time and treatment (F (2,192) = 3.194, p = 0.043). Post hoc analyses revealed that
there was a significant difference between the Primary Movement group and the gross

motor group (p = 0.044) (Fig. 11).
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- F rgure 1 I Effect of three movement 1ntervenhons on mean standardrsed vrsual motor -

scores at two test penods

lt IS now possrble to conclude that parttcrpatron in the Prtmary Movement program drd

have an effect on v1sual motor abthty in the sample of prepnmary chrldren hOWCVGf lhls

~ was not significant in companson to the other two gTOUPS While the gross motor group

o falso showed an effect on visual motor abrhty, the Prtmary Movement STOUP was |

.Slgm fcanlly better than thts group at posttest

o __.4 9 Research Quostlon 7 Does partlclpatton in the Przmary Movement program have |

~ aneffect on the development ot‘ rapid naming ability in the sample Of pr ep rrmary

: a-'chlldren"

The Raprd Namtng Test 1s a sub test of the Dyslexra Early Screemng Test (Fawcett &

S Nrcolson 1996) in whrch students are requlred to raprd]y name a senes of plctured objects N

_For the purposes of thrs study a Iower score (<5) mdtcates a faster raprd namlng t1me

B _:‘f:.Table 19 shows the comparlsons for each 1nterventron group in terms of the percentage of

o students above and below the medtan score at pretest



Table 19 g T o
Percentage of students above and below medran DES T Raptd Nammg sub test score at

.......

pretest for three groups

- Primary Movement — Grossmotor - - Freeplay

~ Pre (n=77) - - Pre(n=64) - = = Pre(n=54)

Scors abovemcdm . 3 L IR | 3 .
| : Smm tre]b@ m'edia'n_'_ B 59 | . o . s o
o For each of the lreatmenl groups a ercoxon Slgned Ranks Test was performed on pre |
o and posuesl scores. A si gmﬁcam dlfference was found only for the Prtmary Movement
N |     ; group In the Prrmary Movement group, the mean rank decreased from 19 to 18 (p 0
- f-- ' 0| 8. There were no sngmt‘ cant rmprovements for the other 2 mtervenuon groups (Table |

20

\\rTable 20 __ L B R N - L
--_Compartson of Pre and Posttest DES T Raptd Nammg Sub test Results for the Prtmary

o :Movement Gross motor and F ree play groups usmg the thcoxon S:gned Ranks Test

".Tmmcm:_ S RN n B MeanRank Sumol‘Ranks _.__Asymp S:g @2
S . . uuled)

- Primary. "_.Ncg‘du\re Ranks 26 19 21 S "-'...‘..499 50
- Movement . - Yo
ORI R Posmve Ranks SRR § .|8- 50_-'_.' 203 50

~ Grossmotor __‘_Negnuve Raks 14 2068 289.50
e Posmve Ranks 28 - o 19.62 - ..490.50 -
~ Toal . 64 0132

 Freeplay = NegativeRanks 13- . 1565 - _;203 50
. Y.« - PositiveRanks 17 - 1538 . 261 50
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410 Results of individual student studies

B " Individual students were selected on the basis Of meeting the criteria of having a o
-".si-gni'ﬁcant level of retained ATNR and/or achieving a low result in the M-ABC test. Three
. ‘.'children with similar ages of the same gender were choSe_n at random for case studies from-
| the pre pn'mary cohort, one from each intervention group. These children were assi gned |
= the pseudonyms Jed (Primarv Movement group), Jack (Gross Motor group) and Jon (Free
i’ Play group). The results of each individual case at pretest and posttest are presented in lhlS
section in order to demonstrate the changes in performance in motor skills, visual motor

abtllty. receptive language and rapld naming on an individual from each of the three

groups.
4.10.1 Individual student study one “Jed’: P rimary Movement program

| A stngle student from one of the schools tnvolved in the research in his ﬁrst term of
| :-"...Prcpnmary was given the pseudonym Jed'. Jed was assessed for presence and severity of
: ATNR using the Schilder Test, for motor skills using u standardised motor skills test
| Movcment Asscssment Battery for Children (Henderson & Sugden, 1992), for receptive
v_oCabulary the Peabody Picture Vocabulary Test (Dunn & Dunn, 1997) and the Rapid
- Naming section of the Dyslexia Early Screening Test (Fawcett & Nicolson, 1996) in the
- first weeks of the school term (February) 2005. Jed’s teacher was given a copy of The VMI
| _De\telopmental Test of Visual Motor Integration (Beery, 1989) along with the instructions
for completing the test with Jed. This was completed in the first week of school in class |
time al pretest in February 2005 and at posttest during November 2005. Jed participated in
| thePrimacv' Movement intervcntion with the rest of his class over the eight-month period.

| The pretest and posttest results for Jed are shown in Table 21.

o When first tested for the presence of the ATNR, Jed recordcd a score of 4 (2 on the left
- and 2 on the right) that tndlcates a movement of the arms or marked droppmg of the arms
. of up to 45 degrees as the head is turned to each side. Jed participated in the Prtmary

: Movement program with his classmates over the eight-month penod At the conclusnon of

~ the intervention period, Jed recorded an ATNR of 0 indicative of no response in the arms |

when head is turned to the side and therefore no indication of the ATNR reflex.
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ch |mproved in all areas of the M ABC (Henderson & Sugden l992) manual

RN f"_dextcnty (rmpatrment score down from 6.5 to 4), ball skills (1mpa|rment SCO"C down from_

5t to 2) and stattc/dynamtc balance (tmpalrment score down from 2 to 0). ThlS overall

tmprovement in scores tmproved his percenttle norm for total lmpalnnent score by age in

a years from a percentile equwalent of 9 to a pcrcentlle equwalent of 36 and lncreased his

- standardised score from 80 to 95 o

ln the Peabody Ptcture Vocabulary Test (Dunn & Dunn, 1997) znlttally complcted
o when Jed was 5 years 3 months (63 months) he scored a raw score of 61 which equated to
_'a standardlsed score of 95 and an age equivalent of 4 years 9 months (57 months). After

ICI ght months parttupatmg in the anary Movement program Jed at retest and aged 6

. | 'years (72 months) achleved a lotal raw score of 80 whlch equated to a standardlsed score

' of IOO and an age equrvalent of 6 years I month (73 months)

Jed at pretest in The VMI Developmental Test of Vlsual Motor Integratlon (Beery,

. | I989) galned a raw score of 7 equatlng toa standardlsed score of 92 and an age
S equwalent of 4 years 10 months (58 months) After elght months partrcrpatmg in the

R '-';-.Prrmary Movemem program Jed scored a raw score of 9 that equ ated toa standardlsed

| _.‘score of 86 and an age equwalent of 5 years 2 months (62 months)

The Rapld Nammg sectron of the Dyslexla Early Screemng Test (Fawcett & NlCOlSOﬂ

e 1996) was admlmstered to Jed 1n February, 2005 Thls is timed test requrrmg the child to

name a series of famrhar plctures as qurckl y as possnble Scores (1n seconds) equate to an |

. allocatlon of scores between F'and 5 related to performance and age. Errors attract a 5

= sccond. penalty. In pretest-Jed scored a time of 68 seconds and gained an extra lSseconds

N 'for-3errors giying'a total time of 83 seconds. Based on his age of 5 years 3 months this "

- .. ..equaled ) score of 4 (Below average bottom 10-25 percent) Al posttest Jed scored a tlme

of 45 seconds wrth no addltronal time for errors Based on hxs age of 6 years thlS equaled a |

--'_score of 3 (average 26 75 percent)



Table21

N Pretest and Posttest Performance of Jed ( Prtmary Movement Intervenrron ) on ATNR
M-ABC stual Motor and Rapzd Nammg Tests | I o

g ‘ Pretest (February) Posuesl (Novembcr)
- Age (months) - 63 12 -

ATNR | 4 0
Manual dexterity (Impairment score) 6.5 4

Ball skills (Impairment score) 5 2 i
Static balance (Impairment score) 2 0
M-ABC total impairment score o135 6
M-ABC percentile 9 36
M-ABC Standardised score g0 95
Visual Motor Standardiscd score 9 9
Visual Motor age Equivalent score (months) 58 66 -
Peabody Vocabulary Standardised score 95 100
Peabody Vocabulary Age cquivalent (monl.hs) 51 13
DEST Category Score 4 3
M-ABC Checklist Teacher - Y s
M-ABC Checklist | Parent o 8
M-ABC Checklist 2 Parent - 10 7

4.10.2 Individual student study two “Jack’: gross motor group

A single student from the gross motor group, in his first term of preprimary was given
the pseudonym ‘Jack’. Jack was assessed for presence and severity of ATNR using the
- Schilder Test, for motor skills using a standardised motor skills test Movement Assessment
Battery for Children (Henderson & Sugden, 1992), for receptive vocabulary the Peabody‘
'Picture Vocabulary Test (Dunn & Dunn, 1997) and the Rapid Naming section of the
- Dys]exi.a Early Screening Test (Fawcett & Nicolson, 1996) in the first weeks of the school
‘term (February), 2005. Jed’s teacher was given a copy of The VMI Developmental Test of

. Visual Motor Integration (Beery, 1989) eleng'with the instructions for completing the test

‘with Jack. This was completed in the first week of school for pretest (February), 2005 and

dunng November 2005 for posttest, in class time. Jack participated in the gross motor

~intervention with the rest of his class over the period March 2005 to October 2005

*inclusive. Table 22 shows the results of these tests in February and again in November.

- When f rst tested for the presence of the ATNR, Jack recorded a score of 4 (2 on the
left and 2 on the ri 1ght), which mdlcates a movement of the arms, or marked dropping of

- -jthe arms of up to 45 degrees as the head is tumcd to each side. Jack parUcrpated in the |
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| gross motor program wnth h|s classmates over the elght-month perlod At the conclusnon of
| the mterventlon period, Jack recorded an ATNR of 2 (1on the rlght and 1 on the left |

~ indicative of a sltght arm movement to the same 51de as the head is tumed-up to 20 degrees

~therefore the ATNR reflex has reduced but not disappeared.

In some areas of the M-ABC (Henderson & Sugden, 1992), Jacks performance

| improved while in others performance levels decreased : manual dexterity (impairment
score increased from 4 to 5), ball skills (impairment score increased from 0 to 2) and

| static/dynamic balance (impairment score decreased from 4 to 0'). His percentile norm for
total impairment score by age in years changed from a percentile equivalent of 22 to a

percentile equivalent of 26 and increased his standardised score from 89 to 91.

In the Peabody Picture Vocabulary Test (Dunn & Dunn, 1997) initially complete_d'_ N

- {when Jack was 4 years 10 months (58 months), Jack scored a raw score of 67 which -

| equated to a standardised score of 101 and an age equivalent of 5 years 2 months 62
months). After eight months participating in the gross motor program, Jack aged 5 years 8

months (68 months) scored a total raw score of 91, which equated to a standardised score

of 101 and an age equivalent of 6 years 10 month (82 months).

Jack at pretest in the VMI Developmental Test of Visual Motor Integration (Beery;
1989) galned a raw score of 8 equating to a standardised score of 107 and an age ?
equivalent of 5 years 2 months (62 months). After eight months participating in the gross

motor group, Jack scored a raw score of 14 that equated to a standardised score of 112 and |

an age equwalent of 6 years 8 months (80 months).

- The Rapid Naming section of the Dyslexia Early Screenin g Test (Fawcett&:NiCOIson,- |
| t996) was administered to Jack in February, 2005. This is a timed test requiring the child
to name a series of familiar pictures as quickly as possible. Scores (in seconds) equate to
* the following allocation of scores related to performance and age. Errors attract a 5 second
- penalty. In pretest Jack scored a time of 57 seconds and gained an extra 5 seconds for 1

error giving a total tlme of 62 seconds. Based on his age of 4 years 10 months this equaled |

a score of 3 (Average 26-75 percent) At posttest Jack scored a time of 44 seconds wnth no



LT fr-addmonal trme for errors Based on hrs age of 5 years nme months thrs equa]ed a score of 3

SO "(Avet‘age 26'75 p ercent)

] Table 2

| Pretest and Postrest Perfomtance of Jack ( Grass motor Group ) on ATNR : s o
M-ABC Vrsual Matarand DESTRaprd Nammg Tests " e T

“Protest (February) Posttest (November) R

Age (months) | - 59 | 66 o
- ATNR | 4 2.
Manual dexterity (Impairment score) 4 5
Ball skills (Impairment score) o 2 L |
Static balance (\mpairment score) A4 0
M-ABC total impairment score - S8 T e
M-ABC percentile 22 260 S
M-ABC Standardised score .- 89 91 | |
Visual Motor Standardised score 107t _'_-‘112
Visual Motor age Equivalent score (monlhs) 62 . 80"
Peabody Vocabulary Standardisedscore 101 - ] 12 [IEREE A
Peabody Vocabulary Age equivalent (months) 62~~~ 82 SR TR
DEST Category Score I . .3 S
M-ABC Checklist Teacher 0 0
M-ABC Checklist | Parent s 8
M-ABC Checklist 2 Parent 10 8

. - _1;
L

4.10.3 Individual student study three ‘Jon’: free play group -
A single student from the free play group, in his first term of Preprimary was given the

- pseudonym ‘Jon’. Jon was assessed for presence and severity of ATNR using the Schilder |

Test, for motor skills using a standardised motor skills test Movement A_ssessment Battery

for Children (Henderson & Su gden, 1992),for receptive vocabulary, the Peabody Picture

~ Vocabulary Test (Dunn & Dunn, 1997) and the Rapid Naming section of the Dyslexia

Early Screening Test (Fawcett & Nicolson, 1996) in the first weeks of the school term |

o (February), 2005. Jon’s teacher was given a copy of The VMI Developmental Test of

Visual Motor Integration (Beery, 1989) along with the instructions for completrng the test
with Jon. This was completed in the first week of school for pretest (February) 2005 and
during November 2005 for posttest, in class time. Jon participated in the free play

__"'.'intervention with the rest of his class over the eight-month period. Table 23 shows t{he !

- results of these tests at pretest in February and at posttest in November.

* When first tested for the presence of the ATNR, Jon recorded a score of 6 (_3-on the left

and 3:._on the n ght) that_indicates arm move_ment of greater than or equa]_ to45degreesto __
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L the srde or down swaymg or loss of balance as the head is tumed to each s1de Jon

Lo ’?-:.*__:'.j;pamcrpated in the free play group with his classmates over the eight-month penod At the

S _iconclusron of the intervention period, Jon recorded an ATNR of 4 (2 on the left and 2 on

o -";the ri ght) mdrcattve of movement of the arms or marked dropping of the arms as the head

s turned

B Jon’s impairment score onlydecreased for one sub-teSt in the M-ABC (HenderSOn &

:.'._.'.Sugden 1992) manual dexterlty (1mpa1rment score increased from 8.5 to ]l) ball slolls

o i'f'(tmpalrment score mcreased from 2 to 6) and statlc/dynamrc balance (lmpatrment score

o | decreased from 12 to 3 5) His percentlle norm for total tmpalrment score by age in years
- did not change from a percentlle equrvalent of3toa percenttle equrvalent of 3 and h1s

| | standardlsed score decreased from 112 to 103

In the Peabody Picture Vocabulary Test (Dunn & Dunn 1997) lnitially completed |

S -when Jon was 4 years 9 months (57 months), Jon scored a raw score of 25 Wthh equated

o to a standardtsed score of 69 and an age equrvalent of ] years 11 months (23 months)

After eight months partrc:patmg in the free play program Jon aged 5 years 6 months (66

o ‘months) scored a total raw score of 45 which equated toa standardlsed score of 75 and an

o age equivalent of 3‘:__ years 7 months (43 months).

Jon at pretest m 'I'he VMI Developmental Test of Vlsual Motor Integratton (Beery,

. ]989) achteved a raw score of 9 equating to a Sta“dar dtsed score of 112 and an e

- | 8‘]U|valent of 5 years 6 months (66 months) After elghl months participating in the gross

"motor program Jon achleved a raw score of 10 that equated to a standardtsed score of 103 |

R :an d an age equrvalent of 5 years lO months (70 months)

- The Rapld Namrng section of the Dyslexra Early Screenmg Test (Fawcett & Ntcolson
N l996) was administered to Jon in February 2005 ThlS 1s a tlmed test requmng the chrld o

| name a series of familiar plctures as qu1ckly as possrble Scores (m seconds ) equate to an

o allocatron of scores between 1 and S related to performance and age. Errors attract a 5

. second penalty In pretest Jon scored atime of 89 seconds and gamed an extra 35 seconds |

B for 7 errors grvmg a total time of 124 seconds Based on his age of 4 years 9 months thrs

| equaled a score of 5 (Well below average bottom 10 percent strongly at nsk) At posttest



o Jon scored a ttme of 69 seconds wrth 5 seconds addtttonal trme for one error a total of 74

o ’_.f’_-‘?jsecon ds. Based on hlS age of Syears 6 months lhlS equa]ed a score of 4 (Below average

e :f«bottom IO 25 percent)

 Table23

Pretesr and Posrresr Performance of ‘Jon (F ree play Group) on ATNR M ABC Vtsual
'Marar and DESTRaptd Nammg Tesrs L R

""' | ‘ - Pn:tesl (Fcbruary) Posttest (Novembcr) B R
- Age (months) | & 66 I T A

~ ATNR | S T

- Manual dexterity (Impairment score) B % IR b
~ Ball skills (Impairment score) 2 e
Static balance (Impairment score) o 12 . 35
M-ABC total impairment score o250 2050
~ M-ABC percentile 3
M-ABC Standardised score Y R
Visual Motor age Equivalent score (monthr) 66 N 70
Peabody Vocabulary Standardised score -+ . - 69 O [ R
Peabody Vocabulary Age equivalent (mouths) 43
- DEST Category Score AR 5___ T g
M-ABC Checklist Teacher T
- M-ABC Checklist | Parent Y . ST
- M-ABC Checklist 2 Parent -5 o

The student in the anary Movemem group (Jed) was the only student to dtsplay an

- absence of the ATNR at posttest while students from the gross motor and fine motor

o groups still dtsplayed evidence of mild ATNR at posttest. The student i tn the anary

-.___'.'Movement group more than halved his total M-ABC impairment score whtle students in

o the other two groups showed only a sinall reduction in impairment score

o The students in the gross motor and the free play groups increased their impairment
' score (decreased performance) in the M-ABC manual dexterity sub-test. The student In the

Prtmarv Movement group was the only student to show a decreased impairment score

PR (1ncreased performance) in this sub-test. The mdtvrdual student results of the receptrve

| : vocabulary and vrsual motor tests were typrcal of the matn .nterventton study wrth all three
. _students showtng tmprovement In the raptd namtng test, all students showed tmprovement :

~with the students in the Prtmary Movemenr and ﬁne motor group movrng up 1n

o classtficauon
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In conclusron the results of the mdwrdual student studres are typlcal of those m the -

o _f‘ij--_marn mterventron study

| The results of data analyses make it possrble to answer the research questtons posed in |
’T,_the begmnmg of this research Dtscussron of these answers provrdmg a conclusron to thrs '
- thesns will then follow in the ﬁnal chaPter | S e e

l What |s the prevalence and severrty of the ATNR reflex m the sample of

Prepnmary chlldren" S

Approxnmately one th|rd (30 percent) of the l95 students presented wlthout any

S 'obgervable si gn of ATNR at pretest Seventy percent of the cohort presented wrth an

. ATNR whrch was scored between one and s1x wrth scores of one to two classed as mlld

: _,e_"(56 percent) three to four as moderate (]2 percent) and ﬁve to srx as hrgh (’7 percent) On ,f |

 the basis of these results the number of chrldren who possess i gns of a rctamed reﬂex at a

: | ;'consrderable level (moderate to hr gh) 1s around l4 percent of the research populatron o

2 Does participation in the anary Movemem program have an effect on the
lnhlbltlon of the ATNR in those that present wrth ATNR m the sample N .

population" .

The anary Movemenr program was the only mterventron that resulted in a

. srgmt’ cant reductlon in the perststence of the ATNR (Table 7) ol

3 Does partlctpatlon m the anary Movement program have an effect on the

development of motor abrlmes m the sample of preprlmary chrldren" S

N Children m the anary Movemem group made sr gnrl' cant gams m standardlsed scores
| on the M-ABC relatlve to the gross motor group and were m advance of the free play



e group at the end ol' the mterventlon penod (see thure 3). Furthermore in the M ABC sub-

o j."f_tests chtldren in the Prrmary Movemenr group made si gntﬁcant galns relatwe to the gross -

" motor group on the manual dextenty subscale and were in advance of the free play group

at the end of the mterventton penod The manual dextenty tmpatrment scores of chtldren -

| '.'.'parttc1patmg m both the gross motor and free play mterventton grou ps dld not 1mprove

. over the mterantlon penod whereas the anary Movemem group showed a sr gntﬁcant .

| -_"_..-.._|mproycment -

There was also ev:dence that in the ball slolls sub tests, the ball skllls of the Przmary .
Movemem group were srgmﬁcantly better than the gross motor group and almost o

Sl gntl' cantly better than the free play group in pre- and posttest comparlsons There was

. ) rf-however no evidence of a drl'l'erentral el'fect in the sub tests measunng balance wrth all

three groups makmg srmtlar progress (Table 15)

Based on these results part1c1pat|on m the pnmary Movement program had an effect :

. ;on the motor sktllc. of the ch1ldren 1n lhlS sample Chtldren in the Primary Movemenr group

I showed a si gml' cant 1mprovement in 1mpatrment scores on the M ABC test compared to

o the other groups The Przmarv Movemenr group was the only group to show i gmﬁcant |

o tmprovement in the M- ABC sub test Manual Dextenty

ln the M ABC Parent checklrsts (Secttons | and 4) all groups showed 1mprovement

L :ﬂ:__"_however students in the Przmary Movemenr group demonstrated a stattstlcally hi gher level .

= 'iof tmprovement than the other two groups In the M-ABC Teacher checkltst (Sectton 5)

o ffdstudents in the Przmary Movemenr group demonstrated a stattsttcally h1 gher level of | o

IS |mprovement than the other two groups. .

3 (a) Does partlclpatlon in the Prlmary Movement program have an effect on |

the number of chlldren classrl' ed as havmg DCD based on M-ABC results" o

The Prmzary Movemem group had more chlldren in the lowest percenttle range (<5
e percent) at pretest and that 1t was the only group to show a decrease 1n the number of

chlldren m thls category at posttest (Table 9) Chtld"en m the bottom 5 percenttles on the
M ABC are constdered to be at senous nsk of srgmf‘ cant motor dlfﬁCUltleS L o '



. 'ﬁ .';_--_'(Developmental Coordination Disorder) and are partlcularly dtfﬁcult to remedlate

o .*(Henderson & Sugden, 1992). The fact that so many chlldren moved out of thlS percentlle |

Rr range after participating in the Primary Movemem‘ program mdlcates the efﬁcacy of this

ol particular program in remediating children with attrlbutcs of DCD. The lower number of

o children in the bottom (Sth percentile) range in the free play group (5 percent), in

 comparison to the Primary Movement (10 percent) and gross motor (8 percent) groups may
~have given the free play group an overall advantage. This may explain the relatively poorer
o perfonnance of the gross motor group in relatlon to the free play group although tl‘e |

B apparent dlfferences on some of the M- ABC scores were not si gmﬁcant

- Based on these results, participation in the-Primary‘ Mouemem program has an effectof |

, o the number of children classified as having DCD based on M- ABC results The Prrmary _

: Movement group was the only group to show a decrease in the number of chlldren |

considered to have DCD based on M-ABC results at posttest.

4. Does participation in the Primary Movement program have an effect on'the_ B

drawing of an individual’s self portrait?

Vane and Kessler in (1964) identified that there were four indicators in chtldren s

*drawmgs that were considered to be ‘indicative of maladjustment’. These fOUl 1nd|cators |

1{ ;.,-are no body, no arms, no mouth and grotesque features (p. 488)

Jon s drawmgs (free play group) (Fig. 7) demonstrate that he has omitted the body in

o pretest and this has repeated at posttest. There are some observable changes between his

'self portralts at pre and posttest in terms of body features. There appears to be an

- improvement in perception of prOportion and manual dexterity. The figure has become

- smaller with attention to eye detail and positioning of limbs.

Jack (gross motor group) has produced a similar self portrmt at pre test and posttest

"wrth mtmmal dlfferences between pre and posttest (Fi g 6)

- Jed (anary Movement gr OUp) at pretest (Fg ’i) has produced a pretest drawmg that |
. ’may be mterpreted as grotesque wnth a mlsshapen body and legs drawn out of proportron.
| o s



A comparison of Jed’s (Primary Movement group) human figure drawing at pretest and

- posttest indicates that his self portrait became much better proportionally and more
sophisticated with the addition of fingers and hair. There appears to be evidence of

improved manual dexterity demonstrated by the detail exhibited in the smaller figure.

In answer to the research questron participation in the Primary Movement program has

- had some effcct on the drawing of an individuals’ self portrait.

' 5. Does participation in the Primary Movement program have an effect on the

- receptive vocabulary skills in the sample of preprimary children?

S Although all three groups improved significantly on the vocabulary measure over the

coursc of the study, there was no evidence of a differential improvement for any of the

N three groups. This suggests that all of the children received the same educational input over

the course of the study and that the significant reflex and motor improvements of the reflex

 replication group were due to the intervention and not other language related factors.

In answer {0 the research questlon there is no evrdence that any of the 1ntervent10ns

| _fmcludmg Prmzary Movement had any dlrect effect on receptlve vocabulary

The rcsults of the mdlvrdual student studles were typlcal of the marn mterventlon

s

. 6. Does participation in the Primary Movement programhaue an effecton

e L_.-_-_'vi"sual"motor integration in the sample of preprimary children?

There were no significant differences between the three groups at posttestin

- ‘standardlsed visual motor scores however there was a significant difference between the | N

o | .ana"y Movement group and the gross motor group with the anary Mavemem group

- '_'-'_-'--achtevrng hrgher standardlsed scores than the gross motor group
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The results of the 1nd1vndua] student studles showed 1mprovements in standardlved

R :_’._-‘-jﬁi::”_'_.VlSI.lal motor score for the student in the anary Movement group and for the student m :

e the gross motor group and a decrease 1n standardtsed score for the student in the free play

o N group

7 Does participation in the anary Movement program have an eﬂ‘ect on

rapld nammg ablllty in the sample of preprlmary chlldren" _

The anary Movement intervention was the onl ly program to have asi gmﬁcant e

R "‘_‘rnﬂuence on rapid nammg ability (Table ]9)

o In the I ndividual student studies, all students i'mproved ln rapld namlng ability.

S In conclusron it can be stated that those students who parttcrpated in the Prrma")‘ .

N o Demonstrated significantly inhibited levels of ATNR

Movement program:

i e Demonstrated significantly 1mproved performance in overall motor Skl"S (M

ABC)

e Demonstrated a significant lmprovement in manual dextenty (M-ABC sub test)

T o Demonstrated statistically higher levels of lmprovement in both the M-ABC Parent_ |

-as well as Teacher checkllsts

° Demonstrated a significant lmprovement tn rapld nammg scores

" ""Ihese results are based on companson to the gross motor and free p]ay groups 1“ th'S

" "_sample of chlldren



CHAPTER 5 SR e T
CONCLUSION TO THESIS -_ e

The main focus of th|s research was to 1nvest1gate the relattonshlp between retalned

B 'anary reﬂexes and development in children of preprimary age. A sugmﬁcant emp hasis

. ' was placed on the relattonshtp between the Asymmetncal Tonic Neck Reflex (ATNR) 3ﬂd

| motor development and the relationship between ATNR and vocahulary and visual- motor

o development This thesis also focused on the efficacy of thc Prmzary Movement program |n |

B | reducmg ATNR levels and on improving performance in the physrcal and cogmttve

~ domains of preprimary aged children.

o Thrs chapter includes both dlscussmn of the results of thlS research and a conclusron

based on these findings.

': '5 1 Evidence of prevalence and severtty of ATNR reflex in the sample of pr eP" imary

o '_'chlldren in Perth, Western Australia

| There is a paucity of research findings based on the prevalence and severity of the

ATNR in preprimary children. An extensive review of the literature was undertaken and

~ although there is acknowledgment that retained reflexes can be elicited in this age group

(Morrison, 1985, p.107), limited scientific data is available. Fylan and Grunfel (2004,

. :_-”p,IOI) found that 35 percent of a total of 674 year two and vear five children (aged five

x - years to nine years) from schools in Northern Ireland, displayed evidence of retained
. ) i . ‘ : . ) ... _. .
‘reflexes. These children were tested using a series of eight neurological tests to identify

abnormally retained reflexes, including a test for ATNR.

The results of this research to determme the prevalcnce of j _]USt one retalned reﬂex the

o ATNR in prepnmary aged children indicated that 14 percent of the 195 chlldren who took

~ partin the research presented with an ATNR score greater than three which for the purpose

of this study mdtcates a score above what is considered to be nuld Accordmg to
McPhtlhps Hepper and Mulhern (2000), the levcl of ATNR tdentlﬁed by using the

| 'Schllder neurologtcal test as was done in this research glves a good overall ptcture of total |

- reﬂex pcrsrstence and although behavroural in nature the descrlbed method of testtng in



BN -..;'the standtng posmon is acceptable in clmlcal contexts (Mornson 1985) lt is sunnrsed that N

B i if i rt had been practlcable to perform a more extensrve ser1es of neurologrcal tests 1n the -

A present research as described by Fylan and Grunfel (2004) 1n thelr research thrs o

- percentage may well have been comparable

o It should be considered that there are close lrnks between the inhibition of pnmary
o '_rcflexes and the reaching of motor mtlestones Abnormaltttes with regard to the persistence

of these primary reflexes, may lead to issues in the development of motor functtomng This

o tndlcates that there is a significant necd for early 1nterventron for those chlldren drsplaytng

R evrdence of reflex retatnment

The persrstencc of the ATNR may be used as a clmtcal rndrcator of developmental

- | delay and research suggests that the higher levels of persrstence of the ATNR in boys “may

 place them at risk of potential difficulties relative to girls”(Jordan-Black, 2005 p. 109) and

' there is considerable evidence of boys being more ‘at risk’ than girls in terms of a range of
| | ldevelopmental problems (Frith, 2003). This relationship between retained ATNR and signs
‘of Central Nervous System pathology is strengthened by the observation reported by

'_ “Gesell (1940), that normal infants of four weeks display the ATNR spontaneously but by
. twenty weeks the reflex is difficult to elicit. This suggests that the ATNR is a normal

occurrence during infancy however “persistence or recurrence, in later development is

 indicative of retardation, and/or a prognosttc 1nd1cator of future problems in motor o

| deveIOpment” (Morrison, 1985, pSO)

This understanding is vital to the relevance of this study inthat it is assumed that

children who demonstrate evidence of retainment of the A_TNR, beyond the window of |

o acceptable disappearance, are at risk of compromised motor development at a later stage.

By screening children at a pre school age for the ATNR reﬂex which by all means should

‘have disappeared, it becomes p0551ble to 1dent1fy students who may be at nsk

Momson (1985) suggests that the persistence of the tonic neck reflexes * contnbutcs to

o the development of learning failure as a result of related problems in attentton and

" automised perceptual processing sktlls” (p. 61) An example of thls IS the development of

- } body image that occurs with the retamment of ATNR In the postnatal penod a Chlld wrll



P 'automaucally assume the “fencer posrtron in the prone posmon when the head is rotated :

s '?'and the chrld S attentron wrll be drawn to the hand on that srde As thrs reﬂex becomes

DR mhrbrted the child’s exploratory approach becomes symmetrical and ObJBClS can be

e brought to midline. According to Shenck Greeniman and Legg (1976) this abrlrty o

o explore across the midline stimulates the development of sensonmotor rntellr gence and

- contrrbutes to body image and self observatron Therefore, a child who retains the ATNR |
| reflex wrll not have this expenence to the same degree as a normally developmg chrld and |
N accordmg to Morrison (1985) “will demonstrate basic and chronic mformatron processrng
| '_farlure seen as catching a ball at .mdlme inadequate visual motor coordmatron as well as

~other problems related to midline development and body rmage” (p. 62)

In each of the three individual student studres the three chrldren present wrth an ATNR

- in the moderate to hrgh range at pretest. It is proposed by Sherick, Geenrman and Legg

- (1976) that an mabrlrty to cross the midline restncts the developmcnt of body tmage and

- self observatron and hence the representatron of the body in self portraits. It is proposed
o that the retamed ATNR present in all three mdrvrdual students at pretest may have |

-_contnbuted to the deficiencies in self portrarts at pretest particularly in the case of Jed and

Jon (ng 5and 7). Although mterpretatrons of these drawmgs are quite subJecttve the

o effect of the ATNR and issues with body image should not be overlooked, as they may be

o mdlcatrve of the types of conceptual lssueS descnbed b)’ Sherlck Geeniman and Legg N

(1976)

These prctonal mdrcators may offer some early msrght mto the possrbrhty of 1ssues m |
later years as a study by Woodard & Surburg (1999) found that chrldren wrth ].earmng o
| _Drsabrhtres are far more likely to drsplay dlfﬁcultres in crossing the mrdhne with both:

| upper and lower extremities “hlndenng motor learmng skill and performance”(p 164) thrs
“is supported by research by Vane and Kessler (l964) who state that 42 percent of the

| . .chrldren who had any of the four signs descnbed previously i m their krndergarten drawmgs,'
| -had been rated as ‘poor’ by their third grade teachers and in addrtton 71 percent of the

| chrldren who had shown these signs in the kindergarten drawings were achrevrng helow

third grade level (p. 488). Accordmg to Pollak (1986) the figure drawrngs of chtldren with

| Leammg Disabilities may reflect a drstorted or faulty body rmage attributed to weaknesses

rn vrsual perceptual and or vrsual motor rntegratrve skrlls (p 176) Althou gh research m



-thts area has srgnlf cant methodologtcal shortcomtngs” Pollak (1986) msnsts that ﬁgure

'-dra\vtngs rematn a popu]ar chrld assessment tool despttc contlnued controversy over thetr

SN 'cltntcal use |

Another consrderatlon In terms of the prevalence and seventy of the ATNR reﬂex in

o thts samplc of prcpnmary children i is that the results of this current research repllcate the

R 'f ndtngs of Morrtson (1985), Woodard, and Surburg (1999) in lndtcatrng that children with
evidence of a retaaned ATNR, have more diff; culty with fine motor tasks especnally those

| | .'whtch requlre crossmg of the midline, for example coin posting. In this current research

| .scores on manual dextenty tasks 1mproved srgntﬁcantly at posttest for the Prtmary
: Movemem group which corresponded to asi gntﬁcant decrease m the level of ATNR for

| tlus group

ln concluston the results of thls research indicate th it a retatned ATNR is present ata

o moderate to hrgh seventy in a considerable number of children (14 percent of [hlS

o populatton) A htgher percentage of males were found to have the highest retalnment of

o iI-ATNR Therefore it is proposed that the retention of primary reflexes should be

. consndered as a possrble retardant of normal development and every effort should be made

._to assess chtldren for the retention of parttcularly the ATNR at an early stage of schooltng |

T :j"'Indtcators such as limitations in motor functioning accordlng to motor milestones

o _ especmlly in fine motor aClIVllleS and age mappropnate figure drawnng in the earl y years

n | .should not be dtsmrssed as somethmg that the child will ¢ grow out of ’ as wrthout

" appropnate early intervention, a child’s ability to functton in a school envlronment now' .

| | - ~and in the future may be compromrsed Thrs is supported by McPhillips and Jordan-Black |
o (2007) who concluded that ATNR perSIStence is a more powerful predictor of readmg
S sktlls than motor skr]ls (as measured by the M-ABC) in eight year old chrldren o

5.2 Evidence of the influence of tthr'imavy Movement program on the ATNR.

The understandtng underpmmng thls research questton IS the premtse in accordance

- vvrth the theoretical framework that there is a need to swrtch off‘ or tntegrate prtmary

a reﬂexes lnto hlgher order reflexive behavrour to enable the development of

o uncompromtsed motor coordmatton The Prtmary Movement program mvolves a sertes Of __



~ movements designed to replicate primary reflex patterns. In replicating these patterns it is

| 'si;ggested that primary reflexes, particularly the ATNR will diminish allowing higher brain
structures to become more dominant. Thus, the rehearsal and repetition of primary reflex

~ movements, as done by the foetus and the neonate, may have a part in the inhibition

- process.

- In the main interventio_n study, the media'n'intervention Score for the Primafy |
Mavemenr group decreased from one tb'zero. The Primary Movement group was the only

| group to display a significant level of reduction in the ATNR. There were no significant

| improvements indicated by a reduction in ATNR scores in the other two groups who
maintained the median score of one at the end of the intervention period. This replicates
the findings of McPhillips, Hepper and Muihern (2000) and Jordan-Black (2005).
However, in both of these previous studies, the results were based on children aged
between seven and eleven years. The results of the present study confirm the effectiveness
- of reflex replication in reducing the prevalence of the ATNR in younger children, and
suggest that specific movements, based on ll'eplicating the primary reflex movement, are

particularly powerful in reducing primary reflex persistence.

It is unknown whether inhibition of primary reflexes is solely a maturational process or
- whether external behavioural factors may contribute to or interact with the process of
inhibition. However, this study eliminates the effect of short term maturation on the ATNR

by having all children experiencing the interventions in the same eight month time frame.

It is generally assumed that the inhibition process occurs in the earliest months of life
and not after early childhood (McPhillips, Hepper, & Mulhern, 2000). What is known is
that failure to adequately inhibit tonic neck reflexes, for example the ATNR, may affect
not only the coordination of movements of the head neck and arms but also vestibular
function through the ocular motor system (Morrison, 1985). While sévere persistence of
the primary reflexes may be indicative of severe “predominantly intractable organic
problems as seen in children with cerebral palsy”, milder persistence may be associated
with Jess severe disorders particularly in cognitive areas (McPhi]lips, Hepper, & Mulhern,

2000 p.538). According to Henderson, French and McCarty (1993), retention of the ATNR |
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reflex even at low levels of severity can contribute to or interfere with movement

efficiency contributing to failure when participating in Physical Education activities.

It needs to be stated however, that the implication that the interpretation of the
occurrence of the ATNR after the first year of life as possible neuropathology, needs to be
treated with caution. According to Morrison (1985), the concurrent validity of interpreting
the ATNR as a sign of Central Nervous System dysfunction is questioned by research that

demonstrates that the reflex can also be elicited in children who have no academic

| probléms.

The three individual student studies all di“splayed an ATNR score of four or more
indicative of scores in the moderate to high range. After eight months participating in
Primary Movement program, ‘Jed’ displayed a decrease in ATNR severity, scoring four in

February and zero in November. The two other children , ‘Jack’ who participated in the

~ gross motor program and ‘Jon’ who participated in the free play program, also displayed a

decrease in ATNR severity scoring four in February and two in November and six in
- February and four in November respectively. It is suggested that the Primary Movement
prOgram was influential in the reduction of ATNR in Jed to undetectable levels using the
Schilder Test. While the other two children did display a decrease in ATNR, the ATNR

was still present to a certain degree as evidenced in posttest results.

5.3 Evidence of the effect of the Primary Movement program on the development of

motor skills

- The results of the intervention Study showed that children who participated in the
N 'P-rimn:ry Movement program in this study were the only cohort to show statistically

- significant overall improvement in the Movement Assessment Battery for Children (M-
ABC) (Henderson, 1992). In the M-ABC sub-test of manual dexterity, children in the
Primary Movement group were the only group to improve statistically significantly. |
Importantly, the manual dexterity scores of children participating in the gross motor.

intervention actually increased indicating a decrease in manual dexterity over the

| intervention period.
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These results are very 1mportant as it has been su ggested that there Isa ltnk between

B such sk;l]s as measured in the manual dexterity subscale, especially the ‘tracing actmty ,

o and early writing and possnbly reading skills. Iversen, Berg, Ellertsen and T@nnessen

" (2005) assessed children, who were poor readers, on the M-ABC and reported that this

- group performed poorly on the manual dexterity tasks. The authors stated, “...all children |

: with reading dtff culties should be screened for possrble motor dtfﬁculttes” (p 217) and

_concluded that:

If motor problems are detected at an early age teachers and other R o -

professronal should be prepared for the possrbtltty of the gradu al o

B | ', occurrence of other devel0pmental difficulties as well (P 228)

o An analysis of the handwriting of 125 children in year four and fi .ve in the Netherlands

- camed out by Smtts-Englesman Ntemet jer and Van Galen (2001) led to the conclusron by

. ﬂ_thc authors that poor handwriting was part of a wider neuromotor condition linked to,

o ~ amongst other factors, poor coordination of fine motor skills. The study concluded that -

~ serious handwriting problems are accompanied by fine motor deficits and it is suggested -  '

S that this may'be due to an enhanced level of neuromotor noisccausing a stiffening of the

- limbsystem.

lt is postulated that the results of research associated wrth thls thesrs mdtcate that -

retamed ATNR may be a contri buttng factor to neuromotor notse for many chtldren Thts o

S hypotheSlS is based on the suggestion made by Morrisen (1995) that a child wrth

o neurobehavioral dysfunction associated with retained tonic neck reflexes is likely to elicit

tnadequate v1sual motor coordmatton and dlfﬁCU]tleS crossing the mtdlme both factors

R requrred mn wrttmg ThlS iS evrdenced by the 1mprovement m tasks such as coin postmg and

~ bead threadtng at posttest when overall ATNR had reduced

o The cerebellum plays an 1mportant role in the vesttbular system The vesttbular
| -"apparatus whtch is the sensory organ of the vestlbular system consrsts of the semtctrcular |
‘canal and otoliths (utricle and saccule) ThlS apparatus emerges in utero prOJecttng to the

bratn stem and to the cerebellum, Thc vesttbulocerebellum 15 the ﬁrst cerebellar structure

o to dtfferenttate in the human foetus and thts structure recelves vestlbular and VlSl.lal srgnals |



N }1wh|ch asstst wnth bodv balance posture and to control head-eye movements (MCPhllllpS
o 200]) The persrstence of the ATNR past the ﬁrst year of life is assocrated with sensory, o

BEE motor and cognitive problems due to a compromise in the integrity of the developing

o '_-_'?__'-Central Nervous System partlcularly affecting the vestibular system including the

| cerebellum (McPhillips, 2001). The |mportance of the role of the cerebellum must be

- consrdered further to that of being solely involved in motor tasks. There is also ev1dence of

~ thei importance of the cerebellum in language (Ackermann &Hertnch 2000 H. C Lelner
~ Leiner, & Dow, 1989) and in readlng (Fulbnght et al., 1999). '

~ In this research, when the magmtude and occurrence of the ATNR decreased (as it did

T the anary Movement intervention group) there was a correspondlng srgnlﬁcant

- _'tmprovement in fine motor skill. In groups ln Wthh the ATNR remained constant (gross

- motor and free play) there was no such improvement, in fact, in the gross motor group,

o there was an increase in impairment scores for fine motor skill. It is therefore proposed that

~ the improvement in motor skill, specifically in the area of fine motor occurring in the

~ Primary Movement group, could be attributed to the reduction in the occurrence and
- magnitude of the retained ATNR. The “neuromotcr noise” as described by Smits-
~ Englesman , Niemeijer and Van Galen (2001) may be attributed to the retained ATNR
- compromising the stability of the developing central nervous system particularly the

cerebellum. This is referred to by Morrison (1985) as “neurobehavioural dysfunction”.

| ‘The Prrmary Movemenr tnterventton was the only movement lnterventlon in this study
o srgnlf' cantly improve overall performance in the M-ABC. Motor diffi culttes at an early

| age. especially in the fine motor area, may be 1nd|cat|ve of neurobehavroural dysfunctton

- that without remediation may affect learning and cognitive pursults as the child progresses

-' '_|n school. Studies by Silva and Ross ( 1980) and Losse et. al., ( 1991) amongst others -

- provided results demonstratmg that motor problems in the preschool period were

predictive of later school problems provrdrng a strong argument for earl y mterventton for

o -'_-these chlldren

The results in other motor sloll sub tests eye 1ndlcated that the ball skrlls of the

L "‘Prtmary Mavemenr lnterventlon were srgnlf' cantly better than the gross motor group and

almOSt 51gmﬁcantly better than the free play group 1n pre and posttest compansons It may '



BRI be 1ntetest|ng to note that the reﬂex repltcatlon program dld not mvolve any tratnrng of

o f ne motor control or specrﬁc ﬁne motor task-oncnted actrvrttes Slmllarly, the Przmary

R :’_!Mavemem program did not include any acttvrtles that mvolved catchtng or throwrng ThlS

-suggests that reducing ATNR persistence may lead to 1mproved fine motor control and ball

- skills without task oriented training.

Therc was no evldence ofa dlfferenttal effect in the sub tests measurmg balance All |

L three mterventlon groups made srmllar progress “This result was surpnsmg in that 1t was _'

i _' expected that balance would i tmprove with the Prtmary Movement mterventton Geuze

| (2003) states wrth regard to static balance “chtlclren wrth a developmental coordmatton

| _"dtsorder often fatl this 1tem”(p 527)

Posstble explanatlons should be consrdered for the lack of si gntf icant tmprovement in

. "balance mcludmg the fact that the chlldren partrcrpattng tn thlS research were tested on the

| ]-f_"-"_j_ﬁrst day of prepnmary educatton and retested etght months later Durtng this penod there |

isa srgmﬁcant amount of growth and development occurnng for all children |rrespect1ve

o of i mterventton Also, the M-ABC sub- test consists of three 1tems requmng both dynamtc

balance and statrc balance: Jumpmg over a cord walktng along a line with heels ratsed and -
- a one leg balance. It i is suggested that the combination of these scores to gtve a total L
e balance lmpatrmem_ score may mask poor performance specrf cally i m the stattc‘ balance -

C jtem.

Two of the three case studtes presented at pretest wrth qurte s1gmﬁcant movement '

o dtfﬁculttes as rellected in thetr scores in the Movement Assessment Battery for Chlldren

(Henderson 1992). Jon’s total 1mpa|rment score of 22.5 (Table 5) which places h1m below

~ the 5th percentile i is of major concern as scores below the Sth percentile should be

considered as indicative of a definite motor problem”(Henderson & Sugden, 1992, p 108)

- At the end of the free play intervention period, there is no change in the percenttle norm

| even though his total lmpalrment score has decreased. This is due to the M-ABC betng a

standardtsed test and Jon havmg increased in age from 4. 9 years to 5.6 years Partrcrpatton -

~in the free play 1nterventton had no impact on Jon’s overall motor performance in fact

performance in both manual dextenty and ball slolls decreased
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B -_{".lack who partrctpated tn the gross motor mterventton showed a slrght 1mprovement rn total .

T .1mpa1rment score but a poorer score tn manual dextenty althou gh balance and ball skrlls

o -_';.'_"f-f_f”_lmProved : L TR T e e e

Jed the Przmary Movement rnterventlon partrcrpant showed lmprovement in all areas

o '_manual dextenty, ball skills and balance and consequently his total tmpalrmenl score (TIS)

L * was reduced. Jed's pretest TIS placed him at the 9th percenttle whtch suggCSts adegree

"'of dtfﬁcult)’ that is ‘borderltne (Henderson and Sugden, 1995 p. 108). After eight months '

| "ol‘ participation in the anary Movement progr am, Jed’s |mproved TIS placed h'm at the

- 36th percentile for his age, classified as adequate or better_ by Henderson and Sugden

O (1995).

ln conclusron Jed the ch1ld that partrcrpated in thc anary Movement mterventron

‘was the onl y chtld to Sl gmﬁcantly tmprove in motor skrlls over the er ght month penod

L -:_”movmg l'rom an at nsk category of motor performance to adequate or better He was also

R the only child to tmprove tn the area of manual dextenty

5.3.1 Behavroural problems related to Motor lef' cultles (Teacher Sectlon 5 M-ABC

. . Checkltst)

Teachers were requu‘ed to complete thls sectton of the M-ABC checkltst whtch focuses o

- _ion observcd classroom behavror at pretest and at posttest for all chtldren rnvolvcd tn thts | '_ .

o research The results show that all mterventlon groups tmproved in terms of percetved

| ) motor skrlls and related behavnor in the classroom The anary Movemem group, although__
- tmprovmg, did not show a srgmﬁcant 1mprovement The only group that showed a

srgmﬁcant 1mprovement was the gross motor group

Althou gh the use of a checklrst is lcss objccttve than usrng a standardtsed motor test

o *-’“_"checklrsts provrde a relatrvel y fast tmpressmn of a chrld S level of motor competence and

.- rn thrs case, teachcrs may be able to rdentrfy chrldren wrth motor problems as they are ab]e o
S to observe them m both the classroom and in the playground (Jongmans Smtts-Engelsman :
& Schoemaker 2003) In thrs research the teachers were only requ1red to complete one

.‘-_}sectton of the checldtst whtch related to the classroom The checldrst lS pnmanly desr gned _-



o f;--'for use 1n rts enttrety by teachers and in thts form meets standards for relrabrlrty and most |
. ‘aspects of valtdtty” (Jongmans Smrts-Engelsman & Schoemaker 2003 p 426) The |
- Lo reason for presenung the checklrst in thlS abbrevrated form (only Sectlon 5) is that bemg |
o the ﬁrst week of school and the teacher S ﬁrst contact with these partrcular chlldren 1t
R ,would be drfﬁcult for teachers to provrde specrf c 1nformatlon regardmg *he chtldren s

B motonc abrhtres

The mformatron gamed from the compleuon of only these 12 questrons was extremely -

:_llmrted in terms of generalrzmg the ﬁndmgs to other populatrons and the degree of valtdlty

SR and reltabtlrty ln usmg the checklist i in this way would be contentious 1ssues Other factors

"-'_-'i',"f«i‘%such as teachers not really bemg famllrar wrth the children’s abtlltres due to the checklrst

Lo
L o .
Ten ey o R
. e

| | | | be1n g conducted in the f rst week of school 1S also a factor that must be consrdered m the
B ._Z'tnterpretauon of these results The ‘Hawthome Effect that i is the 1mpact of the parucrpants

. f-':.-'-‘?_knowmg that they are part of a research undertakrng (F Hrll Le Grange & Newmark

2003) must also be cons1dered when 1nterpretmg the results of the teacher checkllst

In conclusron the Teacher Checkllst 1n the abbrevrated format in whrch rt was used in

’thrs research 1s not a valrd and relrable source of 1nformatlon regardmg the chlldren S

motor behavrour m the classroom however the mformauon remar ns useful 1n the case

studles where attenuon can be pard to the skrlls of each rndlvrdual to determme the effect

of each 1nterventron on specrf ic skrlls

:"5 3 2 Chrld Statronary/Envrronment Stable and Chrld Movmg/Envrronment Movmg
M-ABC Checklrst (Parent Sections One and Four) o T

Parents of all chlldren tnvolved in the study were asked to complete sectlons one and

-j; four of the M- ABC checkllst at pretest and posttest. Sectton one requrred parents to report .
~on thelr child’s motor skills when the child was statronary and the envrronment stab]e and
N Sectlon four when the child was moving and the envrronment changlng Wh']e all o

f_-‘mterventlon groups showed a si gmﬁcant rmprovement over the test perrod the Z score of
_'.the anary Movement group in both sectrons one and four mdrcates thlS to be the most

o .__';'jeffecttve rntcrventron (Tables 16 and 17)



- These results must be 1nterpreted wrth cautron due to the possrbtlrty of response btas

o '} that is, the tendency of the participants to answer according to what they feel is required by

| '_'the researcher. Parents who had children participating in the Primary Movement

o intervention may have perceived that there was a requirement to record improvements in

their child’s ability to maintain the integrity of the research even if the improvements had

not actually occurred. Also, parents are likely to be biased when reporting on the progress

~ of their children as there is a social desirability for all children to be proficient in motor

- skills (F. Hill, Le Grange, & Newmark, 2003). The p]acebo effect and ‘Hawthome Effect’

must also be considered in the interpretation of these results

~In conclusron, the results indicated that all students stgmﬁcantly 1mproved in motor
- _“'skrlls in their parent’s estimation over the research penod The anary Movement
~ intervention group shows a greater improvement than the other two intervention groups on |
examination of the Z scores. However, these results are to be viewed with caution taking
" into account the stated shortcomings of the use of the checklist in the format in which it

was presented, the possibility of response bias and the reactivity of research.

In the teacher section of the checklist related to classroom behaviour two students
- improved in the teacher’s perception of motor skills and one remained the same (scoring 0

at both pretest and posttest). Again one must consider the limitations of using the checklist

in this abbreviated format in the first week of school.

| Based on the responses of his parents, Jed has 1mproved in dressing skills and fine .'
- motor tasks including forming letters and picking up small objects, but still has drfﬁculty
in differentiating between right and left and holding scissors, paper and pens with the right
~tension. This information coincides with the improvement demonstrated by Jed in the fine
" motor section of the M-ABC. Although improving from an impairment score of 6. 5 to 4,
- this score indicates that there are still issues with Jed’s fine motor skills which are
restricting him in efficient functional motor tasks. As Jed’s ATNR score was four initially
- and was reduced to 0 at posttest, it can be assumed that there are other factors contribUting
to his fine motor difficulties other than retention of the ATNR. It is understandable that Jed
is still encountering difficulties in motor skills in a home environment when oneconsiders?. N
. that he is still only achieving'a score in the 36" percentile for his age at posttest however, |
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o the lmprovement in hlS checkllst score may be due to lus 1mprovement in overall motor

- slolls reﬂected 1n l'llS rmprovement from achrevrn g a score 1n the 9lh percentlle at pretest

o J ack has also shown 1mprovement in fine motor skrlls in the checklrst even though in |
| posttest his 1mpa1m1ent score for manual dextenty 1ncreased from 4 to 5. He is s still ﬁndrng
' it difficult to stand on one leg when dressmg and tylng hlS shoelaces. Jack 1S strll | '
- dlsplaymg difficulty with movement in a changing environment with scores in the
| checklist being very similar from pretest to posttest for this section. Although there has
~ been an improvement in Jack’s overall motor performance as indicated by the checklist

based on parent perception, hlS score in the M-ABC which only increased from the 22"

_ percentile to the 26" percentile remains a concern. Another factor that must be consldered

is that Jack still displays evidence of a retained ATNR which may be inﬂuencing motor

- performance and inhibiting potential.

: 'Although Jon’s parents have adjudged that he has improyed in checklist Sectlon 1 there

- 1s now concern over Jon’s ability to cope when the environment is not stable and Jon is |

__r'noving' He is also still unable to tie his shoelaces or to do up buttons. These issues may be

- related to the retention of ATNR which at pretest was still 4. Jon did not 1mprove in hlS

B percentile score related to age in the M-ABC which remamed in the 3rd percentlle at

~ posttest.

ln the case of Jed and Jack there appears to be some relatlonshlp between perceptlons
| -of parents of the chlld’s motor perfonnance at home and the results of the M ABC It is

R 1nterest1ng to note the disparity in the case of Jon and this emphasrzes the possrblhty of '
influences on the validity and reliability of the checklist in asking parents to complete it.

~ When analyzing thelresults of individual student studies on the checklist, it does not

~ appear that the Primary Movement program has made any significant difference to Jed's
performance when compared tothe other two students. In fact, if one was to solely
c0nsider the checklist results in this research it appears that Jon has made the -mOSt | |
B progress although this contradicts his performance in the M-ABCpractical test. When 'uséd' "
| in this abbrevrated form COl’llel‘lCllOn w1th the M-ABC practlca] assessment, the checkllst

= -.j'_could be a useful way of establrshmg areas of concern in motor skills. However one must
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o _be cautlous in usrng the results of th1s checkllst used in this abbreviated format as anythtng

A f:-'more than gurdeltnes for 1ntervent10n as suggested by Henderson and Sugden (1992) who

B "suggested that the checklist can be used for intervention planning as it may be helpful to

'know which cluster of skills or underlyrng motor skills in wh1ch the child is expenencmg )

dlﬁ' culties.
54 The efl'ect of thePrimary Movement program on vocabulary skills

e ~ The early development of speech, language and motor skills are related and are.

C beheved to occur srmultaneously, and it is well documented that children with motor

development problems may also have dtfﬁculty with speech and language development |

 (Hammond & Warner, 1996).

The Prrmary Movement program did not have a srgntﬁcant effect on performance on . .
the Peabody Picture Vocabulary Test (Dunn 1995), which measures receptive vocabulary
| '(a function of verbal 1Q) compared to the gross motor and free play groups. Vocabulary is
knowledge of words and word meanings and receptive vocabulary includes words that we
' recognlze when we hear or see them. All groups showed an 1mprovement in recepuve |
| vocabulary scores. This suggests that all of the children recetved the same educatlonal

| tnput over the course of the study and that the si gmﬁcant reflex and motor 1mprovements

of the reﬂex replication group were due to the 1nterventlon and not other language related -

K factors

An analysrs of arttculatron and Speech productron usmg the lllrnors Test of

Psycholmgurstrc Abilities (ITPA) (Krrk McCarthy, & Kirk, 1968) may have yrelded a -

dtfterent result due its focus on the measurement of psycholmgurstlc articulation and

| speech production abilities whlch accordmg to Capute Shapiro, Palmer Accardo and
o Watchel (1981), are more likely to be affected by motor impairment than receptrve o
o vocabulary Estil, Whiting, Sigmundsson and Ingvaldson (2003) explored the relatronshlp

~ between language and motor impairments in 15, five to ten year old children wrth

predetermrned language 1mpa1rment using the ITPA and M-ABC. It was found that there

was a sngmﬁcant correlatron between motor 1mpa1rment and poor psychohngurstrc skrlls in

- thrs group of students reﬂectlng the f ndmgs of others such as Prers Bartke Wlllers and
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- ?_Milller (1995) of si gntf' icance in this study was the ﬁndmg that the motor problems of the

B :};-.language tmpatred children were restricted to fine motor and static balance In these two

sub-tests on the M-ABC parttctpants were considerably below the norm. While Preis et. al

o | (1995) caution against making generalizations to an individual on the basis of group data,

o this research highlights the relattonshlp between rmotor and language development Wlth

emergmg suggestions that lan guage and motor deﬁcrts may co-occur (E Hlll 2001)

One of the hypotheses as to why thls comorbtdrty exlsts is based on the cerebellar

;deﬁc1t theory (Fawcett & Nicolson, 1999; Fawcett, Nicolson, & Dean, 1996) a theory

: based on research in which the cerebellar functions of children aged from 10 to 18 years .
- of age with Dyslexia were compared to children without Dyslex_ia. Some of the tests
involved speed of manual movement, bimanual coordination and static balance. These tests
~ are similar to those used in the study by Estil et al., (2003) and were found to identi___fy_
~similar categories of motor skill critical to language and motor impairments. Diamond :
) (2000) purports that language/motor impaired children exhibit similar deficiencies in' motor-
skills to those of people with Dyslexia and suggests that there might be a common T

o 'mechamsm mediating these deficiencies, namely the cerebellum In relattonshlp Wlth the -

- pre-frontal cortex.

" Intermsof the effect of primary reflex relainment and the ffecton language

| '3-deve|0pmcnt Capute, Shapiro, Palmer, Accardo and Watchel (1981) state that some

- retained reflexes have been associated with 1nappropr1ate tongue movements affecttng

| : sucklmg and swallowrng and ulttmately speech productlon in chtldren Wlth cerebral palsy

The atm of the present study was to determme the effect of the anary Movement

o program on recepttve vocabulary or verbal IQ As expected results show that there were |

no srgntﬁcant gains in vocabulary development for the group partrcrpattng in the Primary
- _-'Movement program over the etght month period compared to the two other movement |

__based interventions. Several reasons have been suggested for this result, the sensitivity and

~ appropriateness of the test and the significant influence of other factors on vocabulary in

| | the pre-school years. In Western Australta participation in a Kmdergarten program 1s

optlonal Whtle some chtldrf'n partrcrpate in a Kindergarten programme under the o

- Junsdtctton of a school others may be mvolved in commumty based Klndcrgarten -



program whtle others may not attend any formal program Uﬂtll pre pnmar Y Therefore

o .'-there are a great many vanables whtch may affect the results of a test of recepttve language |

~in this age group over the eight month period. It is proposed that the choice of instrument

| of measurement, namely the I"lﬂOlS Test of Psycholmgurstrc Abilities ITPA) (Kll‘k
'McCarthy, & Kirk, 1968) may have been better placed to measure psycholinguistic abtlity,'
- rather than measuring vocabulary development. However, the relationship between motor

- and language development should not be overlooked especially in the pre-school years.

Vtholamen Ahonen Cantell Lyyttnen and Lyyttnen (2002)c0nclude from thetr o

S research that

Motor and language problems are often tnterconnected Therefore
1ntervent10ns supporttng motor SklllS early in a Chlld S ltfe mtght also be P

beneﬁcnal for language development (p. 767)

All three individual student studtes have improved in thetr performance on recepttve

'“vocabulary in the PPV'I There are many factors that may contnbute to vocabulary

| development including environmental and social elements. These include the parttcrpation .

in structured schooling and socialization with others occurring within the school |
“environment. As all three boys improved over the period of intervention, it is surmised that
-  the improvement in scores on the PPVT is a function of participation in a preschool |

- environment rich in language rather than a direct product of any particular intervention.
Anecdotal records collected during the course of the study did not indicate that any of the
three subjects had an obvious articulation or speech production difficulties that may be

attributable to their higher than average ATNR scores.
5.5 The effect of t_hePﬁmmy Movement program on visual motor skills

Analysis of the pre and posttest visual motor test data revealed a significant interaction

| betvveen time and treatment (p = 0.043) and a significant difference between the Primary

" Movement group and the gross motor group (p = 0.044) however there were no significant |

differences in terms of main effects. Visual motor integration relies on many interrelated

processes including a combination of visual perception and eye-hand coordination.
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BEEE Pcrformance of vrsual motor sktlls requrres the abtllty to translate wsual perceptlon |nto

._ .' . | ;:"motor functtomng mvolvrng motor control motor accuracy, motor coordtnatton and
N | psychomotor speed”(Sanghavn & Kelkar, 2005, p.33). In order to break skill performance
R ‘._'down and subsequently improve the clinical value of the Beery VMI (1989), " |

- supplemental tests of motor coordination and visual perception have been developed to |

- 'discretely measure visual perception and motor control (Kulp & Sortor, 2003). The Beery

B VMI used in this research may have assessed very broad parameters of visual motor ability

o and consequently the test was not sensitive enou gh to provide evidence of specific

o improvements in the many variables present in visual motor performance. The evidence of

‘a significant difference between the anary Movement and gross motor groups may in

fact be qurte a s:gmf cant result when vnewed in this light.

ThlS is supported by the evndence that two of the 1ndw1dual student studies actually

N rdecreased in standardtsed score for thetr performance in the Beery Test of Vlsual Motor

i l-:; -.,'."_':-'__'-Abtllty (Beery, 1989) The only mdwndual study to show lmprovement was the partrcnpant

o | m the gross motor program There are ; “nany factors that may tnfluence the outcomes of
- this test at a pre primary level. A study by Son and Meisels (2006) suggest that the use of

R visual motor screening in this age group should provide just one element of a larger profile

e or battery and there are many influences that may affect the outcome of thisparticular test

- and attributes, such as holdinga pencil and drawing a line which are key componentsof ‘

 this test, may be mfluenced by extemal factors such as self-control and socnal emottonal

~ skills ®. 773)

N | 5.6 TheElTect of the Primary Movement program on DEST raptd naming ability |

Accordtng to Fawcett and Ntcolson ( 1996) there is strong ev1dence that dyslexrc .

B chtldren are slower than their peers in nammg ptctures when there is a senes of stlmuh to

. be named One of the causal factors is thought to be cerebellar i 1mpatrment accountmg for |

the defi cits m speed of processmg and motor slull in children w:th Dyslex:a (Fawcctt

_-_-'-'Ntcolson & Dean 1996)

B ThlS test was tncluded in thlS research to determme if there was an effect of reductlon
____-'of ATNR on rapld nammg speed Accordmg to Ntcolson et al (1999) cerebellar o
N S A e R R



dysfunctlon may provrde a unlﬂed account” (p 1662) of a range of ma_]or dlff' cult1es | -

S expenenced by chlldren w1th Dyslexla lt 1s proposed that a major contnbutm g factor to

o --‘__cerebellar dysfunctlon is pers1stent reﬂexes partlcularly the ATNR (Holt 1991
o  -_-'.i__f’"_'-_i"._:-:'-'-:?____'?:McPhllllps 2001; Morrison, 1985) | BT

ThlS proposal IS supported by the results of thlS research m wh1ch the Prtmary

o Mavement mterventlon group si gmf cantly lmproved (decreased) thelr t1mes for the rap1d -
-_ namm 2 sectlon of the Dyslexla Early Screemng Test (Fawcett & Nlcolson 1996) Th1s is
- _:'-_'_;_.'_5_attr1buted to the significant 1nh1b1tlon of the ATNR reﬂex which occurred between pretest

P '.’_-"_'-"f_?_'and posttest 1n the expenmental group The results suggest that for . some chlldren the -

o effect of a retamed ATNR may result in cerebellar d ysfunctlon contnbutm g to d1fﬂcult1es *

*'f-”f.m acqumn g core l1teracy skrlls Accordln g to McPhllhps and Jordan-Black (2007) “ | |

E Reﬂex persn,tence therefore may be v1ewed as an earl y deve10pmental

N f;-’f_f’;f-;nsk factor for some chlldren where subsequent effects are dependent on

the mterplay of a ran ge of cogmtl ve env1ronmental and blologlcal factors

*"'fﬂ-vtp 753) S I T

k All three case studles showed 1mprovement 1n scores for the Rap1d N anun g Test In the

B case studles the Przmary Mavement program dld not have a more sr gmﬁcant effect on " .

R _ff'--_-?__'_'?_’_j’_.,;-;.mprov1n g speed in the rap1d namlng test than the gross motor or free play groups

L '_.However the test procedure requires 5 seconds to be added to the total time for each

o naml ng error, for example lf a Chlld says ﬂsh for dog In two of these three 1nd1v1dual

L fj.".'student studies, errors contnbuted srgmﬁcantly to thetr overall t1me (Tables 21 22 and 23) o

N _}Accordmg to de Jong and Vnellnk (2004) there are common processes 1nvolved 1n

. readmg and rap1d nanung as both ab1l1t1es depend partly on the same cogmtlve processes .

ln these cases part1c1pat10n 1n the skrlls requrred for readlng through the normal

.,'f;preschool program such as left to ri ght eye trackmg over the 8 month penod may explaln

o the lmprovement especrally in reduced error count for all three subjects MCPhllllpS and

= | ’Jordan-Black (2007) stress that although reﬂex persrstence can have a detnmental effect onf_- |

- : ltteracy, effects are also dependent on the lnterplay of a w1de varlety of factors mcludmg



e blologlcal such as maturatron and envrronmental factors such as partrcrpatron m pnnt and -

L ,'._:_-_"ﬁreadlng components as well as cogmtlve factors

- 5.7 Genera! conclusions

B | | : Conclusron 1: Preschool aged thldren who retam prlmary reflexes are at r lSk Of

| compromrsed performance in motor skills

| The Primary Movement program is designed to replicate or mimic the pnmary reflex

o system of the foetus. It is thought that the replication of the pnmary reflexes plays a major

role in their inhibition and that this inhibition can be brought about at a much later stage in
| development than had previously been assumed (McPhillips, Hepper, & Mulhern, 2000). It
. is thought that the early movements of the foetus and the newborn, which were once
'- thought of as passive byproducts of neural wiring, are now perceived to be interactive and -

as having a reciprocal effect on underlying CNS structure and function (Prechtl, 1984).

| ~ The results of this study indicate that the Primary Movement programsi gniﬁcantly |

o red__UCed the level of ATNR in the experimental group. Although previous research (Jordan-

~ Black, 2005; McPhillips, Hepper, & Mulhern, 2000; McPhillips & Sheehy, 2004) had

o N demonstrated similar results, this was the first piece of scientific research demonstrating

the effect of the program on preschool aged children. As ATNR decreased for the
| expenmental group, there was a reciprocal significant improvement in motor slolls for tl‘llS

- group. This improvement was most si gmﬁcant in the sub test of the M-ABC testmg ﬁne

~-motor skills.

o A recent study by Taylor Houghton and Chapman (2004) has determmed that boys
3 aged seven to ten years with diagnosed AD/HD had srgmﬁcant]y higher levels of retamed |

" reflex thJ non-diagnosed boys. The four primary reflexes were the Moro, Tomc

| | Labynnthme Reflex (TLR), Symmetrical Tonic Neck Reflex (STNR) and the

Asymmetrical Tonic Neck Reflex (ATNR). This is important as _the'Pn'mcrry Movement
" program significantly decreased the level of at least one of these reflexes in'this thesis

research.

e



It can be concluded that the Prtmary Movement program decreased the prevalence of

- retalned reﬂex actmty for the 1nterventlon group In thls research the motor slulls of

-'_"chlldren in the Primary Movement program 1mproved sxgnlf cantly i 1n companson to the N

o “children in the gross motor and free play groups. This decrease in retained reflexes is "

| important when one considers the research into the association of retained reflexes w1th '
~ other possible comorbidities of compromised motor skills such as Learnirg Disabilities |
o ADHD and Dyslexia. While the research base on the effect of retained reflexes i is not
B presently large, future research into the effect of the Primary Movement program on |

o chlldren with these syndromes needs to be encouraged.
 Conclusion 2: Primary Movement is an effective early interyention "tool | B -

In the vrew of Momson (1985) sensory and perceptual dysfunctrons although present

"-*"and resultm g in a failure to leam prior to school experience, are often not detected untll the

R Chlld begms formal acadermc training in reading and writing; when the Chlld must

“perceive and integrate v15ual and auditory stimulus for academic learnin g and

B pcrformance (p.9). McPhillips and Jordan-Black (2007) concur especrally in the area of

literacy stressing that although not all children with spelling or readm g dlfﬁcultles have
persistent reflexes, * testmg for persrstent reﬂexes at the earliest opportuntty could
| 'fcomplrment other methods that seek to 1dent1fy children at risk for later llteracy dlff' cultles

| _(such as phonologlcal delays and possnble visual and audttory processm g problems)” (p

In terms of thls research, the Prtmary Movement program can assist chlldren at nsk of

motor dlfl' cultles at an age prior to the dysfunctlon attributable to retalned reﬂexes has a

L detrimental effect on future motor learning and performance. Missiuna, Rivard and Bartlett |

| (MiSsiuna, Rivard, & Bartlett, 2003) state that many children do not display the full extent
of their functional difficulties until they reach school age. While motoric impairmentw‘ill .
affect gross motor activities and fine motor tasks (Gallahue and Ozmun, 1998) there are

also the well documented issues of poor self esteem and withdrawal from physical N

o activities assoclated with coordination disorders. Early identification and remedlatlon of

__ underlym g perceptual dlfﬁcultles through addressmg reﬂex persrstence lssues may

"_complement other methods that a5515t wrth addressmg coordlnanon dlfﬁCllllleS T



5'8Fut“l'e researCh | L

Gwen the changes that occurred in the human ﬁgure drawrng of Jed 1t would be

L va]uable to 1nvest|gate the effect of retained reflexes on self i 1mage ThlS 1""39“83"0" may

'rnclude an analysis of the observable changes i in chrldren S drawrngs of themselves after - |

o part|c1pat|on in the Prrmarv Movement program.

| A second area of future research.is the_relationship between poor results in motor o
skills, particularly manual dexterity tasks and reading acquisition. As the children.Who_

~ participated in this research were of pre reading age, it was not possible to test this

- relationship that is, whether children who performed poorly in the M-ABC also performed

- poorly in tests of reading proficiency. This research would replicate studies by McPhillips
(2001) and Jordan-Black (2005) however, could be based on children aged 6 to 7 years
(Year 1), as opposed to the older children used in their studies (seven-eleven years)

Although this research has been pursued by others (Son & Meisels, 2006), in terms of

o _establlshlng the predictive validity of motor skills assessments for later co gnrtlve

o achrevement the current climate of curriculum change with emphasis on cognitive |

e "outcomes in Western Australia warrants scientific research expounding the value of

o ensurmg the proficient motor development of young children. This 1ncludes a srgmﬁcant

i focus on the benefits that a firm motor foundatlon can PTO"'de not 0"13’ to the 1ntegn ty Of

o - the CNS but in future academic pursmts

Further study could also be done on the possible effect of retalned reflexes and

| tnvolvement in the Prtmary anement program on the artlculatlon and speech abrlrtres of

i ch,]__dren at preprlmary age. Anecdotal records, provided by class teachers in transcnpts

L during school visits over the intervention period, indicated that some children'had o

partrcularly improved in speech articulation during partrcrpatron in the Przmary Mavement

| program This research could involve the use of the Illmors test of Psycholrngursttc

e _Abllrues (Krrk McCarty&Klrk 1968) orsrmllar

Finally, a longrtudmal study to determrmng the carryover of the effects of Przmary | o

o __f-j_i-Movement program in terms of reductron 1n retarned reﬂexes and 1mproved motor



- pcrformance ThlS would examine whether the beneﬁts of the program are stlll evrdent in

I -_’f--_the later years |rrespect|ve of the program betng discontinued after early chtldhood years

5.9 Final Conclusion

Whlle the results show strong evtdence of the posmve effect of Prlmary movement on

E reflex lnhlblllon on a cohort of pre-pnmary students in Westem Australta further research

s necessary (o generallze these results to a broader populatlon. The chlldren who received

- the Primary Movement intervention recorded a si gnificant reduction in retained reflexes
anda consequent improvement in motor skills particularly in the area of ﬁne motor and

~ manipulative skills. These children also showed significant improvement in rapid naming
‘in the Dyslexia Early Screening Test (Fawcett & Nicolson, 1996). Primary Movement did

 notsi gnificantly improve receptive vocabulary in this research.

The premtse underptnmng this study is that the persrstence of pnmary reflexes may be

E vtcwed as an early deveIOpmental risk factor l'or some chtldren Whlle htstoncally motor

o programs have addressed the ‘product’ of the perceptual deficit, more recent approaches .

 such as the Primary Movement program addresses the ‘process deficits’ or the under]ymg

| prospective deficits related to the difficulties, in this case the retention of primary reflexes.

| While these are early days for the Prt’mary Movement program, Stephenson and Wheldall

| : | (2008) report that the positive results shown by the program were part of a well desrgned
~studies which has been a problem with perceptual-motor programs in the past and although |

* the results should be viewed with caution untll a strong research base is established, prove o

| - '_quite promising (p.74).

~ Primary Movement or the replication of retained reflexes reflects the attributes of

- Neuronal Group Selection theory in that there is a recognition of the need to pay attention

o to the condition of the CNS as according to Hadders-Algra (2000b) the condition of the

 brain has a substantial effect on motor development (p. 708) According to Hadders-Algm

- (2000b) clu msy children have dysfunctions in the nervous system. It is proposed that

. :.-_"_aretatned pnmary reﬂexes partlcularly the ATNR contnbute srgmﬁcantly to functtomng of

lthe central nervous system (Momson 1985) Therefore the prem:se behind a reflex B __



| ?'-';-x"f'-'_'\,-"_.f":-f:-_;_‘.-"f-_-,'_repl1catlon program such as Prrmary Movemem addresses one of the causes of central

nervous system dysfunctton allownng the mdrvrdual to obtam more accurate sensory rnput |

S whtch lS 1mportant 1n adapltng to the enVlronment S T

The results reported here provrde a strong case for the 1ntroductron of the Prrmary

o "....'Mavemenr program in the preschool years as the first years of schoolmg provide the

s foundatrons for long term educational success and differences that emerge in the early

R years are likely to remain or to increase throughout the child’s school life (Sammons

| l994) Testing for abnormal primary and postural reflexes should be more widely used in

o ﬁ"'order to assess and 1dentlfy children who are underachrevmg These assessments can be

o combrned with motor assessment at an early age prior to exposure to more advanced

academrc tasks such as reading and writing due to the fact that abnormalities in early

~ patterns of motor development do affect acquisition and automisation of hi gher and more

o compleX skills (Goddard Blythe, 2001). In this way children who have an underlying o

o neurologtcal dysfunction which may significantly affect performance may be 1dentrf ed

o reflex tnhrbrtlon programs and specialist teaching can be implemented. -
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