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Thesis Summary
This study is concerned with the rem ediation, prediction and causal theories o f 

developm ental dyslexia and adopted a longitudinal, m ulti-factorial design in order to 

explore three principal claim s. Exclusive m ethods o f defining and diagnosing dyslexia, as 

well as dissatisfaction with narrow  causal theories, have given (re)birth to alternative 

thinking about the disorder.

The thesis begins by introducing the reader to som e conceptual points about the 

disorder, covering its definition, diagnosis, the problem s with each o f these, and its 

sym ptom s. It also explains the constitutional and genetic nature o f the problem  given the 

fam ily-history based recruitm ent m ethod subsequently  em ployed. This is follow ed by a 

chapter devoted to three of the m ost popular and currently accepted causal theories o f 

dyslexia which include the phonological deficit hypothesis, the m agnocellular deficit 

hypothesis and the tem poral processing deficit hypothesis. A critical review  of each o f 

these theories concludes that either they do not progress beyond a m erely descriptive 

account o f the disorder (as opposed to a causal one) or they fail to account for the com plex 

array o f difficulties with which dyslexic people present. This paves the way for a new 

theoretical suggestion -  the cerebellar deficit hypothesis which goes further to address both 

o f these m atters than any o f its predecessors. H ow ever, before this can be explored in full, 

it is necessary to introduce the reader to an overview  o f norm al m otor developm ent in 

children as this underpins one o f the aims o f the research and is linked to a “norm al” 

cerebellum . A sum m ary o f m otor developm ent is presented including prim itive reflexes, 

postural reactions and voluntary m ovem ent as well as som e o f the sensory system s which 

afford this normal developm ent (i.e., the vestibular system , proprioceptive system  and 

visual system ). This is followed by a chapter which explores the link betw een m otor 

abnorm ality and dyslexia. This looks at the link betw een m otor and cognitive developm ent 

followed by some of the original theories in this area from  the 1950s and 1960s, including 

“ lateral dom inance” , “neuro-m aturational theory” and “neurological organisation” . It then 

considers som e of the earlier work linking abnorm al m otor developm ent / skills to dyslexic 

children and the attem pts to rem ediate their difficulties by involving the children in 

specially designed m otor program m es in order to stim ulate neuro-sensory system s or 

inhibit prim itive reflexes which are blocking the w ay to norm al m otor, and thus, cognitive, 

developm ent. This leads to a review  o f recent studies which have revived an interest in 

m otor theory and dyslexia and highlights their m ethodological problem s. As the necessary 

background m aterial is now covered, the next chapter explains the cerebellar deficit



hypothesis, preceded by a neuro-anatom ical review  o f the cerebellum  and its functions. 

The aims o f the study are presented in the subsequent chapter, o f which there are eight, 

covering three m ain issues. First, are m otor program m es, which are designed to im prove or 

encourage m otor developm ent / skills, useful in alleviating the sym ptom s of dyslexia? 

Second, can tests o f cerebellar and m otor skill be used to identify dyslexia in a young 

sample? Finally, is this evidence consistent with the cerebellar deficit hypothesis? Chapter 

7 covers the research literature relevant to the tests and intervention program m es used in 

the current study which are divided into five sets o f tests (i.e., balance tests, reflex tests, 

visuo-m otor tests, fine-m otor tests and phonological tests) and three m otor program m es 

(i.e., an experim ental balance program m e, an experim ental reflex-inhibiting program m e 

and a placebo-controlled “pseudo program m e”). These are described m ore fully in term s of 

procedure and m aterials necessary in the M ethods chapter which also explains the design 

and describes the participants o f the study. The final two chapters present the results and 

discussion. Little support was found for the idea that m otor tests can be used for predicting 

which o f a young sam ple o f children are at risk for dyslexia, despite earlier claim s to the 

contrary using older children. There is also no evidence for program m e efficacy in 

reducing the severity o f dyslexia com pared to those in the placebo-control or control 

groups. The discussion review s these findings and m akes suggestions as to how this should 

affect current know ledge and practice. L im itations of the current study are presented and 

suggestions m ade for refining research in the area.
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“ It is exceedingly difficult for the norm al person to picture all the social difficulties 

which w ord-blindness can cause. Even w hen his condition is only m oderately severe, 

the w ord-blind person is aware o f it daily and in innum erable ways. His difficulties 

extend from  trivialities which are o f little practical im portance but are em barrassing,

to serious occupational d isabilities”

H erm ann (1959)*

* A  quote from the book  “Reading D isab il i ty” by D an ish  neurolog is t  Knud Herm ann ( 1 9 5 9 ) .  Found in 
Arkell (1996) .



1. Chapter 1: Introduction to dyslexia

1.1 Conceptual points

Reading, w riting and spelling are requisite skills in W estern culture, essential for 

m axim ising success professionally and personally. Though com plex in nature, m ost of 

us assum e fluent control o f them  by adulthood, and yet som e people never develop 

such dexterity with written language. O f these, som e will reach a level o f acceptable 

efficiency, though they usually work harder to achieve it; others, how ever, m ay fail to 

attain a level o f functional literacy at all.

Two points are necessary in order to clarify term s throughout the com ing text. 

Firstly, although problem s with any o f reading, w riting or spelling could constitute the 

principal part o f a ch ild ’s written language difficulty, they rarely exist in isolation from 

each other. A distinct problem  affecting one o f the three is m ore likely to be the result 

o f som e acquired disorder; brain injury resulting from  either external traum a (e.g., a 

traffic accident) or biological factors (e.g., tum our, stroke). This is referred to in the 

neurological literature as aphasia or alexia though such aetiology is not the concern of 

this work. W ith regard to developm ental dyslexia, how ever, it is usual to see some 

com bination o f difficulty with all three. Because reading relates to the other two in 

some way, such problem s are often referred to in a global sense as “reading d isorders” . 

Secondly, because reading is a skill we learn as children, it is usual for developm ental 

disorders affecting reading to be diagnosed at this tim e; as such, m ost o f the literature 

and research on reading disorders concerns children. Thus, throughout the text regular 

reference will be m ade to children, although it is acknow ledged that the prim ary 

disorder does not necessarily disappear once the child reaches adulthood, despite the 

coping m echanism s they may develop as adults.

The term  “reading disorder” , how ever, is a vague one. It encom passes the full 

population o f those who have difficulty with reading, including those labelled as 

“backw ard readers” , “garden variety poor readers” and those suffering from  

“developm ental dyslexia” (also know n as “specific reading disorder” , “specific reading 

disability” and “specific learning disability”). The current w ork is not concerned with 

the first two, but focuses specifically on children who m ay be developm entally  

dyslexic. The term  “developm ental” recognises the congenital and neurological nature 

o f the disorder; it is part of who the child is and always has been; it is an inherent, 

innate and genetic condition, rather than, as previously m entioned, an acquired



disorder. For simplicity’s sake the thesis will refer throughout to “dyslexia” and where 

it does so it should be assumed that it is the developmental form that is under 

consideration rather than an acquired equivalent.

1.2 Dyslexia explained

1.2.1 A brief introduction

The term “dyslexia” is fraught with difficulties. Its definition and diagnosis do not lead 

one from the other. The descriptive criteria, as listed by various definitions, are not 

enough to guarantee a diagnosis of dyslexia because this is reserved for people who 

demonstrate an unexpected problem with the written word. This is where the idea of 

dyslexia as a neurological condition deviates from the commonly-accepted and 

socially-constructed idea of dyslexia as a discrepancy disorder between attainments and 

aptitude.

At its most basic, dyslexia is a developmental language disorder, where the 

primary symptom (frequently demonstrated in linguistic and cognitive studies) is a 

deficit in the phonological coding of written language, caused by a deficit in phoneme 

segmentation skills (Pennington, 1991). This easily detectable problem is not sufficient 

to warrant a diagnosis of dyslexia because in its full manifestation, the range of 

symptoms with which dyslexic people tend to present goes well beyond a problem with 

mere phonics or literacy. It is only because our society attributes such fundamental 

importance to the smooth acquisition of literacy that people are primarily identified in 

this way. This is not to criticise the stronghold academia has on the term; it is economic 

practice to ignore even abnormal variations in behaviour if they are not dysfunctional. 

However, this study explores the possibility of developing a more global assessment of 

a dyslexic’s problems by employing alternative screening / testing procedures which 

catch all dyslexics, whilst still allowing for the socially-constructed definition of 

dyslexia (as a discrepancy) to identify brighter dyslexics if need be.

Although dyslexia has been defined in terms of insufficient phonological 

processing abilities, it is also generally accepted that dyslexia is the result of neuro- 

developmental deficiencies deep within the brain, ultimately the result of some genetic 

anomaly. Because reading, writing and spelling are modern additions to our species’ 

repertoire of skills (having been invented as recently as 4000 years ago) it is highly 

improbable that, what-ever this anomaly, it would affect only those particular skills. As
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there can be no genetic basis for these precise skills, the sub-skills underlying them  

m ust depend on fundam ental sensory and m otor processing functions that originally 

evolved for other purposes (Stein, 2004). Thus, we w ould expect there to be m any 

difficulties com m only seen across the dyslexic population and which m ay or m ay not 

have anything to do with reading. This is, in fact, what the literature suggests.

1.2,2 Labelling

D iagnosing a disorder such as dyslexia should not be undertaken w ithout a m eaningful 

and w orking definition o f the disorder upon w hich the diagnosis is based. How ever, 

defining, and even labelling, a syndrom e such as dyslexia is not an easy task. M any 

different labels have been used over the years as approaches, fashions, political

correctness and policy changed.

D yslexia literally translates as “difficulty w ith w ords” and was originally 

referred to as “w ord-” or “ letter-blindness” . The form er was first used by Kussm aul in 

1877 in reference to an adult fem ale who suddenly acquired a difficulty in reading text 

after an attack o f apoplexy. Subsequent m edical practitioners com m ented on sim ilar 

problem s with a gradual m ove to developm ental sim ilarities. A Germ an 

ophthalm ologist, named Berlin, was the fist to use the term  “dyslex ia” in 1884 with 

regard to adults (Hallahan and M ock, 2003), and in 1896 both Kerr and M orgon 

reverted to the term  “w ord-blindness” , or “congenital w ord-blindness” , after encounters 

with children o f normal intelligence who dem onstrated an inexplicable difficulty in 

learning to read (cited in Pennington et al., 1991; Selikow itz, 1993). The founder o f the 

International D yslexia Society, Sam uel Orton, used the com plex term 

“strephosym bolia” , m eaning “tw isted w ords” in reference to the disorder.

The m edical m onopolization o f dyslexia persisted well into the 1970s using 

labels relating to theories o f causation (Szklut and Breath, 1985). “M inim al brain 

dam age” and “m inim al brain m alform ation” were com m on in the 1940s (depending on 

w hether causation was attributed to environm ental or genetic influences), yet at that 

tim e, no evidence o f structural dam age could be found to ju stify  the form er and, even 

now, analysis at the cellular level is not possible using CA T or M RI to justify  the latter. 

“M inim al brain dysfunction” suggested a neuro-chem ical problem  yet this neither had 

ever been shown to be the case (Selikow itz, 1993). As far as 1978 Critchley, was 

insisting that dyslexia rem ain a m edical responsibility  (in Snow ling, 1987); he
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com m only referred to dyslexics as “patients” and regarded the doctor as the most 

suitable professional capable of diagnosing dyslexia. However, in 1977 the British 

M edical A ssociation advised its m em bers that dyslexia was not a m edical problem  

(Doyle, 1996) and it has since becom e the ward of educationalists.

The educational profession approached the condition with terms relating to 

function rather than cause (i.e., “reading disorder). From  the term “ learning 

disabilities” , coined by Kirk in the 1960s, evolved “specific learning difficulty” in the 

UK and “specific learning disability” in the US which was preferred to “dyslexia” 

throughout the 1970s and 1980s (BPS report, 1999). These days “ learning disorder” 

has re-appeared in the US (Rittey, 2003) and “specific learning difficulty” in the UK, 

both o f which act as um brella term s under which dyslexia m ay be found alongside 

other conditions such as dyspraxia, dysgraphia and dyscalculia.

Up to 37 other term s, listed by Doyle (1996), include such diverse-sounding 

labels as attentional dyslexia, congenital word blindness, hyperlexia, mind blindness, 

sem antic processor dyslexia, legasthenia and strephosym bolia. Thus, in the attem pt to 

define the sam e learning im pairm ent, we have been left with a range o f varied and 

inconsistent terms. M any of these are now used interchangeably and synonym ously, 

causing much professional confusion.

1.2.3 Definitions of dyslexia

There have been num erous definitions o f dyslexia over the years. A precise definition 

is im portant because it guides diagnosis and treatm ent and, therefore, should aim  to 

encom pass all o f  those with the disorder. In this case it should do this by recognising 

the constitutional nature o f the disorder and describing behavioural consequences in the 

light o f varied theoretical causalities. This w ould allow for those o f all IQs to be 

diagnosed as dyslexic. However, m any definitions, despite acknow ledging a biological 

cause, persist in m aking it m ore exclusive to som e groups o f children by adding 

exclusionary criteria (Rack, 1994). Led by B atem ans’s definition o f learning 

disabilities in the US, dyslexia first becam e linked to the idea o f an attainm ent-aptitude 

discrepancy ' in the mid 1960s.

' T his is underlined w here relevant.
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“Children who have learning disorders are those who manifest an educationally 

significant discrepancy between their estimated potential and actual level of 

performance related to basic disorders in the learning process, which may or may not 

be accompanied by demonstrable central nervous system dysfunction and which are not 

secondary' to generalised mental-retardation, educational- or cultiiral-deprivation, 

severe emotional disturbance or sensory loss”'.

(Bateman, 1965, in Hallahan and Mock, 2003)

Although a discrepancy can occur at any level of intelligence, it is more meaningful 

and easier to interpret when the child is of average or above-average intelligence 

because the problem can be dissociated from other causes (e.g., mental retardation). 

This is the discrepancy criterion upon which all current practice is based, and which 

serves to bias diagnosis toward more intelligent children. Frith (1999) refers to this as 

the first paradox of the discrepancy definition of dyslexia. Irrespective of whether or 

not it is functionally worth identifying low IQ children as dyslexic, it is becoming 

controversial not to be able to do so (“The dyslexia myth”, channel 4, 08-09-05 raised 

this very point).

The definition of the World Federation of Neurology (1968)^, probably the most widely 

accepted definition, was one of the earlier ones to include such criteria:

“A disorder manifested by difficulty in learning to read despite conventional 

instruction, adequate intelligence and socio-cultural opportunity'. It is dependent upon 

fundamental cognitive disabilities which are frequently of constitutional origin.”

(Critchley and Critchley, 1978)

The term “Specific Reading Disability” (SRD), used in 1972 by the British Department 

of Education and Science (DES), (now known as the Department for Education (DEE) 

implied the same thing:

■ Italics explained on next page. 
’ In Critchely & Critchely. 1978
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“SRD is a problem (in children) whose reading (and probably writing, spelling and 

number) abilities are significantly below the standards which their abilities in other 

spheres would lead one to expect”

(Doyle, 1996)

More detailed, though saying the same thing, is the definition of the International 

Dyslexia Association (2002) and shared by the National histitute of Child Health and 

Human Development (NICHD):

“Dyslexia is a specific learning disability that is neurological in origin. It is 

characterized by difficulties with accurate and / or fluent word recognition and by poor 

spelling and decoding abilities. These difficulties typically result from a deficit in the 

phonological component of language that is often unexpected in relation to other 

cognitive abilities and the provision o f effective classroom instruction. Secondary 

consequences may include problems in reading comprehension and reduced reading 

experience that can impede growth of vocabulary and background knowledge.”

(IDA, 2004)

In addition, there exists the paradoxical method of defining something by focusing on 

what it is not, rather than on what it is, which serves to exacerbate the exclusivity of the 

disorder. By excluding those with sensory problems, emotional problems, poor 

environmental circumstances and so on, it is understandable that dyslexia has acquired 

a reputation as a “middle-class” disorder. Such criteria'^ can make it difficult for 

children with an added disability or disadvantage, but who are nevertheless dyslexic, to 

get an appropriate diagnosis. This is apparent in the definition put forward by Critchley 

and Critchley (1978):

“A learning disability which initially shows itself by difficulty in learning to read, and 

later by erratic spelling and by lack of facility in manipulating written as opposed to 

spoken words. The condition is cognitive in essence, and usually genetically 

determined. It is not due to intellectual inadequacy or to lack o f socio-cultural

* T h e s e  are p r e se n te d  in ita lic s  w h e r e  re lev a n t.

6



opportunity’, or to faults in the technique o f teaching, or to emotional factors, or to any 

known structural hrain-defect. It probably represents a specific maturational defect 

which tends to lessen as the child grows older, and is capable of considerable 

improvement, especially when appropriate remedial help is afforded at the earliest 

opportunity.”

Some definitions are better worded, suggesting that such factors can co-occur, as long 

as they are ruled out as the primary cause. For example, in the US the “Individuals with 

Disabilities Education Act” (IDEA, 1997) defines “specific learning disability” as:

“A disorder in one or more of the basic psychological processes involved in 

understanding or using language, spoken or written, which the disorder may manifest 

itself in imperfect ability to listen, think, speak, read, write, spell or do mathematical 

calculations. Such a term includes such conditions as perceptual disabilities, brain 

injury, minimal brain dysfunction, dyslexia, and developmental aphasia. Such a term 

does not include a learning problem that is primarily the result o f  visual, hearing, or 

motor disabilities, o f mental retardation, or o f  emotional disturbance, or o f  

environmental, cultural or economic disadvantage”

(In the Task Force on dyslexia, 2002)

This definition requires a distinction to be made between those whose problems have 

an obvious cause and those who may have both dyslexia and an additional problem 

(e.g., mental-retardation), but the fundamental problem of how to do this remains.

1.2.4 The case in Ireland

The term “Specific Learning Disability” (SLD) was adopted in 1993 by the Special 

Education Review Committee (SERC) of the Department of Education and Science and 

is primarily a definition of elimination. They define an SLD as:

“Impairments in specific areas such as reading, writing and arithmetical notation, the 

primary cause of which is not attributable to assessed ability being below the averafje 

ranfie, to defective sight or hearing, emotional factors, a physical condition or to any 

extrinsic adverse circumstances.” (Task Force Report, 2002)

7



This incorporates much of the baggage of previous definitions and as a result the 

Department commissioned a Task Force on dyslexia, the report of which was published 

in 2002. This offers a broader definition; its inclusion of cognitive characteristics and 

additional behavioural consequences allow for the application of disparate causal 

theories:

“Dyslexia is manifested in a continuum of specific learning difficulties related to the 

acquisition of basic skills in reading, spelling and / or writing, such difficulties being 

unexpected in relation to an individual’s other abilities and educational experiences. 

Dyslexia can be described at the neurological, cognitive and behavioural levels. It is 

typically characterised by inefficient information processing, including difficulties in 

phonological processing, working memory, rapid naming and automaticity of basic 

skills. Difficulties in organisation, sequencing, and motor skills may also be present.”

The recommended use of this definition has not yet been officially adopted by the 

Department of Education and Science. However, it too requires the use of a 

discrepancy and is exclusionary in its definition.

1.2,5 Ideal definitions

Perhaps the best definition is that of the National Joint Committee on Learning 

Disabilities (NJCLD^) in the US, which explicitly acknowledges the distinction 

between intelligence and dyslexia whilst still recognizing their possible co-occurrence. 

The commonly used term of “learning disabilities” in the US is laid out as follows;

“A heterogeneous group of disorders manifested by significant difficulties in the 

acquisition and use of listening, speaking, reading, writing, reasoning, or mathematical 

abilities. These disorders are intrinsic to the individual and are presumed to be due to 

central nervous system dysfunctions. Even though a learning disability may occur 

concomitantly with other disabling conditions (e.g., sensory impairment, mental 

retardation, social and emotional disturbance) or environmental influences (e.g.,

'  Founded  in 1975. the National Joint C om m ittee  on Learn ing  Disabilities (N JC L D ) is a national 
com m ittee  in the United States o f  representatives o f  o rganizations com m itted  to the education  and 
welfare o f  individuals with learning disabilit ies, (h ttp :/ /w w w .ldonline .org /about/partners/n jc ld)



cultural differences or insufficient/inappropriate instruction), it is not the direct result 

o f  those conditions or influences”

(in Szklut and Breath, 1985)

D yslexia, as defined by this, is recognised as a constitutional disorder, incorporating a 

range o f characteristics which are accounted for neurologically , thus, allow ing for 

future developm ents o f causal theories and explanatory m odels. W hilst recognising that 

dyslexia m ust be distinguished from  confounding factors, it nevertheless acknow ledges 

the possibility  o f their presenting together, thereby theoretically  allow ing all relevant 

children to be identified.

Both the British D yslexia A ssociation (BDA ) and the D yslexia Institute (1989) also 

have inclusive definitions:

“A specific difficulty in learning, constitutional in origin, in one or m ore o f reading, 

spelling and written language which m ay be accom panied by difficulty in num ber 

work. It is particularly related to m astering and using w ritten language (alphabetic, 

num erical and musical notation) although often affecting oral language to some 

degree”

(The BD A - Doyle, 1996)

“O rganising or learning deficiencies which restrict the studen t’s com petencies in 

inform ation processing, in m otor skills and w orking m em ory, so causing lim itations in 

som e or all o f the skills of speech, reading, writing, essay w riting, num eracy and 

behaviour”

(The D yslexia Institute - Doyle, 1996)

The latter is a particularly nice exam ple as it is not only inclusive but m akes allow ances 

for a w ide range o f behavioural characteristics based on the kinds o f w eaknesses 

dyslexic people generally show.
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1.2.6 Diagnosis

Although the DES and the Dyslexia Institute in the UK define dyslexia in an inclusive 

way, this does not necessarily correspond to practice. Based on the previous 

definitions, a formal diagnosis requires the following salient features:

• Written language problems in the bottom 10%

• A within average-range IQ

• Normal sensory functioning

• Normal emotional functioning

• An adequate educational environment

In Ireland in 1993, SERC formalised the diagnostic assessment for dyslexia with a list 

of recommendations and requirements stating that:

1) Assessment by a psychologist on a standardised test of intelligence should place 

general intellectual ability in the average or above average range (i.e., a 

threshold requirement).

2) Performance in basic skills in relation to objective criteria, such as standardised 

tests, should be at a very low level. It would be expected that some 2% of the 

overall pupil population would be found in this category (i.e., a discrepancy 

requirement).

(Task Force Report, 2002)

This practice is based on the idea that a full assessment should give a reliable indication 

of the aptitude and attainments of the person in question. The probability of there being 

a discrepancy by chance between these two scores is low and it gets lower as the size of 

the discrepancy increases. Thus, a specific learning disability (i.e., dyslexia) is inferred 

on the basis of a discrepancy, given that intelligence is normal. The severity of the 

disorder (mild, moderate, severe) depends on the size of this discrepancy. IQ testing is 

the usual method by which we can determine aptitude and eliminate low-intelligence as 

a possible cause of reading failure. More importantly, this also determines the expected 

reading ability of the individual. In children, assessment of aptitude usually consists of 

an intelligence measure such as the Weschler Intelligence Scale for Children, 4'*’
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edition (W ISC - IV) (W echsler, 2003). In adults, the W eschler Adult Intelligence 

Scale, 3'̂ ’̂ edition (W AIS - III) would usually be used (W echsler, 1997). Both o f these 

consist o f 11 different sub-tests which form  a verbal score (or IQ) and a perform ance 

score (or IQ) and contribute to the form ation o f an overall, full-scale IQ. The individual 

tests can yield further inform ation, form ing a profile o f strengths and w eaknesses, 

w hich m ay be o f benefit when recom m ending rem ediation plans.

In addition to intelligence testing, tests o f reading, w riting and spelling need to be 

adm inistered in order to m easure any aptitude / attainm ent discrepancy. Such skills 

m ay be tested using any standardised test, such as, for exam ple, the W ide Range 

A chievem ent Test, 3“  ̂ edition (W R A T-III) (W ilkinson, 1993), the W oodcock Reading 

M astery Test (W RM T) (W oodcock, 1998) or the W eschler O bjective Reading 

D im ension (W O RD ) (W echsler, 1993). These are designed to m easure reading 

recognition, speed, com prehension, decoding, spelling and arithm etic com putation.

Despite the criticism s that such a discrepancy (based on an average IQ) invites, the 

fact is that a very often the acquisition o f appropriate help depends upon it.

1.2.6.1 The problem

It could be argued that the use o f a discrepancy (with IQ in the average range) and 

exclusions is not m orally justifiable even if it is understandable. It is not justifiable on 

biological grounds because dyslexia is generally accepted to have a genetic basis and to 

be independent o f IQ. It is not justifiable on moral grounds because it is biased against 

certain sections o f the population, denying them , in som e cases, the diagnosis and 

services that h igher IQ individuals receive. H aving said this, there is no com m only 

accepted way of clearly and accurately differentiating betw een a reading disorder 

which is due to “dyslexic” (i.e., neurological) causes alone and a reading disorder 

w hich is due to a low global IQ. As m entioned previously, detection o f phonem e 

segm entation problem s can be indicative o f dyslexia and treatm ent could theoretically 

be prescribed on this basis alone. H ow ever, this does nothing to address the root o f the 

problem , and given the current clim ate o f obsession w ith neurobiological and genetic 

causes o f such disorders, there is a m ovem ent to identify those at risk o f dyslexia with 

such causes in mind.

In order to address the m isconception that dyslexia only affects intelligent children, a 

change is needed in the way dyslexia is referred to and understood. C onfusion abounds



in the literature because of the num ber o f different uses o f the term. There is the 

underlying neurological /  developm ental condition which is referred to as dyslexia; 

there is the academ ic sym ptom -led idea of dyslexia (i.e., phonological problem s), and 

finally there is the socially-constructed discrepancy-definition o f dyslexia (Table 1^). 

Consistency is needed with regard to the term inology used which, once in place, will 

m ake it easier to integrate the different approaches, explanations, theories and models 

from genetics, neurology, cognition, environm ent, behaviour and so on. hi order to 

m ake sense o f the wealth o f inform ation we need a way of conceptualising the disorder 

in question.

No underlying Underlying
condition condition

High
IQ

Average
IQ

Low
IQ

Low Average High
IQ IQ IQ

Normal reading 
abilities

Cannot distinguish 
between these 
2 types of child

Socially 
constructed  

label of 
dyslexia

Table 1: D ifferent conceptions o f dyslexia.

W hat this table illustrates is that dyslexia, as defined by the geneticists and the 

neurobiologists, is an underlying condition (yellow  box). However, only those children 

with this underlying condition o f average or above IQ can be currently  officially 

diagnosed as having the condition (red box -  the socially constructed definition o f 

dyslexia) because general learning difficulties can m ask the dyslexic difficulty, hi 

addition to these, there are those (e.g., Fletcher et al., 1994; Shaywitz et al., 1992) who 

argue that it is the sym ptom s o f dyslexia that m atter, regardless o f cause, and that all

 ̂ H avin g  read and researched the relevant literature, h is table represents m y o w n  understanding o f  the 
w ay in w h ich  reading d ifficu ltie s  are understood.
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children show ing them  should be treated equally  (green-surrounds). They claim  that 

reading ability is underpinned by phonological ability and that those w ith reading 

problem s represent the lower end o f the norm al distribution o f phonological ability. 

Thus, there is no need to invoke the use o f the discrepancy criteria to determ ine who is 

dyslexic and who is not.

A potential answ er is to coin one term  for the neurological condition and to 

specify o ther characteristics on top o f this. In this way, all children w ith the 

neurological condition would be referred to with one label (“dyslexia” could be 

retained for this) and further assessm ent could reveal the IQs or other pertinent 

inform ation of the individual. This would provide sub-groups o f the neurological 

condition. If “dyslexia” were not used to label the underlying condition, then it could 

be used to refer to just those o f average or above-average IQ (as currently  the practice) 

-  as long as there was some system  and label for identifying everyone else as well. If 

everyone is aware o f such term inology and is consistent with its use, som e o f the 

confusion would be reduced. The problem  with this is little in the way of replicated, 

em pirically-dem onstrated m ethods for identifying the relevant underlying, neurological 

disorder.

The current study aims to contribute towards this change in thinking about dyslexia by 

em pirically exam ining the possibility o f using a screening m ethod for detecting the 

underlying condition. This w ould allow us to treat all children presenting with reading 

difficulties from  this group in the sam e way, and to diagnose them  according to the 

underlying condition and not according to a discrepancy. Testing for a d iscrepancy may 

have its place - allow ing for further clarity w ith regard to the ch ild ’s strengths and 

contributing towards individualized treatm ents - but in an ideal world, where “cause” 

and not “sym ptom ” was treated, d iscrepancy testing w ould not be the focus o f 

diagnosis. It is also im portant to stress that although reading m ight be a principal 

sym ptom  o f dyslexia, that there are other sym ptom s. G iven the suggestion that the 

underlying condition is neurological, one w ould expect that the causes, and range o f 

resulting sym ptom s, m ay lie outside the dom ains o f reading and phonology. Such an 

approach, therefore, would perm it identification o f those who m ay have other 

difficulties resulting from  the underlying cause which could then also be tackled.
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1.2.6.2 Summary of the problem

As m entioned, a precise definition is im portant because it guides diagnosis and 

treatm ent, but producing an acceptable and precise definition has proved to be a 

difficult task. The principal problem  is one o f exclusion where diagnosis is biased 

towards m ore intelligent children and m iddle-class children, h m ay also run the risk of 

excluding those with other handicaps because, although m any definitions state that 

dyslexia m ay be diagnosed if these other conditions are identified as separate entities, it 

is not always possible in practice to differentiate where one disability ends and another 

begins.

W ith regard to intelligence specifically, definitions have ranged from  those 

explicitly requiring intelligence to be in the average range (W orld Federation of 

N eurology, 1978) to those requiring a discrepancy in ability and achievem ent even if 

not explicitly requesting that this ability be in the average range (DES -  UK, 1972; 

NICHD, 2002). This is also currently the case in Ireland (SERC, 1993; Task Force. 

2002) and yet in practice it is necessary for IQ to be in the average range in order for 

provision o f services. The setting o f this, and other, arbitrary, precise requirem ents (i.e.. 

IQ >85, achievem ents in the bottom  10%) results in an inaccurate and socially- 

constructed idea o f what dyslexia is, which does no justice to the research confirm ing a 

biological basis to the disorder. Furtherm ore, there is some question about the use of 

intelligence tests at all -  even for those o f average intelligence, however, this is another 

subject and the interested reader is referred to Stanovich (1996), Shane (1996), Siegel 

(1999) and Ellis (1985).

The m ain unfortunate consequence o f the d iscrepancy-based assessm ent means 

that such children are not identified until they have been exposed to reading instruction 

for 2-3 years (Tunm er and Chapm an, 1996) and have failed to learn appropriately.

1.2.6.3 Ideal practice

Tim  M iles, w orking over the last half a century in the area o f dyslexia, alw ays view ed 

dyslexia as m ore than a reading difficulty. He m aintained that dyslexia was a disorder 

o f neurological basis and that a neuropsychological evaluation should be undertaken 

together w ith traditional diagnostic assessm ents in order to identify it (Frith, 1999). 

Frith argues that it is tim e to m ove away from  the restricting definitions o f reading 

failure by reference to arbitrary cu t-off points and arbitrary discrepancies; her view  is 

becom ing m ore com m on today. If, as she suggests, we accept that dyslexia is the result
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o f  a co m p lex  causal cha in  from  b io logy  to b eh av io u r, w e m ust th ink  o f  it as a neu ro - 

d ev e lo p m en ta l d iso rd er and no t ju s t as a read in g  problem .

T h e  second  paradox  p resen ted  by F rith  (1999) ex em p lifies  th is po in t and  refers 

to  the fact that d iagnoses are not alw ays stab le . B ecause  d iagnosis  is an ch o red  to  

d isc rep an c ies  and arb itra ry  cu t o ff  po in ts (as b e ra ted  in F rith ’s firs t p a rad o x ), and  

b ecau se  read in g  sk ills m ay g rad u a lly  im prove, even  in d yslex ics, it is quite p o ss ib le  

that at an  o ld e r age they  no lon g er sa tisfy  the  req u irem en t o f  b e in g  d y slex ic  tha t they  

once d id , d esp ite  feeling  that th e ir d ifficu lties  persist. T hus, w hat is need ed  is a 

m easu re  o f  th ese  underly in g  d ifficu lties  w h ich  is d istinc t from  a m easure  o f  read in g  

ab ility .

1.2.7 Characteristics and symptoms

T he Irish  T ask  F orce  on d y slex ia  (2002) iden tified  the  fo llo w in g  as the  m ain  

ch a rac te ris tic s  and  sym ptom s o f  dyslex ia:

Characteristics

•  It occu rs across the lifespan  and m ay m anifest in d ifferen t w ays at d iffe ren t

ages.

•  It m ay  co -ex is t w ith  d ifficu lties  in the area o f  num bers.

•  It m ay  be assoc ia ted  w ith  ea rly  spoken  lan g u ag e  d ifficu lties .

•  It m ay  be  a llev ia ted  by  ap p ro p ria te  in terven tion .

•  It can  increase  o r reduce in severity  d ep en d in g  on en v iro n m en ta l factors.

•  It m ay  o ccu r in all so c io -eco n o m ic  c ircum stances.

•  It m ay  co -ex is t w ith  o th er learn ing  d ifficu lties  such as A tten tio n  D efic it

D iso rd e r and m ay  o r m ay not rep resen t a p rim ary  d ifficu lty .

•  It m ay  range along  a co n tin u u m  from  m ild  to  severe  and  thus, req u ires  a

co n tin u u m  o f  in terven tions and  o th er serv ices.

T ask  F orce  (2002)

D yslex ic  ch ild ren  show  defic its  in a range o r areas, includ ing , read in g , p h o n o lo g y , 

w riting , spelling , m em ory , speed , hearing , v ision , balance, learn ing , sk ill, gene tics, 

b ra in  stru c tu re  and func tion  (F aw cett and N ico lso n , 2001).
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Symptoms

Indicators o f  a possible learning diff erence {Ages 3-5 Years):

•  Is later than m ost children  in learn ing  to speak.

•  Has d ifficu lty  p ronounc ing  som e, espec ia lly  m ulti-syllabic,  words.

•  Has d ifficu lty  separating spoken  w ords  into sounds and b lend ing  spoken  sounds 

to m ake  w ords (i.e., has difficulty  w ith  phonolog ica l awareness).

•  E xperiences  auditory  d iscrim ination  problem s.

•  Is p rone  to spoonerism s (e.g., fips and  chish  for fish and chips).

•  Has difficulty  with rhythm .

•  Is unab le  to recall the right word.

•  Is s low  to add  new  vocabulary.

•  Exhib its  delays in acquiring em ergen t  li teracy skills (e.g., unders tand ing  that

written language p rogresses from  left to right, d iscrim inating  be tw een  letters, 

w ords and  sentences).

•  E xperiences p rob lem s learning the alphabet.

•  Has trouble learning num bers ,  days o f  the w eek , co lours and shapes.

•  Has trouble learning to write  and spell his /  her ow n name.

•  Is unab le  to fo llow  m ulti-step  d irec tions or routines.

•  Is dev e lo p in g  fine m otor skills m ore  slow ly  than  o ther children.

•  M ay have  difficulty  telling and /or re te lling  a story in connect sequence.

T ask  Force R eport (2002)

Indicators o f a possible learning difficulty arising from  dyslexia (Ages 5-7+):

•  Is s low  to learn the connection  be tw een  letters and  sounds (a lphabetic  

principle).

•  Has d ifficu lty  separating  w ords into sounds and b lend ing  sounds to form  w ords 

(phonem ic  aw areness).

•  Has difficulty  repeating m ulti-sy llab ic  w ords (e.g., em en y  for enem y, pasghetti  

for spaghetti).

•  Has d ifficu lty  decoding  single w ords  (read ing  single w ords in isolation).

•  Has poor w ord-attack  skills, especia lly  for n ew  words.
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• Confuses small or “easy” words: at/to; said/and; does/goes.

• M ay m ake constant reading and spelling errors including:

o  Letter reversals (e.g., d for b as in dog for bog),

o  Letter inversions (e.g., m for w).

o Letter transpositions (e.g., felt and left),

o  W ord reversals (e.g., tip for pit),

o  W ord substitutions (e.g., house for hom e).

• Reads slow ly with little expression o f fluency (oral reading is slow  and 

laborious).

• Has m ore difficulty with function words (e.g., is, to, of) than w ith content 

words (e.g., cloud, run, yellow).

• M ay be slow to learn new skills, relying heavily  on m em orizing w ithout 

understanding.

• Reading com prehension is below  expectation due to poor accuracy, fluency and 

speed.

•  Reading com prehension is better than single-w ord reading.

•  Listening com prehension is better than reading com prehension.

• Has trouble learning facts.

• Has difficulty planning or organizing.

• Uses aw kw ard pencil grip.

• Has slow and poor quality handwriting.

• Has trouble learning to tell the tim e on an analogue clock or watch.

• Has poor fine m otor co-ordination.

Task Force Report (2002)

Thus, dyslexia involves many different difficulties although not all o f them  are 

necessarily evident in each individual. The language characteristics o f dyslexia are 

m ost obvious; these include problem s with reading, w riting and spelling, evidenced by 

visual rotations and reversals, om issions and substitutions, pronunciation and structural 

analysis problem s with subsequent difficulties in com prehension (Critchley, 1970). 

Yet, dyslexia is a disorder o f lifelong persistence o f which reading retardation is only 

one, albeit a principal, m anifestation (Ram us et al., 2003).
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The list below gives an idea of the feats a dyslexic person may have to cope with.

Short working memory' (STM  problem s): This is made evident in tests of working 

memory such as digit-span recall. The dyslexic is significantly less able to repeat a 

string of numbers than is a non-dyslexic and this applies both for digit-span forwards 

and backwards. Similarly, when asked to repeat a sentence word for word, although 

dyslexics may grasp the sense of what has been said, many will have difficulty copying 

it exactly (Doyle, 1996) and the task of repeating polysyllabic words presents equal 

difficulty (Miles, 1974). Dyslexics may spend an inordinate amount of time learning 

material which is subsequently easily lost.

Sequencing clifficiilties: This may result in the inability to remember information in the 

correct order. This applies to such things as the days of the week, the months of the 

year or reciting multiplication tables. Younger children have more problems with such 

tasks although adults will frequently demonstrate similar problems. Some will not even 

know where exactly to start (for example, in the case of the months of the year, they 

may not start with January). This can apply also to the number sequence and 

arithmetic, with confusion over which direction to count or to perform a subtraction. 

This may be related to spatial difficulties in which the individual may have problems 

telling left from right, “b” from “d” , east from west, as well as more general problems 

with times and dates (Doyle, 1996). For older dyslexics this may affect the logical 

sequencing of ideas (Heaton and Winterson, 1996).

Temporal difficulties: hi a child this may result in confusion over the time of day, i.e., 

morning or evening (Snowling, 1987). Sequencing problems may also be evident 

temporally, with children showing difficulties in repeating sounds in the right order. 

This may be demonstrated when asked to repeat polysyllabic words such as 

“contemporaneous” (Heaton and Winterson, 1996).

Gross m otor problem s: It is comm on to see difficulties with postural stability and 

motor coordination in dyslexic children which affects all major activities such as 

hopping, skipping, catching / throwing a ball, learning to ride a bike or swimming. 

These may either be too difficult for the child or be clumsily performed.
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Fine motor problems: These can make small, everyday tasks such as tying a shoe-lace 

and holding a pen problematic.

M ixed cerebral dominance: This means that the individual’s right or left side may 

dominate in terms of handedness, leg dominance, eye and ear dominance, varying from 

one limb or side to the other. In most people one side will dominate for each of these 

tasks but in dyslexics there tends to be ambiguity of laterality. This means that neither 

side will become as fluent and automatic in performing the task as it should and, thus, 

manual dexterity will be less efficient.

Other problems may extend to visual memory, visuo-spatial abilities, attention and 

auditory perception. Although these problems will have ramifications well beyond the 

school-room, it is the school-room where the consequences o f such problems are most 

obvious.

The current study is concerned with methods of screening which do not rely upon 

difficulties in the class-room. We have to look for manifestations of the disorder in the 

younger child, such as those suggested by the Task Force report (2002).

Stanovich’s (1996) criteria for a biologically-based condition suggests that, in addition 

to evidence of distinct performance, there should also be evidence of heritable and 

neuro-anatomical patterns. The research exists in abundance for each, some of which is 

presented here (neuro-anatomical evidence will be discussed at a later stage).

1.2.8 Subtypes

The idea of different subtypes of dyslexia began to emerge in the 1960s (Johnson and 

Myklebust, 1967) and has received theoretical support since then (Boder, 1971; Mattis, 

French and Rapin, 1975; Denckla, 1977; Castles and Coltheart, 1993). The basis of 

subtype justification is that the reading difficulties of dyslexics are not all identical 

(Frith, 1999); some have problems with all words where others may be fine with 

regular non-words but have difficulty with irregular words.

The normal development of reading according to Selikowitz (1993) involves 

three stages; the visual memory (or logographic) stage, the phonological (or alphabetic)
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stage and finally the autom atic (or orthographic) stage which is the level of adult, 

com petent reading. The first two stages are acquired by children and act as the 

preparatory stages for the autom atic stage. The first of these, the visual m em ory stage 

is that in which words are recognised on the basis o f their general shapes and 

characteristics. This works adequately for a lim ited num ber o f sim ple words but is not 

so efficient when reading content expands and becom es more com plex. The 

phonological stage is that in which the rules o f letter and phonem e sounds are used to 

sound out and pronounce words. This application o f rules allows for never-before-seen 

words to be pronounced but because som e phonem es correspond to different 

graphem es, the context may be invoked to guide in pronunciation, hi so doing, a 

lexicon, or m em ory bank o f words, is constructed for fam iliar words. This allows for 

the acquisition o f autom atic reading because now fam iliar words can bypass the tedious 

necessity o f mental translation from letters to sounds, allow ing instead, fast 

identification o f words based upon the visual processing o f letter shape and order (i.e., 

the orthographic processing). Eventually  unfam iliar words m ay also be processed 

autom atically by com paring them  to pre-existing, sim ilar words, and all o f these 

processes are linked to the sem antic system  allow ing for the com prehension o f each 

word. This has resulted in suggestions o f three m ain subtypes o f developm ental 

dyslexia; visual (surface), phonological and deep dyslexia (Doyle, 1996; Ellis, 1993).

However, the existence o f subtypes was not supported by Thom son (1999) in 

his study investigating persistence o f subtype classifiable errors in 11 year-old children 

over a 2 year period. He suggested that subtypes were, in fact, an artefact o f either 

reading-age and / or the different types o f instruction the children received. The most 

recent evidence on subtypes suggests that at a causal level different types o f dyslexia 

are unlikely to exist, but rather the specific sym ptom s a dyslexic shows are the result of 

other factors such as general intelligence, m otivation, encouragem ent, practice and self- 

confidence (Faw cett et al., 1996). Frith (2001) also suggests that clinical variability 

may be a result o f the interactions o f causal factors from  different levels (i.e., biology, 

cognition and behaviour) w ith the deficit. Subtypes are often discussed in relation to 

acquired dyslexia in any case and rarely in relation to the developm ental form  (see 

Ellis, 1993). Fawcett et al. (1996) found that 25 / 29 (i.e., 86% ) o f their dyslexic sam ple 

show ed evidence o f m otor task (i.e., cerebellar) im pairm ent com pared to ju st 5 / 2 6  

(i.e., 19%) o f the control sam ple with no evidence o f different profiles for different 

groups o f children. In addition, m ost children in N icolson and Faw cett’s (1994a) other
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studies dem onstrate difficulties across a range o f tasks, including not ju st m otor tasks, 

but also phonological and inform ation-processing speed tasks. This w ould suggest a 

certain  hom ogeneity  in the cause o f the disorder.

The traditional and m ost effective m ethod of treating dyslexia is the use o f 

phonological teaching. This m ethod is labour intensive, how ever, which has led to 

discoveries o f “cures” over the years (see Silver, 1975 & 1986 for a review  of 

controversial approaches to treating such disorders). Som e of these claim s are well- 

intentioned, attem pting to cite research or doing sm all studies; others are not so 

conscientious. M ost are considered controversial as the evidence to date o f “m iracle” or 

quick “cures” has been largely disappointing as we shall see later. The current study 

explores som e currently popular m iracle cures with a view to deriving objective 

evidence, regardless of the direction it takes, to inform  the practising fields.

1.2.9 Incidence and prevalence

O rton was one o f the first to suggest that dyslexia may affect up to 10% o f the 

population. Prior to this H inshelw ood had put the prevalence at about 1 per 1000 (in 

Hallahan and M ock, 2003).

A study carried on the Isle o f W ight dem onstrated statistical evidence for the 

existence o f a specific  reading disorder (Rutter, 1978). A n unexpected hum p at the 

low er tail o f the norm al distribution o f reading ability suggested that there is som e 

o ther explanation for poor reading than norm al variation. These children had m any 

characteristics in com m on; they were m ore likely than other children to have had 

speech and language problem s as well as problem s discrim inating left from  right; they 

were three tim es m ore likely to have a fam ily history o f such problem s and they were 

com prised largely o f boys, in a ratio o f about 3 to 1 (Selikow itz, 1993). Thus, they 

seem ed to represent a particular sub-group of reading disordered children.

Exact prevalence depends upon where we put the arbitrary point which 

separates norm ality  from  abnorm ality (Ellis, 1985) and for this reason quotes vary from  

country to country. In the UK, estim ates are approxim ately 10% o f children. In their 

Isle o f W ight reading study. Yule et al. (1973) found specific problem s in 

approxim ately 5% of children, although their finding was higher around London, 

m easuring about 10%; sim ilarly Stein (2001) found 9.4%  o f his sam ple to have such 

specific difficulties. A pproxim ately 4%  are usually  found to have a severe problem ,
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with a further 6% dem onstrating m ilder sym ptom s (Cashm an and Lyddy, 2003). 

Badian (1984) reports sim ilar percentages, with the disorder affecting up to 10% of the 

population, though o f these, 3-7% represent severe cases. This is supported by the 

W orld Federation o f N eurology (1968) which also reports figures o f 3-10% . In the US, 

however, estim ates tend to be slightly higher, generally betw een 10 and 17% (deFries, 

Fulker and LaBuda, 1985; Shayw itz, 1998), although estim ates as high as 30% have 

been reported (E isenberg, 1978, in Pennington, 1991). The variety in definitions has 

already been discussed and serves to dem onstrate the difficulty that m ight be involved 

in estim ating true prevalence or incidence. As m entioned, the IQ discrepancy 

surrounding a diagnosis o f dyslexia is controversial, with some invoking it and others 

not. This could account for one reason why estim ates differ not just w orld-w ide but 

w ithin countries as some regard all reading disabilities equally and refer to them as a 

hom ogenous group where-as others believe in clarifying the distinctions between 

backw ards readers and dyslexic readers. M iles (1996) even takes issue with the use of 

the IQ discrepancy, defined by him  as “poor readers in relation to intelligence” (p. 88) 

because it makes no allow ance for “certain specified tasks” (other than reading) at 

which dyslexics are also weak (e.g., responding to tachistoscopically presented digits 

and slow er single word reading than reading-age m atched controls). How then we 

determ ine prevalence and incidence depends entirely on what our definition is, and this 

point should be constantly borne in mind.

There have been no specific Irish studies to determ ine the prevalence of 

dyslexia w ithin the Republic. The 1998 National A ssessm ent o f Reading A chievem ent 

found that approxim ately 10% of Irish 10-11 year olds had serious literacy difficulties. 

This corresponded to 11% of boys and 7% of girls, where “serious literacy difficulties” 

referred to a level o f reading 2 or m ore levels below  current class level (Cosgrove et 

al., 2000). Follow ing this, the 2002 Task Force on dyslexia was appointed to address 

the issue o f dyslexia w ithin the country. This review ed the range o f educational 

provision and support services available to such children, assessed the adequacy o f 

current educational provision and support services and m ade recom m endations for the 

developm ent / adjustm ent o f existing policy approaches, educational provision and 

support services. Based on international studies the Task Force estim ated that betw een 

6.5 -  8.5% of Irish 14 year olds have literacy difficulties that are likely to put them  at 

an educational or social disadvantage. Thus, at this tim e we can only assum e that rates 

of dyslexia in Ireland are sim ilar to those found in international studies.
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1.2.10 Gender differences

G eneral Population: As with m ost neuro-developm ental disorders (e.g., autism , 

A sperger’s Syndrom e, T ourette’s Syndrom e, A ttention D eficit H yperactivity  D isorder, 

dyspraxia) there seem s to be a h igher proportion o f dyslexic m ales than fem ales w ithin 

the general population, with m ales outnum bering the fem ales by approxim ately 4 to 1 

(V ogel, 1990). One of the largest and m ost w ell-know n fam ily reading studies to date, 

the C olorado Fam ily Reading Study (CFRS)^, reported a referred  sam ple o f reading- 

d isabled children with a gender ratio o f 3.3 to 1 for m ales to fem ales respectively 

(dePries, 1991) although a m ore recent study in 2000 by F lannery et al. found that 

reading d isability  was tw ice as com m on in boys as girls. This study was part o f the 

National C ollaborative Perinatal Project (NCPP) and was set up in response to the 

claim s that referral bias accounted for a higher num ber o f boys than girls suffering 

from  dyslexia. However, Katusic et al. (2001) found that boys were 2-3 tim es m ore 

likely than girls to evidence a reading problem  regardless o f  identification m ethods 

used.

W ithin Fam ilies - Siblings: There is no doubt that language disorders, including 

dyslexia, tend to aggregate in fam ilies. The fact that affected children have close fam ily 

m em bers with sim ilar problem s was first noticed and docum ented by M organ in 1896 

(cited in Stein, 2004), follow ed by sim ilar observations by Thom as (1905), Fisher 

(1905), H inshelw ood (1907; 1911), Stephenson (1907; cited in Pennington et al., 1991) 

and O rton (1927; cited in G allagher et al., 2000). From  the C olorado Fam ily Reading 

Study deFries (1989) showed that for dyslexia specifically, the sex ratio in fam ilies is 

m ore balanced. He found a m ale-fem ale ratio o f 1 .5-1.8 to 1, which he claim s is 

characteristic o f fam ily sam ples. An updated report in 1991 by Pennington et al. 

revealed a sim ilar m ale-fem ale ratio o f 1.2-1.7 to 1. Indeed Shayw itz et al. (1990) 

claim  to have found an equal ratio betw een the genders w hen com paring research- 

identified boys to research-identified girls. They claim  that unequal prevalence is the 

result o f  referral bias, occurring when sam ples rely on school-identified children.

^The C olorado  F am ily  Reading  Study (C .F .R .S .)  was  established in 1973 with the multiple  a im s of: 
a sses s in g  fam ilial transm iss ion o f  reading disorders; a ssess in g  reading defic i ts  in c lo se  fam ily  m em bers  
o f  reading disordered children and constructing a test battery to differentiate reading disordered children  
from contro ls  (deFries ,  1991).

23



Within Fam ilies -  Parents: A nother report from the Colorado Fam ily Reading 

Study, conducted by V ogler et al., (1985), looked at the predictive im portance of 

affected parents for the two genders. Here the risk for males is increased by a factor of 

4 - 10% and the risk for fem ales is increased from  8 - 13%. Thus, while the incidence 

o f reading disabilities may be low er for fem ales than males in the general population 

(2.2%  and 7.8% respectively, where the overall incidence is 5% ), the presence o f a 

parental history m ay increase the relative  risk more so for fem ales than for males; the 

gender o f the parent, however, seem s to be irrelevant.

Explanations: There have been several attem pts to explain why we see a lower 

prevalence o f dyslexia in fem ales com pared to m ales, both in the general population as 

well as within affected fam ilies. Pennington (1991) suggests that from  a sociological 

view -point males are more likely to m isbehave as a result o f their problem s than are 

fem ales which brings them  to the attention o f diagnosticians. He also points to the 

biological advantage fem ales tend to have for language skills which may serve to 

reduce the rate and or severity o f dyslexia occurring in fem ales. This ties in with the 

theory o f Feldm an et al. (1995) who suggest that the severity o f dyslexia in males 

com pared to fem ales is possibly the cause of a reported higher prevalence o f dyslexia 

am ong males. There is also som e evidence that genes carried on the X chrom osom e 

may be responsible for this im balance; where girls have two X chrom osom es (one from 

each parent), boys only have one, which comes from  the mother. As Selikow itz (1993) 

explains, should an X chrom osom e have some genetic fault, then a girl can use the 

corresponding gene on her other chrom osom e. Boys, how ever, do not have an 

alternative X chrom osom e and, thus, are left with the faulty genes. Snow ling (2003) 

points out too that the behavioural m anifestations o f dyslexic (reading) disorders can 

vary in severity depending on the language and phonological skills the child has to 

begin with, hi addition to this, protective factors include the tim ing and quality o f the 

teaching such children receive, differences in print exposure as well as their own 

attention abilities. All of these individual differences m ay com pensate for a poor 

phonological pathw ay within dyslexic fam ilies, especially if there is any truth to 

Selikow itz’s argum ent. This would make assessing the continuity w ithin fam ilies 

difficult to properly assess.

In sum m ary it seem s that, for each gender, there exists a substantial increase in 

the risk o f developing dyslexia both when the parents are them selves dyslexic and 

when a sibling is dyslexic, com pared to those children from  unaffected fam ilies.
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1.2.11 Genetic basis of dyslexia

1.2.11.1 Familial Aggregation: Hereditary and Genetic Studies 

Family Studies: In looking specifically at dyslexia, Scarborough’s (1990) prospective 

study in which she followed children from “dyslexia at risk” families, containing 

dyslexic parents, until they were 8 years-old, found that the chance of developing 

reading disabilities was 65%. Lahey and Edwards (1995) were similar with their 

finding of 60%. However, the earliest retrospective study was that conducted by 

Hallgren in 1950 who suggested that the risk of dyslexia occurring in first-degree 

relatives of affected children was approximately 41% (in Pennington, 1991), compared 

to the general population risk of about 10%. Bishop and Edmundson (1986) found that 

46% of their children had a family member with similar difficulties. Although 

Gallagher et al’s (2000) dyslexia study found 57% to be delayed in literacy 

development at age 6 years compared to just 12% in the control group, both Gilger et 

al. (1991) and Pennington (1990) put the familial risk rate for dyslexia at the lower 

percentage of 35- 45% from the Colorado studies. When looking at the predictive 

validity of family history, Scarborough (1990) determined that it accounted for 30-36% 

of the outcome for dyslexia in children.

Twin Studies: The use of classical twin methodology provides a solid way for 

estimating the overall heritability of such disorders. Both monozygotic and dizygotic 

twins share the same environment, thus, if dyslexia were caused by environmental 

factors alone we would expect both types of twins to present similar concordance rates 

of dyslexia. However, monozygotic twins share more than just their environment; they 

share 100% of their genes compared to 50% in dizygotic twins. Therefore, if dyslexia 

were a genetic disorder we would expect a higher concordance rate between 

monozygotic than dizygotic twins.

Hallgren’s 1950 study made use of monozygotic and dizygotic twins to assess 

the probandwise concordance rates for dyslexia. He reported 100% concordance rate 

for the former and 52% for the latter. Selection bias could have resulted in these 

particularly high findings (cited in deFries et al., 1997). Vandeberg (1967), however, 

estimated the concordance rate of dyslexia for monozygotic twins to be 92%, whereas 

for dizygotic twins it was just 49% (cited in Lewis and Thompson). Bishop, North and 

Donlon (1995) found a smaller difference between the concordance rate for the two 

types of twins; monozygotic twins were 70% and dizygotic twins 46% but only for
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males. Female tw ins’ concordance rates were very similar at 44% and 43% respectively 

(cited in Spitz et al., 1997). Between 1982 and 1991 a twin study was initiated in 

Colorado as part of the reading study already underway there. Monozygotic and 

dizygotic twins, at least one of whom had a reading problem, were subject to an intense 

battery of psychometric tests. The results supported the hypothesis that genes play 

some part in the aetiology o f dyslexia, as the concordance rate for monozygotic twins 

was 70% compared to 48% for the dizygotic twins (deFries, 1991). Based on a 

carefully devised multiple regression technique, which took into account the fact that 

scores for dizygotic co-twins should regress more towards the mean of the population 

than should that of monozygotic co-twins, deFries et al. (1987) assessed the heritability 

of reading and spelling, suggesting that about 30% of reading ability is due to heritable 

factors, though Pennington (1991) claims that with additional data these estimates have 

now risen to 50%. This was confirmed in 1989 by Wadsworth et al. who also found 

that half of the reading performance of reading-disordered co-twins was due to
o

heritable factors .

Genetic Studies: Though an important methodological tool for the indication of 

a genetic cause, Gopnik and Crago (1990) point out that a family study cannot prove 

the genetic hypothesis. What is needed for this is direct evidence of a difference in the 

genetic structure that distinguishes the dyslexics from the non-dyslexics. As previously 

acknowledged, because reading, and thus, dyslexia, is not an innate skill, there is no 

genetic code for it per se; it is more the case that abilities underlying the process of 

reading are impaired and thus, location of these genes might contribute to our 

understanding of what is going wrong in dyslexics. The principal methods of gene 

location are summarised by Stein (2004) and listed below:

1. Candidate Studies: Candidate studies involve a lengthy and complex process 

of determining which genes may be responsible for a disorder and examining them 

from affected families to see if they are mutated.

2. Linkage Studies: Linkage studies, like association studies (see below), 

identify chromosomal sites containing single nucleotide polymorphisms (SNPs), to see 

if these occur more often in dyslexics than control readers. If they do it could indicate 

that a nearby gene is, at least partly, responsible for reading. Linkage studies determine

 ̂ When such studies refer to the heritability o f  reading it is acknowledged that the genetic basis 
underlying such abilities /  disabilities is not for reading p e r  se. but for those skills underlying reading.
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whether dyslexic members of families are likely to evidence these SNPs more often 

than would be expected by chance alone. Linkage studies are employed as an initial 

step to identify a genomic region which may be related to a given disorder. This region 

may contain hundreds of potential candidate genes however, so once an area is 

identified, then association analyses are conducted to locate which of these genes is 

mutated (Francks, et al., 2002).

3. Association Studies; Association studies are based on the idea that the same 

genetic mutations are exhibited by unrelated, dyslexic individuals. Few of these studies 

have been conducted with regard to dyslexia research because they depend upon a 

concise idea of a gene’s localisation on a chromosome.

There are several different chromosomes which are thought to play a role in 

dyslexia; Stein (2004) suggests that there are probably 5 to 10 genes acting together to 

cause the disordered sub-skills of reading (i.e., phonological skills, orthographic skills 

and other aspects of auditory, visual, memory and motor processes).

Chromosome 1; Rabin, Wen, Hepburn et al. (1993) found evidence from 9 

three-generational families of genetic abnormalities on chromosome 1 and a 

translocation of chromosomes 1 and 2 was found in a family reported by Froster et al. 

(1993).

Chromosome 2: Three studies have found evidence of a genetic link to 

chromosome 2: one in Norway, one in the US and one in Canada. Fagerheim et al. 

(1999) conducted a study on an extended family in Norway; Petryshen et al. (2000) 

found evidence from 96 Canadian families and Francks et al. (2001) conducted a 

dizygotic twin study in which 119 pairs were involved. All of these studies showed 

positive evidence for anomalies on the short arms 15 and 16 o f chromosome 2 (Fisher 

and Smith, 2001).

Chromosome 6: There is strong evidence that dyslexia is linked to the short arm 

of chromosome 6 (C6). Cardon, Smith et al. (1994) reported evidence for a linkage on 

C6 in the Human Leukocyte Antigen (H.L.A.) region both for normal siblings and 

dizygotic twins, one of whom had reading disabilities. Where these reading disabilities 

were more severe, there was even stronger evidence for this site and many other studies 

have replicated this finding (Grigorenko et al., 1997; 2000; Fisher et al., 1999; Gayan 

et al., 1999). The studies seem to suggest that C6 is related to phonological decoding 

and orthographic coding (Francks et al., 2001), rather than single-word reading (Fisher 

and Smith, 2001). In addition, a specific gene for the magnocellular layer of the brain’s

27



visual processing system , has been found in chrom osom e 6 (Sim pson, 2001). 

D isruption to this layer in dyslexics forms one o f the biggest causal theories for the 

disorder (e.g., Stein and W alsh, 1997) and so anom alies here could provide strong 

support for this theory.

Chrom osom e 15: Smith, K im berling, Pennington and Lubs (1983) reported the 

first credible evidence o f possible linkage on C l 5, again from  9 three-generational 

fam ilies suffering from  dyslexia. However, this region was not replicated in further 

linkage studies (Lubs, Duara, Levin et al., 1991, and Lubs, Cross-G lenn, Duara et al, 

1993), even when the initial fam ily data were included (cited in Rabin, W en, Hepburn, 

Lubs, Feldm an and Duara, 1993). hideed, it was not even replicated by the same 

authors (see Sm ith and Kim berling, 1991, cited in Cardon et al., 1994). It seem s that 

70%  of the highly credible score yielded in this study was in fact due to transm ission in 

only one of the nine fam ilies (deFries, 1991). deFries suggests that approxim ately 20% 

o f fam ilies may have linkage to this chrom osom e, and thus, heritability  o f dyslexia 

m ust be heterogenic (also see Pennington, 1991).

A linkage-analysis study in Denm ark also failed to show any evidence for the 

im portance o f this chrom osom e (Bisgaard et al., 1987), however, som e other studies 

have also m ade use o f extended fam ilies to dem onstrate evidence o f abnorm alities on 

this chrom osom e. Sm ith, Pennington et al. (1991) subsequently did report a replication 

o f their previous results, and this was repeated by Fulker et al (1991) and G rigorenko et 

al. (1997) in the US. How ever, these m arkers were not precisely localised which makes 

subsequent com parisons to these studies som ewhat difficult (Fisher and Sm ith, 2001). 

O ther countries have also found som e evidence o f C15 involvem ent in reading 

disabilities, including G erm any (Schulte-K om e, 1998), the UK (M orris et al., 2000) 

and Finland (N opola-H em m i et al., 2000).

C hrom osom e 18; This area is thought to be involved in single-w ord reading 

(Francks et al., 2002), the data o f which com es from  80 separate fam ilies (Fisher, 

Francks, M arlow et al., 2002) and is the strongest linkage data to date.

The sheer size o f the hum an genom e makes it difficult to conclude precisely 

which chrom osom es, and location on them, are relevant when it com es to genetically 

locating dyslexia, but the com plexity o f this task is increased by the lack o f consistency 

with regard to definition o f the disorder, use o f diagnostics tools as well as different 

sam pling strategies and genetic analysis techniques betw een different studies (Fisher
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and Sm ith, 2001). The research to date gives us very little conclusive results and will 

probably serve sim ply to guide future research in this area.

1.2.11.2 Genetic conclusion

Thus, we have seen that dyslexia is both fam ilial and heritable. Early docum ented case- 

studies, follow ed by studies of fam ilial aggregation and later by tw in studies, indicated 

the probability  o f a genetic basis for dyslexia, w ith approxim ately 35-50%  o f first 

degree relatives being affected. From  the C olorado studies it has been estim ated, using 

the deFries-Fulker regression, that approxim ately 50% of the variance for reading 

disabilities are due to genetic factors. This com pares with an occurrence in 

approxim ately 4%  o f the norm al population which dem onstrates the im portance of 

heritability  factors. R ecent association and linkage studies have m ade headw ay in 

answ ering questions about where and how these genetic anom alies occur. G enetic 

m arkers have been located on several different chrom osom es, including 1 , 6 ,  15 and 

18. Evidence from  G alabuda’s dyslexic brain studies (G alaburda and Kem per, 1979; 

G alaburda et al., 1985) show ed that cell m igration had gone awry and m issed its 

intended location in the cortex, entering instead the m olecular layer and causing mild 

disorganisation of nearby cortical layers (see Ram us, 2004, p. 722). There is evidence 

too o f a genetic susceptibility  in dyslexics (gene D Y S I C I )  which is responsible for 

neural m igration (R am us, 2004, p. 723). G iven that fam ily history is so obviously an 

im portant risk factor, it was deem ed a reasonable assum ption that in appealing to 

fam ilies w ith such a history, particularly  if dyslexia had been officially diagnosed and 

particularly if they had a son o f the appropriate age, that the current study w ould be 

successful in recruiting children who had a genetic predisposition toward developing 

dyslexia. Furtherm ore, in light o f the findings by Stevenson et al. (1987), who found a 

relationship betw een age and disability  m anifestation, our appeal was open to parents 

who suffered from , either or both of, reading and spelling difficulties in school.

1.2.12 Co-morbidity

The issue o f dyslexia and co-m orbidity  suggests that there m ay be an underlying neuro- 

developm ental disorder, the sym ptom s o f which m ay m anifest in different clusters or 

severities from  person to person. In this way we can explain why there are veins o f 

sim ilarities throughout the dyslexic population whilst the specific strengths and

29



w eaknesses o f individuals m ay differ greatly. D epending on the sym ptom s, a person 

could be diagnosed with one or m ore developm ental disorders. Evidence for this comes 

from  the fact that although there is strong linkage for reading problem s with 

chrom osom e 6, this is not peculiar to this disorder. W illcutt et al. (2002) have linked 

this sam e site with AD H D , a condition highly co-m orbid with dyslexia. H alf of those 

diagnosed with either o f these conditions show sym ptom s of the other condition (Stein, 

2004). S im ilar studies have shown that o f those with AD HD , approxim ately half also 

fit the diagnostic criteria for D evelopm ental C o-ordination D isorder (D CD ) (Barkley et 

al., 1990; K adesjo and G illberg, 2001). O thers have reported even higher probabilities; 

Kaplan et al. (1998) claim ed that 69%  of their AD HD sam ple and 63%  of their 

dyslexic sam ple showed evidence o f DCD with Iversen et al. (2005) claim ing that up to 

70%  of dyslexics are at the borderline or clinical range for DCD. M acA rthur et al. 

(2000) show ed that about 50% of both dyslexic children and children w ith specific 

language im pairm ent (SLI) fulfilled the criteria o f the alternative diagnostic category. 

Furtherm ore, chrom osom e 6 is close to an area responsible for dealing with auto

im m une diseases. A bnorm alities here could result in problem s such as hay fever, 

asthm a, allergies and eczem a, all o f which dyslexic fam ilies suffer from  at a rate more 

prevalent than in the general population. C hrom osom e 6, for exam ple, m ay be 

responsible for various sensory, cognitive, behavioural and attentional skills all of 

which are necessary for the sm ooth pursuit o f every-day living (Stein, 2004). W ere a 

m utation to arise here then these skills could be affected in any com bination o f ways, 

resulting in profiles o f any num ber o f neuro-developm ental disorders (dyslexia, 

dyspraxia, AD D, ADHD, specific language im pairm ent, etc). Thus, genetic research, as 

Francks et al. (2002) point out, suggests we should discard the idea o f dyslexia as a 

categorical trait, in favour o f a varying continuum .

This use o f gene localisation provides the rationale for a new conceptualisation of 

dyslexia: one that fits T urner’s (1997) view of a range o f Specific Learning D isorders, 

o f  which dyslexia is one. Thus, discrete dysfunctions can give rise to co-m orbid 

problem s in one child, or explain why a range o f disorders m ay be com m only found in 

particular fam ilies. In addition, it m ay account for why different diagnosable conditions 

show overlapping sym ptom s. This approach represents the view  o f certain 

organisations practising w ithin the field o f learning disabilities today, w hose ideas and 

practices shall be explored in the follow ing pages. It also supports the Sw edish practice
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of autom atic attention, m otor-control and perception screening for all 6 year-olds 

entering the school system , in the attem pt to catch those at potential risk o f neuro- 

developm ental disorders regardless o f the specific sym ptom s they m ay go on to show 

(M cPhillips and Sheehy, 2004).
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2 Chapter 2: Causal Theories

2.1 Theories of dyslexia

Scarborough (1990) neatly captures the inherent difficulties involved when discussing 

the causes o f dyslexia; causes, she says, depend on w hether one takes the traditional 

view o f dyslexia as a reading problem , or as a broader condition o f which reading 

problem s are sim ply the m ost obvious sym ptom . Because dyslexia is now accepted as a 

congenital and neurological disorder, it is rarely view ed as the form er. A w eakness in 

phonem e discrim ination m ight explain reading disorders, but it will not account for the 

other problem s com m only seen in dyslexics. Such are the issues w hich m ust be 

accounted for when developing a theory for dyslexia.

There is a huge num ber o f theories attem pting to account for dyslexia, m ost of 

which purport to be causal theories when in fact they are descriptive m odels. The 

m atter is confused not ju st by disparate theories which are difficult to integrate but by 

those which appear to contradict each other (H eaton and W interson, 1996). Heaton and 

W interson point out that m ultiple causality is not the only problem  with which to 

contend, but that the idea o f separate causes resulting in separate subtypes o f dyslexia 

is even m ore im probable. They suggest a logical structure for the explanation of 

dyslexia and its m yriad o f associated sym ptom s, in which one prim ary cause results 

firstly in cognitive or, even physical, abnorm alities (regularly m istaken as prim ary 

causes them selves), and secondly (and consequently) surface sym ptom s of dyslexia. 

These intervening abnorm alities, to which Heaton and W interson refer as “false 

causes” , include such things as short-term  m em ory problem s, perceptual problem s, 

m aturation delay and eye-m ovem ent problem s. Thus, their m odel resem bles that laid 

out below  (Figure 1).

False Causes
(Cognitive
deficiencies)

Primary Cause
(N eurological
anom aly)

Surface Symptoms
(Behavioural
consequences)

Figure 1: The structure o f “explanatory causes” for dyslexia. (H eaton and W interson, 
1996).

32



The “three level fram ew ork” (Figure 2) suggested by Frith (1999; 2001), acts as a map 

for the causal m odelling o f disorders such as dyslexia. It allows for the com patible, co

existence o f different causal theories, feeding into each other from  the Environm ental, 

B iological, Cognitive and Behavioural levels. In this way, theories need not 

necessarily be m utually exclusive or contradictory.

E
N
V
I
R
O
N
M
E
N
T

Hypothetical
Exolanation

(Biological)

Hypothetical
Explanation

(Cognitive)

Hypothetical
Explanation

(Behavioural)

Figure 2: Frith’s three-level fram ew ork (Frith, 2001, p. 557).

Frith (2001) claim s that disorders, such as dyslexia, should be defined not just at the 

behavioural level but at all three levels for a coherent explanatory theory. Tangible and 

m eaningful observations, such as genetic anom alies and reading / spelling problem s, 

m ay go at the biological and behavioural levels, with theories at the cognitive level. 

Environm ental factors m ay act on all three levels. For exam ple, environm ental factors 

are not lim ited to the cognitive level where teaching, cultural attitudes or socio

econom ic factors influence graphem e-phonem e know ledge, but m ay also influence the 

biological level where our neuro-anatom y, determ ined by cell m igration during early 

fetal developm ent, can be affected by horm ones, drugs, stress, or infection. To endorse 

biological explanations, therefore, is not to exclude environm ental determ inants.

Here, three m ain causal theories for dyslexia will be introduced, which have biological, 

cognitive and behavioural elem ents; the phonological deficit hypothesis (i.e., a 

cognitive / behavioural level hypothetical explanation); the m agnocellular deficit 

hypothesis, and the tem poral processing deficit hypothesis (biological /  cognitive level 

hypothetical explanation). The final hypothesis, the cerebellar deficit hypothesis 

(biological level), is presented in a later chapter.
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2.2 Phonological Processing Deficit Hypothesis

Despite differing views o f dyslexia and its causes, the existence o f a phonological 

difficulty is rarely disputed (Ram us et al., 2003b). Phonological processing involves 

the analysis o f spoken words into speech sounds and the ability to link these to 

graphem ic sym bols. M ost studies find that phonological skills are im paired in dyslexics 

(e.g., Ram us et al., 2003). A ccording to the originators and firm  supporters o f the 

phonological core deficit hypothesis (e.g., Snow ling, 1987; Stanovich, 1988), the 

deficit is a reduced sensitivity to the phonological structure o f language (Hagtvet, 

1997), thereby affecting the ability to m anipulate the sounds o f spoken words both 

consciously and unconsciously (Castles and Coltheart, 2003), with the eventual result 

being graphem e-phonem e correspondence difficulties.

There is an abundance o f evidence in the literature to support the idea o f a 

phonological deficit in dyslexics.

Cross-sectional studies have long dem onstrated the correlational relationship 

betw een phonological aw areness and reading problem s in dyslexics. Bruck (1990) 

replicated previous studies (e.g., Bryant and Bradley, 1978; Snow ling, 1971) when she 

found that dyslexic children failed to show age appropriate levels o f phonem e 

aw areness; she also found that this persisted into adulthood despite im provem ents in 

word recognition, and attributed it to problem s in the use of orthographic inform ation. 

Sim ilarly, Pratt and Brady (1988) dem onstrated significant differences betw een 

dyslex ics’ and non-dyslexics’ ability to m anipulate phonem es, using both children and 

adult groups. This was independent o f IQ and was not due to developm ental delay or 

inadequate teaching. M ore recent studies show sim ilar results (e.g., Catts et al., 2002 in 

tests o f phonem e deletion).

Neurological studies have provided contradictory evidence o f neuro-anatom ical 

a/sym m etry differences betw een dyslexics and non-dyslexics when engaged in 

phonological tasks (see Habib, 2000) and m ust be cautiously interpreted. For exam ple, 

G alaburda et al. (1985) show ed evidence o f Planum  Tem porale (PT) sym m etry in their 

dyslexic sam ple; sim ilarly, using M agnetic Resonance Im aging (M RI), Larsen et al. 

(1990) dem onstrated that, o f their dyslexic sam ple, all those w ith phonological deficits 

show ed sym m etry in the Plana Tem porale com pared to ju st 30%  o f controls. How ever, 

reviews o f the literature (e.g., Eckert and Leonard, 2000) have generally concluded that 

PT sym m etry is probably not indicative o f dyslexia specifically; if it does discrim inate
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betw een norm al and abnorm al language behaviours, these are more likely to represent 

oral language deficits rather than w ritten language deficits (Plante et al., 1991). 

Leonard et al. (1993) and Green et al. (1999) suggest that there m ay be anomalous 

asym m etries extending beyond the PT. For exam ple, w ithin the left hem isphere, the PT 

plus the Planum  Parietale (PP), referred to as the PT+ (or Caudal Infrasylvian Surface -  

cIS), has been show n to have leftw ard asym m etry in m ore than half the dyslexic 

sample. In addition to which, dyslexics and non-dyslexics have been show n to have 

proportional differences o f the PP w ithin the PT+ (Eckert and Leonard, 2000) and 

different surface areas o f the PT+ (G reen et al., 1999). In addition to the lack of 

consistency with regards to what constitutes the planum  and the m easurem ents used, is 

the concern that apparent differences betw een dyslexics and controls m ay be an artefact 

o f averaging across brains with different left /  right asym m etries (Beaton, 2002).

Longitudinal and intervention studies are prim arily responsible for suggesting a 

causal link betw een phonological deficits and dyslexia. M any studies have 

dem onstrated early phonological deficits to be good predictors o f those who develop 

reading problem s (Passenger et al., 2000; Hagtvet, 1997; Scarborough, 1990; Bradley 

and Bryant, 1983). Scarborough’s young participants from  dyslexic fam ilies produced 

m ore phonological errors in spontaneous speech at 30 m onths (as evidenced in 

pronunciation accuracy) and low phonem ic aw areness at age 5 years than did children 

from  norm al fam ilies. O f those in the risk fam ilies, identified by her as having pre

literacy problem s, 65%  went on to develop reading problem s (com pared to just 5% in 

the norm al fam ilies). H agtvet’s study show ed phonem ic aw areness to be the single 

strongest predictor o f reading at age 8-9 years and Bradley and Bryant (1983) showed 

sound categorisation (i.e., rhym e and alliteration) to be a powerful predictor.

Follow ing work by the likes o f Kuhl (2004) who helped m ap the tim eline of 

language developm ent in infants, studies using even younger children have been 

possible. “At risk” children from  dyslexic fam ilies (i.e., 6 m onths old) have been 

show n to take significantly longer than control infants in speech perception o f long 

sounds, w ith the form er taking significantly  longer to categorise such sounds than the 

latter (R ichardson et al., 2003). Tem poral differences at this preverbal stage, were also 

found by Paavo et al. (2002), who found that such children differed from  controls both 

in initial and change-detection responses, when m easured using event-related brain 

responses to consonant duration changes o f pseudow ords (using both norm al and rare 

duration changes).
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Intervention studies have claim ed to test the causal link through assessing the 

efficacy o f phonological training program m es on reading skills over the years. The best 

o f these, according to M acM illan’s (2002) thorough review  of the literature, were those 

by Santa and Hoien (1999), G reaney et al. (1997), G reaney and Tunm er (1996) and 

Lundberg et al. (1988). The first two o f these focused explicitly on children with, or at 

risk of, reading disability; the form er concentrating on phonological skills involving 

word sort techniques^ and the latter on system atic strategy training in the use o f rime 

spelling units. Each reported statistically significant achievem ent gains com pared to 

control or alternative m ethods. A more recent study with dyslexia “at-risk” children, 

conducted by Elbro and Petersen (2004), also claim ed that their phonem e awareness 

program m e yielded significantly better w ord-reading results than did the control 

conditions.

Even within the literature supporting the idea o f a core phonological deficit, 

how ever, there exist disparate theories as to the core phonological im pairm ent 

underlying this graphem e-phonem e correspondence difficulty. The deficit m ay be due 

to a problem  decom posing spoken words (i.e., an even m ore specific meta- 

phonological problem ) or, alternatively, it may be due to a deficit in speech 

representation or the ability to create and m anipulate speech. The range o f im pairm ents 

has included problem s with phonem e, onset, rim e and syllable aw areness (Bruck, 

1992), as well as receptive vocabulary, object nam ing, syntax com prehension, syntax 

production, phonological production, syntactic awareness, syllabic aw areness, rhyme 

aw areness and phonem ic aw areness (in Scarborough, 1990). O thers (V ellutino, 1979; 

Catts et al., 1999) claim  that there is a m ore general linguistic deficiency.

H agtvet (1997, 2003), however, is cautious o f the search for “unique” 

predictors o f reading skill, and stresses the im portance o f interrelationships betw een 

different language skills (e.g., syntactic and sem antic variables as well as phonological 

ones), thereby supporting the idea o f a m ore general language problem . H agtvet’s own 

study reflected findings o f Bradely and Bryant (1983) and Scarborough (1990), which 

dem onstrated that although phonological difficulties were indeed pow erful predictors 

o f reading developm ent at the group level, they were less so at the individual level, 

requiring a com posite o f linguistic variables for m ore reliable prediction. Hagtvet

W ord Sort: A phonics approach to learning in which children categorise words on the basis o f  shared 
phonological, spelling and meaning com ponents (Joseph. 2002).
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suggests the approach taken by Tunm er et al. (1984) which considered the broader role 

o f cognitive-linguistic deficiencies and their relationship to reading abilities. In 

Scarborough’s study, for exam ple, different patterns o f difficulties were found at 

different ages. In addition to phonological errors there was evidence o f poorly 

developed syntax (30 m onths), im paired receptive and expressive vocabulary (42 

m onths) and poor active vocabulary (5 years). Furtherm ore, Lewis et al. also concluded 

in their longitudinal study, that children with phonological and other language 

problem s perform ed m ore poorly later on in various m easures o f reading, than did 

those ju st with phonological difficulties. In short, there was evidence o f language 

problem s outside o f phonology. In addition to this, M acM illan’s (2002) review  

concludes that none o f the claim s linking early rhym e to reading em ploy a sufficiently 

strong m ethodology to support their claim s. A sim ilar review  by Castles and Coltheart 

(2003) also failed to find strong support for a causal relationship betw een phonological 

aw areness and reading. A recent review  by V ellutino et al. (2004), how ever, despite 

acknow ledging that more general language deficits such as visual, sem antic and 

syntactic deficits m ay be linked to reading disorders in som e children, m aintained that 

the evidence for phonological coding deficits was still the strongest available with 

regards to a causal theory o f dyslexia. Yet other studies have determ ined that, at the 

very least, there is a reciprocal relationship betw een phonological aw areness and 

reading ability, such that acquisition o f the form er increases exposure to, aw areness of 

and perform ance on, the latter (e.g., Perfetti et al., 1987; W agner et al, 1994), although 

this has been refuted by Bruck (1990) who found no evidence o f im provem ent in 

adults. In addition, the phonological theory o f dyslexia does nothing to explain the 

other deficits and characteristics o f dyslexia (i.e., sensory and m otor deficits) and 

indeed it has been suggested that the theory is a tautology rather than an explanation of 

the problem  (Ram us, 2003). It is quite possible, that a third factor, such as general 

learning param eter, as suggested by Byrne et al. (2000) can influence the developm ent 

o f both reading and phonological awareness. Such conclusions can only support the 

need for a m ore global and m ethodologically rigorous assessm ent o f skills.

2.3 Visual Deficits and the M agnocellular Deficit Hypothesis

D espite the support received by the phonological deficit theory, there are those who 

believe in a m ore fundam ental deficit. The blurring and m oving o f letters and words 

seem s to be a com m on com plaint o f the dyslexic, and, as such, has stim ulated much
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exploration of visual aetiology. The idea that dyslexia was caused by a perceptual 

deficit was dominant in the first half of the last century (e.g., Hinshelwood, 1917; 

Orton, 1937, in Dockrell and McShane, 1993). More recently theories o f  visual 

processing deficits (e.g., Lovegrove et al., 1980) have elaborated upon this idea. 

Lovegrove found differences between dyslexics and non-dyslexics on tasks o f  visual 

acuity, with dyslexics showing reduced contrast sensitivity at low spatial frequencies 

and luminance. It was not until later, however, that the M agnocellular Deficit 

Hypothesis (Stein and Walsh, 1997) attempted to explain why this might be.

The magnocellular stream, (M-stream) is one of the two functionally separate 

visual pathways running from the retina o f  the eye, through the lateral geniculate 

nucleus (LGN), the striate occipital cortex, the superior colliculus, the parietal cortex 

(involved in visual attention) and culminating in the cerebellum (involved in eye and 

limb movements). The striate cortex (i.e., the primary visual cortex) also projects to the 

association cortex of areas 18 and 19, which are connected to parts of the brain 

responsible for memory, pattern recognition, language and symbols. The M-stream 

consists of large cells and responds primarily to form (gross blobs and shapes), 

movement (flickering), depth, and small brightness differences. It processes visual 

information which is fast and transient, with high contrast sensitivity and low spatial 

selectivity (Livingstone et al., 1991). The parvocellular stream (P-stream), on the other 

hand, feeds into the temporal cortex and is responsible for the perception of finer detail, 

colour and high contrast but the cells are smaller than those of the M-stream and 

conduct information more slowly. Thus, the streams provide a regional functional 

neuro-anatomical organisation for the earlier visual processing theories (Eden et al., 

1996). Visual processing consists of fixations (sustained activity) and rapid movements 

(transient activity); sustained activity is controlled by the parvocellular system and 

inhibited by the magnocellular system, whereas transient activity is controlled by the 

magnocellular system and inhibited by the parvocellular system.

The fine time balance between each of two fixations, referred to as “m eta

contrast” by Breitmeyer (1989), consists of sustained and transient actions of the visual 

system (belonging to the parvo- and magno-cellular systems respectively). An 

appropriate delay allows the faster transient channel to suppress (inhibit) the sustained 

channel’s prior fixation so that a new image may be processed -  a term com m only 

referred to as “saccadic suppression” . If the two fixations occur too close or too far 

from each other then either the subsequent fixation is of no use as an informative signal
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(i.e., prim e) from  the transient to the sustained system  or the sustained system  retains 

the retinal inform ation o f the prior fixation (noise), creating confusion for the 

subsequent sustained system  (Breitm eyer, 1989; Lovegrove, 1990). Thus, an impaired 

transient channel would interfere w ith saccadic suppression resulting in an unstable 

visual w orld (Breitm eyer, 1989). This would be particularly troublesom e in a high 

saccadic activity such as reading. “D yslexia” could be explained as the fusing o f 

rapidly successive stim uli into one single presentation (Livingstone et al, 1985) and this 

could exacerbate the poor reading skills o f those who m ay already have a difficulty 

with coding individual words (Borsting et al, 1996). Such is one explanation for the 

m agnocellular deficit theory o f dyslexia. A lternatively, Stein (2001) m aintains that 

utrocular control is im paired in dyslexics. This m eans the m otion signals o f dyslexics’ 

eyes are not sent back to the eye m uscles properly, and as such, it is difficult to 

m aintain binocular fixation upon targets. This results in an apparent m ovem ent o f the 

stim uli which is a particular problem  for reading when the eyes are converged at 30cm.

Breitm eyer (1989) suggested long ago that deficits at the early level o f the 

visual pathw ays probably reflected deficits at higher levels o f the cortical M -stream . 

Areas responsible for language and speech, which are im portant in reading, lie near the 

recipient end o f this stream  (i.e., the M edial Tem poral (M T) area). Stein and W alsh 

(1997) and Livingstone et al. (1995) also suggest that the parietal cortex m ay m agnify 

the m agnocellular distortions o f the LGN, thereby relating the differences observed in 

laboratory conditions to the field o f interest (i.e., reading). The experim ental research 

suggests a correlational link betw een at least som e dyslexic groups and visuo-m otor 

problem s. Fischer et al. (1993), Biscaldi et al. (1994), Eden et al. (1994) and Biscaldi et 

al. (1998) have all investigated eye m ovem ents as a basis for discrim inating betw een 

dyslexics and controls. The m ain differentiating variable across these studies seem s to 

suggest that dyslexics have m ore problem s with saccadic control, evidenced by 

significantly more regressive saccades, slow er Saccadic Reaction Tim es (SRTs), the 

num ber o f late saccades, poor sm ooth-pursuit etc. M ore specifically, psychophysical 

studies have investigated contrast sensitivity  to link these differences in poor readers to 

the m agnocellular system . Lovegrove et al. (1980; 1982) and M artin and Lovegrove 

(1984; 1987) found reduced sensitivity to low -spatial-frequency stim uli in poor readers 

and Borsting et al. (1996) claim ed that those “dysphoneidetic” dyslexics who 

evidenced problem s in word analysis and synthesis skills (i.e., graphem e-phonem e 

problem s) could be distinguished on the basis o f their poor sensitivity to low-spatial-
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frequencies. Finally, although Sperling et al. (2003) supported the findings of Borsting 

et al. (1996) in that a sub-group of dyslexics showed evidence o f  magnocellular 

deficits, they correlated this to orthographic ability and not phonological ability. 

However, their defence o f  an M-system deficit is clear, particularly because they 

eliminated the potential confounding effects of the P-system by isolating the deficient 

tasks to the M - s y s t e m B e c a u s e  the M-stream is responsible for motion sensitivity and 

consequently stable binocular fixation, this may allow for the development of adequate 

orthographic skills (Stein, 2001) and is a theory consistent with the findings of Sperling 

et al. (2003) who linked M-processing with orthographic skill.

Independent of this research, Livingstone et al. (1991) found neuro-anatomical 

differences between the dyslexic and controls’ brains, with magnocells in dyslexics 

measuring 20% smaller than in controls. In addition, their electrophysiological 

evidence showed dyslexics to have reduced Visually Evoked Potentials (VEPs) in 

response to low contrast visual information, compared to controls. Examining the same 

brains, Galaburda et al. (1994) reported fewer large and more small cells in the left side 

of dyslexic than non-dyslexic brains which could support the idea of a transient system 

deficiency. They conjectured that, in turn, auditory system impairment on the left side 

could interfere with sufficient phonological acquisition for smooth literacy skills. In 

addition. Finch et al. (2002) found evidence of increased purkinje cell areas in both the 

anterior and medial posterior cerebxellar cortex, and in the inferior olive of Galaburda 

et al.’s (1985; 1994) dyslexic sample who had more large neurons and fewer small 

neurons compared to controls. They point out that this could be suggestive of a 

deficiency in the input to the cerebellum (which does after all constitute the end site of 

the magnocellular pathway).

However, the evidence is equivocal. Livingstone’s VEP study was not 

replicated in a subsequent study by Victor et al. (1991). The early findings of Eden et 

al. (1994) showed that although these visual abnormalities did indeed discriminate

T hey  did this by m odify ing  a psychophysical paradigm  based on that des igned  by Rogers- 
R am achan d ran  and R am achandran  (1998) which st imulates both the m agno- and  parvo-cellu lar systems 
separately. This study used 2 sets o f  adjacent fields, com posed  o f  black and white dots, on  which a shape 
(e.g., heart) was perceptible. By reversing the polarity  in counter-phase  (i.e., fl ickering and  alternating the 
colours)  at high speeds they could  m easure  the m agnoce llu lar sys tem w hen using b lack and  white colours 
for the shapes, and measure the parvocellu lar system when using read and green colours.  In this way. 
Sperling  et al. (2003) could d ifferentiate individual and group perfo rm ance  on  one system from 
perform ance on the o ther system, thereby, pinpointing  a difference specifically  to the m agno- ,  and not the 
parvo-, cellu lar  system. O ther  studies did not always do this.
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between dyslexics and non-dyslexics, they did not discriminate between dyslexics and 

other poor-readers. Also, as Biscaldi et al. (2000) point out, there are other explanations 

for the existence of abnormal eye-movements than the magnocellular deficit hypothesis 

(e.g., an impairment in the superior colliculus or a problem with the neural substrates 

that control spatial attention). Even more boldly, Skottun (1997; 1999; 2001; 2005) 

claims that within the visual system there is currently no evidence to support the theory 

that it is the magnocellular system which is primarily responsible for the dyslexic’s 

visual processing problems (this, he claims, is only a speculative assumption at 

present). Studies thus far have been correlational only, and in fact, if anything, it is 

more likely to be a suppression of the parvocellular system than the magnocellular 

system which is the principal deficiency in dyslexics’ visual processing. Cornelissen et 

al. (1995) also suggest that dyslexics’ reduced sensitivity to luminance contrast could 

just as equally be due to abnormal P pathway input as to M pathway input. Their 

research has demonstrated no (or little) reduction in high-spatial-frequency (i.e., 

parvocellular) information during saccades, which would have been expected given its 

supposed suppression, but rather, a reduction in sensitivity to both low-spatial- 

frequency information (e.g.. Bun' et al., 1994) and non-colour stimuli (Volkman et al, 

1986), implicating a suppression of the magnocellular system rather than the 

parvocellular system in normal visual processing, thereby undermining the very basis 

of the magnocellular deficit theory. Backing this up, Gross-Glenn et al. (1995) could 

find no evidence of low-spatial-frequency differences between the groups of dyslexics 

and controls. Amitay et al. (2002) tested dyslexics on dissociated M- and P-stream 

tasks to discover whether those with magnocellular deficits were specifically impaired 

in this system. Although previous studies had found evidence for magnocellular 

deficient sub-groups of dyslexia (e.g., Borsting et al., 1996) Amitay et al. found no 

such evidence for any such sub-group, showing that those who performed badly on 

magnocellular tests performed badly on all perceptual tasks.

Furthermore, Stein and Walsh (1997) also point out that although the M-stream 

does not have an anatomically distinct auditory pathway, there is an auditory subsystem 

which analyses acoustic transients in much the same way that the visual information is 

processed. Because phonemic discrimination depends upon rapid auditory transitions, 

this may also contribute to linguistic (i.e., phonological) problems (Livingstone et al., 

1991). In addition, the cerebellum, responsible for motor co-ordination, receives 

information from the magnocellular system. Far from being just a theory of visual
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processing dysfunction, therefore, Stein and W alsh (1997) seem  to be m erging the 

m agnocellular hypothesis into a general tim ing hypothesis (Stein and W alsh, 1997). 

This is wise given that the literature generally criticises the theory on the basis that it is 

overly focused on the visual aspect o f a m ore global sensory im pairm ent in the ability 

to process brief and rapidly em itted stim uli (e.g., Am itay et al., 2002). Cornelissen et 

al. (1995), for exam ple, suggests that dyslexics’ poor ability to detect coherent m otion 

could reflect deficiencies in the parietal visual pathw ay (e.g., M T or M ST). This moves 

the focus o f a visual deficit away from  the m agnocellular system  and suggests that a 

m ore general theory o f tem poral deficit m ay do better in explaining the disorder; one 

which attributes phonological difficulties to a problem  o f hearing sounds and allows for 

the independent existence o f a visually based reading deficit. It m ay also do better as a 

unifying theory o f dyslexia, given its ability to account for phonological, visual, 

auditory and m otor deficits o f the disorder.

M iles (1994) suggested the need to develop a taxonom y with regard to dyslexia, that 

allow ed for the classification o f the disparate sym ptom s based on a causal theory. In a 

sim ilar vein, Fawcett and Nicolson (2001) point to the typical m ovem ent of scientific 

explanation from  descriptive (as above) to explanatory theory. The follow ing theories 

(the tem poral processing theory o f dyslexia and the cerebellar deficit hypothesis 

(CD H )) are two such causal theories (although discussion o f the CD H is presented in a 

later chapter).

2.4 The Temporal Processing Deficit Hypothesis

The Tem poral Processing theory and the M agnocellular theory have very sim ilar 

prem ises, the m ain difference being that the latter restricts its deficit to the M -stream , 

w hereas the form er can be applied to all neural system s which engage in rapid tem poral 

processing. The notion o f a tem poral processing deficit was first proposed by Zurif and 

C arson (1970) when investigating cross-m odal and intra-m odal skills o f dyslexic 

versus control children. Tallal and Piercy (1974) extended this, suggesting a general, 

rapid frequency changing deficit in language-im paired children. The poor readers of 

their aphasic participants had significantly m ore problem s than did control children in 

processing fast inform ation (i.e.. Tem poral O rder Judgem ent tasks [TOJ]) where 

interstim ulus intervals were short (i.e., 20-40m s). This poor perception of rapidly 

follow ing signals is just one way this deficit can m anifest (M ody et al., 1997). Such
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children can also have difficulty perceiving brief signals and if the two are combined, 

as is the case in consonant formant transitions followed by a vowel (e.g., /da/); they are, 

as Mody et al. put it, “doubly disadvantaged” . With regard to reading-disabled children 

specifically, Tallal (1980) suggested that their poor phonics skills could be specifically 

due to a problem affecting the rate at which they can process information, rather than 

just a temporal order deficit and certainly rather than a specific verbal deficit. These 

auditory perceptual deficits relate to the difficulty in learning the sounds-symbol 

relationships essential for adequate phonics skills. This is ultimately responsible for 

problems in learning to read because such children lack the acoustic cues necessary to 

discriminate the temporal order of brief (i.e., milliseconds) linguistic events (W itton et 

al., 1998; Temple et al., 2000). Kujala et al. (2000) also found that dyslexics had 

particular difficulty discriminating temporal non-linguistic sound features surrounded 

by other sounds, as is the case with phonemes in words.

As would be expected, studies are not limited to the auditory domain; language- 

impaired children are also more likely to show deficiencies in other sensory domains 

compared to controls. Zurif and Carson’s (1970) early study showed dyslexics 

performing significantly worse than controls in auditory, visual and cross-modal 

domains. The tactile system is also reputedly mildly deficient in dyslexics (e.g.. 

Stoodley et al., 2000; Grant et al., 1999). In addition to finding differences between 

dyslexic and control samples, within group studies have also found processing deficits 

of rapidly transient stimuli across modalities (e.g.. Van Ingelghem et al., 2001). Witton 

et al. (1998), for example, showed that low frequency FM sensitivity not only 

correlated highly with dynamic visual-motion sensitivity, but that together they also 

both predicted significant amounts of the variance in phonological skill (i.e., non-word 

reading), for both dyslexic and non-dyslexic samples. Laasonen et al. (2001) found 

congruous results in their tests of uni-modal and cross-modal temporal processing 

acuity and temporal order judgement tasks, when they compared dyslexics to controls. 

This applied throughout the lifespan and was also related to phonological processing.

Thus, the temporal processing deficit hypothesis not only explains problems 

with reading but also problems with spelling, because the accurate encoding o f sound 

guides not just reading, but letter position which is also guided by efficient visual 

temporal processing (Witton et al., 1998). This led to the conclusion that the brain is 

wired, not for language specifically, but for the processing of temporally fast 

information.
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Using the antibody (CA T-301) M cG uire et al. (1989) stained and traced a 

d istinctively sim ilar population o f neurones which included the m agnocells of the LGN 

but also parts o f the m otor cortex, pre-m otor cortex and supplem entary m otor cortex of 

the frontal lobe as well as throughout m ost o f the parietal cortex. The com m on feature 

o f these neurones is their heavy m yelination which allows for the rapid conduction of 

axon potentials, and as such, the accurate coding and transm ission o f rapidly changing, 

dynam ic stim uli (Tallal, 2000). These areas are all interconnected and are responsible 

for som atic and ocular m ovem ents, som atosensory function and visual m otion 

(M cG uire et al., 1989). It has been suggested that because both dyslexia and auto

antibody production have been traced back to the same chrom osom e (i.e., chrom osom e 

6; Cardon et al., 1994), that a form  o f auto-im m une disorder, which m ight attack the 

m yelin o f rapid processing cells, could explain why such cells appear sm aller in 

dyslexic sam ples and also why allergies (e.g.. asthm a) are a com m on co-m orbid 

problem  with dyslexia (for a review  o f this see Stein, 2001). It is know n that myelin 

form ation develops over tim e, with different functional system s developing together 

(Flechsig, 1927). Thus, an auto-im m une attack on m yelin may not necessarily affect all 

m yelinated cells but could be restricted to som e functional area. This is often seen in 

M ultiple Sclerosis (M S), one o f the m ost com m on forms of autoim m une attack on the 

m yelin sheath, where the m otor or visual cortex is usually affected.

Further support for the theory com es from  studies looking at training exercises 

designed to im prove tem poral processing in language-im paired children. One classic 

study by M erzenich et al. (1996) used com puter gam e-based training exercises, which 

involved perceptual identification o f sound sequences, and phonetic recognition of 

target position where sound frequency changes were slow ed and am plitude changes 

increased. They found significant im provem ents for all children betw een pre- and post

training perform ance on the Tallal repetition test (a test o f tem poral processing ability) 

with a large reduction in both interstim ulus interval and tone duration, both o f which 

show ed dyslexics to be approaching norm al levels o f perform ance. Looking at reading- 

im paired children specifically, Kujala et al. (2001) also m ade use o f audio-visual 

program m es in the attem pt to im prove dyslex ics’ processing skills. A controlled trial 

revealed significant im provem ents in the experim ental group on behavioural m easures 

including, not ju st faster response-tim es to non-verbal sounds, but also on reading 

skills, and this was correlated with functional neural changes also. In this case, the 

acoustic training program m e did not m ake use o f any linguistic stim uli, providing

44



further evidence o f the im portant role o f non-speech representations in language 

processing (K ujala et al., 2001).

Recent experim ental and fM RI studies (e.g., De M artino et al, 2001; Tem ple et 

al, 2000; Belin et al, 1998) show support for the tem poral processing theory. De 

M artino et al. (2001) dem onstrated that (verbal) stim ulus order and brevity 

differentiated betw een dyslexics and non-dyslexics (though brevity m ay have been 

confounded by syllabic com plexity) and these were correlated with phonological skill. 

No differentiating effect o f inter-stim ulus duration was found. H ow ever, a further 

study, using rapid non-verbal acoustic stim uli, designed to m im ic the structure o f 

speech syllables, has also investigated, and found, differences betw een such groups 

(i.e.. Tem ple et al., 2000) and has functionally linked the stim ulus processing to the left 

prefrontal cortex (i.e., Brodm ann areas 46/10/9 along the m iddle and superior frontal 

gyri). Consequently  it is suggested that this area m ay be involved in reading skills. 

A ctivation o f this area im proved in dyslexics once they w ere given training in rapid 

auditory discrim ination although w hether this was correlated with a change in reading 

skills directly does not seem to have been explored. This prefrontal area was also 

im plem ented in rapid (but not slow er) acoustic processing by Belin et al. (1998) and 

although Tem ple et al. did not show activation in the auditory regions o f the tem poral 

cortex, Belin et al. did find bilateral tem poral activation o f the auditory cortex w hich, in 

addition to stim ulating part of the prefrontal cortex, was asym m etrically  larger in the 

left hem isphere when stim uli were rapid. The two areas have also been linked in 

neuro-anatom ical studies o f the rhesus m onkey. For exam ple, Rom anski et al. (1999) 

found that different stream s o f auditory inform ation targeted different areas o f the 

prefrontal cortex and suggested that these represented distinct functions; furtherm ore 

they suggested that tem poral- and frequency- related inform ation represented earlier, 

m ore crude inform ation, reaching the prefrontal cortex before the arrival of more 

com plex inform ation from  higher associative auditory areas, much as the parvo- and 

m agno-cellular system s in the visual cortex are responsible for distinct inform ation and 

are thought to arrive at shared destinations at different tim es. Kujala et a l.’s (2000) 

study also suggested that the inform ation processing deficiency in dyslexics occurred at 

the level o f pre-attentive analysis o f the acoustic features. Thus, there seem s to be 

d issociation betw een verbal and tem poral processing, with tem poral processing 

occurring at an earlier or pre-linguistic stage o f speech (Belin et al., 1988).
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Much of the criticism of the temporal processing theory concerns how 

accurately the underlying impairment has in fact been identified. Studdert-Kennedy et 

al. (1994; in Miles and Miles, 1999) make two points relating to this. Firstly, Tallal and 

others, when testing, either with verbal or non-verbal acoustic tones to represent 

phonemes, have presumed that these phonemes are distinct units, without any 

consideration of “co-articulation” (i.e., that process whereby the initial consonant 

anticipates the vowel even when the consonant is being produced (Fitch et al., 1997) 

such that they blend into each other rather than being distinct). Secondly, it has been 

suggested that it is not temporal order but rapid discrimination of similar stimuli which 

is difficult for such children This was a confounding variable in many of the studies 

which made use of consonant-vowel syllables such as fh a J  and /da/ to test children’s 

discriminating skills. Only when the syllables were phonetically similar did the 

children have difficulty with reporting order. Thus, Mody et al. (1997) suggest that the 

deficits found in such children are neither general nor temporal, but speech-specific.

Despite finding support for Tallal’s rapid temporal order processing deficiency, 

Reed (1989) questions Tallal and Piercy’s (1974) study which found deficiencies of 

language-impaired children in verbal and non-verbal, same-different judgement tasks 

where temporal order was not even a factor. She suggests that a more basic perceptual 

deficit could explain not just rapid temporal deficiencies, but also the other deficiencies 

evidenced by her reading-disabled group (e.g., word identification, sharpness of 

phonological category boundaries). Similarly, Mody et al. elaborate on Tallal’s (1980) 

own declaration that her sample’s deficiencies may not be due to auditory temporal 

perception, but to a deficit at a more basic perceptual level. Both Mody et al. and 

Bishop et al. (1999) suggest that the deficit lies in the correct identification of rapid 

tones, rather than the identification of their order. Nittrouer (1999) was unable to find 

any deficits in her reading-disabled sample which could be linked to rapid processing 

or even any difficulty with the consonant formant transitions reputed to be so difficult 

for this group.

Furthermore, as Reed goes on to point out, the current deficit is not universally 

found in reading-disabled children, a fact commented upon in many other similar 

studies (e.g., Laasonen et al., 2001). Because not every dyslexic reader is impaired on 

tasks of temporal acuity this cannot be a sufficient causal explanation for the disorder. 

Bishop et al. (1999) concluded from their study of language-impaired children that 

whilst auditory temporal deficits may explain part of the problem in some children (i.e.,
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those already at genetic risk o f developing it), they were neither necessary nor 

sufficient to cause the problem , hi addition, Conlon et al. (2004) found that although 

their m easures o f tem poral processing did distinguish betw een good and poor readers, 

the latter group were not necessarily dyslexic, instead having poor literacy skills 

generally.

Thus, the tem poral processing deficit hypothesis in itself m ay not provide the 

com prehensive explanation that it som etim es purports to.

The need for a m ore general theory, which could integrate all o f these ideas into one 

unified hypothesis is desirable. A m ajor attem pt to do this is the cerebellar deficit 

hypothesis. However, before presenting it, it is necessary to outline som e further 

theoretical issues which m ay be relevant.
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3 Chapter 3: Terms, concepts and normal development

Chapter 4 reviews some o f the background and current research w hich suggests a hnk 

betw een m otor abnorm alities and im paired cognitive functioning, including dyslexia. 

Chapter 5 reviews the em ergent causal theory of dyslexia, which involves the 

cerebellum . Before looking at either o f these, however, it is necessary to introduce 

some o f the term s and concepts which appear in the m otor developm ent literature as 

this will m axim ise understanding in the follow ing chapters. A n introduction to the 

im portance o f the cerebellum  is given in term s o f the role sensory integration plays on 

m otor developm ent and co-ordination.

3.1 Normal motor development

M otor developm ent can be divided up into three broad stages. The first consists of a 

repertoire o f innate m ovem ents or “prim itive reflexes” . The second consists of a 

slightly m ore m ature set o f reflexes known as “postural reactions” . Finally, there is the 

acquisition o f voluntary and controlled m ovem ent. This skilled m ovem ent, according 

to Laszlow  & Bairstow  (1985), allows the child to explore his environm ent, to interact 

with it and becom e physically and socially com petent.

On the basis o f this developm ent, Gesell (1988) proposed 3 m ajor principles of 

m otor developm ent:

(1) The principle of developm ental direction, which suggested that 

developm ent was proxim o-distal in that it proceeded from  the m id-line o f the 

body out, and it was cephalo-caudal, in that in proceeded from  the head down.

(2) The principle o f functional asym m etry, which suggested that 

although developm ent was largely sym m etric, there w ere som e exceptions to 

this, such as the A sym m etric Tonic Neck Reflex (A TN R) which prom oted hand 

and eye dom inance necessary for a richer degree o f interaction w ith the world.

(3) The principle o f individuating m aturation, which suggested that 

there is a specific, natural order to developm ent and external influences, such as 

the environm ent, are unlikely to affect that.

3.1.1 Primitive reflexes

Prim itive reflexes are innate, stereotyped and autom atic (and hence involuntary) 

behavioural responses to sensory stim uli which em erge during fetal and preterm  life
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(Allen, 1996; Capute et al., 1978). They are im m ediate in their elicitation, being 

executed w ithout cortical involvem ent (G oddard, 1996) and provide the m otor co

ordination necessary for survival m echanism s which assist the child in nourishing and 

protecting itself. They are brain-stem  m ediated (Zafeiriou, 2004) and as the infant 

grows older, neurological m aturation (in the form  of cortical inhibition) allows these 

reflexes to becom e integrated into voluntary m ovem ents. Thus, although being “hard

w ired” they can adjust to a changing environm ent (Leonard, 1998) with the child 

adapting them  gradually to m ore com plex functions (Fiorentino, 1972).

Each reflex is usually elicited by a particular stim ulus which causes certain 

patterns o f extension and flexion (Folio & Fewell, 2000). How ever, elicitation in this 

form  should not be apparent beyond 6-12 m onths o f life and, if present, usually 

indicates som e kind o f central nervous system  (CNS) im m aturity (G oddard, 1996). 

This im m aturity m ay result in later developm ental dysfunctions because it delays both 

general developm ent and m otor developm ent. Persistent reflexes can lead to deform ity 

or m ay becom e a self-perpetuating m ovem ent ritual (Holt, 1991). As such those 

presenting with them  should be carefully  m onitored.

Prim itive reflexes can be classified according to w hether they are “phasic” , in 

which case they allow for m uscle and jo in t m obility, or “tonic” , in w hich case they 

allow  for stability by affecting the distribution o f m uscle tone (M cC orm ack & Perrin, 

1997); tonic reflexes will last as long as the stim ulus lasts (Holt, 1991). A lthough there 

are approxim ately 44 com m only-know n reflexes (and Illingw orth (1987) reports up to 

70), only som e o f these are explored here. The better know n reflexes include those 

listed in Table 2 (a description o f the response and its adaptive purpose is given below; 

details on specific elicitation used in the current study are given in the “M ethods” 

section).
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IN

UTERO

BIRTH

Months 10 28 30

Moro

Palmar

Plantar

ATNR

Sp.

galant

Rooting

TLR"

Landau

STNR^

able 2: Profile of early reflexes; their emergence and disappearance (from Goddard, 
1996, p.3).

Usual presence of reflex 
—  Possible presence of reflex.

The Moro: The Moro is the first reflex to emerge in uterine life, seen at 

approximately 2 months after conception. It is a protective, phasic reaction usually in 

response to a sudden stimulus (i.e., noise, light) and representing an early form of 

“flight or fight” (Goddard, 1996). The abduction (extension) of limbs outwards, 

accompanied by a deep breath in, is followed by adduction (flexion) of the hands 

towards the midline and exhalation of the breath (Allen, 1996; McCormack & Perrin, 

1997). It may be artificially elicited in the new-born by holding the child upright and 

allowing the head to fall backwards slightly. This should be inhibited between 2 and 4 

months after birth.

* T he literature varies in term s o f  w hether the T on ic  L abyrinth ine R eflex  (T L R ) and the S ym m etric  T on ic  
N eck  R e flex  (S T N R ) count as p rim itive  or postural reflex es. T he aim  o f  this w ork is to rep licate  prev iou s  
work and ex p lore  the c la im s o f  com m ercia l cen tres, not to reso lv e  this argum ent.
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The Palmar: Another protective, but tonic, reaction - the palmar reflex is a form 

of grasping reflex. It acts as both a protective mechanism (i.e., against falling) and a 

nourishing one (massaging the mother’s breast during feeding). Stimulated by pressure 

to the palm of the hand, flexor tone causes the fingers to clench together (McCormack 

& Perrin, 1997). The refined manipulative abilities of the thumb and forefingers may 

only develop properly once this has been inhibited around 2-3 months after birth.

The Plantar. Similar to the palmar reflex, this reflex is seen when pressure is 

applied to the sole of the foot. The toes curl inwards, also perhaps in the attempt to 

secure safety by clinging to the mother. This reflex should be inhibited between 9 and 

12 months after birth.

The ATNR: The “Asymmetric Tonic Neck Reflex” is stimulated by turning the 

head of the infant to one direction. This will cause the limbs on that side to which the 

head is turned, to extend, with flexion of the opposing limbs (Allen, 1996). Beginning 

in utero, it stimulates the balance mechanism, something which is reinforced during the 

birth process as the infant twists its way down the birth canal. It allows the infant to 

support its own weight against gravity at a non-volitional stage and may contribute to 

the free flow of air / milk for breathing and feeding purposes. It may be responsible for 

future laterality development, allowing as it does, for limb dissociation and lateral 

weight shift (McCormack & Perrin, 1997). Around 1 . 5 - 2  months after birth, and 

triggered by the ATNR, infants start to focus on their hand; this continues until they are 

4-4.5 months when the fascinations wanes as the reflex becomes inhibited (White et al., 

1964), but it is important for establishing short distance visual fixation.

The Spinal Galanf. This phasic reflex is present at birth and is elicited by tactile 

stimulation to one side of the back, causing the hip (and leg) to lift in that direction. It 

may help in movement down the birth canal (Goddard, 1996).

Rooting: In support of access to nourishment, the rooting reflex is present at 

birth and is stimulated by tactile contact with the cheek / mouth, which causes both 

orientation of the mouth towards the source of stimulation and a sucking motion of the 

mouth. It is inhibited about the fourth month after birth.

TLR: The “Tonic Labyrinthine Reflex” is elicited by movement of the head 

forwards or backwards. Changes in position are detected by the vestibular system of 

the inner ear. Movement of the head will stimulate the vestibular system, triggering 

defensive (i.e., protective) responses to protect from the results of falling. This means 

that when the head goes forwards, it causes all of the limbs to contract, where-as
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movement of the head backwards causes them to extend, as the child’s weight is pulled 

in these relative directions. In the older child who is tested in the standing position, this 

will be apparent by a step out of place or loss of balance when the head goes back and a 

bending of the knees when the head goes forwards. The forwards motion continues 

until the fourth month after birth and the backwards up until the third year of life.

Landau: These final two reflexes are not “true” primitive reflexes because they 

are not present at birth; they are what Goddard (1996) refers to as “bridge” reflexes 

because they do not last throughout the life-time. The Landau can be elicited by 

suspending the infant prone in the air in which case the limbs will extend; retention of 

this reflex will affect the infant’s balance. It is inhibited by three years of age. Both the 

Landau and the STNR play a part in suppressing the TLR, and will remain persistent 

themselves if this is not inhibited properly.

STNR: The “Symmetrical Tonic Neck Reflex”, like the ATNR, is stimulated by 

movement of the head in the quadruped position. However, rather than left and right, 

the head’s being extended or flexed causes the body to dissociate into two halves, top 

from bottom. When the head is extended (above the level of the spine), the arms 

straighten and the legs contract, where-as when the head is flexed (below the level of 

the spine) the legs straighten and the arms contract. It helps the infant raise up into a 

creeping, quadruped position, though it cannot yet move from this position. This reflex 

only emerges after birth, at about 6-9 months. It is inhibited soon after that, between 9- 

11 months and is adaptive in that it allows exploration of the ground and whatever may 

be above the head (Kohen-Raz, 1996).

3.1.2 Postural Reactions

Postural reactions are involved in the maintenance of balance and are necessary for 

later voluntary movement such as standing and walking. They consist of righting 

reflexes, in the quadruped position, and equilibrium reflexes, in the bipedal position 

(Goddard, 1996). They are not generally seen as “true reflexes” given that they usually 

act as a whole and have input from many sensory systems (joints, tendons, muscles, 

skin, eyes and labyrinths) (Zafeiriou, 2004). They emerge between 3-12 months after 

birth, just as the primitive reflexes are becoming less dominant, and are present for life. 

Their function is in helping the infant adjust its new bodily movements (such as sitting- 

up and crawling) to gravity, space and motion (Morrison, 1985, p.3). The child is then 

equipped to develop more and more complex postural skills. The sensory systems
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which allow  for the developm ent o f voluntary postural control are the vestibular, 

proprioceptive and visual system s. These shall be explained more fully presently.

3.1.3 Voluntary Movement

A lthough there are a m ultitude o f infant behaviours which appear betw een birth (where 

m ovem ent has hitherto  been described in term s o f reflexes) and perfect, adult control of 

m otor skills, only those relevant to the current study are presented. As such, those 

m otor skills, m astered by children betw een the ages o f 3 and 7, shall be described. The 

kinds o f m ovem ents evidenced tend to fall into one o f tw o categories; static or dynam ic 

tasks. Static balance is defined as the ability to m aintain a stationary position, for a 

specified period o f tim e - the centre o f gravity m aintains the base o f support (Thomas 

et al., 1988, p. 81-82). D ynam ic balance is defined as the ability to m aintain a balanced 

position, while m oving through space -  the centre o f gravity is shifting constantly to 

rem ain inside the base o f support (Knight & Rizzuto, 1993, p. 1296).

Each stage o f m otor developm ent is built upon previous patterns o f m ovem ent, 

which are then elaborated to m ake m ore com plex m ovem ents (Fiorentino, 1972). 

G abbard (2000) divides m otor developm ent into a continuum  of skills where different 

phases o f ability relate to different chronological stages. “Reflexive” and “rudim entary 

m ovem ents” belong to the “prenatal” and “ infancy stages” , which last approxim ately 2 

years. Follow ing this is the fundam ental m ovem ent stage, appropriate for those 

betw een the ages o f 2 and 6 years (i.e., the “early childhood” stage). This is then 

follow ed by “sport skill” , “growth & refinem ent” , “peak perform ance” and 

“regression” , which correspond to the stages o f later childhood (i.e., 6-12 years), 

adolescence (i.e., 12-18 years), adulthood (18-30 years) and older adulthood (70-1- 

years). It is on the “early childhood” stage that this study focuses. Table 3 gives a brief 

overview  of the developm ent o f m otor tasks in children.
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T A S K A G E

5 -6

m onths

6-7

m onths

10-1 1

months

1-4

years

4-5

years

5 -6

Years

R oll in g  (front-  

back) ✓

R oll in g  (back-  

front) ✓

Sitting

✓

C raw ling

✓

W alk ing

✓

R unning

✓

l - l e g  balance

✓

Jumps

forward ✓

W a lks  o n  a 

beam ✓

Skipping

✓

H opp in g

V

Spring ju m p

V

Stands on left  

& right leg ✓

Table 3: The acquisition o f “early age” m otor skil s (Holle, 1976; Gabbard, 2000).

F iorentino (1963) believed in a sim ilar progression o f m otor developm ent, with each 

stage controlled by a different level o f the brain (Figure 3). The reflexive, apedal, stage, 

for exam ple, she believed to be controlled by the spinal cord and brain-stem ; the 

quadrupedal righting reactions by the m id-brain (e.g., craw ling and sitting) and the 

bipedal equilibrium  reactions by the cortical levels o f the brain (e.g., standing and 

w alking) (Fiorentino, 1963, p .5). These translate roughly to the 3 stages o f prim itive
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reflexes, postural reactions and perfected, voluntary movement. It is the first and the 

latter of these which are of interest in the current study. Although this is now a 

somewhat outdated idea of motor development and motor control, it is representative of 

the hierarchical theories popular at the time (see the ideas of Doman and Delacato in 

section 4.3 and 4.4). A more inclusive theory suggesting a systems model is now 

proposed (see Woollacott and Shumway-Cook, 1990, p.800 for a summary). This 

focuses less on passive reactions and more on active movements, and compares the 

body to a mechanical system subject to gravitational forces in which the nervous 

system is part of complex system and motor programs may give different movements 

depending on the body’s position.

Cortical level I-----

Midbrain level Cl 

Brain Stem level I 

Spinal level |

Figure 3: Fiorentino’s hierarchical theory of motor development. This suggested that 
increasingly complex movements corresponded to increasingly sophisticated levels of 
the brain.

3.2 Retained reflexes

“Retained reflexes” , also known as “primitive” or “dominant” reflexes, have been 

interpreted by some authors as contributing to motor abnormalities either because they 

prevent the development of higher order reflexes or because higher order reflexes fail 

to inhibit lower ones. Thus, early reflex theory suggested that if primitive reflexes were 

not integrated into functional behaviours they would disrupt later motor development. 

As such, this led to the belief that prolonged, or re-emerged primitive reflexes, after a 

certain age, were both abnormal and pathological (Miyahara & Reynders, 2003). 

According to Goddard (1996) they are likely to affect the subsequent normal 

development of the child, not just in terms of motor skill but in terms of other skills 

that are based upon, or derive from, adequate motor functioning (i.e., perceptual and 

cognitive skills). The view of those such as deQuiros & Schrager (1978), and Ayres
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(1979), have suggested that “postural autonom y” (i.e., the freedom  from  the pull of 

gravity) allows for the developm ent o f external and internal schem es o f spatial 

reference, thereby perm itting exploration and aw areness o f obstacles. Berthenthal & 

Cam pos (1990) also believed that craw ling was the starting point for a developing 

world o f spatial cognition and em otional developm ent, as it afforded exposure and 

attention to perceptual inform ation (in Thelan, 2000).

The retained reflexes which are o f particular interest in the present study (i.e., 

A TN R, STN R, TLR and M oro) are am ongst those Fiorentino (1972) lists as the most 

likely to contribute to a delay in m otor developm ent. A retained TLR, for exam ple, will 

prevent an infant from  lifting its head off the ground and its arm s from  underneath it 

and as such will not allow for the developm ent o f balance against gravity or facilitate 

craw ling. The child then does not develop stability or a secure reference point in space 

from  which to develop judgem ents o f space and distance. Left from  right, up from 

dow n and backw ards from  forwards may be difficult to distinguish from  one another. 

The retained TLR also prevents normal developm ent o f other reflexes (i.e., the oculo 

and labyrinthine head-righting reflexes, w ithout which visual and vestibular 

inform ation cannot be properly integrated and convergence / re-establishm ent of 

binocular vision will be im paired (G oddard-B lythe, 1995). Retained STNR and ATNR 

will interfere with rolling, craw ling and walking skills because the child loses stability 

on the flexed side. A retained M oro will cause the child to lose balance easily (for 

exam ple, when they get a surprise or fright).

O f principal interest to educational theory and practice is the possible 

interference o f retained reflexes w ith literacy acquisition. G oddard (1996) has 

attem pted to explain the kinds o f sym ptom s that result from  retained reflexes which 

m ay affect school skills; for exam ple, persistence o f the M oro reflex makes for a child 

who is hypersensitive to stim uli. This constant presence o f “fight or flight” reactions 

m eans he may react either by w ithdraw ing from  unsettling situations or by being overly 

aggressive in them , hi term s o f learning, he reflects the sensory dysfunctional child, as 

described by Ayres (1979), in that he is receiving too m uch sensory stim uli and cannot 

respond to it appropriately. N eurologically speaking, he is not inhibiting unnecessary 

stim uli or subsequent reactions (m any of the disorders explained by different 

approaches m ay in fact be describing the sam e thing but using different term inology). 

This will affect his ability to concentrate properly. G oddard describes other long-term  

effects this m ay have, including vestibular problem s such as m otion sickness, visual-
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m otor / visual-perceptual problem s and photosensitivity. She also explains how  the 

“fight or flight” adrenaline response, elicited by the M oro when faced w ith a bright 

light, for exam ple, causes the pupils to dilate, which over tim e causes a conditioned 

response to any brightness (such as fluorescent lights) (G oddard-B lythe, 1995). These 

problem s m ay cause the child to have difficulty follow ing letters and words on a page 

and adjusting to black print on a sharply contrasting white back-ground (and as such, 

reading and writing). O ther problem s m ay include possible auditory confusion leading 

to poor auditory discrim ination (this shall be explored further in chapter 5). Poor co

ordination as a result o f  vestibular problem s m akes the child fearful of, and poor at, 

sport. This child m ay be often anxious as a result o f so m any stim uli, which has its own 

secondary, psychological consequences.

If the palm ar reflex persists, fine-m otor co-ordination w ith the hands m ay be 

im paired and an inability to m ake the “pincer grip” will hinder the acquisition of 

writing and m ake subsequent neat writing very difficult. This m ay explain why many 

dyslexic children show such illegible hand-w riting. The plantar grasp, which causes 

curling inwards o f the toes, will interfere with upright stability and w alking if retained. 

This m ay affect the acquisition o f postural stability and subsequent exploration o f one’s 

environm ent as hypothesised by deQ uiros & Schrager (1978). A retained A TNR will 

affect the norm al cross-lateral developm ent o f creeping, craw ling and walking, m aking 

the child appear clum sy (these are the children who find it difficult learning to ride a 

bike or catch a ball). Because o f the unilateral nature o f this reflex, the child cannot 

bring both hands together to m eet at, or cross, the m idline o f the body. He can only 

bring an object close to his face by turning the head in the opposite direction, and thus, 

cannot exam ine the object properly which m ay affect the developm ent o f hand-eye 

coordination as well as pre-academ ic and play skills (Holt, 1991; M cCorm ack & 

Perrin, 1997). U nable to pass an object in front o f his face from  one hand to the other 

(bilateral m ovem ent) also m eans visual tracking across the m idline is untrained or 

im paired. All o f these m ay affect the ch ild ’s reading ability, w riting ability and 

attention span (G oddard, 1996). The im portance o f the A TN R for developing hand-eye 

coordination was first suggested by  Gesell in 1954 (Crutchfield & Barnes, 1993) and 

supported by Bobath (1980) because it is present during the tim e that visual fixation 

upon nearby objects is developing (Holt, 1991). Furtherm ore, a retained A TN R m eans 

that when writing the ch ild ’s arm  will naturally extend away from  the copy-book and 

so m uscle tension is required to hold a pencil and write; this results in m uscular fatigue,
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som ething com m only reported by dyslexics (M cPhillips & Sheehy, 2004). Sim ilar 

im paired developm ent is seen with a retained spinal gallant reflex, and the two are 

frequently found together (M cC orm ack & Perrin, 1997). The STN R, if persisting, will 

prevent the child from  creeping, usually causing him to m ove by shuffling around on 

his bottom  (Portw ood, 2003, claim ed that 80% o f dyslexic infants “bottom -shuffled” 

instead o f craw led). A lthough the STNR initially trains short distance vision, this is 

suppressed while long distance vision is developing. How ever, em ergence o f the STNR 

helps to re-establish short-distance vision when focusing on the hands for creeping. In 

this way, the infant is learning to re-adjust its binocular vision. School-related problem s 

will include an inability to shift focus from  the black-board to the page when copying 

tasks (m aking the child very slow), as well as the inability to sit com fortably in a chair. 

The child will sit with legs stretched out so that the arm  can bend to write (i.e., 

“slum ped” in the chair), or whose legs are bent double beneath him  whilst the arms are 

stretched out writing. G iven the close link betw een the labyrinthine system , the 

vestibular nuclei and the eyes, a retained TLR may result in poor sensory integration 

and thus poor visual-perception and, consequentially, a tendency towards m otion 

sickness. Craw ling difficulties mean proprioceptive feedback is also lim ited and a 

sense o f depth and self in space may be affected. Goddard claim s that this will lead to 

spatial and tem poral problem s as well as poor sequencing skills. The lack o f antigravity 

extensor control can lead to a forwards or backw ards shift o f  weight m aking the child 

appear uncoordinated and clumsy.

O ther retained reflexes may also play their part in sym ptom s seen in the 

dyslexic child. For exam ple, proper control over sw allow ing, respiratory and sucking 

m otions allow the child to begin babbling and talking. If retained, articulatory and 

m otor skill difficulties could result in speech and language problem s (a com m on 

predictor o f dyslexia in young children (Hagtvet, 1997).

3.3 Maintenance of balance and posture: The importance of the vestibular, 

proprioceptive and visual systems

The m aintenance o f posture is achieved through three m ajor neuro-physiological 

balance m echanism s; the vestibular system , the proprioceptive system  and the visual 

system . The vestibular system  relies on the sem i-circular canals and the otoliths o f the 

inner ear; the proprioceptive system  relies on sensations received from  receptors in the
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jo in ts, tendons, m uscles and skin and the visual system  relies on the retina o f the eye 

and the visual-m otor system.

These system s integrate to perform  their ultim ate functions and do not generally 

operate in isolation (H ow e and O ldham , 1981). For exam ple, the vestibular-ocular 

reflex is an exam ple o f an interaction betw een the visual and vestibular system s. O cular 

nystagm us in one o f these reflexes and refers to the involuntary rhythm ic eye- 

m ovem ent that occurs when a person spins round then suddenly stops -  it is the 

lingering adjustm ent o f the eyes to tracking the w orld as it revolves around them.

A defect affecting these system s is likely to produce balance problem s for the 

child. D ysfunctions could lie w ithin one sensory process or w ithin the integrative 

process (M orrison, 1985, p. 90).

3.3.1 The vestibular system

WImt it is

The vestibular system  is one o f the prim ary peripheral sensory system s contributing to 

balance (Reber, 1985). It is the first o f  our sense system s to develop, being operational 

at 16 weeks after conception and the only sensory system  to be fully m yelinised at birth 

(G oddard, 1996). The system  provides inform ation about the head position and linear 

acceleration in space (U m phred et al., 1985) with the m ain responsibilities of:

•  Enabling the body to respond to this inform ation through dynam ic and static 

balance.

• Eye-tracking through m aintenance o f the fovea on the object o f visual fixation.

O ther functions to which the vestibular system  contributes (according to Goddard, 

1996 & Savundra, 1997) include:

•  The activity o f the autonom ic nervous system.

• The level o f arousal and mood.

• M otor planning.

How it works
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The labyrinth sensory receptors, com posed o f both the sem i-circular canals and 

otoliths, respond to m echanical responses to any acceleration o f the head. The sem i

circular canals are responsible for detecting m otion, chiefly, changes in direction, 

including pitch (which refers to neck flexion and extension about a vertical axis), yaw 

(which refers to right /  left head rotation about a vertical axis), and finally roll (which 

refers to right /  left neck side bending about a horizontal axis). The otoliths are 

responsible for detecting gravity and changes in speed on both the horizontal and 

vertical planes such as riding in a car or an elevator (A llison & Fuller, 1985).

The vestibular pathway

There are two main vestibular pathways. One is the vestibular-visual-m otor pathway 

which controls eye-m ovem ents and the other the vestibulo-spinal tract which controls 

equilibrium . They start with the labyrinth sensory receptors which stim ulate the 

vestibular nerve (8 ‘̂  cranial nerve). This inform ation is then sent to the cerebellum , 

where it is integrated with inform ation com ing from  the visual and som atosensory 

system s. In response, the cerebellum  then accom m odates for the appropriate reflexes 

(e.g., equilibrium  reactions), after which the inform ation continues to the central 

sensory tract and on to the cerebral cortex (A llison & Fuller, 1985).

Its relevance to balance

The vestibular system  is im portant for balance because it is sensitive to the position of 

the head in space, acting like an internal com pass and thereby allow ing a distinction to 

be m ade betw een up / dow n and right / left (G oddard-B lythe, 2000). Therefore, if the 

head deviates from  the upright position, the vestibular system  will detect this and make 

preparations to correct it through the application o f anti-gravitational m uscles in the 

way o f autom atic head and neck righting and equilibrium  reactions. It can also 

distinguish environm ental m otion from  one’s ow n m otion and so creates a stable and 

clear visual gaze when the head is in motion.

Vestibular Dysfunction

Not only m ay loss o f balance and a problem  with gaze fixation be the sym ptom s of 

peripheral or central vestibular lesions but an abnorm ality o f visual perception may
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also result (Savundra, 1997). Further problem s include m otion sickness, visual-m otor 

dysfunction, becom ing easily disoriented, having poor directional aw areness, space 

perception and organisational skills. Children also tend to fear sw ings and heights 

(G oddard, 1996). Sym ptom s reported by sufferers include faintness, giddiness, 

sensations o f sw im m ing or floating, unexpected falls and anxiety / d ifficulty  thinking in 

certain environm ents (Savundra, 1997).

3.3.2 The proprioceptive system

What it is

Put sim ply the proprioceptive system  enables the aw areness o f static position and 

m ovem ent o f the body and limbs. A ccording to Savundra (1997) it has the m ajor role 

in balance and like the vestibular system , the effectiveness o f the proprioceptive system  

depends upon the ability o f the brain to integrate inform ation from  all the other sensory 

system s including feedback from  m uscles, skin, jo in ts, vision, the tactile sense and the 

vestibular system . Com plete loss o f proprioceptive input from  the lower limbs results 

in a loss o f postural stability which highlights the im portance o f the role o f this system  

for balance com pared to the other system s (H ow e and O ldham , 1981).

Its relevance to balance

The proprioceptive system  is responsible for sensing body position and ultim ately 

providing the afferent support needed for the m uscle contraction that allows for skeletal 

m ovem ent (Ayres, 1972).

It provides inform ation about the position o f the body in space, either at rest or 

in m otion, and allow s us to perform  tasks such as turning on a light sw itch in the 

m iddle o f the night (E llem an, 2002). Its input com es from  the skin as well as pressure 

and jo in t receptors o f the foot and other parts o f the body such as jo in ts, tendons and 

m uscles. Hence it allows us to m ake the appropriate postural adjustm ents w ithout 

necessitating conscious aw areness (G oddard-B lythe, 2000).

K inesthesia refers only to the sensations involved in active m uscle m ovem ent 

and is the conscious aw areness o f  jo in t position and m ovem ent. It is thought that the
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sense o f kinesthesia com es from  the stim ulation o f the jo in t receptors rather than from 

other proprioceptive receptors (Ayres, 1972).

Proprioceptive dysfunction

If children suffer from  im paired proprioceptive feedback they will not be very aware of 

their bod ies’ m ovem ents and as a result will seek out activities that provide extra 

stim ulus impact in order to process inform ation about their body positions in space. 

Such activities include things like grasping objects very tightly, jum ping  vigorously for 

long periods or crashing into things (Brody, 2002).

G oddard-B lyth (2000) claim s that those children who dem onstrate poor 

proprioceptive skills are those who also suffer from  learning difficulties.

Sym ptom s of poor proprioception include:

•  Poor posture.

•  Constant fidgeting or moving.

•  Excessive desire to be held.

3.3.3 The visual system

The visual system  is responsible for providing inform ation about the environm ent and 

m ovem ent taking place around us. The visual-m otor system  passes on inform ation 

about eye position and velocity o f the head which then affects head position which 

ultim ately affects body position (Howe and Oldham , 1981). In addition, the eyes are 

connected to the other organs o f balance and send inform ation to the sam e balance 

control centres in the brain. The brain is then able to com pare the inform ation from  the 

visual system  to that w hich it has already received from  the vestibular and 

proprioceptive system s. In this way, vision can act as an “objective” source of 

inform ation when the body shifts orientation and position, and can verify the accuracy 

(or not) o f a m ovem ent (W illiam s, 1983, p. 265).

The types o f  visual information

The types o f visual inform ation necessary for guiding locom otor activities are three 

fold according to Bruce et al. (1996). Firstly, exteroceptive inform ation is that which 

guides action in response to the layout o f the surfaces in the environm ent and the
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positions o f objects or events w ithin it. Proprioceptive inform ation is that w hich allows 

m ovem ent o f body parts in relation to each-other to allow  for co-ordinated action, and 

finally, extroprioceptive inform ation is that which allows m ovem ent o f body parts in 

relation to the environm ent.

The visual pathways

In the m am m al there are two principal pathw ays for visual sight to the brain; the 

prim ary or “geniculocortical” pathw ay and the secondary or “ retinotectal” pathway.

Both begin with the retina, which is extrem ely im portant in its ability to 

distinguish betw een different types o f  m ovem ent, determ ining w hether it is that an 

object has m oved or that the eye has m oved relative to the head or w hether the eye and 

head are m oving together (H ow e & O ldham , 1981). Once light energy reaches the 

retina it is transform ed into neuronal-electrical im pulses and then sent to one o f the two 

photo-sensory receptors: the rods or the cones from  where it is sent dow n the optic 

nerve. The optic nerve fibres account for a huge 38% of all sensory and m otor fibres 

entering and leaving the CNS (U m phred et al, 1985). The fibres from  the nasal half of 

each retina cross at the optic chiasm  in the hypothalam us but those com ing from  the 

tem poral region of the retina pass through without crossing. The pathw ay is then 

referred to as the “optic tract.” At this point som e o f the axons term inate in the pretectal 

area of the m id-brain, involved in reflex responses o f the pupil. O thers term inate in the 

superior colliculus o f the m id-brain which is responsible for the control o f the m uscles 

o f the eye. The pathw ay from  the retina to this latter area is know n as the retinotectal 

pathw ay, the secondary pathw ay for vision in the brain. This pathw ay carries enough 

inform ation to enable some localisation and identification o f objects, even in those with 

dam age to the visual cortex w ho report com plete blindness. Therefore, it could be 

responsible for guiding som e actions in an unconscious w ay (Bruce et al., 1996).

However, in what is referred to as the prim ary or geniculocortical pathw ay the 

m ajority o f the retinal ganglian axons run to and term inate in the lateral geniculate 

nucleus (LGN) o f the thalam us. This then continues as the geniculocalcarine tract 

where it once again separates onto the top and bottom  o f the calcarine fissure o f the 

occipital lobes. Prim ary or non-conscious sight, allow ing an individual to see, occurs 

once the tract reaches the occipital lobes. However, visual perception and hence 

conscious sight is not possible until the cortical lobes have also been activated, when
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m eaning can be attributed to the images. The axons also run to the striate cortex in the 

prim ary visual cortex, however, it is not until axons from  the visual association areas 

contribute their input that recognition and understanding o f im ages can begin. Axons 

from  the occipital cortex control m ovem ents o f eyes w hen we are unconsciously 

fixating a gaze on a stationary or m oving object. The parietal lobes allow  for the 

recognition o f identified objects and their positions in space and also o f visually  guided 

m ovem ent. Finally, the tem poral lobes are responsible for storing visual m em ories.

W ithin the occipital lobe, areas 18 and 19 are responsible for the production of 

reflexive visual pursuit where as voluntary m ovem ents are controlled by the frontal 

lobes o f the cortex. Blinking and other protective reflexes are controlled by the 

vestibular system  and the brainstem  level. The cerebellum  is also involved in visual 

pursuit and eye-blink conditioning (see W oodruff-Pak et al., 1996 and M iall et al., 

2001). M ovem ent is m uch m ore than ju st reflex action, a point m ade by Stejskal (1979; 

cited in Um phred et al, 1985) who explains how the turn o f the eye tow ard an object 

leads to a natural tendency o f the head to turn, which itself causes the neck to turn. 

O nce this has occuned  the whole upper extrem ities are in a better position to perform  

com plex m otor tasks.

Thus, as Bruce et al. (1997) and Kiernan (1987) sum m arise, the eventual result 

of the com plex process through which the retina transform s fluctuating patterns of light 

into som ething m eaningful is sim ply to ensure that this visual inform ation is 

unconsciously used to appropriately control our actions (i.e., the m aintenance o f steady 

postures and m ovem ents).

Its relevance to balance

The im portance o f the visual system  can be dem onstrated by requesting som eone to 

stand on one leg with eyes open then closed. The loss o f balance or sway w hich results 

is due to the difficulty o f having to balance without visual feedback. The inform ation 

com ing from  the environm ent allows for precise tim ing and control o f m ovem ent by 

offering a m eans w hereby one can “ line up” one’s body relative to external verticals 

and horizontals (Howe & O ldham , 1981, Bruce et al., 1996).

W illiam s (1983) claim s that the inform ation provided by the visual system  in 

the control o f balance m ay be more im portant than the inform ation provided by the
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vestibular or proprioceptive system s. Indeed, Bergm ann, Bertora, C laussen and Kotz- 

C laussen (2002) have show n through the developm ent o f an electronic platform  

designed to test balance (or what they term  “dynam ic posturography”), that 40%  of the 

equilibriom etric distribution belongs to the visual system , w hereas the vestibular and 

proprioceptive system s each contribute approxim ately 30%  to balance, although people 

can function norm ally even w hen reliable feedback from  one o f these three system s is 

com prom ised (H endricks, 2002).

W here postural adjustm ents and m aintenance o f balance are concerned, Lee & 

A ronson (in Bruce et al., 1996) claim  that vision can “tune up” the sensitivity o f the 

m echanical system s (i.e., the vestibular and proprioceptive system s) and is a more 

reliable source o f inform ation w hile the feet and ankles o f the child are growing. For 

exam ple, the visual system  can be seen over-riding the m echanical system  is adults 

using the “sw inging room ” of Lee & Lishm an (1975, in Bruce et al., 1996). Here, slight 

m ovem ent o f the walls forw ards or backw ards caused standing adults to sw ay gently. A 

com m on occurrence o f a sim ilar effect is that o f being on a stationary train which we 

perceive to be m oving when in fact it is the train at the next platform  which is m oving. 

These exam ples dem onstrate how visual feedback, through the use o f optic flow can 

over-ride the inform ation we receive from  the other system s w here novel or dem anding 

conditions are present.

3.4 Sensory integration

The idea that children with learning disorders m ight have problem s integrating sensory 

inform ation was postulated by Ayres (1972; 1978). She noticed that certain retained 

reflexes (i.e., ATNR and TLR) w ere correlated with educational difficulty, as was the 

presence o f abnorm al nystagm us (eye-m ovem ents) in response to vestibular 

stim ulation. D eQ uiros & Schrager (1978) suggested that learning im pairm ent was a 

result o f the inability to inhibit sensory stim uli. Sufferers becom e confused because 

their processing system  is so overloaded by sim ultaneous m ultiple stim uli. This is 

reflected in a recent study which suggests that the m ain problem  of dyslexics is a 

general sensory perceptual problem , which m akes if hard for such children to pick out 

the appropriate cues am ongst the m ass o f available stim uli, or “noise” (Sperling et al., 

2005). This “noise” is what Ayres described as a “traffic jam  in the brain” and labelled 

“sensory integrative d isorder” . It does not reflect any physical dam age to the brain but
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is tlie result o f  faulty sensory processing. According to Ayres (1979) the five senses 

which must integrate properly in order to allow for speech, language, reading and 

writing, and consequently unimpaired academic learning (among other things), include 

the auditory, vestibular, proprioceptive, tactile and visual senses (see Table 4 below).

Senses Integration of their inputs End products

Auditory Speech

Language

Concentration.

Organisation.

Vestibular Body Percept. Self-esteem.

Eye Coordination Self-control.

Movements. o f  2 Eye-hand Self-

Proprioceptive Posture. sides of the coordination. confidence.

Balance. body. Academic

Muscle Tone. Motor Visual learning.

Gravitational Planning. perception. Abstract

Security. Activity reasoning

Tactile Sucking. Level. Purposeful and thought.

Eating. Attention activity. Hemispheric

Mother-Infant Span. specialisation.

Bond. Emotional

Tactile Stability.

Comfort.

Visual

able 4: The senses, the integration of their inputs and their end-products (From  Ayres 
1979, p.60).

As can be seen, different groups of senses may contribute to different functions, and all 

o f  these functions combine ultimately in order to allow for the acquisition and 

development o f  skills necessary for smooth every-day living (such skills are usually 

proficient by the time the child starts school).

Vestibular / proprioceptive dysfunctions, for example, may show in the child 

who cannot sit up in his chair at school, who is clumsy and often drops his pencil 

(Ayres, 1979). Because he cannot inhibit stimuli or inappropriate responses, he may 

often be distracted or hyperactive. Because reading and writing depend upon finely-
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tuned sensory integration (e.g., space perception, language, m em ory, visual perception, 

hand & finger sensations and m uscle organisation), disruption o f these will affect such 

skills. Thus, children m ay be “dyspraxic” , “A D H D ” , “dyslexic” , “speech & language 

d isordered” or present with a co-m orbid mix o f these disorders, depending on how their 

sensory integration dysfunction m anifests. If the cerebellum  is engaged in m odulating 

sensory inputs and outputs, it is easy to see how a problem  in the cerebellum  would 

result in varied sym ptom s. Unable either to reject stim uli it does not need, or prevent 

inappropriate responses, an im paired cerebellum  could explain the kinds o f “end- 

products” o f A yres’s theory which are deficient in dyslexics (m y understanding o f this 

is illustrated in Figure 4).

Control
Reflexes

M otor
D evelopm ent

Normal
Developm ent

Sensory
Integration

Perception;
(visual, vestibular, proprioceptive)

Figure 4: The way in which sensations, perceptions and m otor developm ent link 
together in order to produce the child who is ready to learn.

Thus, the sensory integration provides the foundation from  which an infant can explore 

its environm ent. This stim ulates the m otor developm ent sequence, which, once begun, 

allows for a continuous feedback o f stim ulation from  which the child can learn and
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develop further (see figure 4). Morrison (1985) suggests that sensation and perception 

become integrated through movement.
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4 Chapter 4: The link between motor abnormality and dyslexia

The need for a new m ethod o f identifying (and treating) dyslexia has previously been 

outlined (chapter 1). The current chapter review s the developm ent o f an alternative 

approach to the theoretical understanding and identification o f dyslexia, which 

contributes towards the form ation o f an alternative causal theory for the disorder 

(chapter 5).

An exploration o f this theory requires an understanding o f the different kinds of

evidence which contribute to that theory. A lthough there exists an abundance of

anecdotal evidence to back up claim s o f m otor treatm ents im proving the functioning of 

those with neurodevelopm ental disorders (including dyslexia) (see A ppendix 2) the 

exam ples referenced below  include largely academ ic journal articles and books. W hilst 

the form er are usually peer-review ed and subject to m ethodological scrutiny, the latter 

are not, and yet they are the sources more com m only accessible by the general public. 

M uch o f the evidence supporting these ideas appears experim ental but has been 

presented in non-peer review ed books. Often it has been conducted by teachers or 

others ignorant o f the im portance o f random ly assigned control studies in the draw ing 

of general, or valid, conclusions. M any o f the sm all-scale studies which found support 

for “neurological rehabilitation” (e.g., M asterm an; Floyd-M iracle) were published in 

D elacato’s 1966 book and as such should be interpreted w ith caution.

4.1 Cognitive and motor development in normal children

Diam ond (2000) claim s that although m otor and cognitive developm ent are often 

thought to have different m aturational tim e periods, with the form er developing sooner 

than the latter, they both in fact, take equally long to develop. Like cognitive 

developm ent, the m ore com plex aspects o f m otor skills such as fine m otor co

ordination, bim anual co-ordination and visuo-m otor skills, take until adolescence to 

m ature fully, in m uch the sam e w ay that com plex cognitive operations do. Ram say

(1984) dem onstrated that babbling and handedness develop together, with Annett 

(1973) finding a correlation betw een vocabulary and foot m ovem ents, and Rudel

(1985) finding a correlation betw een speed o f finger, hand and foot m ovem ents and 

verbal fluency. K ohen-Raz (1996) points to the sim ultaneous developm ent o f postural
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control with Piaget’s stages of development. For example, object permanence is not 

seen in infants until they have acquired bilateral grasp in the sitting position; speech 

and symbolic behaviour until they are developing the ability to stand and walk and so 

on. In fact, “psychomotor school readiness” is that term given by Kohen-Raz (1996) in 

merging Piaget’s ideas of operational thought, in which the child’s speech and thought 

are no longer dominated by his own cognitions, with the ideas of deQuiros and 

Schrager (1978) and Palagyi (1925). DeQuiros and Schrager believed in the importance 

of freedom from conscious involvement in balance maintenance, labelling this ability 

“corporal potentiality” (i.e., postural autonomy); only once this had been achieved 

could the child engage in higher symbolic operational thought. Palagyi suggested that 

the ability to conceptualise “virtual movements” (rather than actually performing them) 

allowed for the appreciation and understanding of an external world distinct from 

oneself (cited in Kohen-Raz, 1996, p. 123). This all contributes towards the 

development of cognitive skills necessary for school, such as alertness, attention and 

orientation in space and time. Studies reported by Kohen-Raz (1996, but conducted in 

1969), in California and Israel support these claims. From the California study, he 

reported a negative relationship between kindergarten readiness and postural sway; 

also, first-grade reading scores were positively correlated with monopedal postural 

stability. Similarly, the Israel study found that reading scores and postural stability 

were significantly correlated.

Thus, evidence was emerging that supported the hypothesis of a reciprocal 

relationship between cognitive and motor skills. The idea that motor stimulation could 

be used as an influence on cognitive development simultaneously emerged as a 

treatment for cognitive deficiencies.

4.2 Lateral dominance

The current study is ultimately concerned with whether or not there is a causal link 

between motor impairments and dyslexia (originating from the cerebellum). The 

existence of a simple association between the two, though it has little bearing on 

causation, has long been evident and is not in dispute. This relationship dates back to 

Orton in the 1920s, who was of the view that reading problems and mixed dominance 

were related (Orton, 1925; 1937). Specifically, he believed that in dyslexic children the 

left hemisphere failed to become dominant for reading and writing. According to 

Kephart (1971) laterality is the only thing which allows us to detect the directional
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characteristics of letters such as “b” and “d” and as such has consequences for Hteracy. 

O rton pioneered the use o f “ laterality training” which he claim ed w ould stim ulate one 

side o f the brain, thereby fostering lateral dom inance (Selikow itz, 1993). This could 

take the form  o f eye-patches or any particular m ethod which involved training one side 

o f the body over the other. The goal o f hum an m otor developm ent was deem ed to be 

functional independence o f each side o f the body, so that one could engage in 

autom atic balance and sm ooth m otor co-ordination. Free from  the conscious 

adjustm ent to gravity, deQ uiros and Schrager (1978) argued that we could engage in 

learning other skills and perform  the sm ooth m ovem ents necessary for speech and 

literacy acquisition. O rton’s idea was furthered by D elacato in the 1950s, who extended 

the im portance o f dom inant laterality to the foot and eye. Later, D enckla (1985) 

claim ed to support the idea by show ing that 60%  of dyslexic children show ed evidence 

o f m ixed laterality com pared to ju st 30% of norm al children.

DeQuiros and Schrager (1978) firm ly supported the theoretical im portance o f 

laterality and m otor developm ent in contributing to adequate learning. They knew that 

the cerebellum  was responsible for coordinating sensory inform ation such as vestibular, 

proprioceptive and visual stim uli and claim ed that such senses contributed to m uscle 

tonus thereby allow ing for the developm ent o f posture and equilibrium  (balance). They 

observed that perceptual and m otor developm ent occurred sim ultaneously, w ith the 

developm ent of one contributing to the developm ent o f the other; enabling skills like 

hand-eye co-ordination to becom e perfected. A condition such as dyslexia, they felt, 

resulted from  vestibular im pairm ents, which they refeiTed to as “vestibular- 

proprioceptive d issociation” . This w ould occur if vestibular action was strong on one 

side of the body and proprioceptive action on the other. Such a child w ould not be able 

to m aintain the attention necessary to learn because o f a constant feeling o f instability. 

A lso, im pairm ents in neck and ocular m uscles could cause reading problem s and poor 

m otor control in general could lead to poor hand-w riting. Because speech, reading and 

writing all require skilled m ovem ent, vestibular disturbances could affect them  all.

O thers, such as Schain (1972), also noted that children with learning 

disorders appeared to be clum sy w hen engaging in fine m otor skills, such as tying 

shoe-laces. He also listed (am ong others) reflex asym m etries, right-left discrim ination 

difficulties, m ixed laterality, dysdiadochokinesia and ocular apraxia as com m on 

am ongst such people.
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4.3 The Neuro-maturational theory

Gesell (1938) believed in an orderly genetically determ ined sequence o f m otor 

developm ent controlled in pace by the m aturation o f the nervous system . He was 

influenced in his thinking by Coghill, an em bryologist who show ed that the change in 

m ovem ent patterns o f the salam ander corresponded to changes in its neural connections 

(i.e., Coghill, 1929). As such, Gesell pioneered the “neuro-m aturational” theory of 

hum an m otor control, w ith the view that increased “corticalisation” o f the brain 

eventually resulted in h igher-order m ovem ent patterns, free from  the control o f retained 

reflexes (M cC orm ack and P em n, 1997; Gesell, 1988). As all responses and actions are 

subject to the pull o f gravity, all developm ent is bound by it, including that o f the mind. 

Such a hierarchical theory o f m otor developm ent, where increasingly com plex reflexes 

are controlled by higher and higher levels o f the CNS, was popular throughout the 20"  ̂

century (e.g., Bobath, 1971 and Fiorentino, 1972).

4.4 Neurological organisation

Influenced by the neurosurgeon. Tem ple Fay, Carl D elacato (1959) (a doctor o f 

education from  Philadelphia) believed that the process o f reading was possible due to 

perceptual abilities afforded by a “neurologically organised” brain. The developm ent o f 

this neurological organisation, which he claim ed was the principal difference betw een 

man and low er anim als, cam e from  a sequential and successful progression o f ontogeny 

(i.e., origin and developm ent o f an individual) and m obility which recapitulated 

phylogeny (i.e., genesis and evolution o f a species). Thus, the neuro-developm ental 

stages (i.e., sim ple spinal cord and m edulla; pons and m id-brain; larger m id-brain; 

cortical dom inance and cortical hem ispheric dom inance) through w hich we pass whilst 

learning to m ove (hom olateral crawl, heterolateral crawl, heterolateral w alk and finally 

perceptual abilities including reading) are sim ilar to those seen in the m ovem ents o f 

anim als progressing up the anim al scale (i.e., low level vertebrates follow ed by 

am phibians, reptiles, m am m als then prim ate ancestors, in that order). Failure to read, 

com m unicate or m ove properly, he claim ed, was a result o f traum a to the developm ent 

o f this nervous system  and could be rem ediated on the basis o f  a m ovem ent program m e 

offering the opportunity  to “relive” (i.e., “recapitulate” either passively  or actively) the 

relevant stages o f m obility in the attem pt to reorganise the brain (N ovella, 1996). This 

reorganisation would begin at the level o f arrested developm ent and continue until 

dom inance was achieved with the hands, eyes and feet. He view ed his approach as one
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which treated the central cause, regardless of the specific symptom (Delacato, 1959; 

1966). Together with his colleague, a physical therapist named Glenn Doman, the pair 

devised a treatment for the neurologically “disorganised” brain, which they called 

“Neurological Rehabilitation” (but more commonly known as the “Doman-Delacato 

technique”). They established the “Institute for the Achievement of Human Potential” 

in Philadelphia (US), from which they practised their technique. It aimed to help people 

with neurological disorganisation, by stimulating the older, more primitive part of the 

brain into activity (Blythe and McGlown, 1979) keeping the correct movement of the 

arrested stage, before moving on to the next stage. For example, a child who did not 

crawl properly was required to target the medulla level of the brain by lying on his 

back and engaging in the movements of the tonic neck reflex by following his hand 

with his eyes, as it moved up and down (e.g., Noonan, 1966). A child who did not 

creep" properly (i.e., in a cross-lateral manner) would have been encouraged to creep 

such that opposing hand and knee were used simultaneously (thereby targeting the pons 

and mid-brain). The child was also to look at the most forward limb in an effort to 

develop binocularity (and when walking would have to point at the forward limb using 

the opposing hand). Such tasks were to be taught slowly over the course of six to 

eighteen weeks. Where the child could not engage in the task alone, his limbs were 

manipulated by 5 adults stationed at each limb and at the head. They performed the 

movements for him, supposedly imposing them on the central nervous system, a 

technique Doman and Delacato referred to as “Patterning”. Although the latter would 

be suggested only for the seriously disabled child (usually those with cerebral palsy), 

the technique was prescribed for children of many disabilities; not just those with brain 

damage, but those of normal intelligence with learning disorders, those with autism and 

also those with Down’s syndrome.

Figure 4 (from chapter 3) shows how the integration of senses allows for adequate 

exploration of the environment which both stimulates motor development and 

improves sensory integration. A child developing normally, in this way, is the child 

who is “neurologically organised” , who has “sensory integration” and who can develop 

“lateral dominance” . He is also the child who has integrated his primhive reflexes and

" The term "creep” was used by such theorists to refer to what we com m only know as "crawling" today.
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whose vestibular functioning is normal. All of these terms relate to the same underlying 

idea.

4.5 Dyslexic children and motor deficiencies

Bruininks and Bruininks (1977) showed that those with learning disorders were less 

motor proficient than a control group. They were tested on measures o f  running speed, 

agility, bilateral co-ordination, strength, upper limb co-ordination, response speed, 

visual motor control and equilibrium in stationary and dynamic positions. Similarly, 

Freides et al. (1980) also claimed to find evidence of poorer dyslexic performance on 

tests of primitive reflexes and gross motor skills (as measured on a tilt board). This 

latter study suffered from poor inter-rater reliability on many of tests however and the 

sample size was small (n = 22) (in Morrison, 1985, p.72).

Rudel (1985) found that on most of their measures of fine-motor skill (i.e., 

palm-reversal, finger-thumb opposition, finger tapping (with the exception of heel-toe 

alternation)) dyslexics were significantly slower than controls at performing the tasks. 

Studying 7 and 8 year olds, Denckla (1985) also found a difference between these two 

groups in tests of toe-tapping and finger-thumb opposition.

Levinson was suggesting a specific link between cerebellar deficit and dyslexia 

in the 1970s. Frank and Levinson (1973) supported the theory that dyslexia was a form 

of vestibular disorder, claiming that, of  their dyslexic sample, 97% (i.e., 112 out of 

115) showed evidence of cerebellar-vestibular (“C V ”) dysfunction (e.g., balance, 

coordination, rhythmic problems). This, they theorised, played a causal role in 

dyslexia, being that normally working cerebellar-vestibular circuits provide a stable 

motor background by ensuring automatic and well integrated eye, head and neck 

muscles. Due to the close link between the labyrinthine system, vestibular system, eyes 

and cerebellum, a processing problem affecting one of these could result in dyslexia if 

the ocular fixation necessary for sequential scanning o f  letter and words was impaired 

to such an extent that the ch ild’s visual perception became scrambled. Levinson 

referred to the findings of Pavlidis (1981) (which showed dyslexics to have 

disturbances in saccadic eye-movements) to support his claims, and published his own 

study documenting such differences in 1989. His published data on 4000 of his 

patients, again claimed that most (94%) showed two or more signs of CV or
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I ”)

Electronystagm ographic " (ENG ) dysfunction (Levinson, 1988). He even claim ed that 

dyslexia could be treated m edically, using antihistam ines and anti-m otion sickness pills 

such as M eclizine or C yclizine which resulted in im provem ents for 75%  of dyslexics in 

various areas including, academ ia, concentration, behaviour, balance, coordination, 

speech and “m ental-related sym ptom s” (not specified) (Frank and Levinson, 1976; 

1977; Levinson, 1980; 1991). Levinson (1988) is aware o f his lack o f controlled 

com parison groups when describing his results o f cerebellar-vestibular dysfunction and 

this is a very legitim ate point. His sam ple is self-selected, having opted to attend his 

clinic; thus, it is biased tow ard attracting the very people he claim s should be 

experiencing the problem s he describes. It is no w onder then that his percentages were 

so high. Furtherm ore, Levinson (1990) later found that his ENG tests failed to 

d istinguish betw een dyslexics and controls, in addition to which the only study to try to 

replicate his anti-m otion m edication findings (i.e., Fagan et al, 1988), failed to find 

them  to be an efficient m ethod for im proving reading itself (though it did find some 

support for the treatm ent o f visual-m otor stability during steady fixation). Thus, it 

appears that either the theory, or the m ethodology to test the theory, could be at fault.

4.6 The popularisation of reflex theory in remediation

The presence o f reflexes in new -born infants has already been discussed and is not of 

dispute. A lso m edically sound is the fact that certain reflexes can no longer be elicited 

in the norm ally developing child after a certain age. The idea that children with neuro- 

developm ental disabilities (i.e., dyslexia, dyspraxia, ADHD , etc) retain som e of these 

reflexes which prevent their norm al m otor co-ordination, and therefore, learning skills, 

has been popularised in the UK and Ireland by certain organisations. M edia frenzy in 

response to largely anecdotal, but som e published, evidence has m ade the sale of 

“reflex-in tegrating” therapies a com m ercially  viable enterprise.

The follow ing section presents som e of the w ork produced by various disciplines 

w hich has advocated this approach over the past few decades. Silver (1986) points out

'■ Electronystagm ography (ENG): The ENG is a standardized neuro-physiological test in which eye  
m ovem ents are induced and measured under various testing conditions. Fine and reflexive eye  
m ovem ents are controlled by the cerebellum  and the vestibular system . A s a result, the ENG can help 
determ ine whether or not an inner-ear abnormality exists (The Lev inson  Medical C e n te r  for Learning 

Disabili t ies ,  2 0 0 0 - 2 0 0 1 ) .
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that whilst some research is published iti reputable journals, much o f the support for 

this approach has been made available to the general public in the form o f popular 

books, newspapers, lay magazines or television. Although this is still the case today, 

the growth o f academic journals, postgraduate study and research grants has also made 

controlled experimentation o f ideas more prolific. The 1960s and 1970s however 

appears to represent a time in the field o f learning disabilities where ideas were 

embraced and publicised without such stringent criteria and perhaps the growth in 

public media generally was sufficient to give credence to these ideas. This was also a 

time o f holistic and experiential ideas which provided the mental framework for such 

theorising. Delacato (1964), Ayres (1972; 1978), deQuiros and Schrager (1978), Holle 

(1976), Bender (1976) and Blythe and McGlown (1979) represent this period o f 

thought, and their methodology and findings are somewhat questionable. The likes o f 

Kohen-Raz’ s (1996) studies in the early 1980s marked a change in the approach to 

studying (motor) treatment efficacy by employing more secure tnethodology, w ith the 

likes o f McPhillips et al. (2000) engaging in well-designed studies more recently.

Some smaller studies using learning disabled children were conducted early on by 

Ayres (1972) who attempted to remediate what she called “ sensory dysfunction”  by 

stimulating the senses and inhibiting prim itive reflexes at the same time. She did this 

by encouraging the child to assume positions in the prone, supine, quadruped and 

sitting positions and focusing on vestibular, tactile, proprioceptive and motor planning 

stimulation. DeQuiros and Schrager (1978) were sim ilarly in favour o f stimulating
1 3these senses whilst also inaking use o f occluded vision and suppressing sytikinetic ' 

movements. Ayres found that the experimental group improved more so on the W RAT 

reading test than did the control group, however, 6 years later, she failed to replicate 

this finding (Ayres, 1978). Her groups were selected from “ special schools”  in the US, 

without any elaboration on the nature o f the learning disability. Academic tests were 

administered without any reporting o f the means, standard deviations or ranges they 

yielded, and no change in vestibular functioning (as measured by nystagmus) was 

reported at post-test, despite this representing the crux o f these children’s problem. The 

study also lacked any placebo-control group (Morrison, 1985).

An involuntary movement o f one bodily part that occurs simultaneously with a voluntary movement o f 
another part (Reber. 1985, p. 779).
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Holle (1976) was experienced in the teaching o f both norm al and m entally sub

normal (i.e., m entally-retarded) children, and was aware o f the im portance o f sensory- 

m otor developm ent and how it related to the acquisition o f literacy in norm al children. 

She too was aware o f the im pact o f a retained A TNR on developm ental skills in 

general (e.g., self-feeding, hand-eye coordination) and devised a rehabilitative 

program m e based on the inhibition o f reflexive m ovem ents to try to counteract it.

M eanw hile, Bender (1976) was conducting a study to explore the differences in 

retained reflexes betw een children with learning difficulties and those who were 

achieving in school. She claim ed that approxim ately 75%  of those with learning 

difficulties showed a retained STN R, whilst the others did not. She subsequently  

designed the “B ender-Purdue Reflex Test” (1976) and a treatm ent program m e to go 

with it, targeting m ainly children with ADHD. This is still com m ercially sold from  the 

Bender A chievem ent Centre in hidianapolis, Indiana, US, and the theory is exactly  the 

sam e as that suggested here (i.e., neurological m aturation).

The im portance o f “retained reflexes” was also em braced by Blythe and 

M cG low n in 1979. They used the term  “organic brain dysfunction” to describe children 

fitting the criteria o f their disorder. Their idea claim ed that persistent, aberrant reflexes 

interfere with the developm ent o f m otor behaviour, such as rolling, craw ling and 

creeping and that these m ovem ents them selves were necessary for inhibiting form er 

m ovem ent patterns and facilitating the next ones. Failure o f m ovem ents to becom e 

inhibited and transform ed subsequently affected developm ental and academ ic progress. 

This idea form ed the basis o f a m otor therapy program m e originally know n as “Reflex 

Developm ental Patterning” (or the “Hom e Program m e” ) under the auspices o f the 

“ Institute for N euro-Physiological Psychology” (IN PP), C hester, England. G oddard 

(1996) later jo ined  the organisation, furthering its name and assisting in exporting the 

practice to other countries. The original prem ise was that the arrested stage o f 

developm ent must be physically returned to and integrated, in much the sam e way as a 

psycho-analyst would require psychological regression to an em otionally traum atic 

episode before hoping to resolve the conflict (B lythe and M cG low n, 1979). Integration 

o f these reflexes, they claim ed, was possible at any age. Should they not have been 

integrated in the normal way at the norm al tim e, or should they becom e evident due to 

traum a or pathology, the above program m e, perform ed daily for 20 m inutes over 12 

weeks, could aid in re-integrating them . W ithout having done any controlled studies, 

B lythe and M cGlown claim ed that a 12 week program m e could im prove reading-age in
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children by up to 2 years. Blythe and M cG low n also com m ented on the general 

aw kw ardness o f m ovem ent in such children. Like Orton before them  they noted the 

frequency o f cross-laterality, as well as abnorm al craw ling / creeping patterns, the eye- 

m uscle and visual discrim ination difficulties. G oddard-B lythe and Hyland (1998) 

claim ed that m otor developm ent delay loaded as one o f two factors on the IN PP’s 

screening questionnaire which discrim inated betw een children with specific learning 

disabilities (SLD) and norm al children (the other being phonological developm ent), 

how ever, this m ay not be surprising given that the children with SLD were draw n from  

IN PP’s own data-base o f children whose parents could well have selected the service in 

the know ledge o f the kind o f therapy it offered.

A ccording to Blythe and M cGlown, the course o f developm ent for a problem  

such as dyslexia would go som ething like this:

Reflex abnorm alities

A berrant m otor developm ental pattern / hand function

Failure to develop laterality or m ixed laterality

Eye m uscle dysfunctions

Problem s of eye and hand co-ordination

Perceptual difficulties

Reading difficulties

(M cG low n , 1990, p .203).

A problem  such as this, they claim ed, should be approached from  the cause (i.e., reflex 

abnorm alities); tackling the end result (i.e., reading) w ould not be the best approach. 

M cG low n’s (1990) developm ental theory is sim ilar to that o f D om an and D elacato, in 

which a com plex hierarchy o f m obility involves stages o f craw ling, creeping, upright 

and bipedal walking, where each stage contributes to perceptual m aturation and 

neurological integration leading to increased functionality (M cG low n, 1990). If the 

child continues to grow  w ithout passing through, and integrating, these stages 

adequately, then a baseless scaffolding is constructed, which cannot hope to support the 

child in higher level skills later in life.

The “Bobath A pproach” devised by Bobath (1980) was another treatm ent based 

on the im portance o f inhibiting abnorm al reflex activity and facilitating higher reflexes 

and was used with C erebral Palsied children. This attem pted to teach the child norm al
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m ovem ent patterns by im proving postural tone (G reenw ood et al, 1997) and were 

initially passively im posed (though they now involve m ore active approaches). 

E lectrom yograph records o f “at rest” m uscle activity in those with C erebral Palsy seem  

to be greater than the m uscle activity seen in B obath’s reflex-inhibiting posture in such 

children, and are sim ilar to the effects o f Diazepam ''^ on m uscle activity) (Holt, 1991). 

This m ight explain the attraction for parents o f “non-invasive” treatm ents for their 

children.

Several studies on young infants, conducted around this tim e, seem ed to suggest 

that vestibular stim ulation was beneficial for im proving cognitive skills (as m easured 

by visual alertness to the environm ent) or other aspects o f behaviour. For exam ple, 

Korner and Thom an (1972) found it soothed infants; K anter et al. (1976) found it 

im proved nystagm us response and m otor perform ance; and G regg et al. (1976) found it 

im proved visual pursuit.

It was 1983 when O rnitz warned that developm ental research into the rapid expansion 

o f vestibular therapies was urgently needed. The situation has continued, how ever, 

relatively unchecked, with treatm ents and “m iracle cures” offered from  m any different 

places (see Appendices 26 & 27).

A study conducted by M cG low n him self in 1982 (but reported in his 1990 book), 

claim ed to dem onstrate w onderful effects from  the use o f this reflex inhibition 

program m e. O f the 25 learning disabled children involved, all show ed a retained 

A TN R, 21 showed a retained STN R and all show ed craw ling and visual m otor 

integration problem s. The results claim ed that the group had fully integrated their 

retained ATNR after 9 m onths o f treatm ent, they had inhibited their STNR and they 

had im proved academ ically by an average o f 31 m onths in reading and 13 m onths in 

spelling. How ever, M cG low n reports no control group, no placebo group and no 

degrees o f  significance.

A m onth-long study conducted by D elacato in 1964 (reported in his 1966 book) 

em ployed a controlled experim ental study (n = 108), to discover w hether the 

program m e would im prove reading-readiness in the experim ental group com pared to

D iazepam : A  benzodiazepine com m o n ly  prescribed for anti-anxiolytic and anti-convulsant reasons, 
al though  it is also prescribed for its m uscle  relaxant effects (Ashton. 1994).

79



the control group. Although no formal statistical tests were reported, Delacato claims 

that the reading-readiness, as measured by the number of children moving from 

“readiness level 5” to “readiness level 4” (where the former represents “not ready”), 

and the number of children finding the tests easier on the second session, showed an 

overall advantage of 221% for the experimental group (Delacato, 1966). This followed 

the reported success of a previous study conducted by Doman et al. in 1960, which 

showed that the implementation of patterning for severely brain-damaged children, 

resulted in an improvement in mobility worth 50% of the “ ideal” (i.e., walking). A 

study conducted by Masterman (1966) claimed to show support in favour of Delacato’s 

method at a six-week summer reading centre for reading-disabled children (n = 282). A 

significant difference (p < .01) was reported although this translates to a clinical 

difference of just less than six weeks’ difference in gains between the two groups 

(experimental group improved in reading by 5.65 months whilst the control group 

improved by 4.21 months). A similar study employing control groups was conducted 

by Floyd-Miracle (1966) showing similar findings, however, these and many of the 

other small studies reported at this time (and conducted mainly by teachers without 

adequate research skills) employed small samples, Hawthorne effects, experimenter 

bias and careless assignment to groups. In addition, none considered how anomalies to 

Delacato’s theory could be explained. For example, of those studies that included 

average / good readers, it was found that 60% had poor neurological organisation (e.g., 

Rader-Kabot, 1966). Similarly, one study showed that, of those whose reading was 

poor, 31% had good “neurological organisation” (e.g., Mariam, 1966). Finally, a study 

by Kershner (1968) found that, although the programme did improve retardates’ ability 

to crawl, the control group actually improved more than the experimental group on 

tests of perceptual-motor skills.

The only peer-reviewed, published study replicating Doman et al.’s 1960s 

work, was that by Neman et al. (1974) and this was heavily criticised by Zigler and 

Seitz (1975). The latter’s findings revealed that impressive-looking gains in 

neurological age were accounted for by a psychometric problem with the Doman and 

Delacato developmental profile (for example, a raw score of 32 on Doman and 

Delacato’s profile converted to 48 neurological months, and a raw score of 33 

converted to 54 months -  a seemingly huge leap in functioning). Even in studies where 

gains were found and statistical significance was reported, the crucial question 

(relevant to all treatment-efficacy research) of how  this statistical significance
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translated to clinical or “substantive” significance was not considered. Regardless of 

w hether the theory was ever even anatom ically tenable (see Cohen et al., 1970) it 

seem s that it never had any real pragm atic utility, as evidenced in further studies by 

Robbins (1966a; 1966b), O ’Donnell and Eisenson (1969), Jackson and Dando (1976) 

and Sparrow  and Z igler (1978). A m eta-analysis study o f perceptual-m otor training 

program m es in general (M attson, 1983), show ed the sam e thing and this was later 

supported by Polatjako et al. (1992). M attson points out that such treatm ents are not 

only a waste o f valuable tim e and m oney, but they deny the child proper rem ediation of 

his condition. Specifically, Robbins (1966b) concluded that creeping was not related to 

reading beyond chance levels; there were no differences in reading betw een those who 

had “neurological organisation” (i.e., lateralisation) and those who did not; there were 

no differences in reading betw een groups after im plem entation o f the program m e and, 

finally, the num ber lateralised after the program m e did not exceed the num ber 

lateralised before it.

As for the theoretical plausibility  o f the exercises, the recapitulation theory is 

considered a far too linear view o f hum an evolution for it to m ake sense. In addition, 

the idea that patterning can affect neurological organisation has been branded a gross 

over-sim plification o f the processes affecting brain developm ent, failing, as it does, to 

consider genetic influences, toxic insult and biochem ical abnorm alities. It also fails to 

consider the biological sequence o f cell growth, m igration, organisation and cell death 

on brain developm ent (Novella, 1996). Like the pharm acological therapy defended by 

Levinson, “ N eurological R ehabilitation” has been described as “verging on outright 

quackery” (Fam ham -D iggory, 1978). Incidentally, the success o f Levinson’s 

treatm ents has been attributed to other possible causes such as eye m ovem ents, rather 

than as he claim ed, vestibular dysfunction (Pope and W hitely, 2003, p. 116). The 

review  by Silver (1986) echoed Farnham -D iggory’s conclusion in its failure to find 

support for any correlation betw een vestibular function and academ ic perform ance 

(p. 1049) and his m ethodology has also been criticised. Pope and W hitely point out that 

it was possibly ch ildren’s failure to attend adequately to instructions than the existence 

o f  a hyporeactive nystagm us that lead to their results on such m easures.

The D om an and D elacato theory and technique was em braced and adored 

during the 1960s, resulting in the establishm ent o f the “ Institute for the A chievem ent o f 

H um an Potential” in the US, as indicated earlier. How ever, given the lack o f 

replication and subsequent criticism  of the ideas and practices, the treatm ent fell into



disrepute. In 1968 ju st about every relevant US m edical academ y and ch ildren’s 

d isability  council endorsed a statem ent rejecting the D om an and D elacato practice, on 

the basis o f its spurious diagnostic validity, poor replication results, financial cost and 

heavy em otional and physical dem ands on the children and their fam ilies. This 

included the A m erican A cadem ies for: Cerebral Palsy, N eurology, Paediatrics, 

R ehabilitation M edicine and O rthopaedics, plus the National Dow n Syndrom e 

Congress as well as m any o f their Canadian equivalents (to nam e but a few), hideed the 

A m erican Academ y of Paediatrics re-issued this policy statem ent in both 1982 and 

1999 such was their concern over its w ide-spread and ill-inform ed use.

4.7 Recent research on which the current study is based

Despite the criticism s m ade about the D om an-D elacato technique over the years, there 

rem ains a strong sim ilarity betw een their theory and that underlying current m otor- 

based practices today.

4.7.1 Recent evidence of retained reflexes /  balance problems in dyslexic children

The presence o f severely retained reflexes in Cerebral Palsied children exists together 

with a difficulty in learning to read despite norm al general cognitive ability (Seidel et 

al., 1975, in M cPhillips et al., 2000, p .538). M cPhillips et al. (2000) suggest that a far 

m ilder retention of such reflexes can also result in those with specific reading 

disabilities (i.e., dyslexia), but w ithout the more obvious aw kw ardness o f m ovem ent 

exhibited by Cerebral Palsied children. M cPhillips and Sheehy (2004) presented 

evidence that reading-im paired children exhibit a significantly h igher m ean level o f 

retained A TNR than do both normal and above-average readers, and also that there are 

greater num bers o f poor-readers showing a retained A TN R com pared to average or 

above readers (46%  of poor-readers com pared to 15% o f average and above readers). 

They also show ed that poor and high reading groups could be d ifferentiated on the 

basis o f general m otor-skill scores, however, unlike Fawcett et al.'^ (2001b) they did 

not find that balance skills differentiated betw een normal poor readers and dyslexic 

poor readers and this also applied to evidence o f a retained ATNR. M cPhillips and 

Sheehy concluded that it w ould not be prudent to use persistent reflexes as a causal

Faw cett  et al. (2001b): This is rev iew ed in full in chapte r 5.
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model for reading difficulties but that given their co-occurrence it may be used as an 

indication for children at risk of reading delay.

Incidentally, the application of retained reflexes in diagnosing other neuro- 

developmental disorders has also recently been explored. Teitelbaum et al. (2004) used 

video-images of infants with autism and Asperger’s syndrome (AS), which like 

dyslexia, require a level of language development before diagnosis can be made. They 

found evidence of retained reflexes in children who were later diagnosed as Autistic / 

Aspergic, however, this was not an empirically designed study, containing no control 

group or large samples; as such no firm conclusions can be drawn from their findings.

4.7.2 Recent evidence of treatment programmes

Kohen-Raz (1996): Kohen-Raz’s own large studies, conducted in Israel in 1982 and 

1983, on 26 normal, though disadvantaged, classes (n = 760) claimed to find evidence 

for the efficacy of his “psychomotor school-readiness training programme”, in reducing 

the “risk” of learning disabilities in first-graders. These children were between the ages 

of 5 and 7 years and as many as 30% were deemed likely to be at risk of learning 

disabilities, given a recent prevalence study at the time. Following the intervention, the 

results showed that on measures of reading, 5% and 18% of the experimental groups 

were measured as “weak” in the 1982 and 1983 studies respectively, compared to 28% 

and 31% respectively of the control groups (p = .001). On measures of maths, 16% and 

13% of the experimental groups were regarded as “weak” compared to 29% and 31% 

of the control groups respectively (p = .001). The physical education programme was 

run for two hours a week for 7 months of the school year and involved several levels of 

emphasis. These included perception of body awareness (encompassing directional and 

spatial orientation); static and mobile object interaction; bimanual and synergetic 

movements which could be ordered to “freeze” suddenly in the attempt to suppress 

unwanted movements, and added stressors to balance tasks involving occluded and 

semi-occluded vision. Many of these exercises were designed to stimulate the 

vestibular and proprioceptive systems, thereby targeting the cerebellum.

McPhillips, Hepper and Mulhern (2000): The seminal article and instigator of much 

excitement and controversy was that published by McPhillips et al. in the Lancet in
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2000. Their study made use of movements, the design of which were based upon the 

kinds of movements seen in fetuses is the womb during ultra-sound scanning, and neo

natal infants (for example, movement of the head to one side, followed by slow 

extension of the arm on that side). McPhillips et al. tested the notion that a frequently- 

repeated set of such movements (i.e., 10 minutes a day for 12 months) would not only 

inhibit retained reflexes beyond the age at which it was assumed they normally 

disappear (i.e., approximately 6 months) but by virtue of targeting the cerebellum they 

would also extend into cognitive functioning and improve reading skills in those who 

demonstrated unexpectedly low reading ability (i.e., dyslexics). By comparing their 

experimental “reflex-replication'^” group with matched controls / placebo-controls in a 

randomised, double-blind study, they produced findings which supported their 

hypotheses. From a sample of 60 8-11 year-old children (20 in each group) they 

showed that there was a significant Group x Time interaction not just for reduction in 

retained reflexes, but also for improvement on reading scores (as measured by the 

Neale-analysis (Neale, 1989) and WORD tests'^ (Wechsler, 1993)) and “rapid-naming” 

speeds, where the experimental group outperformed the 2 control groups by 12 months 

on the Neale-analysis test of reading, 8 months on the WORD test of reading and 7 

months on rapid-naming tests (p < .001 for all differences between the experimental 

and control groups). These findings relate not just to statistically significant findings 

but to clinically significant findings and support the idea for specific effects of 

replication of primary-reflex movements.

Jordan-Black (2005): The effects of primary movement were explored more recently 

using class-room based samples and controls. This study also reported significant 

differences for reading improvement between the experimental and control samples 

after a year-long intervention as well as significant differences in mathematics 

improvement. These children reflected an average classroom with the usual range of 

abilities and, thus, the study was not confined to dyslexic children.

Reynolds, Nicolson and Hamhly (2003): Reynolds et al. (2003) also conducted a study 

looking at the efficacy of an exercise-based programme for reading disabilities. They

C om m erc ia lly  this is know n as “Prim ary M o v em en t” .
T he N e a le  A n a ly sis  & the W O R D  are both B ritish standardised tests o f  read ing ab ility .
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m ade use o f visuo-m otor and vestibular m ovem ents such as stretching, coordination 

exercises, throw ing and catching which were also supposed to target the deficient 

cerebellum . Known then as “D D A T” (“D yslexia, Dyspraxia, A ttention-D eficit 

Therapy) and now as the “D ores’ A chievem ent C entres” therapy, the com plete therapy 

was, how ever, deem ed “com m ercially  sensitive” and therefore not specified exactly or 

entirely. The study em ployed a tw o-factor design (G roup and Tim e), m aking use o f an 

experim ental and a control group (n = 35). A placebo-control group was not used on 

the basis that it could not satisfy ethical approval and the logistics o f designing such a 

program m e were not possible. Groups were tested on m easures o f balance stability (as 

m easured by electroneurophysiological tests o f dynam ic posturgraphy and 

electronystagm ography -  that is, balance and eye-tracking); the D yslexia Screening 

Test (DST) and standardised literacy tests (the “NFER / N elson” reading tests and the 

Standardised A ttainm ent Tests (SA TS) o f writing, com prehension and maths.

The exercises were perform ed at hom e, under parental supervision, by the

experim ental group in 2 x 10 m inute sessions daily for a period o f 6 m onths. The

study’s results show som e sim ilarities to the M cPhillips study, in that on sub-test 
18m easures of the DST (Fawcett and N icolson, 1996), the experim ental group improved 

significantly more than the control group on reading (p < .05) but not on m easures of 

w riting or spelling. The experim ental group also shows a significant G roup x Tim e 

interaction on the electroneurophysiological tests o f balance and eye-tracking. Apart 

from  im provem ents in literacy directly, Reynolds et al. also report significant G roup x 

T im e interactions in favour o f the experim ental group for various cognitive skills 

underlying reading skills, such as rapid nam ing, sem antic fluency and verbal fluency 

(as m easured by the DST).

The interesting results are those revealed by the standardised tests o f literacy 

(N FER and SATS). These showed that the experim ental group im proved from  testing

tim e 1 to testing-tim e 2 by 19 m onths on NFER tests o f reading (p < .05), com pared to 

6 m onths in the previous year, and significantly  on SATS com prehension (p < .01) and 

SATS w riting (p < .05). Flowever, because they had started their control group on the 

D D A T program m e and 3 m onths o f it had been com pleted, it was not possible to 

explore the interaction o f group over tim e on these m easures. This is a disappointing 

draw -back o f the study.

D yslex ia  Screen ing  T est: N orm ed for ch ild ren  aged 6.5 years -  16.5 years.
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4.7.3 Criticisms

There are several questions which Lipkin and Schertz (1996) suggest should be 

answered when assessing such intervention programmes as these, which include the 

following:

1. What is the population being treated and is this a homogenous group 

(according to disability, age etc)?

2. Is the intervention well-defined?

3. How is “efficacy” defined?

4. What is the outcome being measured?

5. When is the outcome being measured?

Thus, if we judge these studies on the basis of Lipkin and Schertz’s (1996) questions, 

we can see that there are a number of pitfalls.

Primary' Movement

First, with regard to the study by McPhillips et al. (2000), one of the suggestions made 

by McPhillips him self is that the self-selected nature of the sample used may have 

something to do with the fact that he found it difficult to identify any dyslexic child as 

free from retained reflexes. Perhaps, he says, his sample was of children for whom 

nothing else has worked. Given the lack of IQ data it is hard to judge the quality of the 

dyslexia involved and some concern is raised regarding this finding by other studies 

which suggest that perhaps all of us show signs of retained reflexes, and that they are 

not, in fact, indicative of CNS pathology. Ikai (1950) found evidence of the ATNR 

reflex in normal males between the ages of 7 and 10 years, as did Parr et al. (1974) who 

found all of their 84 children between the ages of 3 and 9 to show the ATNR in the 

quadruped position. Lack of support for the discriminating ability of reflex tests 

between dyslexic and non-dyslexic children was also the outcome of a recent Irish 

study (McEvoy, 2002).

Furthermore, the intervention is described but no exact detail as to how  it works 

is suggested beyond the fact that it inhibits reflexes which should have disappeared in 

early life. This applies equally to the DDAT treatment and is the basis for Reynolds et
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al.’s own statement that targeting the cerebellum in order to improve literacy may 

require a “leap of faith” (p. 52). It is, as Reynolds states, an area of limited 

understanding in general, and as such, difficult to even hypothesise about.

Dares Achievement Centres (DDAT therapy)

A meta-analysis conducted by Farran (1990) found that although efficacy studies which 

reported long-term follow-ups found 50-80% of students reaching the outcome goal, 

many of these children were at a border-line to mild level to begin with and so may 

have skewed the findings (in Lipkin and Schertz, 1996). In the Reynold’s et al. study of 

DDAT therapy efficacy, there existed a heterogenous population; some dyslexic, some 

dyspraxic and some ADHD. Selection was made on the basis of DST scores of at least 

0.4 (the mean was 0.73) yet a score of 1.0 is recommended in this specific test for the 

child to be deemed “at risk” of dyslexia (they used criteria for the DEST (Dyslexia 

Early Screening Test), designed for children aged 4.5 years to 6.5 years), the “at risk” 

score for which is set at 0.6*'^). Thus, one questions whether these children are even at 

risk to begin with (a point was also raised by Stein, 2003). Only 4 had been diagnosed 

as dyslexic and mean scores on the DST literacy tests showed all groups to be within 

the average ranges (p. 60). Even the title of the study is misleading; the title suggests 

that this is a study of an intervention designed for “reading-disabled” pupils and yet the 

abstract goes on to define the disorders of those in their groups as “dyslexia-re/c/re^/” 

disorders (see also Rack, 2003, p. 138). This includes ADHD and dyspraxia, which, 

whilst commonly co-morbid with dyslexia, do not necessarily imply reading disability 

in themselves.

Furthermore, the use of the DST for identifying those with dyslexia is of 

questionable predictive validity (although it is used in the current “Dyslexia Early 

Years Project” because of the lack of an alternative). The authors, Fawcett and 

Nicolson (1996), claim that predictive validity is good for the DEST“° but this has 

never been replicated in an objective hish study. A firmer study of DDAT efficacy 

would have ensured diagnosis of dyslexia in all students, particularly given that the

T he D y s lex ia  S creen in g  T est -  2'“* E d ition  (D S T -2 )  d o es  have a low er scor in g  c u t-o ff  o f  0 .6  for “m ild  
risk" h o w ev er  it w as not this version  o f  the test that this study e m p lo y ed . T he first ed itio n  m akes no  
reference  to this cut o f f  leve l.

M ore on  this in Chapter 8 (M ethod s).
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mean age was 9 years, 4 m onths (i.e.. an age which is suitable for form al dyslexia 

testing).

The intervention is “com m ercially  sensitive” so could not be defined. A vague 

explanation o f its “changing the cerebellum ” is m entioned, but no full review  o f the 

controversy o f this explanation as an explanation for dyslexia, and no attem pt to 

explain how  exactly the program m e m ight im prove the cerebellum , is given.

The outcom es look im pressive, with the experim ental group im proving 19 

m onths over the course o f one year. However, there is no com parison on these tests 

with the control group so it is difficult to draw firm  conclusions about the cause of 

these changes. The control group scores on standardised literacy tests could not be used 

because they had been engaged in the DDAT program m e them selves for 3 m onths at 

the point o f test adm inistration.

No placebo-control group was used on the weak basis that it would have been 

unethical, h would have been possible, however, to offer them  the sam e “delayed- 

treatm ent” that the control group were offered.

The electroneurophysiological tests, by Reynolds et a l.’s own adm ission have 

not been subject to studies o f standardisation and so no norm s are available for 

perform ance scores.

One wonders, finally, w hether adm inistration and scoring o f the SATS and 

NFER was blind. This is not m entioned in the published article and therefore it is 

speculation as to w hether or not they were. Even the m ost w ell-intentioned teacher 

could sub-consciously m ark the experim ental group m ore favourably.

Problem s concerning inteipretation o f the electroneurophysiological and 

national literacy tests (i.e., lack o f norms and lack o f control com parison) leave few 

solid findings. The im portant one is that of reading on the DST. As Stein (2003) points 

out, how ever, the control g roup’s reading was verging on average at the start o f the 

study which m eans they had less gain to m ake com pared to the experim ental group, hi 

term s o f other literacy abilities there were no differences on spelling, writing, or 

phonological segm entation. On tests o f nonsense reading, the control group did 

significantly better than the D D AT group.
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5 Chapter 5: The Cerebellar Deficit Hypothesis

One fundam ental point to rem em ber when considering the previous literature 

h ighlighting the link betw een m ovem ent and learning, is that also m ade by K ohen-Raz 

(1996, p.4), namely, that it is not posture itself, but the com m on neurophysiological 

functions (behind postural m echanism s and higher cognitive functions) which m ay be 

im paired. This leads us to the last causal theory o f dyslexia discussed here, the 

“cerebellar deficit hypothesis” . This seem s to address two issues; firstly the 

disillusionm ent o f the current practice o f identifying dyslexia, and secondly the w ide

spread disagreem ent regarding causal theories. Its form ation represents an attem pt to 

unify disparate causal theories in one fram ew ork. The likes o f Reynolds et al. (2003) 

have also used it to provide the rationale for their treatm ent m ethods although this is 

not an argum ent m ade by the proponents o f the theory them selves.

The structure and function o f the cerebellum  is first described to give an 

understanding o f the rationale behind this hypothesis.

5.1 Cerebellar neuro-anatomy

The cerebellum  is one of tw o sub-cortical structures that enlarged during prim ate 

evolution^' and is o f a m uch larger size than that o f any other species (Leonard, 1998). 

Located posterior to the brain-stem  and below  the occipital lobe (Figure 5) its densely 

packed and deeply folded structure m eans that it accounts for 10-15% o f the weight 

and 40%  of the surface area (Faw cett and N icolson, 2001) o f the brain. Som e estim ate 

that 80-85%  of the neurons o f the entire brain are located here (cited in H errup and 

Keum erle, 1997).

T he other being  the basal ganglia .
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Cerebe l lum

Figure 5: Location o f the hum an cerebellum"^.

5.1.1 The cerebellar cortex and deep nuclei

The cerebellar cortex can be divided up into three phylogenetic structures; the archi- 

cerebellum , the paleo-cerebellum  and the neo-cerebellum , and these approxim ate fairly 

well to three separate functional divisions o f centrally located neurons, determ ined by 

the afferent fibres they receive. Thus, the archi-cerebellum  (also referred to as the 

flocculo-nodular lobe) reflects the vestibular-cerebellum  which is connected to the 

fastigial nucleus in the core o f the cerebellum  (i.e., the deep cerebellar nuclei). The 

paleo-cerebellum  corresponds to the spino-cerebellum  and is connected to the deep 

interpositus nuclei (consisting o f both em boliform  and globose nuclei, though it also 

has som e connections to the fastigial nuclei). Finally, the neo-cerebellum  corresponds 

to the ponto- (or cerebro-) cerebellum  and is connected to the dentate nuclei, which 

represent approxim ately 90%  o f the cerebellar nuclei (Colin et al., 2002).

5.1.2 Afferent pathways

There are a huge num ber o f afferent fibres which feed sensory inform ation to the 

cerebellar cortex. Excitatory in nature, these afferent fibres outnum ber efferent fibres 

by 40 to 1; they contain m ore neurons and synapses than the rest o f the brain together 

(Colin et al., 2002) and represent som e o f the m ost powerful excitatory synapses in the

http;/ /w w w .techfak .un i-b ie le fe ld .de /G K 518 /p ro jek te /SO ddo/pro jek t.h tm l]



entire brain (Fabbro, 2000). They enter the cerebellum  through the superior, m iddle and 

inferior peduncles o f the pons and project their axons to the deep nuclei and the 

purkinje cells o f the cerebellar cortex. The vestibular-cerebellum  receives afferent 

pathw ays from  the vestibular nuclei and from  the labyrinthine tract; the spino- 

cerebellum  receives them  from  the dorsal and ventral spino-cerebellar tracts, and the 

ponto-cerebellum  receives fast-conducting m ossy fibres from  the pontine nuclei (m ossy 

fibres are generally accepted to transm it inform ation regarding the context in which 

m ovem ent takes place). In addition, each o f these anatom ical areas also receives 

afferent inform ation in the form  of clim bing fibres from  the contra-lateral inferior 

olive, located in the m edulla. C lim bing fibres transm it inform ation about the efficacy 

o f m ovem ent so that this can be m odified if necessary (Y eo and Hesslow , 1998). Thus, 

the m ain afferents are either sensory or cortico-cerebral, (though they also com e from  

the reticular form ation and the hypothalam us) (Fabbro, 2000).

5.1.3 Efferent pathways

Efferent pathways leave the cerebellum ’s vestibular nuclei through the superior and 

inferior peduncles. The purkinje cells, which are the m ain neurons o f the cerebral 

cortex and the only source o f output from  the cerebellar cortex (A llen and Courchesne, 

2003), send most o f their axons to the deep cerebellar nuclei, though som e also go 

straight from the flocculo-nodular lobe and the verm is (m id-line o f the cerebellum ) to 

the vestibular nuclei. Efferent pathw ays from  the purkinje cells are inhibitory in nature. 

The fastigial nucleus o f the vestibulo-cerebellum  returns fibres to the vestibular nuclei 

and the inferior olive, as well as to the superior-colliculus (which serves visual reflexes 

to m oving stimuli). It also sends fibres to the reticular form ation, the spinal cord and 

various thalam ic nuclei. The inter-positus nuclei o f the spino-cerebellum  send fibres to 

the m id-brain’s tegm ental tract (i.e., the m agnocellular part o f the red nucleus) which in 

turn goes to the inferior olive. In addition it sends fibres to the reticular form ation, the 

peri-aqueductal grey m atter, the pontine nuclei and superior-colliculus. The dentate 

nuclei o f the ponto-cerebellum  send fibres to the thalam ic nuclei, the intra-lam inar 

nuclei, the cerebral cortex and the parvocellular part of the red nucleus. All of these 

structures essentially act as relay stations, before inform ation is passed to its final 

destination. The intra-lam inar and thalam ic nuclei, for exam ple, project to the parietal.
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tem poral and frontal lobes (m otor, pre-m otor, cingulate and pre-frontal areas) (Fabbro, 

2000). In particular, the m edial part o f the thalam ic nucleus projects to B roca’s area 

(44, 45) in the frontal lobe (Leiner et al., 1989). Between them , therefore, the vestibular 

nuclei project to the higher centres o f the frontal lobe, the spinal tract engaged in m otor 

reflexes, the visual-m otor nerves engaged in eye m ovem ents and autonom ic nervous 

system  involved in arousal and inhibition. The lateral, m edial, superior and inferior 

vestibular nuclei are the main efferents from  the cerebellum ; the lateral nucleus leads to 

the trunk and lim bs; the m edial nucleus leads to the neck and oculo m uscles, hence 

resulting in positional and righting reflexes (K ohen-Raz, 1996).

5.1.4 Circuits involving the cerebellum

Through vestibulo-cerebellar-vestibulo loops, including spino-cerebellar and cuneo- 

cerebellar tracts, the oldest part o f the cerebellum  (the vestibulo-cerebellum ) is 

involved in proprioceptive awareness, allow ing for the regulation o f equilibrium  during 

posture and gait (i.e., balance) as well as co-ordination o f head and eye m ovem ents 

(ocular m otility) (Fabbro, 2000). The next phylogenetically oldest structure is the 

spino-cerebellum , which, through the reticulo-spinal tracts and spino-cerebello-rubro- 

spinal loops, is concerned with m any basic aspects o f m ovem ents including m uscle 

tone, posture and vegetative regulation as well as the control o f m ovem ent from the 

level o f the spinal cord (i.e., execution o f m ovem ent). The verm is area controls the 

proxim al m uscles and the lateral areas control the distal m uscles. The ponto- 

cerebellum , also know n as the neo- (i.e., “new ”) cerebellum  represents that part o f the 

cerebellum  which is o f exaggerated size in hum ans, enlarging slow ly over our 

evolution and is principally involved in the control o f volitional and skilled m ovem ents 

through the cortico-spinal tract. How ever, there are also claim s o f its involvem ent in 

language, both in production o f language and in m ore cognitive aspects o f language. 

The superior and inferior parietal lobes, involved in vigilance, focussing attention and 

the integration o f visual, vestibular and som atosensory inform ation send afferent 

projections to the cerebellum  as does the tem poral lobe, which also contributes to the 

integration o f sensory processes. Projections from  the frontal and prefrontal lobes carry 

inform ation concerning eye-m ovem ent, w orking m em ory and the planning o f actions; 

they also carry inform ation from  B roca’s area (Fabbro, 2000).
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W hile sub-cortical structures were developing during prim ate evolution, so too 

were cortical structures. In fact, the phylogenetic developm ent o f the neo-cerebellum  

and parts of the frontal cortex (specifically the prefrontal cortex) occurred in parallel 

and these are also the last two areas to develop fully ontogenetically  (D iam ond, 2000). 

D iam ond points out that the cerebellum  is responsible for those sam e cognitive 

functions as the dorso-lateral prefrontal cortex. As such the two are intricately 

connected in a system  of cerebrocortico-rubro-olivo-neodentato-cerebellocortico loops; 

sim ilarly, the cerebellum  and posterior lobes are connected in a system  of 

cerebrocortico-ponto-cerebellocortico-dentato-thalam o-cerebrocrotical loops (Fabbro, 

2000). These are the m ain circuits involved in voluntary m ovem ent and cognitive / 

language functions and evidence from  both neuro-im aging and brain-dam aged patients 

dem onstrates that there is co-activation betw een the cerebellum  and the frontal lobes 

(w ith high firing o f cerebellar neurons) on tasks such as verb-generation, verbal fluency 

and m em ory-load, particularly where the task is difficult, novel, unstable, fast and 

dem anding of concentration (see D iam ond, 2000, for a review). Thus, as Courchesne 

(1997) points out, abnorm ality in one site can set off a chain o f adverse affects which 

alters growth in other sites, which w ould otherw ise have been normal. The cerebellum  

acts as a sub-cortical inform ation processing link betw een the tem poral and frontal 

lobes involved in language (Leiner et al., 1989).

5,2 The functional cerebellum

Sensory inform ation travels to the cerebral cortex, connecting to the deep nuclei via 

purkinje axons, which have an inhibitory effect. The cerebellum  essentially  acts as a 

processor for all o f  this sensory inform ation, filtering out what is not needed and 

integrating what is, in order to co-ordinate m ovem ents / responses. This explains why 

there are so m any m ore afferent than efferent fibres. Roberts (1967) regarded the 

cerebellum ’s function as “ im proving the sm oothness o f the reaction to the unforeseen” , 

so while the spinal reflexes are responsible for m any vestibular reflexes, the 

cerebellum ’s heavily m yelinated pathw ays allow for m ore organised, w ell-designed, as 

well as rapid, adaptive responses (K ohen-R az, 1996).

The cerebellum  is generally accepted to be involved in proceduralising skills; 

that is, processing com m ands to execute tasks so that they m ay then becom e fluent and 

co-ordinated (N icolson and Fawcett, 2001). This is afforded, perhaps, by efficiency in 

m odulation, as described by Ayres (1979). A system  which does not “ learn” which
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stimuli and responses to inhibit, and which to facilitate, is not an efficient modulating 

system. It is argued that such skills include not only the modification of existing 

(motor) reflexes but also the learning of novel behaviours (Yeo and Hesslow, 1998).

The “Cerebellar Cognitive Affective Syndrom e”, described by Schm ahmann 

and Sherman (1998) extended our conceptualisation of the cerebellum ’s function 

beyond that o f  pure motor skills, assigning different topographies different functions. 

The hemispheres, they suggest, are involved in cognitive functions whereas the vermis 

is involved in emotional functions and there is plenty of evidence from psychiatric 

patients to support this (see Rapoport, 2001, for a review). Exaggerated examples of 

this are seen in children who have undergone surgical removal of cerebellar tumours, 

where autistic- and attention-deficit- like behaviours have ensued. All parts of the 

cortical hemispheres are mapped onto the cerebellum (Kohen-Raz, 1996).

5.2.1 Evidence of motor involvement

The cerebellum was once considered to be exclusively involved in motor co-ordination 

and there is no doubt that it is in part a coordinator for motor activity. The early studies 

of Flourens (1824) and Luciani (1915) clearly linked the structure to motor behaviour 

and it is known that the cerebellum projects to the thalamus and then on to areas 4 and 

6 of the frontal lobe, which are responsible for regulating m ovement and posture 

(Leiner et al., 1989). It is involved in reflexive movement through the vestibular spinal 

tract; disturbed reflexes are a classic result o f  cerebellectomy or hemicerebellectomy 

(e.g., Russell, 1894; Rabacchi et al., 1986). It is involved in motor adaptation, 

acquisition (novel and / or integration) and classical conditioning (Daum et al., 2001).

5.2.2 Evidence of cognitive involvement

It is only quite recently that the idea of cerebellar involvement in cognitive processing 

has been embraced, although Gowens first touted the idea of neo-cerebellar 

contribution to cognition as far back as 1888. Silveri and Misciagna (2000) suggest that 

this is because the resulting cognitive deficit after cerebellar traum a is usually sub- 

clinical and obscured by the severity of the motor impairment.
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M ice with degenerated purkinje cells can retain m otor skills whilst still showing 

evidence o f im paired non-m otor skills (i.e., visuo-spatial learning deficits) (e.g., 

Lalonde & Strazielle, 2003). Using fM RI techniques, clear evidence o f an anatom ical 

d issociation has been dem onstrated betw een m otor tasks and cognitive tasks such as 

attention (e.g., A llen and Courchesne, 2003), w ith attention being localised to the 

superior posterior cerebellar hem ispheres and m otor tasks to the anterior cerebellar 

hem ispheres. A llen and Courchesne even dem onstrated a correlation betw een 

cerebellar lobule size and am ount o f attention activation. Riva and G iorgi (2000) found 

clear cognitive deficits (i.e., non-verbal processing, nam ing and com prehension, 

executive and tim e-based tests) in children who had undergone surgical treatm ent of 

the cerebellum  but who nevertheless show ed intact m otor skills.

The cerebellum ’s involvem ent in speech and language at som e level is not in 

question. There is evidence o f cerebellar involvem ent in such tasks as lexical retrieval 

(e.g., Fiez et al., 1992), verbal fluency (e.g., A ppollonio et al., 1993), synonym  

generation and syntactic com prehension (Fabbro et al., 2000) and verbal working 

m em ory (e.g., Silveri et al., 1998). Fabbro et al. (2000) report that the right cerebellar 

hem isphere and som e structures o f the verm is are m ost com m only im plicated in these 

difficulties. For exam ple, Silveri et al. (1994) and Zettin et al. (1997) reported 

agram m atic speech in those with right cerebellar hem isphere dam age.

5.2.3 Evidence against cerebellum ’s involvement in pure cognitive tasks

H ow ever, Justus and Ivry (2001) claim  that the evidence for learning, mem ory, 

attention and visuo-spatial processing is less consistent than for speech and language, 

and that where cognitive effects are seen, these could also be explained by articulatory 

or tem poral aspects o f the task. For exam ple, the cerebellum  is active when planning or 

contem plating m ovem ent, which blurs the boundaries betw een what can be considered 

a m otor and what can be considered a cognitive task (Barinaga, 1996). Excision o f the 

verm is in children with cerebellar tum ours seem s to alter initiation o f articulation and 

the m echanical process o f speech vocalisation (see Riva and G iorgi, 2000), supporting 

Iv ry ’s belief that the cerebellum  is really involved in the preparation o f m ovem ent, 

w ith all cognitive w ork done by the cerebral cortex (Barinaga, 1996). A ckerm ann et al. 

(1998) used fM RI to replicate previous PET studies show ing activation o f the right
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cerebellar hemisphere during verbal tasks. However, whereas previous studies had 

attributed this activation to cognitive aspects of speech production, Ackermann et al. 

simply requested their subjects to engage in a simple and over-learned task, mentally 

reciting the months of the year, and as such, hardly engaged in higher level processing. 

Thus, they attributed activation of the right cerebellar hemisphere to “inner speech” 

which they claimed subliminally activated orofacial and laryngeal muscles. Given the 

hundreds of muscles involved in verbal communication, which between them control 

respiration, phonation, articulation, resonance and prosody (Ackermann and Hertrich, 

2000), it is unlikely that speech would escape any cerebellar impairment. Fabbro et 

al.’s (2000) conclusion that different parts of the cerebellum are responsible for 

different language skills does not necessarily discount the validity of Ivry’s belief. 

Findings which link more cerebellar activation with more difficult cognitive tasks, are 

also explained using the “inner speech” explanation; greater semantic activation means 

greater sub-vocal representation, with more words being prepared for possible 

articulation (Ackermann et al., 1998). (Their suggestions focus on the “where” of 

dysfunction anyway; the question of how  they contribute to such skills is still 

unanswered).

5.2,4 Models of the cerebellum

Justus and Ivry’s (2001) argument concerns the idea that what appear to be non-motor 

aspects of language could be secondary to some other basic function of the cerebellum. 

This reflects Topka and M assaquoi’s (2002) question of whether a single elementary 

cerebellar function is common to all cerebellar motor functions. Although different 

anatomical cerebellar regions have been linked to distinct behaviours, the identical 

neural architecture across the cerebellum suggests that the signal processing for each 

area is the same (Bloedel, 1992). This would seem to suggest that the cerebellum aids 

any area of the brain with which it has reciprocal connections (Allin et al., 2001) and 

should, therefore, be viewed as a modulator of systems.

There have been many models of basic cerebellar function: performance 

regulation; learning; timing and sensory integration. However, distinguishing one from 

the other is not an easy task. The first of these (e.g., Paulin, 1993; 1997) suggests that 

the cerebellum is responsible for the neural representations of movement by the body.
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as well as objects in the environm ent. The cerebellum  as a controller o f m ovem ent, by 

com paring intended m ovem ent with actual perform ance (Ghez, 1991), has been 

suggested. W hen a neural im pulse (program m e) is sent to a m uscle, a copy o f this is 

also sent to the higher cognitive centres so that any m ism atch can be detected. Impaired 

m ovem ent m ay result either from  the generation o f an inadequate program m e, from 

error in execution or from  unexpected changes in the environm ent. Failure to m ake use 

of the ensuing sensory feedback in order to com pare intentional and actual 

perform ance, or a problem  with the sending / receiving o f this sensory feedback, could 

also result in im paired perform ance (Laszlow  and Bairstow, 1985). How ever, this 

“com parison” role could also be secondary to som e other basic role. For exam ple, 

Leiner et al. (1989) suggest that the cerebellum  is responsible for im proving speed and 

skill, w hatever the perform ance in question. In addition, M assaquoi and Topka point 

out that it is often overlooked in studies o f cerebellar function that it is the small 

anterior lobe that is largely responsible for m ovem ent control, and as such, there is still 

the rest o f the com plex cerebellar system  to account for. Courchesne and Allen (1997) 

suggest a m ore basic role for the cerebellum , nam ely that it is engaged in general 

preparation, especially for predicted stim uli, which affords a quicker and m ore efficient 

response. M any studies, m ost o f which use eye-blink conditioning (i.e.. a form  of 

procedural learning), have linked learning to the cerebellum . Steinm etz et al. (1992), 

w hose sam ple had interpositus lesions, failed to eye-blink in response to a sim ple 

classically-conditioned stim ulus and they insisted this was due to a failure to learn  the 

response rather than sim ply an inability to perform  the task. Reinforcing this finding 

are those studies which have failed to find any conditioned learning whilst the 

cerebellum  has been artificially  inactivated (see Yeo and Hesslow , 1998) or dam aged. 

Fiez et al. (1993) suggested that the cerebellum  functions as an error detector and M arr 

(1969) that it functions as a m odifiable pattern detector, allow ing patterns to be 

m odified gradually with experience. Both could contribute to learning by correcting 

m ovem ents in order to reduce error and im prove subsequent perform ance. A llen and 

C ourchesne (2003) have suggested that the cerebellum ’s role is to predict relationships 

am ong sequences o f events so that the appropriate responses can be generated as 

quickly as possible. How ever, this m ay also be a result of a m ore general defect in 

tim ing (Lalonde and B otez-M arquard, 2000). The role o f the cerebellum ’s hem ispheres 

as tim e-keepers, (e.g., Ivry and Keele, 1989), m odifying the length and force of 

m uscular contractions to ensure sm ooth, co-ordinated sim ple and com plex m ovem ents,
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is another contender. Riva and Giorgi (2000) found that all o f  the children who had had 

cerebellar surgery in their study, performed poorly on time-based tests; Casini and Ivry 

found poorer performances in judging time intervals by those with cerebellar lesions. It 

makes sense that an impairment in time estimation would affect sound perception and 

production, and this has been demonstrated using Voice Onset Time (VOX) tasks 

where more difficulty was exhibited by the cerebellar patient group (than controls) in 

making voicing distinctions when engaged in auditory perception of similarly sounding 

words (i.e., “Daten” and “Taten” in the German language (Ackermann and Hertrich, 

1997)). However, Mauk et al. (2000) conclude that such theories are not really 

mutually exclusive; for example, sequence is not the only important consideration in 

movement because it may not result in movement at the appropriate time (Medina et 

al., 2000). Both Gao et al. (1996) and Bower and Parsons (2003) suggest that the 

cerebellum ’s primary function is in the acquisition of sensory information in order to 

guide behaviour appropriately and this is why it appears to be involved in not just 

motor but cognitive tasks. Thus, it seems that if there is one true underlying 

mechanism, it is yet to be identified.

Another function o f  the cerebellum which has gained recent popularity (though 

it was first suggested by Horsely, 1897) is the cerebellum’s role in inhibition. Given the 

amount of sensory information arriving at the cerebellum (as mentioned, afferent 

neurons outnumber efferent ones by 40:1), plus the inhibitory nature o f  the purkinje 

cells, it could be that the cerebellum contributes to proceduralisation and learning by 

eliminating irrelevant information and responses (see figure 6).
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Figure 6: Illustration o f how the cerebellum  contributes to learning by elim inating 
irrelevant information.

5.3 Normal cerebellar development

W ithin the Central Nervous System , the cerebellum  takes longer to develop in the 

em bryo than any other neurological structure (M adsen et al., 2002). Em erging from  the 

hindbrain and the posterior part o f the m idbrain at approxim ately 32 days gestation, it 

continues to form  until 1 year post-natally. The postero-lateral fissure, d ividing the 

flocculo-nodular lobe (archi- /  vestibulo-cerebellum ) from  the posterior lobe begins 

around day 45 developing until about day 63 (w eek 9) around which tim e the prim ary 

fissure begins to distinguish the anterior lobe from  the posterior lobe. The m id-line, or 

vermis (paleo-cerebellum ) appears about the eighth week, taking a further 10 w eeks to 

develop more fully. M ass expansion in all directions occurs ju st after this (at around 20 

weeks) with the cerebellar hem ispheres becom ing obvious as lateral m asses o f  dentate 

nuclei (the neo-cerebellum ). At about 12 weeks, the prim itive neuro-cells (neuroblasts) 

are generated and the deep cerebellar nuclei start to form. The neuroblasts m igrate to 

their respective locations from the ventricular epithelium ; firstly, the Purkinje

Cerebellum
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neuroblasts m igrate outw ards betw een the 17-28"’ weeks, follow ed by inward m igration 

o f the G ranule neuroblasts at about 30 weeks. This latter m igration continues until after 

birth, though they then disappear over the first year o f life.

The long developm ent o f the cerebellum  makes it a structure at risk of 

teratogenic dam age (C iesielski et a l ,  1997) and it is know n to be more vulnerable 

around the tim e o f birth than other structures o f the brain due to the increase and 

m igration o f granule cells (Jacobson, 1991), which could have ram ifications for 

subsequent cellular developm ent. Developm ental abnorm alities, according to M adsen 

et al. (2002), are best categorised according to gestational tim ing, and therefore, 

include disorders o f neural tube developm ent, neural /  glial developm ent and 

m yelination / cortical m aturation. Sporadic cerebellar hypoplasia, as Riva (2000) points 

out, could result in different developm ental disabilities including global delay, learning 

disability and attention deficits and research has certainly found a correlation between 

pre-term  infants, cerebellar size and subsequent cognitive deficit (A llin et al., 2001).

As Zeffiro and Eden (2001) point out, know ing the neurogenesis and 

m aturation o f the cerebellum  m ay help us to understand at what point such neuro- 

developm ental disorders begin in the hum an brain and why so m uch overlap betw een 

them  is seen. As previously m entioned, m yelination form ation occurs over time, with 

functional system s developing together (deQ uiros and Schrager, 1978). M yelin attack, 

therefore, could affect a specific set o f neurons, such as the vestibular-cerebellar or 

cerebellar-vestibular nerves, which are usually am ong the first o f the sensory neurons 

to be m yelinated. This w ould m anifest in aberrant control o f eye m ovem ents as well as 

balance.

5.3.1 Returning to the issue of co-morbidity

Because o f the overlap in sym ptom s betw een dyslexics and other neurological 

disorders, it is possible that they share som e cerebellar dysfunction. Studies have found 

overlap in the perform ance o f children with dyslexia and D evelopm ental Coordination 

D isorder (DCD ) on continuous tim ing tasks (e.g., W olff et al., 1990; Portw ood, 1999, 

2000]); betw een dyslexics and children with AD HD on m otor coordination tasks 

(D enckla and Rudel, 1978); betw een dyslexics and children with speech and language 

problem s (Bishop, 1997; Leonard, 1998) and even dyslexics and children with autism  /
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A sperger’s on tests o f visual-m otion integration (Talcott et al., 2000; G epner and 

M estre, 2002). Furtherm ore, there is evidence in A utistic brains o f verm al hypoplasia 

and a reduction in purkinje neurons o f the posterior cerebellar verm is and hem ispheres 

(Courchesne, 1997) especially  lobules VI and VII (Riva, 2000). The effects o f acquired 

cerebellar diseases also support a verm al role in em otional and social behaviours as 

well as verbal and non-verbal behaviour. In A D H D  brains there is evidence o f 

significantly sm aller cerebellum s than in norm al brains, though the cerebellum  is not 

exclusively different in these children. O ther areas are also different (C astellanos et al, 

1996). Berquin et al. (1998) found a significantly sm aller verm is in AD HD boys, 

particularly o f the posterior, inferior (but not superior) lobe, with lobules VIII, IX and 

X affected (Riva, 2000). It seem s plausible, therefore, that depending on the tim ing of 

the genetic / environm ental teratogenic interaction (i.e., the “w indow  of vulnerability”), 

the consequences o f the im paired cerebellar form ation could differ from  child to child, 

or m ay overlap. This would explain why a range o f disorders m ay cluster in fam ilies 

and also why the disorders are so often co-m orbid in one child. Thus, a child showing 

signs o f autism  m ight have experienced teratogenic insult at the very early stage o f 

neural tube closure (K em per and Baum an, 1998) and the evidence suggests that the 

w indow  o f vulnerability in A utistics occurs around the 5‘̂  week o f gestation 

(Courchesne, 1997), thereby affecting the verm is o f the cerebellum . A nother child in 

the sam e fam ily, however, m ay experience insult at a later stage (thereby affecting the 

lateral cerebellar hem ispheres) and as such show signs o f dyslexia. Indeed another 

child in the same fam ily who was exposed when cerebellar structures were form ing in 

parallel m ay consequently show m ultiple neuro-developm ental sym ptom s (e.g., ADHD 

and dyslexia or AD HD and DCD).

More research is needed to identify the w indow  of vulnerability in dyslexic 

children, although it seem s possible that som e im pairm ent im plicating the neo

cerebellum , and its neural connections to the relevant areas o f the prefrontal lobes, has 

occurred. Because both of these areas take longer to develop than the rest o f the brain, 

one m ight hypothesise that for either directly genetic reasons, environm ental reasons, 

or, m ore likely, som e interaction betw een the two (i.e., genetic vulnerability to 

environm ental stim uli) neuronal m igration or developm ent m ay have disturbed the 

developm ent o f inhibitory efferent projections from  the neo-cerebellum . This could 

have consequences for the subsequent form ation of neural circuitry, allow ing hard

wired, prim itive reflexes to prevail or dom inate. It could also have consequences for
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the adequate developm ent o f those heavily m yelinated axons, traced by M cG uire et al. 

(1989) using the antibody CA T-301, o f which the m agnocells are part. The dentate 

nucleus which receives projections from  the neo-cerebellum  contains both m agno- and 

parvo-cells.

5.4 The motor theory of speech

As we have seen from  studies such as those review ed by Riva and Giorgi (2000), parts 

o f the cerebellum  (i.e., the verm is) seem to be involved in the articulatory initiation and 

the m echanical aspects o f speech. It is know n that the cerebellum  sends projections to 

B roca’s area (areas 44 and 45), usually thought o f as a m otor area, and which is 

responsible for language articulation. How ever, although Leiner et al. (1989) ascribe 

pure cognitive functions, such as word retrieval, to the cerebellum , Justus and Ivry 

(2001) continue to em phasise its m otor basis, through tem poral regulation (Ivry and 

Keele, 2001). W ith regard to the form er, tem poral precision is crucial for phonological 

processing; im pairm ent o f this should, therefore, predict im paired speech perception 

and this is what Ackerm ann et al. (1997) found when they controlled for confounding 

factors such as intensity o f aspiration noise.

L iberm an and M attingly’s (1985) “m otor theory o f speech” suggests that 

phonem ic awareness depends upon articulatory awareness. That is, the “m otions” that 

people detect when listening to others are then m atched to their own perform ance of 

these m otions as they hear the associated sounds. None o f this m ust necessarily be done 

at the physical level; such m otions can be m ade at the neurological level, in the 

biologically  distinct m odule linking speech perception and production. If, as the tim ing 

theory w ould suggest, there is interference in either the detection o f o thers’ articulated 

sequence or one’s ow n sequence o f articulation, there should result a faulty 

representation o f sounds. The theory bears a resem blance to, and a developm ent of, the 

findings that babies can m atch aurally perceived phonetic inform ation to face and voice 

(e.g., Kuhl and M eltzoff, 1982) and that this is present from  at least 2 m onths o f age, 

suggesting that our brains m ay be hard-w ired for the processing o f phonetic 

inform ation (Patterson and W erker, 2003). Kuhl and M eltzoff suggest that the baby ’s 

tendency to im itate sounds m ay be due to their know ledge o f the relationship betw een 

hearing and articulation. A study by deG elder and V room en (1998) found that poor 

readers (i.e., dyslexic readers) were im paired not just on auditory processing but on 

visual speech processing as well (i.e., the perception o f another’s m outh m ovem ent
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during speech); they concluded that poor readers were im paired on speech-processing 

in general, thus providing support for the m otor theory o f speech. In a study o f 

dyslexics, W olff (1999) found that 90%  of those with m otor coordination problem s 

also perform ed poorly on tests o f m otor speech, as m easured by repetitious syllable 

production. A lthough studies are needed to explore w hether dyslexia “at risk” infants 

are less likely to m atch this aurally perceived phonetic inform ation to face / voice than 

are control infants, and longitudinal studies necessary to follow  such infants to ages o f 

m easurable literacy ability, the m otor theory o f speech has allow ed Fawcett and 

N icolson (2004) to suggest a link betw een m otor im pairm ents and the phonological 

reading / spelling difficulties experienced by dyslexics.

A model o f w orking m em ory proposed by Baddeley in the 1960s and revised 

recently (2002) m ay theoretically  support L iberm an and M attingly’s theory. Baddeley 

et al. (1998) suggested that language developm ent (either natively in children or as a 

foreign language in adults) is determ ined by rehearsal accom m odated for by the 

articulatory loop, from  a phonological store. Im portant in this articulatory loop is a 

central speech-m otor program . If this is disturbed then language m ay fail to develop 

(Caplan and W ater, 1995) regardless o f the contribution o f speech m usculature to 

language (B addeley and W ilson, 1985). The ideas o f a central speech-m otor program  

prevents the m odel being criticized on the grounds that deaf or m ute people develop 

literacy.

Liberm an and M atting ly’s theory represents an extension o f B addeley’s ideas in 

term s o f phonem ic aw areness, and subsequent theories since Liberm an and M attingly’s 

idea (e.g., the phonological deficit hypothesis) Imk phonem ic aw areness to literacy 

skills (Figure 7). Evidence o f verbal short-term  m em ory problem s in patients with right 

cerebellar dam age led Silveri and M isciagna (2000) to suggest that the resulting 

deficits w ere not true aphasia but a result o f  im paired w orking m em ory. Botez- 

M arquard et al. (1996) also found evidence o f im paired w orking m em ory in patients 

with severe o livopontocerebellar atrophy (O PC A ) com pared to those with mild 

atrophy.
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Figure 7: The way in which a cerebellar deficit m ay affect literacy through impaired 
m otor-speech.

The cerebellum ’s involvem ent in the acquisition, proceduralisation and subsequent 

im provem ent o f skills, either m otor or cognitive, suggests that dam age to, or mal- 

developm ent of, the cerebellum  could result in working m em ory and consequently, 

literacy problem s. Furtherm ore, evidence of abnorm al m otor skills in dyslexics, of the 

cerebellum ’s involvem ent in m otor skills, o f  the cerebellum ’s involvem ent in cognitive 

skills, as well as an explanatory theory for the cerebellum ’s im portance in language 

developm ent, have led Nicolson and Faw cett to suggest the cerebellar deficit 

hypothesis as a conceptual fram ew ork for understanding the causal origins o f the 

sym ptom s o f developm ental dyslexia.

5.5 The Sheffield hypotheses

The problem  with som e theories, such as the phonological deficit hypothesis and visual 

processing deficit hypotheses is that, although descriptively accurate, they limit the 

dyslexic deficits to a single m odality (N icolson and Fawcett, 1994a) thereby failing to 

offer a com plete explanation for the range o f sym ptom s dyslexics exhibit (Fawcett et 

al., 1996). D yslexic and non-dyslexic groups can be differentiated not ju st on the basis 

o f phonological skill and literacy attainm ents, but on the basis o f general reaction tim es 

(as m easured by stim ulus classification speed) and a w ide range o f tasks (e.g., 

phonology, speed, m otor skill, visual flicker, binocular control, auditory perception),
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with dyslexics doing worse than the controls every time (Nicolson and Fawcett, 1994a; 

1994b; 2001).

The cerebellar deficit hypothesis, however, may account for every modality and 

a range of symptoms, whilst also accounting or allowing for other hypotheses. It grew 

out of the more descriptive Dyslexia Automaticity Deficit (DAD) hypothesis, which 

itself incorporates the Conscious Compensation hypothesis (CC). The cerebellar deficit 

hypothesis, therefore, accounts for the original hypotheses whilst functionally 

anchoring and explaining the deficit’s source to specified locations of the brain.

5.5.1 The Dyslexia Automaticity Deficit and Conscious Compensation Hypotheses

The automaticity deficit hypothesis argues that dyslexic children have more difficulty 

with general skill acquisition (i.e., learning), than with specific skills such as reading. 

This is not a new notion -  it was commented upon by Morrison in 1985 (p. 89). The 

conscious compensation hypothesis claims that dyslexics must work harder than non- 

dyslexics to become proficient at such skills. Automatic processes are those that are 

independent of the limitations of a central processor (i.e., time or space-wise), which 

are involuntary and which require extensive practice (Regan, 1981). LaBerge and 

Samuals (1974) postulated the idea of a reading acquisition model in which the learner 

passed through two phases - “Attention” and “Mastery” - before acquiring “Full 

Automaticity” of a skill without any conscious involvement (though Perfetti (1985) 

proposed that in fact very few people reached a level of Full Automaticity). The 

suggestion that dyslexics’ problems lay in automatising skills was a topic of 

investigation as far back as 1971 when Eakin and Douglas explored it with reading 

disordered children and this was supported by findings of Denckla and Rudel (1976) 

who also found that dyslexic children were significantly slower on tasks of rapid 

number, letter, object and colour naming than were both normal control and non- 

dyslexic reading disabled children.

These hypotheses do not deny that dyslexics can become skilled, simply that 

they must employ coping strategies in order to do so; if present, other factors, such as 

general intelligence, motivation, practice and genetic endowment will determine 

eventually how well a skill is mastered. Varying levels of the influence of these factors
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in different children with dyslexia may, in fact, be the cause o f what appear to be 

different subtypes (Faw cett et al., 1996).

The extra resources necessary for coping strategies only becom e apparent when 

the initial task becom es m ore stressful, as w hen the task is com plex or is subject to time 

pressures (Faw cett and N icolson, 1994; Yap and Van der Leij 1994b). For example, 

dyslexic and non-dyslexic children m ay perform  equally well on any given single-task 

(due to conscious com pensation), but the one explicitly used by N icolson and Fawcett 

(1990) was that o f m otor balance. M otor skills are useful indications of learning skills 

because o f the practice needed to integrate the m any subunits into a sm ooth, unitary 

m ovem ent (Regan, 1981). How ever, for dyslexic children, the introduction o f a second, 

distracter, task (e.g., counting backw ards), affects their CC coping m echanism s to an 

unsustainable level and, thus, perform ance on the initial task deteriorates. This type of 

dual-task perform ance is a com m on m ethod o f assessing the degree o f autom aticity of a 

skill (Jenkins et al., 1994) and dem onstrates that it is by “w orking harder” that the 

dyslexic children perform  adequately on single tasks. Interference with perform ance is 

attributed to the reduction o f conscious com pensation rather than the additional 

attention requirem ents o f a further task, because results are identical to those found 

when children are blind-folded (Fawcett and N icolson, 1992), a m easure which, 

according to Fawcett and N icolson (1994), prevents conscious com pensation without 

introducing the com plications o f a dual-task paradigm , hi support o f this, recent 

evidence o f significant differences betw een dyslexic and control groups was found in 

rhythm  reproduction tasks when task com plexity increased, though in accordance with 

Nicolson and Faw cett’s own studies, perform ances were sim ilar for sim pler tasks of 

reproducing sim ple rhythm  patterns (T iffin-R ichards et al., 2004).

Sm its-Engelsm an et al. (2003) support the idea o f an autom atisation deficit in 

children with reading difficulties. Their participants were asked to draw  a straight line 

betw een two targets in tw o different conditions, firstly in one direction followed by 

reversing the line (discrete aim ing m ovem ent), and secondly by m oving from  one 

target to the other as fast as possible (cyclic aim ing m ovem ent). They found that 

children co-m orbid with learning disabilities and developm ental coordination disorder 

perform ed significantly w orse than control children but only on the cyclic aim ing 

m ovem ent. Such children, they suggest, need to rely upon feedback during their 

m ovem ent execution in order to plan ahead which places extra dem ands upon their 

m otor control.
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In training program m es designed to test long-term  learning and identify the 

stage o f difficulty, N icolson and Faw cett’s (1994a; 2000) dyslexic sam ple showed 

problem s with initial proceduralisation o f skill, the quality o f the skill acquired and the 

rate o f im provem ent o f that skill, com pared to control sam ples, although sim ilar 

patterns o f “unlearning” then “relearning” the task, betw een the 2 groups indicate that 

the eventual strength o f autom atisation in dyslexics is unim paired. N icolson and 

Faw cett suggest that it will take a dyslexic 10 tim es as long as a non-dyslexic to 

achieve equivalent gains. Furtherm ore, and crucial in the argum ent for a causational 

difference betw een “backw ard readers” and dyslexics, is the dem onstration o f a 

qualitative difference betw een reading age controls and dyslexics’ perform ance, not 

ju st on those dual-task tests adm inistered by N icolson and Fawcett, but on other tests o f 

“autom aticity” such as D enckla and R udel’s “Rapid A utom atised N am ing” task. In this 

task, the child is presented with a series o f everyday pictures printed on a page and is 

required to nam e them  as fast as he can in a sequential m anner. This is suggestive o f a 

contributing factor which is distinct from  linguistic skills alone.

5.5.2 The Cerebellar Deficit Hypothesis (CDH)

The autom aticity hypothesis, however, is not a causal explanation, m erely a cognitively 

descriptive one. As Yap and van der Leij (1994) point out, poor autom atisation may 

itself be a surface sym ptom  reflecting a deficit in som e underlying m echanism . The 

neural m echanism s necessary for a true causal explanation are better provided for by 

the cerebellar deficit hypothesis. This asserts that dyslexics have som e im pairm ent in 

their cerebellum . The cerebellum  is considered the centre o f skill learning in the brain 

allow ing new skills to be both acquired and m ade autom atic. O nce the cerebellum  has 

done its job  during developm ent, the skill in question (i.e., in this case phonological 

representation) may be accessed w ithout the cerebellum  (Zeffiro and Eden, 2001). 

Thus, traum a to this region would not necessarily result in acquired dyslexia.

5.5.3 Empirical evidence

In recent years much of the exploratory work concerning the cerebellum  and dyslexia 

has been conducted by N icolson and Faw cett o f Sheffield University. They claim  that
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tasks know n to be linked to cerebellar function (even if not entirely specific to it), such 

as eye-blink and tim e-estim ation have been shown to be deficient in 80% of their 

dyslexic sam ple, with no overlap betw een dyslexics and controls. T im e-estim ation is 

one cerebellar task which lies outside of the m otor dom ain and it supports Ivry and 

K eele’s (1989) hypothesis o f the cerebellum ’s role as a tim e-keeper. They found that 

patients with cerebellar dam age showed evidence o f im pairm ent in judgem ents o f time- 

estim ation but not o f loudness-estim ation (i.e., the control judgem ent task). Since then, 

W olff et al. (1990) have dem onstrated a significant difference in the perform ance o f 

dyslexic and non-dyslexics in their ability to engage in precisely tim ed bimanual 

coordination (on fast and asynchronous conditions only), and the Sheffield group have 

replicated this deficiency. For exam ple, N icolson et al. (1995) show ed that dyslexic 

children evidenced a dissociation betw een tim e-estim ation (the cerebellar task) and 

loudness-estim ation, perform ing significantly worse than their reading-aged controls on 

the experim ental task but equivalently on the control task to their age-m atched controls. 

Subsequently, the sim ple conditioning-study o f eye-blink response as a m easure of 

cerebellar abnorm ality dem onstrated group differences betw een dyslexics and non- 

dyslexics in term s o f tuning (i.e., tim ing o f blink) and habituation (num ber o f blinks) 

and could suggest a functional abnorm ality connected with the cerebellum  even if the 

specific pathw ay is not clear (N icolson et al., 2002). This evidence supports their 

previous studies o f cerebellar task differences betw een dyslexics and age- and reading- 

m atched controls which show ed the form er to be significantly  m ore im paired on a 

range o f tasks (Fawcett et al., 1996). The tasks used were the sam e as those described 

by Dow and M oruzzi (1958) which tested for traditional signs o f cerebellar 

dysfunction. The tasks on which the dyslexics perform ed particularly poorly (i.e., 

even w orse than their reading) included: finger and thum b opposition; trem or; arm 

displacem ent; toe tap; limb shake; dysdiadochokinesia"'^; postural stability and m uscle 

tone.

N icolson and Fawcett (1999) are careful in their writing to adopt a speculative 

stance with regard to their theory and the possibility o f the cerebellum ’s co-varying, 

rather than causal, role in dyslexia, however. Later, Faw cett and N icolson (1999)

T hese  are described in more detail in chapters 7 and 8.

D iadochokinesia: Difficulty perform ing  rapid alternating m ovem ents  as with the fingers o r  hands (i.e., 
a soft-sign) (Reber. 1985, p. 230).
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conducted a study to test the generahsability  o f their findings, changing their sam ple 

from their norm al one (a previously recruited, faithful, and repeatedly tested sam ple for 

m ost o f Nicolson and Faw cett’s experim ental hypotheses) to a larger com m unity-based 

one (from  private dyslexia schools). They reported that o f the 59 diagnosed dyslexics, 

of w hom  91% and 92%  had reading and spelling difficulties respectively, 68-86%  were 

“at risk” on 3 or m ore cerebellar tasks. In com parison, o f the 67 control children, o f 

w hom  24%  and 10% had reading and spelling difficulties respectively, only 16-18% 

were “at risk” on 3 or m ore cerebellar tests. Thus, although the overall effect size was 

lower, the results were sim ilar.

O ther support for the hypothesis that dyslexics don’t autom atise reading skills 

in the w ay that non-dyslexics do has been reported. Yap and Van der Leij (1994b) and 

Van der Leij and Van Daal (1999) consecutively show ed that dyslexics have a 

significant deficit in autom atic phonological decoding which was exacerbated by time- 

constraints, as well as a deficit in identification o f highly-fam iliar words and other 

orthographic stim uli, also exacerbated by speed lim itations, where scores were worse 

than those o f reading-age controls. W ith regard to m otor skills. Yap and Van der Leij 

(1994a) replicated part o f the N icolson and Fawcett (1990) study, show ing significant 

im pairm ent of balance skills in dyslexics (but only on the right leg).

Iversen et al. (2005) also found strong evidence for a relationship betw een 

reading difficulties and m otor coordination problem s. They show ed that poor readers, 

regardless of w hether this was caused by dyslexia or not, perform ed significantly less 

well on tasks o f m anual dexterity  (particularly  eye-hand coordination when m easured 

by control o f pen, and by coordination o f tw o hands perform ing a single task) and tests 

o f balance (particularly fast m ovem ents). In fact 60%  of the children in their “dyslexic” 

group and 53% in their “poor readers” group scored at or below  the 5'*̂  percentile 

com pared to only 13% in the control group. C om bined with those scoring at a 

borderline level, there were approxim ately 70% , 60%  and 26% scoring poorly on 

overall m otor coordination scores in the three groups respectively. Brookes and Stirling 

(2005) found a significant correlation betw een reading ability and both posture and 

com plex m ovem ents (taken as representative o f cerebellar functioning) which involved 

tests o f fine-m otor control and balance skill. How ever, their experim ental design did 

not differentiate betw een different groups o f poor readers

As we have seen earlier, M cPhillips and Sheehy (2004) also found that at least 

one m otor-based test o f retained reflexes (the A TN R), and other tests o f m otor
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development (i.e., “manual dexterity” and “balance” tasks from the Movement ABC"'*’ 

motor impairment test of Henderson and Sugden, 1992) could be used to discriminate 

between those with reading problems and those without.

Fawcett et al. (1996; 2001) make two further claims; firstly, that such findings 

as these persist even when the sample is screened for ADHD. Secondly, that cerebellar 

tests can discriminate not just generally between samples of dyslexics and non- 

dyslexics but that (static) cerebellar tests discriminate between types of poor readers. 

Sub-groups of poor-readers (i.e., those with low IQ) do not evidence such cerebellar 

impairment as do poor-readers with an average or higher IQ. This lends more weight to 

the idea that such tests reflect a distinct neurological condition, perhaps a result of a 

dysfunction with the lateral parts of the posterior lobe of the cerebellum (Fawcett et al.,

2001), as the cause of poor reading rather than poor general ability (i.e., “garden 

variety poor readers).

5.5.4 Neurobiological evidence

Suggestive evidence of differences between dyslexics and non-dyslexics comes not just 

indirectly from behavioural data such as described above but also directly from neuro- 

physiological and neuro-anatomical studies, though imaging studies suffer from a 

serious lack of consistency.

Rae et al. (1998; 2002) found biochemical evidence of cerebellar differences in 

dyslexics compared with controls. These differences manifested as reduced overall 

cellular density bilaterally and reduced neuronal density of the left coupled with an 

increase on the right (i.e., cerebellar asymmetry). They suggest that the reductions are a 

result of smaller numbers of larger neurons, which is also consistent with the 

magnocellular deficit hypothesis. They also report that dyslexics’ cerebellar grey 

matter ratio correlated significantly with nonsense word reading time, seeming to 

suggest a relationship between dyslexia severity and cerebellar symmetry (Rae et al,

2002) (though Beaton (2004) criticises the study on the basis of unknown co-morbid

T he “M o v em en t A B C ” test battery co n sist o f  8 su btests, d iv id ed  into 3 sets o f  tests. T h ese  are “m anual 
dexterity” w h ich  inclu des peg-board  m anipu lation , threading bolts and line draw ing; “ball sk ills” w hich  
inc lu des ball b ou ncing  (o f f  a w a ll) and throw ing a bean-bag into a box; and “b a la n ce” w hich  inclu des  
balan cing  a ball on  a board, hop p ing  and balan cing  on  a board (th ese  m ake use o f  both static and dyn am ic  
tasks).
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diagnoses; some subjects were thought also to have specific language im pairm ent). 

N icolson et al. (1999) point out that this is interesting given the evolution o f this part o f 

the cerebellum  (i.e., the neo-cerebellum ) relative to other prim ates, and its connection 

to both frontal m otor and language (i.e., B roca’s) areas o f the brain. How ever, unlike 

Rae et al, Finch et al. (2002) did not find any evidence o f cerebellar asym m etry. They 

did find evidence o f increased purkinje cell areas in both the anterior and m edial 

posterior cerebellar cortex, and in the inferior olive o f G alaburda et a l.’s (1985; 1994) 

dyslexic sam ple who had m ore large neurons and few er small neurons com pared to 

controls. They point out that this could be suggestive o f a deficiency in the input to the 

cerebellum , from  the inferior olive, rather than a deficiency o f the output to the dentate 

nucleus. This is consistent with theories o f sensory integration which claim  that a brain 

deficient in processing / organising the flow of sensory im pulses (in a m anner which 

results in precise inform ation about the person and his world) is a brain which cannot 

cope w ith ordinary stresses and dem ands, thereby resulting in a range o f dysfunctional 

sym ptom s (Ayres, 1979). This includes vestibular and proprioceptive inform ation as 

well as visual, auditory and tactile inform ation and would result in poor m otor 

coordination, m uscle tonus and spatial aw areness, m aking the acts o f literacy both 

tiring and difficult. G iven that the olivo-cerebello-dentate pathw ay aids the neo

cerebellum  to engage in language tasks, it m akes theoretical sense that a difference 

here m ight also result in dysfunctions at the language level.

N icolson et al. (1999) replicated an earlier study conducted by Jenkins et al. 

(1994) in which they used Positron Em ission Tom ography (PET) to dem onstrate 

cerebellar involvem ent in m otor perform ance o f both pre-learned and new tasks. 

A lthough Jenkins et al. found the cerebellum  was activated by both o f these tasks, it 

was m ore evident with new ly-learned tasks. N icolson et al. also found that a small 

sam ple o f dyslexic adults had significantly  less regional cerebral blood flow in the right 

cerebellum  for pre-leam ed sequence and new sequence tasks than did controls (0.9%  

and 0.5%  consecutively for dyslexics com pared to 5.6%  and 7.8% consecutively for 

controls), thus supporting the findings o f Rae et al. (1998; 2000). They also showed 

other functional differences (as is typical with such studies); the controls evidenced 

more activation around the cingulate gyrus during the pre-learned sequence w hereas 

the dyslexics showed m ore bilateral activation o f the frontal lobes during the novel 

sequence. This could suggest that the dyslexics are bypassing the cerebellum  and 

relying on conscious strategies for new learning (Faw cett and N icolson, 2001). Thus,



problem s are only evident when tasks m ust be processed rapidly (or are dual in nature) 

because this requires the additional involvem ent of the frontal cortex, which in 

dyslexics w ould already be in use.

These are im portant findings, not sim ply because they confirm  that functional 

differences in learning do exist betw een dyslexics and non-dyslexics, but because they 

link at least part o f these differences to the cerebellum . Furtherm ore, as N icolson et al. 

point out, the two differences found support skills relevant to reading; the execution 

and perfection o f an acquired skill. Further support for this connection was produced 

by Brookes and Stirling (2005) who found a significant coixelation betw een cerebellar 

soft-signs and reading as well as cerebellar soft-signs and cognitive skills thought to 

underlie the reading process (i.e., know ledge o f com m on sequences such as days o f the 

week, and picture sequencing).

5.6 Integrating four causal theories

3a. Balance 
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3b. M otor 
Skill 

Impairment

10. W riting

6. Impaired 9. Reduced
phonologic — ► working

al loop m emory
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Loop

4. Articulatory 
Skill

5. Problems 
automatising skill 

and knowledge

7. Phonological 
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8. W ord  
recognition 

module

11 .Reading

12. Spelling

Figure 8: Faw cett and N icolson’s hypothetical causal chain (reproduced from  Fawcett 
and N icolson, 2001, p.99).

The cerebellar deficit theory is a satisfactory theory for dyslexia because it accounts for 

such a w ide range o f sym ptom s. Being biological in its causal explanation, it subsum es
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the cognitive / behavioural phonological deficit hypothesis, and allow s for the co

existence o f the tem poral processing hypothesis and, thus, the m agnocellular deficit 

hypothesis. Figure 8 illustrates how the hypothesis represents a “causal chain” model 

with three distinct im paired causal pathw ays resulting from  the underlying cerebellar 

problem  (boxes 1 and 2). These pathw ays include general m otor skills (boxes 3a and 

3b), speech articulation (box 4) and autom aticity  (box 5). These allow  for a genetically 

determ ined, neurologically based, developm ental disorder, which m anifests in a range 

of ways, the m ost obvious o f which in today’s academ ically oriented culture, are the 

educational skills o f writing (box 10), reading (box 11) and spelling (box 12).

The difficulties in acquiring and autom atising at an early age, the precisely 

tim ed m uscular m ovem ents involved in articulatory and auditory skills, explain not 

only the com m on early signs o f abnorm al developm ent in dyslexic children, such as 

m otor and speech delay, but the later phonological and literacy skills as well. Because 

of the large attentional load (i.e., conscious com pensation) required for the acquisition 

o f each skill, there is little processing o f sensory feedback to im prove that skill. Thus, 

the child is at a disadvantage when com m encing a subsequent task. The direct result of 

poorly-tim ed m uscular m ovem ents, include poor co-ordination and clum siness with 

everyday tasks, such as tying a shoe-lace, learning to ride a bike and more notably, 

illegible / untidy hand-w riting. M ore im portantly from  this perspective are the indirect 

literacy problem s, caused by a low er sensitivity to the phonetic structure of language 

which, com bined with the increased need for conscious involvem ent, result in, firstly, 

weak acquisition o f the basic com ponents o f reading (i.e., letter identification, 

grapherne-phonem e correspondence) and secondly, the poor transition o f these to 

advanced skills (i.e., the blending o f phonem es into syllables and w ords) (box 7). The 

initial acquisition o f these skills is hard enough and yet stopping there is not sufficient; 

the skills must also be made autom atic, im proving consistently  throughout childhood. 

Too m uch attention on any o f the com ponents o f reading will reduce the quality and 

com prehension o f reading. These two responsibilities o f the cerebellum  (i.e., learning 

and perfecting) are what Fawcett et al. (2001b, p. 122) refer to as the “double w ham m y” 

w hen it comes to reading because the skill relies on both so heavily.

The production o f letter shapes for w riting is also a result o f  w eak fine m otor 

coordination and, thus, in need o f conscious com pensation. Spelling represents a 

com bination of intact phonological skills (box 7), the autom atic skill o f  fine m otor 

tim ing / coordination for m aking letter shapes and also the autom atisation of
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know ledge (box 5). Thus, this m ay be even m ore problem atic for the dyslexic and is 

often the most telling and persistent sym ptom  in the older dyslexic (Stevenson, 1987; 

Thom son, 1984). Thus, the cerebellar deficit theory nicely absorbs cognitively 

descriptive m odels o f both phonological and autom aticity deficiency. In addition to this 

it also purports to account for the poor w orking m em ory often seen in dyslex ics’ W ISC 

/ W AIS profiles and rapid nam ing difficulties which are consistent with other 

hypotheses such as the double deficit hypothesis (W olf and Bowers, 1999). Slow 

articulatory speed results in an im paired phonological loop (box 6) and, thus, reduced 

w orking m em ory (box 8). These serve to exacerbate the difficulty involved in literacy 

attainm ent because a poor w orking m em ory is an im portant skill in holding sounds o f 

letters long enough to synthesise them  into a spoken (read) word or building up letters 

into a written spelling.

N icolson et al. (2001) suggest that S tein ’s theory o f m agnocellular processing 

deficiency (i.e., tem poral processing deficiency) may act either instead of, or in parallel 

with, the current theory. As Bishop (2002) points out, the two actually work well 

together given the close neuro-anatom ical links from  the cerebellum  to the 

m agnocellular pathw ays and in fact there are m agnocells in the cerebellum  as well as 

the m otor output system s. Furtherm ore, given the finding by W olff et al. (1990) that a 

sub-sam ple o f dyslexics perform ed significantly worse than controls on cerebellar tests 

o f tim e-estim ation, it is plausible that the im portant tim ing control o f speech and 

language processes is inten'upted which m ay contribute to reading disorders in the way 

that N icolson and Faw cett describe.

G iven the possible role in tim ing, the inhibitory nature o f the cerebellum  and the close 

links betw een the cerebellum  and vestibular system , there does seem  to be some kind 

o f justification  for the existence o f retained reflexes, and thus, disturbed balance skills. 

G oddard-B lythe (2000) even suggests that som e children w ith dyslexia (usually with a 

retained spinal galant reflex) will show a higher incidence o f bed-w etting than other 

children their age (over the age o f 5). This could be explained by the link betw een the 

m edial vestibular nerve and the autonom ic nervous system, which also w ould explain 

abnorm al fight or flight responses, such as those experienced by the child with a 

retained M oro reflex (see chapter 3). The vestibular system  and its connections are 

illustrated in Figure 9.
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5.7 Problems with the Cerebellar Deficit Hypothesis

Em pirical Problem s

The theory espoused by N icolson et al. (2001) is that cerebellar deficiency impedes 

articulatory and m otor skill developm ent, resulting in m otor and language difficulties 

which m anifest as delays in babbling, talking, craw ling and walking and eventually 

problem s in learning to read, write and spell (i.e., dyslexia). The theory rests upon a 

num ber o f prem ises for which the Sheffield group claim  to have em pirically  and 

theoretically accounted:

(1) There exists a cerebellar im pairm ent in dyslexics

(2) This cerebellar im pairm ent adequately explains dyslexia

In order for the second to be considered, the first m ust be upheld. Only once this is 

done is there any point in exam ining the second.

“  D erived  from  G oddard  (1996 . p. 53) and K ohen-R az (1996 . p. 29)
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• W ith regard to the first premise;

o There exists, to date, only one successful attem pt to replicate Nicolson 

and Faw cett’s (1990) original findings (i.e., Yap and Van der Leij, 

1994a) and they advise cautious interpretation o f the results since they 

only partially replicated N icolson and Faw cett’s findings (i.e., dual-task 

differences existed only when standing on the right leg, not both legs). 

Furtherm ore, the replication sam ple size was tiny (n = 28) and some of 

their videoed m aterial was m issing. Finally, there were large (though not 

statistically significant) differences betw een the control and dyslexic 

groups on m easures of the single-task for Yap and Van der Leij. Savage 

(2004) expresses concern about the possible confounding effects which 

m ay have been introduced when Nicolson and Fawcett calibrated their 

two groups to avoid this carry-over problem  on the second task.

o Since the partial replication by Yap and Van der Liej (1994a), no one 

has m anaged to replicate the Sheffield findings using the sam e tests. 

Both W im m er et al. (1998) and W im m er et al. (1999) failed to support 

previous findings and even cast doubt on the im portance of the 

dyslexics’ single to dual-task differences found in Yap and Van der 

L iej’s study. The latter study also found that half o f the dyslexic 

children (i.e., the “non-A D H D ” halO in their sam ple, show ed evidence 

o f perfect balancing perform ance, with no reduction in balance betw een 

the single- and dual-balance tasks. Such findings are continuing (e.g., 

Geuze and Kalverboer, 1994; K ronbicher et al, 2002, Van Daal and Van 

der Leij, 1999). Furtherm ore, Fawcett and N icolson’s (1999) 

generalisability study failed to account for the fact that 28%  of the 

control group had been involved in previous studies using identical 

cerebellar tests. W ithout controlling for possible practice effects it is 

difficult to know  w hether the differences betw een the two groups are 

artificially inflated.

o A lthough initial supporters o f the im portance o f soft neurological signs 

im plicating m otor skill deficit in dyslexic children, D enckla et al. (1985) 

later attributed such deficits to ADHD , claim ing the presence o f such 

signs in dyslexics was due to high co-m orbidity  o f the tw o conditions. 

This was also supported m ore recently by W im m er et al., (1999), Van
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Daal and Van der Leij (1999) Ram us et al. (2003a; 2003b) and Raberger 

and W im m er (2003). Even W olff et al. (1990), in their study of 

precisely-tim ed bim anual coordination, found evidence o f sub-groups 

w ithin their dyslexic sam ple, with only half o f their dyslexic sample 

show ing evidence o f this difficulty (and of this sub-sam ple the results 

did not correlate with reading im pairm ent). As they point out, this 

represents som e non-linguistic, non-cognitive, non-neuropsychological 

deficit, but what exactly  does it m ean? Furtherm ore, O ’Hare and Klialid 

(2002) found that although tests o f neurological functioning (i.e., the 

Quick Neurological Screening Test), particularly cerebellar-based tests, 

were useful in differentiating betw een children w ith developm ental 

coordination disorder and norm ally developing children, they were not 

particularly useful in identifying the subgroup o f reading-disordered 

children w ithin the DCD sam ple. Thus, the identification o f a sub

sam ple w ithin a dyslexic sam ple, as described here, is a com m on finding 

in research.

o Even accepting that m otor skills are im paired in dyslexics, there has

been no replication o f other cerebellar test deficiencies in dyslexics, for 

exam ple, tim e-estim ation. Both Stringer and Stanovich (1998) (in 

Ram us et al., 2003b) and Ram us et al. (2003b) have failed to 

discrim inate betw een dyslexic and non-dyslexic groups on the basis of
77

tim e-estim ation tasks" . This w ould lead one to conclude that although 

m otor-based tests m ay be indicative o f cerebellar dam age, the fact that 

they are intricately linked to other parts o f the brain suggests that they 

could be equally indicative o f dam age else-w here. This is supported by 

the apparent consensus since the studies o f Faw cett et al., that such 

im pairm ents may be m ore indicative o f AD HD / DCD than dyslexia.

o Zeffiro and Eden (2001) point out that dyslexics do not m im ic the ataxia

apparent in those who have sustained cerebellar traum a later in life. 

How ever, direct com parisons to acquired injuries, even at the same site.

The fact that there are differences betw een German and English speaking dyslex ics should not be 
overlooked (i.e.. German is far more phonological than is English). In addition, different criteria for these 
dyslexic groups was em ployed. Ramus et al. (2003b) used a cut-off IQ o f  80 points where-as N icolson  
and Fawcett (1999) used a cut-off IQ o f  90  points.
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may not be m eaningful. W ithin a developm ental context, the brain can 

adapt its w iring in order to com pensate for functional losses (Nicolson, 

Fawcett and Dean, 2001).

•  W ith regard to the second premise:

o As Ram us et al. (2003b) point out, if there is a causative link between 

cerebellar im pairm ent, as m easured by the Faw cett et al. type tasks (e.g., 

Fawcett et al., 1996), and phonological skills, then a correlation between 

the two should hold not just betw een factors but w ithin groups as well. 

That is, it would be expected that quality o f perform ance on 

phonological tasks would m atch quality o f perform ance on m otor tasks. 

How ever, no w ithin group correlation data were presented. The same 

point holds regarding articulatory skill, 

o  Furtherm ore, it must be adequately explained how cerebellar 

im pairm ent results in dyslexia. N icolson and Fawcett must be 

com m ended for their attem pt to do this using the L iberm an et al. (1963) 

m otor theory o f speech perception, however, Ram us et al. (2003b) have 

rejected the model on the basis o f the initial theory’s w eak integrity. 

They claim  the theory’s basic assum ption with which dyslex ics’ literacy 

difficulties are explained appears to have been fundam entally flawed 

because it assum ed that internal representation o f speech was dependent 

upon explicit speech articulation. How ever, as we have seen, internal 

representation o f speech m ay be accounted for by a biological m odule 

linking speech perception and production (L iberm an and M attingly, 

1985).

It is an exciting idea that cerebellar processes m ay underlie reading skill as it suggests 

that those whose reading im pairm ent is a result o f “neurological dyslexia” m ay be 

identified on the basis o f cerebellar im pairm ent, rather than, as is currently the case, on 

a reading / IQ discrepancy, the concern over which has previously been expressed. 

A lthough the likes o f Ram us et al. (2003b) did find pure dyslexics with m otor 

difficulties and do not deny that dyslexics m ay have trouble w ith m otor control, the 

literature does seem to support the claims o f Ram us et al. that co-m orbid cases are (1) 

more likely to have m otor difficulties and (2) more likely to have severer m otor 

difficulties. To echo Bishop (2002), further replication studies o f cerebellar findings are
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needed which em ploy properly controlled designs to account for the confusion caused 

by co-m orbid difficulties. A non-specific m arker o f neuro-developm ental problem s, 

whilst useful as an early indicator o f potential problem s, does nothing to offer relief 

from  the current diagnostic problem s surrounding dyslexia specifically. Furtherm ore, 

the level o f inconsistency in the literature m akes interpretation difficult and practical 

application unjustifiable at present. Thus, further clarification is one o f the aims o f the 

current work.

hi sum m ary, the cerebellum  is traditionally thought o f as responsible for the control o f 

learning and m otor coordination. On one level it is linked to the very basic aspects o f 

m ovem ent (i.e., posture and m uscle-tone); it also coordinates head and eye m ovem ents. 

In addition, it allows for the developm ent o f skilled m ovem ents beyond these levels. 

M ore recent research has linked the cerebellum  to skills in the cognitive dom ain, 

though w'hether these are truly cognitive or have a m otor elem ent in their processing is 

still a m atter of debate. M otor behaviour may be linked to the cerebellum  because 

m otor acts are the most overt signs of learning, in term s o f acquiring, proceduralising 

and perfecting skills; more overt than cognitive processes. The inhibition o f 

unnecessary stim uli and response perform ance possibly allows for the cerebellum ’s 

engagem ent in tim e keeping and betw een them  these functions ensure that only 

relevant responses are perform ed and that these are done so in a sm ooth and 

coordinated manner.
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6 Chapter 6: Aims

6.1 Rationale for current study

A ssum ing that the cerebellum  is im paired in dyslexics, and that the claim s of 

subsequent treatm ent efficacy studies (i.e., M cPhillips et al. (2000) and Reynolds et al. 

(2003)) are true, this w ould suggest that not only is it possible to identify and treat 

dyslexia using cerebellar theory but, because the treatm ent is targeting the prim ary 

dysfunction, that such children, if treated at a younger age, should no longer show signs 

o f being at risk o f dyslexia.

Schiffm an and C lem m ens (1966) estim ated that o f those children in whom  a learning 

disability is diagnosed at age 8, 82% can be brought up to their grade-level w ithin a 2 

year period. How ever, this percentage steadily drops and by age 14, just 6%  can 

achieve such gains (cited in G oldberg and Schiffm an, 1972). Thus, early intervention is 

crucial in term s o f tem poral and financial resources. A review  of the literature 

conducted by Foorm an and Torgesen (2001) provides m ore recent support for the 

efficacy o f appropriate teaching for those at risk o f reading failure. The instructional 

procedures deem ed to be m ost useful incorporate phonem ic decoding, fluency in word 

recognition and text processing, construction o f m eaning, vocabulary, spelling and 

writing. Together, they claim  that these will bring the m ajority o f children up to their 

current grade reading level. A m eta-analysis conducted by Shonkoff and Hauser-Cram  

(1987) suggested that treatm ent program m es are m ost beneficial if adm inistered to the 

child under the age o f 3 years old. Using such a sam ple was not possible in the present 

study given the concentration abilities required to com plete the testing procedure, 

how ever, by recruiting pre-school and early-school children we targeted participants as 

young as was possible. The study by M cPhillips et al. (2000) show ed that replicating 

prim itive (retained) reflexes in much older children (age 8-11 years) had a positive 

effect on both reducing retained reflexes and im proving reading scores. The current 

study w ished to investigate w hether a sim ilar (or stronger) effect, could be obtained 

with a m uch younger sample.

A dded to this is suggestive evidence that those w ith learning disorders m ay 

suffer from  elevated levels o f anxiety or depression as a result o f their disorder. Social 

and em otional difficulties caused either by the biological d isorder responsible for their
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academ ic difficulties or by the added burden put on the individual by their dyslexia, or 

indeed both (Bruck, 1986) can m ake life m ore stressful for the dyslexic. Bryan et al. 

(1983) and Sw anson and Howell (1996) both show ed increased test-anxiety am ongst 

students with learning disorders, suggesting an exam -perform ance double-handicap 

(W achelka and Katz, 1999). Ryan (1991) suggests that, as a result o f  their academ ic 

difficulties, dyslexics m ay have negative thoughts about them selves, m ay view  the 

present world negatively, and as such, m ay foresee a life o f continuing failure. Heath 

and Ross (2000) also found increased levels o f depression in learning-disordered 

students. The “negative M atthew  effect” is used to describe this dow nw ard spiral of 

achievem ent deficits and negative m otivational spin-offs seen in dyslexics (Stanovich, 

1986).

G iven the apparent efficacy o f the treatm ents used in both M cPhillips et a l.’s 

(2000) and Reynolds et a l.’s (2003) studies, it w ould seem  that adoption o f an exercise- 

based rem edy for children with dyslexia (or at risk for it), would not only save tim e and 

m oney on the basis o f rate o f im provem ent, but w ould also im prove the quality o f life 

and self-esteem  of such individuals by targeting them  at an early age. Before justify ing 

the adoption and integration o f their techniques in the national curriculum , however, 

the follow ing issues need to be raised;

Replication The level o f inconsistency and criticism  in the literature warrants concern. 

There is clearly substance to the argum ent that dyslexic children show som e m otor 

im pairm ent but the extent and severity o f this should be clear enough to allow for 

replication. A recent study by W hite et al. (2006) dem onstrates these problem s. Despite 

their suggestions that reading difficulties in children and sensorim otor difficulties (as 

measured by auditory, visual and m otor tests) are dissociable Bishop (2006) has refuted 

their claim s on the basis o f differing findings across authors thereby rendering their 

conclusions incoherent. It is difficult therefore to com e to any firm  conclusion about 

the role o f the cerebellum  in reading, or the role o f m otor theory in reading when such 

different views and findings are constantly  being reported.

G eneralisability Frequent self-criticism  of N icolson and Faw cett’s w ork concerns the 

small size of the sam ples em ployed in addition to which there m ay be a certain degree 

of sample saturation / exhaustion, given the on-going and frequent use o f the same 

sample for testing. Thus, Fawcett and N icolson (1999) replicated their findings on both
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a larger and a novel sam ple, dem onstrating the generalisability o f their findings. 

Concern regarding the inclusion o f previously-used control children has already been 

expressed with regard to causing inflated differences betw een the treatm ent and control 

groups (see Beaton, 2002). The current study attem pts to address this by exploring the 

differences in cerebellar response with a sim ilarly large sam ple, albeit a younger one.

As causal theory for dyslexia  

Tw o Issues arise here:

(1) Tests o f cerebellar functioning by N icolson and Fawcett have thus far only really 

found cerebellar deficiency in pure  dyslexics. O ther studies suggest such findings are 

due to co-m orbidity o f A D HD / DCD.

(2) Tests o f Tim e Estim ation, perhaps one o f the m ost pure tests for cerebellar 

dysfunction (as distinct from  m otor-based tests which m ay target other parts o f the 

brain), fail to differentiate dyslexics from  non-dyslexics in all but the studies of 

N icolson and Fawcett.

T reatm ent efficacy and test prediction

Both M cPhillips et al. (2000) and Reynolds et al. (2003) conclude by suggesting that 

larger studies are needed in order to replicate their findings. That is a m ajor goal for the 

current study.

6.2 Aims

The current study was conducted as an objective attem pt to test the validity  of m otor 

theory as an explanation for the origins o f developm ental dyslexia and to evaluate the 

efficiency o f m otor-theory based interventions in rem ediating the condition.

Thus, the follow ing were the principal aims o f the current study:
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6.2.1 Treatment Efficacy

Aim 1

To investigate w hether a program m e designed to integrate retained reflexes into higher 

order m ovem ents reduces the subsequent probability o f risk for dyslexia, as m easured 

by the DST / D E ST-^

Aim 2

To investigate w hether stim ulating the vestibular system  through a program m e o f gross 

m otor co-ordination reduces the subsequent probability o f risk for dyslexia, as 

m easured by the DST / DEST.

6.2.2 Predictive Efficacy

Aim 3

To investigate w hether retained reflexes can discrim inate betw een dyslexic and non- 

dyslexic children by predicting which children o f a pre- or early-school sam ple will 

subsequently score “at risk” for dyslexia on the basis o f the DST / DEST.

Aim 4

To investigate w hether vestibular functioning, as m easured by a battery o f gross m otor 

co-ordination tests, can discrim inate betw een dyslexic and non-dyslexic children by 

predicting which children o f a pre- or early-school sam ple will subsequently  score at 

risk for dyslexia on the basis o f the DST / DEST.

Aim 5

To investigate w hether fine m otor co-ordination tests can discrim inate between 

dyslexic and non-dyslexic children by predicting which children o f a pre- or early- 

school sam ple will subsequently score at risk for dyslexia on the basis o f the DST / 

DEST.

D yslex ia  S creen ing  T est /  D yslexia E arly  S creen ing  T est (Faw cett and N ico lson . 1996; N ico lson  and 
F aw cett. 2004).
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Aim 6

To investigate whetlier visuo-m otor skills can discrim inate betw een dyslexic and non- 

dyslexic children by predicting which children o f a pre- or early-school sam ple will 

subsequently score at risk for dyslexia on the basis o f the DST / DEST.

Aim 7

To investigate w hether phonological skills can discrim inate betw een dyslexic and non- 

dyslexic children by predicting which children o f a pre- or early-school sam ple will 

subsequently score at risk for dyslexia on the basis o f the DEST / DST.

Causal theory 

Aim 8

To investigate w hether tests o f phonological skills are related to perform ance on 

cerebellar tests in order to test Liberm an and M attingly’s (1985) m otor theory of 

speech as incorporated in to N icolson and Faw cett’s (1990) cerebellar deficit 

hypothesis.

The study design is illustrated in Figure 10. This is broken up in to the independent and 

dependent variables. There are four independent variables; the scores o f the reflex 

replication group, the balance group, the placebo-control group and the control group. 

There are tw o types o f dependent variables; the “m ajor” dependent variable is the score 

of that test which we used to judge risk o f dyslexia (i.e., the D ST / DEST). The 

“m inor” dependent variables include the perform ance on those five sets o f tests (and 

their subtests) which m ade up our testing sessions. These include the tests o f retained 

reflexes (o f which there were 6 subtests), tests of balance (of w hich there were 8 

subtests), tests o f visual-m otor functioning (of which there were 4 subtests), fine m otor 

tests (o f which there were 5 subtests) and tests o f phonological skill (of which there 

were 3 subtests). These “minor" dependent variables were also used as dependent 

variables at testing tim e 2 and testing tim e 3 and also as predictor variables in the 

evaluation o f early signs for dyslexia (at testing tim e 1). The retained reflexes were 

used to determ ine the initial risk for developing dyslexia at tim e 1. There was one
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uncontrolled variable and that was the C onners’ Parent Rating Scale -  Revised for 

AD HD screening. This was adm inistered to the parent o f the child at testing tim e 3.

Design o f study

2. Balance

3. Placebo- 
control

4. Control

, Reflex

M ajor DV (1) M inor DV (5)

DST / DEST

1. Retained Reflexes (6)

2. Balance (gross) (8)

3. V isual-m otor 
functioning (4)

4. F ine-m otor skills (5)

5. Phonological skills (3)

Independent D ependent U ncontrolled
Variables (4 levels) variables variable

CPRS-R

ADHD

Figure 10: Design o f the study
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7 Chapter 7: Tests and Treatments

Tests

Chapter 4 explored the developm ent o f m otor-based practices surrounding dyslexia and 

neuro-developm ental problem s, used in previous decades. Chapter 5 introduced a 

new er theory o f dyslexia which, apart from  explaining the basis o f the specific learning 

difficulty itself, m ight explain and justify  these m otor practices. C hapter 6 now 

attem pts to m arry these previous chapters by review ing m otor tests and treatm ents, 

based on cerebellar theory.

7.1 Minor predictor variable and predictor variable

M orrison (1985) points out that learning-disordered children often show  three 

interrelated variations in developm ent com pared to norm ally developed children; these 

include, retention o f prim itive reflexes, inadequate / non-autom atised postural and 

equilibrium  reactions and unstable visual-m otor control during m otion. All o f these 

have been covered at som e level in the current study. As pointed out by Faw cett et al. 

(2001), standardised m otor batteries do not cover the range o f cerebellar abnorm alities 

that such studies as this are keen to em ploy, and for this reason it was necessary to 

com pile a range of suitable tests. The current study includes tests o f equilibrium  and 

reflex, as these were the m ain focus o f those studies on which the cunen t one is based 

(i.e., M cPhillips et al. (2000); Reynolds et al. (2004)). Furtherm ore. K ohen-Raz (1996) 

suggests that, in order to detect those learning-disordered students w ith m otor 

im pairm ents, the tests with the m ost predictive utility are those o f prim itive postural 

reflexes, static balance and walking perform ance. A study by Iverson et al. (2005) 

found that tests o f m anual dexterity and balance could discrim inate betw een poor and 

good readers at age 11, but that tests o f ball-catching could not.

In the original battery o f tests m easuring cerebellar functioning, designed by 

Dow and M oruzzi (1958), there were 14 separate items belonging to one o f three
7Q

constructs; “m aintenance o f posture” , “hypotonia" ” and “com plex m ovem ents” (e.g., 

finger to finger m ovem ents). A recent study by Brookes and Stirling (2005) found 

significant correlations betw een the first and last o f these with reading and with

H ypotonia: T he state o f  m uscu lar relaxation .
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cognitive skills underlying the reading process (e.g., picture arrangem ent), however, 

they could not find evidence o f strong correlations betw een “hypotonia” and such 

skills. The current study did not em ploy any hypotonia tests, but focussed on those 

belonging to the other tw o categories.

O ther tests included in the current study’s battery were fine-m otor tests (e.g., 

traditional “cerebellar” tests), visual-m otor tests and phonological tests. The principal 

reason for adding phonological tests to the com piled battery was that they act as a good 

predictor o f future reading problem s (especially  in fam ilies w ith a history o f dyslexia) 

(M uter and Snow ling, 1998). Thus, it m ay be possible to com pare phonological 

perform ance with various aspects o f m otor perform ance.

The attraction o f these tests is that they are non-invasive in style and can be fun 

for the child to do. They can be carried out in an educational setting and, if refined, 

m ay take less tim e to adm inister than the typical battery o f cognitive tests currently 

required in order to establish the existence o f a learning disability.

Thus, the current study em ployed the follow ing set o f tests:

•  Balance (G ross-m otor) tests

• Reflex tests

•  V isual-m otor tests

•  Fine-m otor tests

•  Phonological tests

7,1.1 Balance tests

M orrison (1985) stresses that it is not just the inability to inhibit reflexes, but also the 

retarded developm ent o f postural and equilibrium  reactions that characterise those 

learning-disordered children who have neuro-behavioural dysfunction (p. 2).

Rudel (1985) found that dyslexics perform ed significantly worse on most 

m easures o f m otor skill, but only up until the age o f 11 years; beyond that, as has been 

dem onstrated by Fawcett and N icolson (1992), dual-task m ethodology m ust be 

em ployed in order to tease out differences betw een dyslexics and non-dyslexics. All 

children in the current study were well under the age o f 11, so com plicating tests in this 

way was not necessary.
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K ohen-Raz (1996) suggests that for children below  the age o f five years, using 

sim ple “pass / fail” criteria for standardisation purposes is not very reliable; because of 

this, the current study quantified the quality o f perform ance not on “pass / fail” but on 

degrees o f steadiness according to that scoring-m ethod devised by McPhillips^*’ (see 

A ppendix 1, tests 9-14).

Balance is the ability to m aintain equilibrium  (C rutchfield and Barnes, 1993) 

and, in this study, two form s o f it are tested; static and dynam ic balance. T ogether these 

test both the vestibular and the proprioceptive system s, and by asking the child to close 

his eyes on som e tests, the contribution o f the visual system  is also tested. Thus, all of 

the neuro-physiological system s underlying balance are represented in the following 

tests.

1. Standing on one leg

By the tim e he is 4 years old the child should be able to control his balance on one 

leg, eyes closed; this postural ability indicates that vestibular, proprioceptive and 

visual inform ation are integrating adequately in the cerebellum  (deQ uiros and 

Schrager, 1978). It also represents the later m yelination o f the ponto-cerebellar 

tracts around this age, which are linked to the frontal lobes and suggests the child 

m ay be ready for learning cognitive-based skills. Perhaps this is why it is felt that 

children are ready to enter the school system  from  this age onwards. The Peabody 

D evelopm ental M otor Scales, second edition (PDM S-2; Folio and Fewell, 2000) 

lists that by the age o f 3.5 years, a child should be able to stand on one foot for 5 

seconds and by 4.5 years, for 6 seconds. By 5 years, this has progressed to 10 

seconds. M cG low n (1990) also suggests a 3-4 year old can rem ain stable for 6 

seconds. Holt (1991) reports that a 4 year old stand for 4-8 seconds and a 5 year old 

over 8 seconds. This test is also one o f the two m otor tests that H aslum  (1989) 

reported as correlating m ost highly with the dyslexic sam ple in the British National 

C ohort Study (see N icolson and Fawcett, 1994).

"Prim ary M ov em en t for the E arly Y ears” ; a train ing course run by M artin M cP h illip s . D u b lin , 
D ecem b er . 2 0 0 2 .



2. Mann test (Advanced Romberg)

The Mann test is a typical clinical test of balance. Use of the test with eyes closed, 

in order to account for removal of visual feed-back in guiding balance / behaviour 

and testing proprioceptive and vestibular stimuli only, is tested in addition to a test 

with eyes open, to involve the visual system. Kohen-Raz (1996) claims that 

children can do the normal Romberg (i.e., standing feet together) when 4 years old 

and with the eyes closed by the time they are 6, but for this version of the Romberg 

he found that 50% of 5 year-olds and 75% of 6 year-olds could stand, eyes open, 

for 15 seconds. O f the 6 year-olds, 25% could stand for 10 seconds eyes closed 

(Kohen-Raz, 1996, p. 212)

3. Tandem walk

This test was used by Frank and Levinson (1973) to identify those dyslexic children 

they labelled as “cerebellar-vestibular impaired”. Ability to walk with feet in the 

tandem position is one of the capacities checked on the ataxia rating scale (ICARS) 

devised by Trouillas et al. (1997). McGlown (1990) suggests a 3-4 year old can do 

this. According to Holt (1991) this ability emerges in the 4 ‘̂  year and can be 

performed by 90% of 5 year olds. W alking backwards, as on this test, is the second 

motor test reported by Haslum (1989) to correlate most highly with presence of 

dyslexia (in Nicolson and Fawcett, 1994). According to the PDMS-2 (Folio and 

Fewell, 2000) a 3.5 year-old child can walk forward a distance of 4 feet on a 4 inch- 

wide beam, and a 4.5 year-old can walk, heel-to-toe forwards and backwards for a 

distance of 5 feet.

4. Walking on tip toe

Holt (1991) reports that a child of 2.5 years should be able to do this for 3 steps 

forwards and by the time they are 3 years old they should not step off a line which 

is 1 inch wide and 10 feet long. The PDMS-2 suggests that a child of 2.5 years will 

walk 5 steps on a 4-inch wide beam and at 3 years they will walk 8 feet.
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5. Slalom  walk

At 3.5 years a child should be walking forw ards on a line for 8 feet and backwards 

5 steps (PDM S-2; Folio and Fewell, 2000). The m ovem ent requires the child to 

walk along a single line m arking on the ground (A ppendix 1, test 5), alternately 

lifting each leg and crossing it over the line.

6. H opping on the spot

This skill should have been acquired in children around 3-4 years o f age (Parker 

and Larkin, 2004). By the tim e the child is 3.5 years he should be able to hop for 3 

steps; by the tim e he is 4.5 years he should be able to hop 7-9 tim es and by 5 years 

old, he should be able to hop 10 consecutive tim es (Gabbard, 2000; W ellm an, 

1937). Holt (1991) says a 4 year old can hop 5 tim es and a 5 year old can hop 10 

tim es.

7. & 8. M arching / Craw ling

Hom olateral M ovem ents: The retention o f reflexes could create a barrier to 

perform ing hom olateral m ovem ents in a sm ooth m anner. Bobath and Bobath 

(1975) and Portw ood (2003) point out that some children fail to crawl at all during 

infancy, preferring instead to shuffle about on their bottom s. This may be due to the 

fact that normal craw ling is im possible or difficult. By asking the children to 

engage in tasks requiring cross-lateral m ovem ent for sm ooth efficient m ovem ent, it 

was hoped that those for whom  it was difficult could be identified. A m ature 

w alking pattern should be seen in a norm ally developing 4-5 year old child 

(G abbard, 2000) and the failure to swing arms in opposition with leg action is one 

o f the com m on w alking problem s listed by Larkin and Hoare (1991).

Craw ling should be difficult for a child with a retained STNR. M ovem ent of 

the head will, as m entioned, result in contracting the m uscles in the direction to 

which it is m oved, and as such, the ch ild ’s head .should either low er to the floor, or 

the bottom  should low er to the heels, hi either case craw ling m ay be clum sy. 

Lateral m ovem ent o f the head would stim ulate an ATNR if it is retained. The 

PD M S-2 states that an infant o f 5-11 m onths will creep on hands and knees with 

opposite arms and legs m oving together; however, this should be outgrow n fairly 

quickly.
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7,1.2 Reflex tests

Dysfunctional Sym ptom s:

The m ethod of reflex elicitation, as described here, is sim ilar regardless o f  the author; 

Capute et al. (1978), Fiorentino (1980), G oddard (1996) and M cPhillips et al. (2000) all 

describe the sam e processes. The assessm ent o f neo-natal infants was once dependant 

upon the subjective assessm ent o f m uscle tone, how ever, with tim e this developed into 

a m ore objective m ethod o f assessing the presence or absence o f prim itive reflexes, 

though without a system  for m easuring im provem ent over tim e (Capute et al., 1978). 

C apute et al. were am ong the first to anchor degree o f response to the developm ent of a 

graded reflex scale.

Regardless o f the eventual findings o f this research, there is no doubt that retention of 

prim itive reflexes generally indicates CNS im m aturity or pathology (K ohen-R az, 1996; 

Zafeiriou, 2004). A lthough there are m any different prim itive reflexes, it would not 

have been practical to test for them  all. The im portant thing was to look for evidence of 

a “cluster” o f retained reflexes, as single findings are rarely predictive of anything 

(Crutchfield and Barnes, 1993). In his com prehensive, and clearly-w ritten review  o f the 

research literature, M orrison (1985) m akes the sam e point, careful to refer only to those 

children with clusters  o f signs as suffering from  “neurobehavioural dysfunction” . 

G oddard (1996) defines a “cluster” as two or m ore prim itive reflexes each o f which 

elicit 50% or m ore or the full reflex. There is som e disagreem ent regarding which of 

the prim itive reflexes (either individual or in com binations) are the best predictors of 

clinical relevance (Zafeirioui, 2004). How ever, given the attem pt here to replicate the 

acclaim ed success o f current practices, four particular reflexes were tested in the 

current study. O f these, three are described by K ohen-Raz as the m ost prom inent. 

These are the ATNR (A sym m etric Tonic Neck Reflex), STN R (Sym m etric Tonic Neck 

Reflex) and TLR (Tonic Labyrinthine Reflex). In addition to these, the M oro reflex 

was also included as part o f the battery. As previously described, the A TN R, STNR 

and TLR are all tonic reflexes, w hereas the M oro is a phasic reflex. O f the tonic 

reflexes, the current study m akes use o f the A TN R and the STNR as proprioceptive 

reflexes and the TLR as a vestibular (or labyrinthine) reflex (M cC orm ack and Perrin,
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1997). All are tested for with eyes open and eyes closed (in order to switch off the 

influence o f the visual system ). G oddard-B lythe (2001) claim s that o f a sam ple o f 54 

dyslexics, 100% show ed evidence o f a retained ATNR and TLR, 72% showed 

evidence o f a retained STN R and 81% evidence o f a retained M oro.

Proprioceptive tonic reflexes are those stim ulated by m ovem ent o f the head (up 

/ dow n or left /  right) which affects the tone o f the neck m uscles, thus, triggering tone 

redistribution throughout the body. This results in the co-activation o f agonist and 

antagonist m uscles (Bobath, 1985). Details o f how to test for retained reflexes is given 

later in the m ethods section.

1. ATNR

Three m easures o f the ATNR were taken, as it was not certain w hether one test 

w ould be better than another in eliciting a retained reflex (if present). These 

included a m easure taken in the supine position, in the quadruped position and 

standing up position (arm s outstretched). In general, the A TNR is triggered by a 

turning o f the head to the left or right, which causes the limbs to extend on the side 

to which the head is turned, and the contra-lateral limbs to contract. K ohen-Raz 

(1996) suggests that the quadrupedal position may elicit the reflex in m ore covert 

form , which supports M orrison’s (1982) findings that this position discrim inated 

betw een learning-disordered and norm al children, where the standing position did 

not (in M orrison, 1985). O utstretched arms may be subject to the confounding 

effects o f fatigue, and for this reason, the child was given a rest betw een each 2 sets 

o f head rotation (i.e., eyes open and closed). G iven our young sam ple, it was 

considered wise to include all three m easures.

2. STNR

O ne m easure o f the STNR was taken o f the child on all fours. This is stim ulated by 

m ovem ent o f the head vertically. As the head m oves upwards it causes the low er 

lim bs to contract and the upper ones to extend. This pattern in reversed as the head 

is lowered tow ards the chest. A child with a retained STN R, when raising the head 

in the table position, will dem onstrate a bend in the low er half o f the body, such 

that the bottom  and heels will meet, possibly resulting in a “W ” sitting position. 

This is due to the tightening ham -strings, stim ulated by the head m ovem ent. A
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m ovem ent o f the head dow nw ards will result in the upper part o f the body 

contracting, such that the head and floor m ay m eet (M cG low n, 1990).

Vestibular tonic reflexes also redistribute m uscle tone, but this is in response to 

gravity as well as head or body m ovem ent (M cC orm ack and Perrin, 1997). 

M ovem ent activates the labyrinthine system  o f the inner ear (i.e., saccule and 

utricle) which in turn ensures the activation o f appropriate m uscles.

3. TLR

This occurs m response to m ovem ent o f the head below  or above the level o f the 

spine (Goddard, 1996). W hen the head m oves above the level o f the spine, it causes 

the body to extend all over (arm s and legs will straighten). The opposite m ovem ent 

will cause the body to flex.

4. The M oro

This is also a vestibular reflex, albeit a phasic one. This is triggered in response to a 

sudden change in the environm ent through any o f the senses (visual, auditory, 

tactile or vestibular). The arms will spread up and out, in a sym m etrical m anner, 

away from the body and accom panied by a sudden intake o f breath, before slowly 

returning back tow ards the body.

7.1,3 Visual-motor tests

Fixation, accom m odation and convergence should be established in children by the end 

o f the third m onth (deQ uiros and Schrager, 1978). The hum an baby can fixate upon a 

target and follow it from  the m id-line to 90 degrees by the tim e it is 2 m onths old. A 

m onth later, it can follow  a target 180 degrees across the m id-line o f the body. Vision 

gradually im proves and by the tim e the child is 3 years old the accom m odation reflex is 

developed (though it can still regress at this tim e) and a year later b inocular vision is 

well developed (Holle, 1976).

Any sensory disorder involving input from  the retina or the jo in t and pressure 

receptors of the neck will, according to Ayres, upset visual perception (and thus, 

reading). Visual tests were used by Frank and Levinson (1973) to identify those
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dyslexic children they labelled as “cerebellar-vestibular im paired” and as such were 

included here to give a fuller picture o f the ch ild ’s vestibular functioning.

The m aintenance o f posture is achieved through the three m ajor physiological 

balance m echanism s previously discussed (the vestibular system , the proprioceptive 

system  and the visual system). As we have seen, the vestibular system  relies on the 

sem i-circular canals and the otoliths organs o f the ear, the proprioceptive system  relies 

on sensations received from  the jo in t and pressure receptors o f the neck and skin and 

the visual system  relies on the retina o f the eye and the visual-m otor system . These 

system s integrate to perform  their ultim ate functions and do not generally operate in 

isolation (H ow e and Oldham , 1981). For exam ple, the vestibular-ocular reflex is an 

exam ple o f an interaction betw een the visual and vestibular system s. The nystagm us in 

one o f these reflexes and refers to the involuntary rhythm ic eye m ovem ent that occurs 

when a person spins round then suddenly stops -  it is the lingering adjustm ent o f the 

eyes to tracking the world as it revolves around them.

Vestibular D ysfunction

Loss o f balance and problem s with gaze fixation are not the only sym ptom s o f 

peripheral or central vestibular lesions; an abnorm ality o f visual perception may also 

result (Savundra, 1997). Further problem s may include m otion sickness, visual-m otor 

dysfunction, becom ing easily disoriented, having poor directional aw areness, poor 

space perception and poor organisational skills. Children also tend to fear swings and 

heights (G oddard, 1996). Sym ptom s reported by sufferers include faintness, giddiness, 

sensations o f sw im m ing or floating, unexpected falls and difficulty thinking in certain 

environm ents (Savundra, 1997).

Children with a vestibular-based learning disability will have problem s 

follow ing a m oving object in front of their eyes (Ayres, 1979). G oddard-B lythe (2001) 

claim ed that 92%  o f  her dyslexic sam ple (n = 54) showed such problem s. V estibular 

reflexes allow for corrective m ovem ents to be perform ed at the appropriate scale and 

speed. They are triggered on the basis o f inform ation from  the cranial nerve which 

leads to 4 vestibular nuclei; the superior, inferior, lateral and m edial nuclei. The form er 

receives inform ation from  the sem icircular canals; the inferior nuclei receive them  from  

the utricle and saccule; the lateral nuclei receive them  from  the utricle, and the m edial
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nuclei receive them  from  the utricle and sem i-circular canals. All vestibular nuclei also 

receive inform ation from  the cerebellum  (Crutchfield and Barnes, 1993).

The follow ing four tracking tests were tested:

1. Visual tracking

2. Hand-Eye tracking

3. Fixation with eyes

4. C onvergence and re-establishm ent o f binocular vision

There are also 4 kinds o f vestibular reflexes; the vestibulo-ocular reflex (VOR: 

horizontal and vertical), nystagm us, visual-ocular reflex and cervico-ocular reflex. The 

VOR is one o f the m ost im portant functions o f the vestibular system  (C rutchfield and 

Barnes, 1993). The visual-ocular system  is tested in the current study by use o f 2 tests 

of visual pursuit; test 1 requires the child to follow  a m oving object (pencil) with the 

eyes whilst keeping the head still (the optokinetic reflex); and the test 3 requires the 

child  to m ove the head w hilst focussing upon a stable object (the vestibular-ocular 

reflex). Evidence o f excessive saccadic m ovem ent whilst perform ing these tasks, or an 

inability to keep the head still or hold gaze upon the pencil suggest that the child may 

have im paired visual-ocular reflexes. These tests are included on the basis o f the 

vestibular system ’s close link with the cerebellum , and on the basis o f “blurring” being 

a com m on com plaint o f dyslexics w hen they read. Cerm ak and Ayres (1984) claim  to 

have found a difference betw een learning-disordered and norm al children on the 

“Space V isualisation C ontralateral Use Test” (SV C U ), which m easures the ch ild’s 

spontaneous tendency to cross the m idline o f the body using puzzles. As far back as 

1912, Head considered the reluctance to engage in a cross-lateral response (by using 

the ipsilateral side) as a sign o f neuropathology (Head, 1912). These visual tests also 

test the ch ild ’s ability to cross the m idline o f the body by looking at ocular tracking and 

arm usage across this m idline (i.e., test 3). How ever, M orrison (1985) cautions against 

over-reliance on the findings for reasons o f heterogeneity  and poorly-described 

“ learning disorders” .
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“Visual tracking” is one o f the visual-m otor tests used by the ICARS (ataxia 

rating scale) designed by Trouillas et al. (1997). G oddard (1995) suggests that a 

retained A TNR will cause eye-tracking and pursuit problem s because the eyes cannot 

m ove independently o f the head; if they attem pt to cross the m id-line o f the body the 

head or body m ay “ju m p ” from one side to the other. A retained STN R will have 

consequences for visual accom m odation and binocular convergence (i.e., test 4). All of 

the visual tests and scoring m ethods were suggested by Blythe (2001), although the 

reliability and validity of them  is not known.

7.1.4 Fine-motor tests: (Adiadochokinesia x 2 / Rapid alternate movement x 3)

Tem poral coordination o f antagonistic m uscles is necessary to ensure smooth 

coordination when engaging in m otor tasks, particularly fine m otor tasks. The result of 

poor tim ing will be dysm etria and dysdiadochkinesia, as well as possibly deficient 

speech production (Ivry and Gopal, 1992). The ponto-cerebellar m yelination necessary 

for sm ooth pursuit o f such m ovem ents develops in the fourth year (Y akovlev and 

Lecours, 1967) and, as such, the tests included here should be suitable for the age 

group in the current study.

Ivry and Gopal (1992) suggest that fine m otor skills may be particularly 

difficult for a child with poor tim ing skills. M any of these, as with the balance tests, are 

taken from  Dow and M oruzzi’s (1958) test battery for balance and coordination, 

designed to exam ine cerebellar function using soft sign indicators. A lthough this 

original test had 14 items, not all o f these were used due to tim e and concentration 

constraints on the part o f the child. Despite this, Brookes and Stirling (2005) report that 

in their study on normal children, reducing this test battery did not reduce the tes t’s 

validity.

Two tests o f adiadochokinesia 

1. Finger to nose

This was one o f the tests Frank and Levinson (1973) used to identify those dyslexic 

children they labelled as “cerebellar-vestibular im paired” . An inability to sm oothly 

and successively touch the thumb with the fingers o f the sam e hand or touch the tip 

o f the nose with the tip of the finger w ith eyes closed are generally believed to be
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indicative o f cerebellar dysfunction. It was shown by Satz (1978) that children who 

had problem s perform ing these tasks at the expected ages were m ore likely to show 

evidence o f learning disabilities some years later.

2. Heel on shin

Along with the finger to nose test described above (and draw ing o f the 

“Archim edes Spiral” ), this test, described by H olm es (1917; 1939) is one o f three 

“cardinal cerebellar signs” (Trouillas et al., 1997).

Three tests o f  rapid alternate movement

3. Finger tapping

This was one o f the tests on which Rudel (1985) found a significant difference 

betw een young dyslexic and non-dyslexic children (i.e., under the age o f 11 years) 

and which Satz (1978) used to predict those who were likely to show learning 

disabilities later on. The ability to perform  consecutive finger to thum b m ovem ents 

em erges around the age of 3 years old and im proves steadily until the child is about 

8 years old (Gabbard, 2000).

4. Palm  reversal

Rudel (1985) also found significant differences betw een her two groups on this test 

of alternating palm  reversals.

5. Finger to thum b

Finger m ovem ents, such as successive opposition o f fingers and thum bs, has been 

shown to be deficient in dyslexics (Rudel, 1985; D enckla, 1985). It was one o f the 

tests used in Dow and M oruzzi’s (1958) battery and is em ployed in this study as it 

was described there. It was show n to differentiate dyslexics from  norm al readers in 

Fawcett et a l.’s (1996) study and was replicated by Ram us et al. (2003). Seitz et al. 

(1990) claim ed to show unexpected cerebellar activity in dyslexics when they 

perform ed this test.
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7.1.5 Phonological tests

A rticulatory tests were a further aspect o f dysfunction found by Frank and Levinson 

(1973) to be useful in identifying those dyslexic children they labelled as “cerebellar- 

vestibular im paired” . Phonological tests have long been dem onstrated to be possible 

early predictors o f dyslexia in children too young for form al testing (M utter and 

Snow ling, 1998) and deficient speech production is som ething Ivry and Gopal (1992) 

suggest m ight result from  poor tim ing (controlled, they claim , by the cerebellum ).

Tallal et al. (1997) conducted a longitudinal study o f pre-school language 

im paired children and show ed that although only 17% of them  went on to show 

specific reading difficulties, this was nearly double that o f the controls who showed 

sim ilar problem s (9%). As tim e was a significant factor in Tallal et a l.’s study they 

suggested that perhaps SLI ch ildren’s deficits becom e m ore reading specific over time. 

This in turn implies there m ay be a developm ental continuum  betw een early SLI and 

phonological based reading difficulties -  resulting from  the sam e processing constraint 

but w ith different m anifestations at different ages. This interpretation w ould be 

consistent with S tevenson’s (1987) hypothesis, that an underlying processing problem  

presents as an SLI in pre- and early- school children, a reading im pairm ent in prim ary 

school and a spelling im pairm ent in adolescence. Thus, we see the developm ental 

course o f a single deficit. G allagher et al. (2000) found that those children who 

dem onstrated early language delay in their fourth year were m ore likely to dem onstrate 

literacy difficulties at age 6 than were controls.

Three tests were included in the phonological battery: letter nam e know ledge, 

phonem e deletion and non-w ord repetition.

I . Letter nam e know ledge

Letter-nam e know ledge was tested to inform  us o f w hether the child was fam iliar 

w ith the alphabet and allow  us to com pare groups at a later stage. Letter nam ing 

ability is necessary in order for children to becom e phonologically aware, thereby 

gaining reading skills (B laiklock, 2004), and as such, it was deem ed im portant for 

indicating w hether a child m ight be at risk o f later reading failure. Jorm  et al. 

(1986) have shown that dyslexic readers can be distinguished from  norm al poor- 

readers at school entry; the dyslexics’ deficiencies were m ore lim ited than the poor- 

readers’ who w ere affected on a wide range o f cognitive tasks. For the dyslexics.
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however, there were two main predictive factors; “early literacy” which included 

letter name knowledge and “phonological processing” which included phoneme 

segmentation (hence use of the phoneme deletion test below). Gallagher et al. 

(2000) have also shown that letter knowledge at 45 months (i.e., 3 years, 9 months) 

can predict literacy level at age 6 years. Similar findings have also been shown by 

Muter and Snowling (1998) who found that letter name knowledge when tested at 

ages 5 and 6 years, was predictive of reading accuracy at 9 years.

2. Phoneme Deletion

Tests of phonological awareness have been shown to correlate with reading scores, 

both concurrently and predictively (Blaiklock, 2004). Jorm et al. (1986) also 

demonstrated the importance of phoneme segmentation for predicting dyslexia 

versus poor-reading generally (see above). Both phoneme deletion (designed by 

Muter and Snowling, 1998) and non-word repetition (below) were found by Muter 

and Snowling (1998) to be the two best long-term predictors of reading accuracy at 

age 9, when tested at ages 5 and 6.

3. Non-word repetition

Trouillas et al. (1997) also assessed speech when designing their ataxia rating scale, 

however, this was designed for adults and employed a semi-quantitative evaluation 

of spoken sentences for dysarthria. A simpler version for children was necessary for 

the current study and so Gathercole et al.’s (1994) “non-word repetition test” was 

used which contains a list of 50 nonsense words, between one and four syllables in 

length. The non-word repetition test has been strongly linked to the important 

language abilities of vocabulary acquisition, reading and language comprehension 

of the early school years and involves the sub skills of phonological working 

memory, phonological analysis and articulatory output processes. It also invokes 

the use of pre-existing word knowledge such that similar sounding words may help 

repetition (Gathercole et al., 1994).
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7.2 Uncontrolled variable

Conners’ Parent Rating Scale -  Revised (CPRS-R)

C o-m orbidity o f dyslexia and ADHD, plus findings by D enckla et al. (1985) 

necessitated the inclusion o f this screening test to control for the confounding effects of 

ADHD. Furtherm ore, one o f the criticism  m ade by M orrison (1985) in his review  of 

studies o f sensory integration efficacy was that, although it is w ell-know n that children 

with learning disorders very often have behavioural problem s, outcom e m easures for 

such problem s are rarely m easured in the way that academ ic ones are (p. 154). He also 

suggests that the way in which such studies m ight work is by reducing hyperactivity 

and im proving attention and concentration (i.e., an indirect effect) rather than 

necessarily changing brain function.

7.3 Independent Variables: Treatments

There are m any exercise-based “treatm ents” m arketed as m ethods for alleviating 

developm ental disorders (e.g., INPP, NDT, Prim ary M ovem ent, D ores’ Achievem ent 

C entres, BIRD, Bender A chievem ent Centres), and some which are m arketed for the 

average school child (e.g.. Brain Gym ) sim ply to encourage their capacity to learn. Few 

have tested their claim s em pirically and o f those that have done, the m ethodology has 

left som e room  for im provem ent (i.e., M cPhillips et al., 2000; Reynolds et al., 2004).

The “ Institute for N euro-Physiological Psychology” (IN PP), based in Chester, 

England, has already been introduced. It was followed by INPP (Ireland), from  which 

evolved N euro-developm ental Therapy (NDT), advocating the sam e treatm ents based 

on the sam e theory as previously discussed. Sim ultaneously, “Prim ary M ovem ent” , 

was set up in Northern Ireland by M artin M cPhillips, though he too was originally 

trained by INPP. Thus, m any o f the currently com m ercially  available therapies have 

the sam e foundation and theoretical route. M cG low n split from  the original team  (i.e., 

Blythe and M cG low n) in 1983 and founded the “BIRD ” (Brain Injury R ehabilitation 

and D evelopm ent) charity to treat brain injuries and learning disabled children in much 

the sam e way; this is now know n as “Developm ental Reflexive R ehabilitation” . The 

D ores’ A chievem ent Centres have begun appearing in the last several years and also 

advocate m ovem ent therapies. These are not based on the idea o f replicating prim ary 

reflexes, but on stim ulating the vestibular system  and ultim ately the cerebellum .
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Thus, a fundam ental aim  o f the current study is to evaluate these long-established ideas 

through tw o experim ental treatm ents, that o f vestibular / proprioceptive stim ulation 

(i.e., Balance) and that o f reflex / synkinetic inhibition.

G oddard’s (1996) idea which suggests that now -developed, higher centres o f the brain 

can consciously com pensate for the im paired cerebellum  through continued effort, 

represents a “second chance” for the brain to register the m ovem ent patterns which 

should norm ally have inhibited these prim ary reflexes. Because, as Ayres (1979) points 

out, the cerebellum  is essentially an outgrow th o f the vestibular and reticular system s, 

and because the cerebellum  is engaged in sensory-integration, m ovem ent therapy is 

particularly beneficial in helping the cerebellum , and consequently  im proving specific 

skills in w hich sensory-integration is im portant, such as reading and writing. She 

suggests that in very young children (i.e., under 2 years) sensory integration therapy 

may help to develop new neural connections, and in the older children it m ay help to 

strengthen existing connections.

By using the conscious higher centre to force control over innate reflexes in this 

way and allow ing the cerebellar neural connections to becom e strengthened (i.e., more 

heavily m yelinised in the way that they originally should have done), this may feed 

back to higher brain levels and support future attem pts at m otor control. It may also 

help the cerebellum ’s inhibitor function to “kick in” or becom e stronger, preventing 

innate / irrelevant pathw ays from  being autom atically invoked.

M cG low n (1990) reports a study conducted by K losovskii (1963) who found 

23-35%  m ore m yelinisation in the vestibular receptors o f kittens w hom  he had forced 

to engage in a concentrated am ount o f m otor vestibular stim ulation on a daily basis for 

10-20 days, com pared to the vestibular receptors o f control kittens. M cG low n’s 

neurophysiological theory is sim ilar, stating that the reflex m otor responses m ust be 

activated repetitively in order to facilitate developm ent o f the neural pathw ays; this 

m ust be done in a way which recapitulates norm al developm ent so that the brain learns 

the “feel” o f perform ing a norm al action. Repetition is som ething which is stressed by 

all advocates o f neuro-developm ental treatm ents.
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7.3.1 Reflex treatments

Orton was convinced that language dysfunction, like language function, had 

neurological underpinnings. D elacato is fam ous for his part in the “D om an and 

D elacato” treatm ent m ethods o f the 1950s, which attem pted to use m otor treatm ents to 

“rew ire” the brain. As previously discussed, the criticism  unleashed as a result o f  these 

practices is legendary and they have long now disappeared, hi the 1970s Bender, from 

the Purdue A chievem ent Centre for Children, designed both tests and treatm ents based 

on persistent prim itive reflexes (the “Bender-Purdue Reflex Test” was published in 

1976). The reflex-exercise used in the current study was based upon the reflex- 

suppressing ideas o f these different groups. Not only is the theory underlying these 

m ovem ents published w idely in the literature (as we have seen), and the ideas practiced 

by m ovem ent therapists the world over, but as previously m entioned, the Prim ary 

M ovem ent exercises are them selves based upon reflex-replication exercises practiced 

by INPP in Chester. This is stated publicly by both M cPhillips h im self (2000, p. 541) 

and the directors o f INPP (Sally G oddard-B lythe and Peter Blythe) (G oddard-B lythe, 

2000, p. 155).

INPP / NDT:

INPP believe that retained prim itive reflexes will not “release” the postural reactions 

(Blythe, 1992, p .12). A ccording to IN PP’s spokesw om an, G oddard (1996), reflex 

inhibition is based upon “replicating specific stages o f early developm ent through the 

repetition o f m ovem ent patterns based upon early developm ent” (p.81). For exam ple, 

to com bat a retained A TN R, the child is advised to lie on the ground and practise 

slow ly extending the limbs ipsilateral to head-turning, and progress from  here to 

contralateral limb extension, follow ed by cross-lateral m ovem ents with head at the 

m id-line. These m ovem ents reflect the sequential developm ent o f norm al walking. The 

sim ilarity  betw een this line o f reasoning and that o f D om an and D elacato before them  

is clear. Their approach is one which mixes vestibular stim ulation w ith reflex inhibition 

in m uch the sam e way as deQ uiros and Schrager did.

Prim ary M ovement:

M cPhillips et al. (2000) suggested m ovem ents which were designed to inhibit a 

retained ATNR reflex first, follow ed by the M oro reflex second. As these are the first
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reflexes seen in prenatal developm ent and som e o f the first to be inhibited, post-infant 

suppression should work follow ing the sam e sequence. They describe part o f the 

m ovem ent for inhibiting the ATNR which involves sitting in a chair, eyes closed, 

extending one arm  slowly, follow ed by turning o f the head in that direction. The child 

then returns the arm  to the m idline, follow ed by the head and repeats this process with 

the contralateral arm . This sounds sim ilar to some of the m ovem ents described by 

G laeser et al. (1966), when studying the D om an-D elacato technique, where the child 

was encouraged to sit up and follow  the hand out to the left or right in an attempt to 

im prove hand-eye coordination. For the retained M oro reflex, m ovem ent o f the head, 

then each arm  singly, then both arm s together, is suggested. This is described in m ore 

detail in the m ethodology section and can be seen in detail in A ppendix 1. The 

m ovem ents used by M cPhillips, and Prim ary M ovem ent in general, are based on 

m ovem ents initially  devised by Peter Blythe at INPP, how ever, they are also influenced 

by the ideas o f Raym ond Dart, a South African professor o f anatom y, who was 

interested in skill, poise and the A lexander Techniques (Dart, 1996). The essence o f the 

latter, the A lexander Technique, is learning conscious control o f the voluntary 

m usculature, thereby enabling one to not only becom e aware o f body misuse but 

im prove that body-use and elim inate handicaps (see A lexander, 1923; 1932). Inhibiting 

useless reflexes (particularly  those resulting in asym m etry) and integrating them into 

purposeful m ovem ent seem s to be the underlying goals o f the techniques o f both 

A lexander and Dart. Dart (1934) was struck by the evolutionary developm ent in skill 

that hum ans show ed, arising from  the skill o f the sim plest species (fish), through to 

am phibians, m am m als and prim ates, and he considered the stage o f fetal developm ent 

to be the m ost im portant stage in hum an developm ent. This view  shows a striking 

sim ilarity  to the theories o f Carl D elacato and it com es as no surprise to learn that Dart 

held a chair at the Institute for the A chievem ent o f H um an Potential in Philadelphia, 

where D om an and Delacato w ere prescribing “N eurological R ehabilitation” for 

children w ith learning difficulties. Dart considered hum an skill to involve m uscular and 

m ental collaboration, and as such, could be harnessed to benefit the educational system 

as w ell as every-day life. Despite this, he felt that m ost people did not progress beyond 

that level o f skill that we are born to autom atically achieve (i.e., rolling, turning, sitting 

up, craw ling, standing, clim bing, walking, running, leaping). T ireless practice and 

attention are needed to achieve these skills, but they are genetically program m ed into 

us and once achieved, we are prone to abandon the pursuit o f further skill. M ental skill
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can com e only once man had achieved a vertical stance, and developm ent o f this and 

further physical excellence can only be achieved with the suppression o f what is not 

necessary (the idea o f suppressing reflexes here is striking). Skilled perform ance, Dart 

claim ed, could only occur once the unw anted m uscles were perfectly relaxed. By 

concentrating on the bases o f the skill and building from  there, the m em ories of 

particular m uscular sensations are form ed so that only these m uscles are invoked when 

the task is perform ed. Such sensations are achieved by repetitive practice and com plete 

attention to those precise m ovem ents. The most im portant skills, according to Dart, 

were naturally  those separating us from  other prim ates; the m ovem ents afforded by 

erect posture such as dancing and balancing; co-ordinated eye-hand-m ovem ents; the 

skills o f language and the skills o f music, rhythm  and tim e. His m ovem ents seem  very 

much to reflect the hum an infant’s developm ent o f m uscular control. Studying oneself 

(i.e., o n e’s im perfections and how to control them ) begins by adopting a sem i-supine 

position in which the person m ust reflect on their physical sensations. Then, in slow- 

m otion for 15-20 m inutes a day, over the course o f weeks, m onths or years, the person 

graduates his positions from  sem i-supine, to supine, to prone, left /  right rocking then 

rolling from  prone to supine and back again. The person then progresses to support 

h im self on the forehead / elbow  in the prone position (i.e., the “prim ary craw ling 

reflex” ) and gradually lift the chest. This becom es the forehead / elbow  / knees position 

(i.e., the “prim ary creeping reflex”) and so on (there are m any more; see Dart, 1996). 

Som e o f these m ovem ents involve rotation o f the head and contem plation of left and 

right arm  m ovem ents for approxim ately 5 m inutes each. All the while, the person is 

obliged to consider their sensations o f equilibrium  and support in a way that com bats 

our innate fear o f falling.

As far back as the 1930s and 1940s an English wom an, and acquaintance of 

D art’s, called Irene Tasker (Dart, 1934), was applying the use o f the A lexander 

technique to seriously handicapped children in South Africa, w ith the claim  of huge 

success. The idea o f such m ovem ents as a treatm ent, therefore, is not a new one. 

How ever, despite the professional, academ ic and scientific backgrounds o f all those 

who have profited from  its conception, it had never been subject to scientific scrutiny 

until the seminal paper o f M cPhillips et al. in 2000. The evolution o f m any o f the 

current reflex-inhibiting ideas and their im plem entation in organisations is outlined in 

Figure 11 (see also chapter 4).
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Peabody Developmental Motor Scales -  edition (PDMS-2); Folio and Fewell, 

2000);

Although they do not label the movements in the same way as IN F? and Primary 

Movement, Folio and Fewell (2000) do suggest similar exercises. One is that in which 

the child is encouraged to extend both arms out in order to grasp something, first with 

both hands and then with one. The arms should be bent at an angle greater than 90 

degrees. In addition, they should be encouraged to move at least one and possibly both 

hands toward the mid-line of the body, from an extended position, in order to develop 

eye-hand coordination, especially where direction is concerned. This would help them 

to cross parts of the body. Finally, in order to learn independent finger use, the child 

should move his fingers sequentially, with each finger meeting the thumb in turn.

There are many other groups making use of reflex-based therapies. Some of these are 

listed below (see Appendix 2 for further details):

Neuro-Developmental Therapy (Ireland): NDT.

Brain Gym

The Handle Institute

The Miriam Bender Achievement Centre 

Jean Ayres’s Sensory Integration 

The Bobath Approach 

SMART (Lyelle Palmer)

BIRD (McGlown)
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Alexander
technique

Samual Orton Tem ple Fay 
(neurosurgeon)

Coghill

' r 1 r ' r ' r

Dart
techniques

Doman & Delacato; 
‘Neurological Rehabilitation”

McPhillips: 
Primary M ovem ent

Blythe & 
Goddard: 

INPP

M cG lown
BIRD

NDT-
Ireland

G esell

Frank & Blythe & deQuiros &
Levinson M cGlown Schrager

r _X_

Ayres Bender

Fiorentino Bobath

Figure 11: The evolution o f current reflex-inhibiting organizations (chapters 4 and 7).

7.3.2 Balance

Kephart (1971) suggests that balance is the inechanism  through which we learn 

laterality. From  the need to innervate one side, detect which side m ust m ove and how  it 

must m ove, the child selects the appropriate com pensatory m ovem ents to m aintain 

balance. In this way he learns to differentiate right from  left. Thus, em ploying a 

balance program m e is im portant, not just in order to try and replicate previous findings 

(i.e., Reynolds et al., 2003) but because its effects should prom ote those developm ents 

deem ed so im portant by the early theorists (e.g., Orton, Delacato).

K ephart’s training activity suggestions for the learning-disordered child include 

bilateral m ovem ents, unilateral m ovem ents and cross-lateral m ovem ents. The form er o f 

these involves m oving the arms and legs at the sam e tim e and this has been 

incorporated into the balance training program m e in the current study in the form  of 

jum ping  jacks (for exam ple). Unilateral m ovem ents refer to the m ovem ents o f one side
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o f the body follow ed by the other and this is found in the form  o f m ovem ents such as 

m aking a driving m otion with the arm s (one arm  up, then dow n follow ed by repetition 

with the other arm; galloping w ith one leg leading, then the other). He also suggests 

cross-lateral m ovem ents which are included in the balance program m e in the form  of 

m arching, running, craw ling and walking. M ovem ents across the m id-line o f the body 

are also encouraged, for exam ple, sitting crossed-legged (w hile bouncing) and swaying 

(like a tree whilst feet rem ain static). He also suggests altering norm al positions, in 

order to prom ote body-im age and m otor control, by using unusual positions. He 

recom m ends the use o f “anim al” type walks and this too has been used in the current 

study. The m ovem ents o f the kangaroo, gorilla, horse, frog, crab, ostrich, eagle and 

giraffe are all m im icked by the child on this program m e. He rationalised that regardless 

o f the precise exercise, what was im portant was the ability o f the child to generalise 

from  one m ovem ent to another (p. 101). The sam e rationalisation was used in the 

current study with regard to designing a balance program m e in order to replicate 

Reynolds et a l.’s (2003) study. A lthough it was im possible to know exactly  what kind 

o f m ovem ent the DD AT used in treating dyslexia^', the underlying theory was the 

targeting of the vestibular system  (and, thus, cerebellum ). A range o f balance-based 

m ovem ents were used in the current study w'hich w ould, in principle, do the sam e job.

Kohen-Raz (1996) describes the rationale adopted by m ost o f these program m es; one 

in which prim itive, sub-cortically controlled reflex responses gives way to a pre

program m ed sequence o f developm ental stages, each one necessary for the subsequent 

one to appear and develop properly. As we have seen here, where this does not happen 

the skills required for academ ic perform ance will be deficient, not allow ing for quick 

and easy learning. His exercises, which were also designed to target the vestibular, 

proprioceptive and thus, cerebellar system s, included occluded vision and required the 

child to engage in gross m otor tasks such as turning, walking, jum ping , stepping 

(forw ards and backw ards), throw ing, catching and pushing. Those tasks which 

em ployed sym m etric and asym m etric m ovem ents did so in the attem pt to stim ulate the 

pyram idal and extra-pyram idal areas, which, in conjunction w ith the vestibular system  

and cerebellum , were designed to suppress synkinetic (i.e., reflexive) m ovem ents.

”  R ey n o ld s  et al. (2 0 0 3 )  would  not c o m m e n t  on the details  o f  their study for “c o m m erc ia l ly  sens it iv e” 
reasons.
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Simple execution o f  synergetic movements involved tasks such as the movement of 

one limb whilst the contralateral limb either moved in the opposite direction or 

remained still (in tonic suspension). This aimed to suppress the (usually involuntary) 

synkinetic movements in the opposing limb not engaged in voluntary movement (full 

details o f this programme are available in Kohen-Raz, 1996). No placebo-controlled or 

subsequent replications o f  his work have been reported.

Kohen-Raz compiled a list of  what he deemed the “general principles” of 

perceptual-motor programmes. These include some of those already mentioned in his 

own study, as well as some others:

• Stimulation of body awareness

• Fostering o f  spatial awareness

• Execution and suppression of synkinetic movement (as described)

• Vestibular stimulation 1: Training static and dynamic balance:

o Standing on tiptoe / narrow support / heel to toe 

o  Standing eyes closed 

o W alking on beams / lines

•  Vestibular stimulation 2:

o Rocking 

o Whirling 

o  “Anim al” walks

• Rhythmical movements

•  Stimulation o f  auditory perception

•  Oculomotor training

• Combination o f  motor and mental activities

•  Social interaction

There are five distinct gait forms in human locomotion, which consist o f walking, 

running, galloping, hopping and skipping. O f these the average 4 year old can perform 

the first four and most of them can perform the last one (Whitall, 2004). There are three 

categories suggested by Portwood (2003) as suitable exercise programmes for dyslexic 

children.

1. Balance tasks requiring the ability to remain in place while stretching the body 

(e.g., standing on one leg);
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2. Motor tasks which are repetitive (e.g., running, rolhng / tumbhng, shthering, 

jumping, skipping and crawling -  hands and knees then hands and feet).

3. Coordination skills which require tasks to be put together (e.g., “hop, skip and a 

ju m p ”).

A circuit can be developed to include walking on tip-toes, running, stretching, 

creeping, turning and moving in rhythm. She recom mends “Simon Says” because it 

helps children develop their listening skills and plan their movement. This, she claims, 

will improve automatisation.

Ayres (1979) suggests that running, jum ping  or anything which lets the body move a 

lot is good for vestibular stimulation ( p i 65) such as running, turning, bending, 

touching, pushing, pulling, rolling, crawling, climbing and jumping.

Goddard (1996) advises that any attempt at physical remediation should take into 

account the fact that development in children is both cephaolo-caudal and proximo- 

distal, and that it follows a set sequence o f  vestibular, tactile, auditory, visual and 

proprioceptive emerging skills. She advises stimulating the vestibular system 

(particularly where there is a retained TLR) by rotating, rolling, rocking, balancing 

(eyes open and closed) and by stretching and flexing the limbs.

DeQuiros and Schrager (1978) suggest that vestibular therapy with 6 to 7 year 

old children should include exercises based on posture (including exercises to reduce 

primitive reflexes); on kinesthesis and proprioception, such as walking, kicking and 

hopping in different directions; on body-awareness, recognition, action, imitation and 

representation; on vibration; on integrating different modalities etc. Because the 

eventual acquisition of body division, or “functional independence” of the body, is the 

ultimate aim, exercises based on vestibular-proprioceptive stimulation are necessary as 

these are linked to such division. The inclusion of exercises without visual stimulation 

is important in order to maximise not just eye-control but head and body balance as 

well. Crawling, falling, “ lumbering” (“bear-like” walking), elephant walking, standing 

on one leg, walking, hopping, kicking, etc are all suggested by them as aids to improve 

balance and postural integration. Simply attempting to remediate reading and writing 

alone is seen as ignoring the cause of the problem. Such exercises, they say, “will 

develop control of the complex neuromuscular systems on which reading, writing and 

speech depend” .

149



Spinning, rotating, bouncing, rolling and rocking are traditionally those used for 

norm alising vestibular sensitivity  (C rutchfield and Barnes, 1993). They also suggest 

that exercises designed to im prove postural stability should involve the following: a 

decrease in the base o f support (from  wide to narrow  standing), an avoidance o f arm- 

use when balancing, a decrease in sensory cues (e.g., visual cues), a change from  static 

to dynam ic tasks, and an increase in difficulty (any com bination o f the above is 

particularly good). They also suggest that progress is m ade from  activities such as 

rocking and w alking to m ore com plex m ovem ents such as rolling, going from  prone to 

supine, kneeling, creeping and walking a balance beam. Total body balance and 

coordination m ovem ents include skipping, jum ping  and hopping. C ratty (1968) also 

suggests that when using static tasks, for exam ple, the area o f perform ance should be 

m ade sm aller and the base o f support should be decreased by asking the child to lift his 

arms or stand on one foot. M ovem ents should include arm -leg integration, such as 

Jum ping Jacks; travelling tasks such as rolling; and loco-m otor tasks such as skipping 

and galloping.

The PD M S-2 (Folio and Few ell, 2000) suggests the follow ing activities:

• Standing on one foot: This is used as a functional skill and is necessary for 

m ore advanced m ovem ents such as hopping.

•  W alking: this im proves the ch ild ’s m obility and encourages exploration and 

discovery o f new ideas.

• Running: this develops coordination betw een the arms and the legs.

• Hopping: this develops upper and low er body integration.

•  Rolling forward: this gives the child a feeling o f the change o f spatial 

orientation.

•  Galloping: this develops rhythm  and coordination o f the upper and lower body 

parts.

•  Jum ping: this develops coordination and directionality.

•  Skipping: this develops rhythm  and arm  / leg coordination.
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By the time a child is 3-4 years of age, McGlown (1990) suggests that they should be 

able to engage in walking, running, tandem walking, standing on one leg, skip and 

jump.

O ’Dell and Cook (1997) from the Bender Achievement Centre suggest the following 

gross motor exercises, for approximately 10 minutes a day, five days a week; toe- 

touching, foot touching, arm twirls, side-bends, side-twists, kicking and balancing.

In conjunction with age-appropriate motor development norms (see chapter 3), an 

attempt was made to integrate these ideas and practices into a full motor programme 

which focussed on balance in order to stimulate the vestibular system. By setting the 

exercises to child-friendly stories (e.g., taken from Evetts-Secker, 1998) and games, it 

was hoped to engage the children’s excitement and commitment to the routine (see 

Appendix 3-5).

7.3.3 Placebo-Control

It is of course necessary to employ a placebo-control group in order to eliminate the 

possibility that a Hawthorne and or placebo effect may be at work amongst the 

experimental groups. Bluechart and Shepard (1995) showed that improvements are 

often found in control groups which makes it difficult to interpret findings properly.

The placebo-control programme was composed of two sets of movements, a 

“patterning” set and a “facial” set of movements.

(1) Patterning

Patterning is that Doman and Delacato-devised method of imposing relevant 

movements on to a child’s central nervous system, by a team of adults, employed when 

the child is unable to engage in the task alone (i.e., usually in the case of Cerebral 

Palsy) (Doman et al., 1960). The reasons for using patterning as a placebo-control are 

four-fold:
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1) As previously discussed, patterning in general sim ply doesn’t work beyond 

chance levels.

2) Random ising the program m e’s order has been found to be even less effective 

than not random ising it (Kavale and M attson, 1983).

3) The current program m e has used ideas and com ponents o f the original 

m ovem ents, which D om an et al. (1960) dism issed as having any efficacy.

4) The program m e has some face-validity, given that it “ looks” like a 

m ovem ent program m e and it is im portant that parents believe this is a treatm ent 

group.

W ith regard to the theory that such a treatm ent will “ im pose patterns on the central 

nervous system ” (Cohen et al., 1970) and on the basis that m otor inform ation reaching 

the brain is generally of tw o sorts; either kinaesthetic from  the m uscles regarding their 

state o f tension, or proprioceptive from the jo in ts regarding the position of the limbs, 

C um m ins (1988) points out that it is unlikely that this sort o f passive and repetitive 

input will have any significant affect on brain m aturation and developm ent. He 

explains that the passive aspect o f the exercises goes against one o f the fundamental 

precepts o f brain function, because, although environm ental stim ulation is necessary 

for brain developm ent, it is m ost effective when that stim ulation is interesting and 

challenging to the child because the attention which the child puts toward the 

stim ulation leads to excitation o f neurons hence increasing dendritic connectivity. 

Passive m ovem ents are about as low a level o f m otor excitation as can be constructed.

hi institutional settings there may have been an entire team  devoted to the 

m anipulation o f one child. The original patterns used by D om an and Delacato, for 

exam ple, are far too difficult for one adult (especially a m other) to achieve alone, and 

to request two or more people per night to work with a participant m akes the study too 

dem anding. Follow ing the patterning idea but not em ploying the exact m ovem ents, 

w ould allow  the m other (or father) alone to m anipulate the child. W hile the m ovem ents 

involve the m anipulation o f the ch ild ’s head, arm s and legs, they are not identical to 

those proposed by D om an and Delacato (they are m ore sim plistic) and do not reflect 

hum an m otor developm ent in any real sense. They nevertheless reflect the idea of 

patterning in that som eone else is responsible for m aking the m ovem ents o f the child.
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Furtherm ore, D om an et al. (1960) claim ed that the use o f com ponents o f the 

program m e would not lead to success.

(2) O ro-facial exercises
1,1

The oro-facial exercises were com piled by Cogan “ (2002) in 1995 and she granted 

perm ission for their use in the current study as part o f the placebo-control treatm ent. 

They were originally designed for use with stroke victim s who had lost the use o f their 

oral m uscles and were suffering from  Dysarthria. No part o f the body was engaged in 

the m ovem ents o f these exercises except for the tongue, cheeks and lips. Furtherm ore, 

these m ovem ents did not involve any vocalisation, articulation or speech patterns and 

thus cannot be said to invoke speech and language therapy m ovem ents.

Neither o f the placebo-control approaches required the children (or their parents) to 

cross the m idline o f the ch ild ’s body.

7,4 Conclusion

The beauty o f the suggested possible m ethods for detecting and treating learning 

disabilities is, as K ohen-Raz explains, straight-forw ard, non-invasive and suitable for 

an educational setting. K ohen-Raz concludes that not only can the study o f posture lead 

to a reliable m ethod o f psycho-m otor treatm ent but also that it can teach us about the 

neuropsychological underpinnings o f learning disorders. As we have seen, theories 

claim ing sim ilar sorts o f things have not stood the test o f scrutiny or tim e, and it 

rem ains to be seen w hether the m odern ideas in the treatm ent o f dyslexia are a 

m isguided (albeit genuine and w ell-intentioned) continuation o f these practices or if 

they offer som ething new to the field o f m otor therapies and learning, particularly with 

regard to dyslexia. Kavale and M attson (1983) presented two considerations in the 

study o f therapies; firstly and sim ply, does it work? Secondly, as previously stated, is it 

causing undue harm , financially, em otionally  or functionally in that students are 

rem oved from  a better environm ent?

■ Cogan, P. (2002): Personal com m unication, Dublin, 2003. Cogan designed these tests 
as an M.A. student in neurology and linguistics at the Brugm ann Hospital (Salle 16) in 
Belgium.
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8 Chapter 8: Methodology

Method 

8.1 Design

The study was o f a longitudinal, experim ental, m ixed factorial design (2x4x3). The 

three m ain factors were “dyslexia risk” , “treatm ent type” and “tim e sam ple” , with 

repeated m easures on the last factor. The study em ployed the double-blind, random ly- 

assigned, placebo-controlled gold standard o f treatm ent efficacy research.

D yslexia Risk was com posed o f 2 levels. In the attem pt to add further balance 

to group com position, each child, once assessed, was labelled either “high” or “low” 

risk w ith regard to developing dyslexia, a score dictated by their level o f retained 

reflexes (a score o f above 2 was considered “high risk” , a score below 2 “low risk” ). 

Level o f retained reflexes was used to decide risk because this was the initial focus of 

the research. It is im portant to stress that the num ber “2” was a som ew hat arbitrary cut

off point, decided at a tim e before testing began. Therefore, it is not relied upon in the 

stages o f analysis as a valid indicator o f high and low retained reflexes.

Treatm ent Type had 4 levels, consisting o f 2 experim ental conditions and 2 

control conditions. The experim ental conditions included both a reflex replication 

program m e and a balance program m e; the control conditions included a placebo 

control as well as a standard control group or, as was explained to the parents o f the 

participating children, a “delayed treatm ent” group.

The repeated m easures factor, tim e sam ple, required that each child was 

assessed on 3 occasions over the course of a year. The initial assessm ent, necessary for 

establishing a set o f baseline data, was follow ed by 2 review  sessions to m easure 

change, one 6 m onths into the ch ild ’s program m e and a final one at the end o f the year

long program m e.

As stated above, the study ensured that each child was random ly assigned to 

one o f the 4 groups. This was achieved by generating a list o f  random  num bers using 

an on-line random  num ber service (Haahr, 1998). Unless they were assigned to the 

delayed treatm ent control group, the parents of the children in the study, as well as the 

children them selves, were unaw are o f which treatm ent group they were in. In addition, 

the experim enter responsible for scoring the participants’ m ovem ents from  video-data.
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was blind as to the grouping o f the child in question. Thus, this was a double-blind 

study.

8.2 Participants

The study recruited a total o f 178 children. O f these 42 w ithdrew  at som e point during 

the study either officially or by failing to m ake scheduled appointm ents and being 

uncontactable. This left us with a total o f 136 children w ho com pleted the entire study. 

These consisted  o f 117 boys and 19 girls, with ages ranging from  3 years, 3 m onths to 

7 years, 4 m onths, at tim e o f initial testing. The breakdow n o f group assignm ent, 

gender and age is shown in table 5 in the results section.

The sam pling bias in gender reflects the disproportionately larger incidence o f dyslexia 

in boys than girls. It is currently estim ated that there are 3-4 tim es as m any dyslexic 

boys as there are girls (Stein and W alsh, 1997). Because the treatm ents in question are 

m arketed for dyslexic children it m ade sense to recruit those m ore likely to develop 

dyslexia - hence an initial appeal for boys only. Later in the study, girls were accepted, 

but only if they show ed signs o f having a problem  which resem bled dyslexia. The 

children w ere recruited through prim ary schools, M ontessori schools, new spaper 

advertisem ents, the D yslexia A ssociation o f Ireland (DAI) and radio interviews. All 

children had an im m ediate fam ily history o f dyslexia or reading / spelling disabilities 

which affected either their older siblings or their parents. This step was taken to 

m axim ise the likelihood that any observed difficulties w ould be the result o f genetic 

influences and not environm ental ones because it is estim ated that the resulting sam ple 

w ould contain at least 40%  who w ere at risk for dyslexia (Scarborough, 1990; Lahey 

and Edw ards, 1995; Hallgren, 1950; Bishop and Edm undson, 1986; G allagher et al., 

2000; G ilger et al., 1991; Pennington, 1990). Each child was labelled as being o f either 

high or low risk o f developing dyslexia (on the basis o f the reflex tests) and random ly 

assigned to one o f 4 groups.

There was some transfer o f participants from  the treatm ent groups into the 

control group w here parents found it too difficult to im plem ent the treatm ent they were 

assigned. This usually equated to only a couple o f w eeks o f irregularly perform ed 

treatm ent.
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8.3 Apparatus

• A pencil with rubber top for easy focus, and a ruler (in centim etres) for 

m easuring distance, were used for the tests o f visual-m otor functioning.

• A packet o f letter cards was used for the test o f letter know ledge. These 

consisted o f 26 low er case letters o f the alphabet, draw n in black ink on 8.5 x 

12 cm  white cards (Collins Educational Letter-land flashcards, stage 1).

• A TIM  digital stop-w atch was used for tim ing children on som e balance tasks.

•  A digital video cam era was used for film ing the ch ildren’s m ovem ents (Canon 

3CCD digital video cam corder X M 2PA L, 20x fluorite L series lens).

•  Palm -pilot (Tungstem  / E) was used to record the beginning and end o f each 

test on the video for ease o f locating when scoring at a later date.

• SPSS 12 for W indow s was used for statistical analysis.

• Retrospective questionnaire.

• Tape-R ecorder.

• C onner’s Rating Scale for ADHD.

• Certificates and T-shirts for the children.

• Room -Layout & Floor Set-U p (A ppendix 6)

8.4 Materials

The D yslexia Early Screening Test, edition (DEST-2): D esigned by N icolson and 

Fawcett (2004), this is a 12 item  screening test for children betw een the ages o f 4.6^^ 

and 6.5 years. It takes approxim ately 30 m inutes to adm inister. All necessary items are 

included in the test battery with the exception o f paper for the child to write on and a 

container for the beads o f one o f the tests. A tape-recorder is also necessary on which 

to play som e of the sub-tests. The predictive validity for this test appears to be good, 

suggesting as it does, that a cu t-off point o f 0.9 will catch 90%  o f those who can be 

diagnosed later as dyslexic from  a full psycho-educational assessm ent (Faw cett et al., 

1998). To catch those at “m ild risk” for dyslexia a cut-off point from  0.6 - 0.8 is 

suggested. N icolson and Faw cett (2004) suggest it as a good m easure o f w hether a 

teaching m ethod is benefiting a child (p. 76). The test has strong test-retest reliability  (p

A ll ch ild ren  in the study had reached this age by the tim e they w ere tested  usin g  the D E S T -2 .
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< 0.001) with individual tests ranging from  0.637 to 0.878 (tests adm inistered 1 week 

apart), and strong inter-rater reliability, with two experienced testers show ing sim ilar 

ratings (0.98) and one experienced and one inexperienced tester show ing alm ost as 

sim ilar ratings (0.94) (N icolson and Faw cett, 2004, p. 69 & 70).

The D yslexia Screening Test (DST): D esigned by Fawcett and N icolson (1996), this is 

an 11 item  screening test for children betw een the ages o f 6.6 and 16.5 years. It takes 

approxim ately 25 m inutes to adm inister. All necessary items are included in the test 

battery w ith the exception o f paper for the child to write on and a container for the 

beads o f one o f the tests. A tape-recorder is also necessary on w hich to play som e o f 

the sub-tests. Both the DEST-2 and the DST were standardised on English children. 

The predictive validity o f this test is not known, how ever its concurrent validity is 

represented by the fact that o f a sam ple o f diagnosed dyslexics (n=17), 90%  score 

above 1.0. O f a sam ple o f norm al children (n=20), all scores were below  0.3 (Fawcett 

and N icolson, 1996). Test-retest reliability is above 0.7 for all tests (ranging to 0.9 for 

som e tests; tests adm inistered 1 w eek apart). Inter-rater reliability was 0.98 for two 

experienced tester and 0.94 for one experienced and one inexperienced tester (Fawcett 

and N icolson, 1996, p. 11 & 12).

C onners' Parent Rating Scale  -  R evised (CPRS-R): The CPRS-R  was designed by 

Conners (1997), standardised in the U.S and revised in 2003. There are three scales; 

teacher, parent and self-report. The one used in the current study was the parent rating 

scale (short version), suitable for children aged 3-17 years. It contains 27 items and 

covers 4 subscales (O ppositional; Cognitive Problem s / Inattention; Hyperactivity; 

A D H D  index). The parent scale yields inform ation about the ch ild ’s behaviour in the 

hom e and other parental environm ents (Conners, 1997). The AD HD index contains 

items for d istinguishing betw een possible AD HD and norm al children and, thus, is 

useful for identifying those who m ay benefit from  further investigation. In the current 

study it was used to identify those who m ay bring confounding variables to the study. 

The internal consistency coefficients for the CPRS-R  ranges from  .857 to .938 (for the 

A D H D  index specifically, it was 0.938 for m ales and 0.921 for fem ales). The test-retest 

(6-8 weeks) reliability  coefficient was .72 (Conners, 1997, p i 13 & 119).
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8.5 Procedure

8.5.1 Initial Work

Recruitm ent appeals began at the D yslexia A ssociation o f Ireland’s (D A Ts) AGM  in 

April, 2003, with a talk about the intended research. Further recruitm ent resulted from 

regional radio-interview s (Lite FM, June 2003; East Coast Radio, the “Declan M eehan” 

show, O ctober 2003; South East Radio, the “A lan M aguire” show, N ovem ber 2003; 

RTE radio 1, “Future Tense” with Ella M ac Sw eeney, M arch, 2004); 3 national 

new spaper appeals (The Irish Tim es - “Education Today” , 18/11/03; The Sunday 

Independent, 11/05/0; The Evening Herald, 01 and 02/07/04 (see exam ple. Appendix 

7). Notices were also put in the Irish National T eacher’s O rganisation (INTO) 

m agazine, “ In T ouch” and “Profexcel^^” , in the sum m er o f 2004, as well as the 

National Parents’ Council newsletter, “N ew sb rie f’ (Sum m er, 2004) and posted on the 

parents’ website w w w .rollercoaster.ie this same sum m er. Contact with prim ary schools 

/ M ontessori schools, the Irish Speech and Language T herapists’ association and the 

DAI regional workshops also aided in our recruitm ent. All o f these, including every 

prim ary school in the republic of Ireland, was sent a letter outlining the aims o f the 

study and requesting the principal or resource teacher to alert relevant fam ilies to the 

nature o f the research (see A ppendix 8). M ontessori schools and DAI workshops were 

sent sim ilar letters.

Several sources o f inform ation were used in deciding upon the tests and 

treatm ents em ployed (in addition to the review of the literature). Firstly, I attended the 

European conference on Neuro D evelopm ental Delay, held in M aynooth, Co. Kildare, 

in October, 2002; secondly, I attended a training course run by M ary O ’C onnor of 

Neuro D evelopm ent Therapy - Ireland (NDT) in M aynooth, Co. Kildare, in Septem ber, 

2002. Thirdly, I met and spoke with Sally G oddard and Peter Blythe from  the Institute 

o f N euro-Physiological Psychology (IN PP), in C hester, England (D ecem ber, 2002), 

about the testing of young children and the reflex treatm ents that can be used for them. 

Finally, another m em ber o f the research team  attended a training course run by M artin 

M cPhillips o f Prim ary M ovem ent, which focused on the early years of developm ent. 

This was held in Dublin, in Novem ber, 2002. Thus, we collected inform ation from

This is an on-line news and training service which aims to promote psychology and education  
(http://w w w .profexcel.net/).
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NDT, INPP and Prim ary M ovem ent and, therefore, along with the review  of the 

literature, felt equipped to prepare a set o f tests and treatm ents from  what we had 

learned.

Ethics had been sought and approved from  the School o f Psychology’s ethics 

com m ittee (Trinity College, Dublin) (A ppendix 9). The participants were slow ly 

recruited over the course o f one year (April, 2003- Novem ber, 2004), m eaning they 

were all first assessed and began their program m e at different tim es. On m aking 

contact w ith the researcher, each parent was sent a questionnaire, to be returned by the 

tim e of the initial assessm ent (A ppendix 10). In addition, they were also sent an 

inform ation sheet, a consent form  and an insurance disclaim er (A ppendices 11 , 12  and 

13 respectively). The questionnaire consisted o f 3 m ain parts; section 1, dealing with 

general details o f the fam ily including contact details; section 2, with the ch ild ’s 

developm ental, m edical and general behaviour details and Section 3, with the fam ily 

history o f dyslexia. The questionnaire was designed to ensure 2 principal things; firstly, 

that there was a fam ily history either o f dyslexia, or o f a reading/w riting/spelling 

disorder resem bling dyslexia. This latter allow ance was m ade for the reason that most 

o f those people suffering from  dyslexia in older generations would not have had an 

official diagnosis o f dyslexia, whilst nevertheless suffering from  the problem . 

Secondly, the questionnaire also allowed us to screen out those children whose 

problem s m ay have been due to other factors, such as hearing or visual difficulties (in a 

section on general m edical problem s), hence the need for Section 2. This section also 

gave som e insight into w hether the child show ed any other sym ptom s which are know n 

to be com m on in dyslexic pre-schoolers. This included factors such as m eeting 

language and m otor m ilestones, learning nursery-rhym es easily, ease o f toilet-training, 

behavioural developm ent and prenatal / peri-natal history, as all are know n to pose 

difficulties for the dyslexic child. The inclusion o f developm ental m ilestones (i.e., 

m otor, language, behavioural), past m edical history and fam ily history satisfies m ost of 

the criteria, as specified by Palm er (1996), on collecting an adequate developm ental 

history.

The inform ation sheet, designed for parents o f participants, detailed the aims of 

the study, the basic procedure o f the study -  including the use of a delayed treatm ent 

group (i.e., the no-treatm ent control group), the things that would be required o f the
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parent and the scale o f com m itm ent to the study. It also inform ed them  o f their right to 

w ithdraw  from  the study at any point and o f the fact that the study satisfied the ethical 

guidelines o f the Psychological Society o f Ireland (PSI).

The consent form  reiterated the basic aims o f the study as well as detailing 

som e finer points regarding the assessm ents. In signing this form , parents were 

agreeing to their child being video-taped and were confirm ing that they had been made 

aware o f their anonym ity, confidentiality and their right to w ithdraw.

A disclaim er form  was issued to, and signed by, each parent, stating their 

agreem ent to participate at their own risk and not to hold Trinity College liable should 

any injury associated with the study occur.

The first fam ilies satisfying the criteria o f the study were invited to “parent 

inform ation evenings” , held in the Departm ent of Psychology in M ay and June, 2003. 

A ppointm ents for an initial assessm ent were m ade at those presentations. All 

subsequent parents w ho m ade contact had their initial appointm ents m ade directly over 

the telephone. Each ch ild ’s second and third assessm ent appointm ents were m ade on 

the day o f their first and second appointm ents respectively. At the end o f each initial 

assessm ent the parent was asked to sign a form  agreeing not to lend any treatm ent 

m aterials, and to return the m aterial at the end o f the study (A ppendix 14).

8.5.2 Testing

Testing took place inside the Departm ent o f Psychology, T rinity College, Dublin, in a 

quiet laboratory room. Parents had the option o f rem aining in the room  with the child 

during testing and m ost chose to do so, sitting quietly in one corner opposite the child 

Tw o other people were present in addition to the child; the principal researcher 

and an assistant. The room  was set up in a perm anent way, so that each child had 

exactly the sam e surroundings. Green sheets were used to cover the walls and floors so 

that the child could be easily discerned at later video-scoring. For the sam e reason, all 

testers wore black clothes to conceal their own skin, allow ing for clear identification of 

the ch ild ’s limbs. The child was requested to wear t-shirt and shorts throughout testing

For a descr ip tion  o f  the room  lay-out. p lease  see  A p pend ix  6. T his a lso  deta ils  the loca tion s at w h ich  
the ch ild ren  had to position  th em se lv es  for each tests.
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so that their elbows and knees were clearly visible. A digital video cam era stood in one 

corner, opposite the child, and this was operated by the research assistant. Duck-tape 

floor m arkings ensured that each child perform ed the series o f tasks in approxim ately 

the same places. Each child was tested on 3 occasions over the course o f a year with 

each test lasting approxim ately one hour except for the final assessm ent which lasted 

about an hour and a ha lf due to the need to include an extra, standardised, screening 

test for dyslexia.

There were 5 parts to each assessm ent which included tests of; general balance, 

retained reflexes, visual-m otor functioning, fine m otor skills and phonological skills. 

As one o f the reasons for the current study was replication o f previous research, m any 

o f the tests used here were those used by M cPhillips et al. (2000) in their study of 

reflex replication efficacy. A ttendance at a “Prim ary M ovem ent” training course, held 

in Dublin in the Autum n of 2002, w'as undertaken by one o f the researchers involved in 

the current project, as m entioned earlier, where notes on testing were issued from 

M artin M cPhillips him self. At the final appointm ent each child was also tested on the 

D yslexia Early Screening Test (D EST) or D yslexia Screening Test (DST) depending 

on their age, to get an idea o f w hether or not they were at risk for developing dyslexia 

and, if so, the severity of this risk of dyslexia. Each task, in accordance w ith the advice 

given by Kohen-Raz (1996), was both verbally explained to the child and personally 

dem onstrated by the tester. In addition, children failing their first trial were given a 

couple o f opportunities to practise the task before a form al m easure was taken. A copy 

o f the testing and score-sheets can be seen in A ppendix 1.

8.5.2.1 Balance

There were 8 sub-item s o f general balance (see A ppendix 1). The tester 

dem onstrated each test for the child  then gave the child a chance to practise the task 

before attem pting the actual test. O nly when the tester was happy that the child 

understood what he was doing did the test version proceed. The sub-tests are listed 

below:

1) One-Leg Balance
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2) M ann Test (A dvanced Rom berg)

3) Tandem  W alk

4) W alking on Tiptoe

5) Slalom  W alk

6) Hopping on the Spot

7) M arch and A bout-Turn

8) Craw ling on all Fours

1) O ne-Leg Balance: This test had to be perform ed 4 tim es by the child; on each leg, 

eyes open and on each leg, eyes closed. The child was instructed to stand on one leg, 

bend the knee o f the other leg and lift the foot o ff the ground (A ppendix 1, test 1). If 

the child was under the age o f 5 they were perm itted to place their arms out at shoulder 

height to balance them selves. Above the age o f 5, however, they were asked to place 

the hands on their hips. Using a stop-w atch, the tester then scored, in seconds, how 

long the child could m aintain balance on each foot under the above conditions. A child 

o f 4 years should be able to m aintain balance for 5 seconds and a child o f 6 years 

should be able to do so for 6 seconds. In addition to the num ber o f seconds the child 

could m aintain balance, they were also scored on the quality of their balance. O ne-Leg 

Balance which was perfectly rock-solid, was scored as a “ I ” , providing that the num ber 

o f seconds that this position was held m atched the age norm s o f the child (above). A 

slight w obble or elevation o f the hands equal to or greater than 20 degrees, was scored 

as “2” ; a definite sway or visible hand m ovem ent resulted in a score o f “3” ; if the child 

put the foot down on the ground within 5 seconds they were scored as “4 ” and if they 

were com pletely unable to perform  the task they were scored as “5” .

2) M ann Test (Advanced Rom berg): This test was perform ed tw ice by the child; once 

with eyes open and once with eyes closed (as before). The child was instructed to stand 

still, placing one foot in front o f the other, in a heel to toe position (A ppendix I , test 2). 

C hildren below  the age o f 4 were perm itted to hold their arm s out at shoulder level to 

aid balance, but children above the age o f 4 were requested to hold their arms dow n by 

their sides. O nce again, the tester recorded the num ber o f seconds the child could hold 

the position and scored the quality o f the stance. Every child in our age range should 

have been able to hold the position for at least 8 seconds. If they could do this properly
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they scored a “ 1” ; if their feet w obbled they were scored a “2” ; if they swayed or had to 

readjust their arms for balancing they were scored a “3” and if they stepped out o f the 

position w ithin the 8 second m inim um  then they were scored a “4 ” . As before, if they 

were com pletely unable to perform  the task they were scored a “5” .

3) Tandem  W alk: The task required the child to walk heel to toe in a straight line 

betw een 2 line m arkings placed on the ground (A ppendix 1, test 3). They were 

instructed to take their tim e w hile walking, in order to give them  the best possible 

chance o f perform ing the task accurately. If under the age o f 5 the child was perm itted 

to hold the arms out at shoulder level and to look dow n at their feet. An approxim ation 

o f heel to toe was also acceptable from  them . For those over 6 years old, the hands 

were placed on the hips and, in addition to walking forw ards, they were also required to 

walk backwards. Each child should have been able to walk 10 steps in this manner. 

They were scored on the num ber o f steps they took; counting o f steps ceased 

im m ediately a foot cam e off the line. A perfect 10 steps scored “ 1” . Inability to walk 

heel to toe over the age o f 5 (i.e., taking large steps) was scored as “2” . A m ajor 

w obble was scored as “3” ; the inability to keep the feet on the line or taking few er than 

10 steps was scored as “4” and com pletely unable or putting the foot dow n on the first 

step was scored as “5” .

4) W alking on Tiptoe: This test was very sim ilar to the previous one. It required the 

children to walk, on tiptoe, in a straight line (A ppendix 1, test 4). The sam e rule applied 

to the arm positions and once again the child was only required to also walk backwards 

if they were above the age o f 5. A score o f “ 1” was given to a perfect 10 steps; a score 

o f “2” if the child was only able to take large steps or if they shuffled backw ards; a 

score o f “3” if there was sway o f 20 degrees from  the vertical; a score o f  “4” if they 

w ere unable to stay on tiptoe or if they took few er than 10 steps and finally a score o f 

“5” if  they were com pletely unable to perform  the task.

5) Slalom  W alk: Here the child was asked to walk along a single line m arking on the 

ground (A ppendix 1, test 5), alternately lifting each leg and crossing it over the line. 

The child stood initially to the right o f the line with hands on hips, regardless o f age.

163



lifted the leg at the knee and placed the foot on the other side o f the line. They were 

allowed to look down at the feet. Again they were scored on their ability to take 10 of 

these steps and counting stopped if the foot did not cross the line or if the child 

overbalanced and put the foot down. As before, if the task was com pleted to 

requirem ent it was scored as “ 1” ; if there was slight w obble or hesitance placing the 

foot over the line then this was a “2” ; if there was body sw ay this was a “3” ; if there are 

few er than 10 steps then this was a “4 ” and if the child stepped on the line or put the 

foot dow n im m ediately (i.e., cannot perform  task) then this was scored a “5” .

6) H opping on the Spot: The child was asked to hop (A ppendix I, test 6), on the spot, 

for at least 10 hops on each foot. He was instructed to hop for as long as possible^^; 

first on one foot then on the other. If the child could do 10 or m ore hops he was scored 

as “ 1” ; if there was some w obble on landing or some m oving around whilst hopping he 

was scored as “2” ; if the hops were perform ed very quickly w ithout gaining any height 

or if the other foot was resting on the hopping leg, he was scored as “3” , and if there 

were few er than 10 hops he was scored as “4” . Once again, if he was unable to hop at 

all he was scored as “5” .

7) M arch and About Turn: In this test the child had to m arch around the testing area, 

sw inging his arm s and lifting his knees high (A ppendix 1, test 7). The pattern o f his 

m arching was observed as either hom olateral or cross-lateral. A score o f “ 1” was 

adm inistered if the m arching was perfectly cross-lateral; a score o f “2” if it began as 

cross-lateral but reverted to hom olateral m arching; a score o f “3” if the m arching was 

o f m ixed cross and hom olateral gait; a score o f “4” if it was fully hom olateral and a 

score o f “5” if the child was com pletely unable to m arch at all.

8) C raw ling on all Fours: The child was requested to crawl along a line m arking on the 

ground (A ppendix I, test 8). Once again the tester noted the laterality o f the m ovem ent 

and scoring was sim ilar to that o f the m arching. A score o f “ I ” was adm inistered if the

The m asculine form o f  the personal pronoun will be used to denote both sexes to avoid stylistic 
awkwardness.
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m arching was perfectly cross-lateral; a score o f “2” if it began as cross-lateral but 

reverted to hom olateral m arching; a score o f “3” if the m arching was o f m ixed cross 

and hom olateral gait; a score o f “4” if it was fully hom olateral and a score o f “5” if the 

child was com pletely unable to m arch at all.

S.5.2.2 Retained reflexes

There were 6 sub-item s on this test (A ppendix 1, tests 9-14). The tester 

explained each test to the child before doing the actual test. Each test was repeated a 

second tim e to allow for consistency in scoring after which the entire test was repeated 

with the ch ild ’s eyes closed. All tests were scored for eyes open and closed and for all 

tests the child was instructed to keep as still as possible. O f the tests included here, 

num bers 1, 3 and 5 resem ble the scoring m ethod from  the prim itive reflex profile 

designed by Capute et al. (1978). These have been slightly m odified by M cPhillips 

(training course notes, 2002) and this was the scoring-system  em ployed by the current 

study. Num ber 2 was suggested by Ayres (1972; 1978; 1979) and num ber 4 by 

Schilder , and the scoring m ethod constructed by M cPhillips' . Num ber 6 was 

suggested by Blythe and Goddard-Blythe^*^ (2002) as m ore suitable for our age group. 

The sub-tests are listed below:

1) ATNR - Supine Version

2) ATNR - Ayres Version

3) STNR

4) ATNR - Schilder Version

5) TLR

6) Moro

1) A TN R -  Supine Version: The child lay supine on the floor w ith the tester kneeling 

behind the head (A ppendix 6, point “C ”). The ch ild ’s arm s were placed at 45 degrees to

M cPhillips, personal com m unication, D ecem ber, 2002.
M cP hillips's Primary M ovem ent training course. Dublin , D ecem ber, 2002.
Blythe and Goddard: Personal com m unication, at INPP, Chester, D ecem ber, 2002,
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the body with the elbows bent and the hands facing pahn dow n with the fingers spread, 

their tips just touching the floor. The tester then positioned herself behind the head of 

the child and placed her hands o f the ch ild ’s head, just behind the ears (A ppendix 1, 

test 9). The head was turned firstly to the left to approxim ately 90 degrees, with a pause 

o f 5 seconds, then returned to the m idline for 1 second, then turned to the right for 5 

seconds. Only the side o f the body to which the head was turned was scored. Scoring 

for the arm s was as follows. If there was no m ovem ent at all in the arm  then a score o f 

“ 1” was recorded; if there was some trem or in the arm then a score o f “2” applied; if 

the fingers m oved a score o f “3” was necessary and if the hand and arm  both moved 

then a score o f “4” was recorded. Scoring for the feet differed slightly, with no 

m ovem ent being given a “ 1” and any m ovem ent at all being given a “4” . There were no 

2s or 3s for foot m ovem ent.

2) A TN R -  Ayres Version: The child was put in a table position (A ppendix 1, test 10, 

facing the cam era), resting on all fours with palms facing down and head looking at the 

floor. The tester kneeled to the right o f the child, placing her hands on his head, just 

behind the ears. The head was turned firstly to the left by approxim ately 90 degrees, 

w ith a pause o f 5 seconds, then returned to the m idline for 1 second, then turned to the 

right for 5 seconds. In accordance with M cPhillips’s instructions, the side o f the body 

to which the head was turned was scored, however, this is not consistent with the 

advice given by M orrison (1985) who cautions that there m ay be varying degrees of 

flexion in the occiput elbow  and that this is the m ost reliable m easure o f the ATNR. 

Thus, both elbow s were scored in case one yielded m ore sensitive m easures than the 

other. Scoring for the arm s was as follows. If there was no m ovem ent at all in the arm 

then a score o f “ 1” was recorded; if there was som e trem or in the arm  then a score of 

“2” applied; if the elbow  flicked or the child was attem pting to keep the arm  straight 

then a “4” applied and if there was a definite bend in the arm  a score o f “4” was 

recorded. There was no scoring for the feet. Tw isting o f the body or sinking o f the 

shoulder were also recorded if they occurred.

3) STNR: Here the child was instructed to m aintain the table position, but face the left 

hand wall (“G ” , A ppendix 1, test 11), and perform  the action w ithout the tester guiding
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the head. The child moved his head slowly downwards so that he could see between his 

knees, held that position for 5 seconds, then moved the head slowly upwards so that he 

could see the ceiling, which he again held for 5 seconds. Scoring was made for the 

arms and the trunk/legs separately. On the downwards motion the arms were scored as; 

“ 1” indicating no movement; “2” indicating tremor in the arms; “3” a flick in the arms 

and a “4” a definite bend. For the trunk/legs a “ 1” indicated no movement; a “2” 

indicated either 1 lurch backwards with correction of position or crossing of the legs; a 

“3” indicated 2 lurches backwards with correction of position and a “4” indicated either 

lurching backwards but with no correction of position or sitting on the heels.

4) ATNR -  Schilder Version: The child stood with arms outstretched, at shoulder 

height, in front of the body and hands hanging loosely downwards (Appendix 1, test 

12). The tester stood behind the child with hands placed on the head, behind the ears. 

The tester then turned the child’s head to the left, approximately 80 degrees from the 

mid-line or as far as it would go, paused for 5 seconds, returned the head to the midline 

for 1 second and then moved the head to the right for 5 seconds. A short rest was given 

between testing with eyes and open and eyes closed as this test can be quite tiring on 

the arms. Once again only the side of the body to which the head was turned was 

scored. Arms were scored for degrees of movement from the horizontal or the vertical. 

If there was no movement at all or only up to 10 degrees, either downwards or in the 

direction in which the head was being turned, then the child scored a “ 1” ; movement of 

10-20 degrees scored a “2”; movement of 20-45 degrees scored a “3” and movement of 

more than 45 (i.e., 45 to 90) degrees scored a “4” .

5) TLR: The child stood with feet together and arms down by the sides. The tester 

stood to the side, ready to catch the child should they lose balance. The child was then 

told to move the head slowly downwards such that they could see their toes, to hold 

this for 5 seconds, then to move the head slowly upwards such that they could see the 

ceiling (Appendix 1, test 13). Both knee movement and balance were monitored in this 

case. On moving the head downwards the child was scored for the movement that 

occurred in the knees, such that “ I” represented no movement; “2” tremor in the knees; 

“3” little flicks in the knees and “4” a definite bend in the knees. On moving the head
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upwards the child was scored for loss o f balance such that “ 1” represented no 

m ovem ent; “2” represented definite sw ay in the body; “3” represented sway with arms 

involved and “4” a loss o f balance.

6) Moro: The child stood, as before, looking straight ahead with feet together and arms 

dow n by the sides. The tester kneeled behind the child holding him  gently by the waist. 

The tester then gently rocked the child forwards 2-3 inches, then back to the neutral 

position follow ed by rocking them  gently backw ards 2-3 inches (A ppendix 1, test 14). 

If the child had no problem  with backw ard or forw ard m ovem ent they were scored a 

“ 1” . If their arm s cam e upwards on the backwards m ovem ent they were scored a “2” ; if 

they went forw ards or backw ards but stepped out o f position, they scored a “3” and if 

they opted totally out o f perform ing the m ovem ent (by shuffling or resisting 

m ovem ent) they scored a “4 ” .

S.5.2.3 Visual-motor functioning

Four tests o f v isual-m otor functioning were perform ed. For each test the child 

stood opposite the tester with feet together and arm s by the sides. The tester explained 

what the child was expected to do and also dem onstrated the task. These are listed 

below:

1) Visual Tracking

2) H and-Eye Tracking

3) Fixation w ith Eyes

4) Near Point C onvergence and R e-establishm ent o f B inocular Vision

1) Visual Tracking: The child stood upright with feet together and arms by his side. 

The tester held out a pencil w ith a coloured top, vertically, about 3 inches below  the 

ch ild ’s eye level, approxim ately the sam e distance from  the child as that length from 

the ch ild ’s finger to elbow. The tester then instructed the child to keep the body and 

head com pletely still but to follow  the pencil top with his eyes as it m oved if from left 

to right for 10 m ovem ents. Eye m ovem ents were carefully  observed for evidence of
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anticipation, jum ping  or head m ovem ent. C hildren who could follow  the m ovem ent o f 

the pen sm oothly, without jum ping  ahead o f it, scored a “ 1” ; if their eyes did jum p 

ahead o f the pen they scored a “2” ; if there was head m ovem ent in follow ing the head 

then they scored a “3” and if they were unable to focus on and follow  the pen they 

scored a “4” .

2) H and-Eye Tracking: This process is sim ilar to that o f the previous test except that 

the child was responsible for holding and m oving the pen. He was encouraged to reach 

for the pen with w hichever hand he felt m ost com fortable, and to m ove it from  left to 

right, follow ing it only w ith eye-m ovem ent. This continued for 10 m ovem ents. Scoring 

was identical to that o f the previous test with those able to follow  the m ovem ent o f the 

pen sm oothly, without jum ping  ahead, scoring a “ 1” ; those whose eyes jum ped  ahead 

o f the pen scoring a “2” ; those w hose head m ovem ent in follow ing the head then they 

scored a “3” and if they were unable to focus on and follow  the pen they scored a “4” .

3) Fixation with Eyes: Standing position was as before. Again the tester m anipulated 

the pen holding it in the sam e position in front of the child. The child was instructed to 

m ove only the head, slow ly from  left to right, but to keep the eyes fixated upon the pen 

top. This continued for 10 m ovem ents. The tester waited until the m ovem ent was stable 

then observed the eyes for deviation from  the fixation point which w ould indicate an 

ocular-reflex. Scoring was based sim ply on either the ability to m aintain fixation (“ 1”) 

or inability to m aintain fixation (“2”).

4) Near Point Convergence and R e-establishm ent of B inocular Vision: The child stood 

as before in the soldier position but this tim e with the left shoulder against a wall. The 

tester held the pencil, now in a horizontal position, with the coloured top pointing 

tow ards the child, at the ch ild ’s eye level and about an arm ’s distance from  their face. 

The child was instructed to fixate upon the end o f the pencil as the tester brought it 

nearer towards the ch ild ’s face and to shout “stop” w hen it no longer seem ed clear or 

began to blur. At that point the tester then slow ly w ithdrew  the pencil aw ay from  the 

child and asked them  again to indicate when they could see it properly. The 2 points 

were m arked and the distance betw een them  m easured. If the distance exceeded 8cm
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then convergence was considered to be slow and scored as a “4” ; if it was any less than 

this it was considered to be adequate and was scored as a “ 1” .

S.5.2.4 Fine motor skills

For the follow ing tests the child rem ained seated for all but the first test. These 

were all explained and dem onstrated to the child by the tester. There are 5 o f them , as 

listed below:

1) M otor Control - Finger to Nose

2) M otor Control - Heel on Shin

3) A diadochokinesia (Rapid A lternate M ovem ent) - Fingers

4) A diadochokinesia - Rapid Reversal o f Hands

5) A diadochokinesia - Finger and Thum b

1) Finger to Nose: The child stood opposite the tester with feet together and arms out to 

the sides at shoulder height. They were instructed to bring the tip o f each forefinger 

alternately to the tip o f the nose 10 consecutive times. This was done first with the eyes 

open then repeated with the eyes closed. The child scored “ 1” if they could perfectly 

perform  the task; “2” if they were bringing the head to the nose or the side o f the finger 

to the nose; “3” if they were hitting the side o f the nose; “4” if they were hitting the 

face and a“5” if they were com pletely unable to perform  the task.

2) Heel on Shin: The child and tester sat in chairs opposite one another. The child was 

instructed to place the heel o f one foot just below  the knee o f the other and to slide the 

heel slow ly dow n the front o f that leg. At the bottom  o f the leg they were required to 

push the foot outwards. This was then repeated with the other leg. If they could 

perform  this task correctly they scored a “ 1” ; if the heel went to the side o f the leg they 

scored a “2” ; if the inside o f the foot went dow n the leg they scored a “3” and if they 

were unable to do it they scored a “4” .
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3) A diadochokinesia (Rapid A lternate M ovem ent) -  Fingers: The child held out one 

hand and brought the index finger over to tap the thum b follow ed by the m iddle finger,

finger, little finger then the sam e in reverse order. They continued this rhythm ic 

sequence for 10 consecutive taps then repeated the sequence with the other hand. If the 

tapping had a perfect rhythm ic ripple it was scored a “ 1” ; if the child could do it but 

was consciously perform ing the task then they scored a “2” ; if they could do it but it 

was slow and laboured they scored a “3” ; if they cou ldn’t do the m ovem ent with one or 

m ore fingers they scored a “4” and if unable to do it all then they scored a “ 5” .

4) A diadochokinesia - Rapid Reversal o f Hands: The child was told to put both hands 

on the knees with one facing palm  dow n and the other facing palm  up. They then had 

to lift both hands sim ultaneously and slow ly reverse their orientation such that the hand 

that had been facing palm  up was now facing palm  dow n and vice-versa. They then 

returned the hands to the knees. They were to attem pt 10 rotations. A fast and 

autom atic speed was scored as “ 1” ; if the action was correct but slightly slow er then it 

scored a “2” ; if they had to really had to think about it but could still perform  the 

m ovem ent then they scored a “3” ; if they could not turn their opposite hands they 

scored a “4” and if they could not perform  the m ovem ent at all they scored a “5” .

5) A diadochokinesia - Finger and Thum b: The child was asked to stretch out the hands, 

stick out the index finger and thum b o f each hand, fold back the others and to place the 

opposing index finger and thum b together. They were then told to separate the digits 

pointing towards the floor, to tw ist them  upwards so that they were pointing up at the 

ceiling and to jo in  them  together again. The child was tim ed until they had com pleted 

10 o f these rotations. The num ber o f seconds was recorded if they were able to perform  

the m ovem ent and if they could not then they were scored as “unable” .

S.5.2.5 Phonological skills

A record o f w hether or not the child was in school was taken along with the 

class they were in and w hether or not they were fam iliar w ith “Letter-Land” . There 

then followed 3 short tests, listed below;
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1) Letter Nam e Know ledge

2) Phonem e Deletion

3) N on-W ord Repetition

1) Letter N am e Knowledge: The tester held up a plain card with a low er-case letter' '̂^ 

printed on it and the child was tested on his know ledge o f the alphabet by correctly 

identifying what it was, either by giving its name or by giving the sound that it makes. 

The child was perm itted to either nam e the latter or to m ake the sound associated with 

it. All 26 letters were held up, in random  order, and a record taken o f the ones the child 

got w rong or did not know.

2) Phonem e Deletion; In this test the child was required to rem ove the initial phonem e 

of a one-syllable word and say the rest of the word. The tester told the child the word 

loudly and slow ly and asked him  to repeat it. The tester then explained to the child that 

they had to try to say that word without the beginning part. There were 4 exam ple 

words which the tester w ent through with the child before proceeding to the 8 test 

words. The child was scored on the num ber he could do.

3) N on-W ord Repetition; This was a relatively sim ple test in w'hich the child was 

required to repeat the non-w ords spoken by the tester. D evised by G athercole et al. 

(1994) “The C hildren’s Test o f Nonw ord R epetition” consisted o f 10 sim ple words o f 

one syllable (e.g .,“sa” , “fu”) follow ed by 10 slightly m ore com plex one-syllable words 

(e.g., “sm ip” , “clird” ) which progressed on to 30 more com plex 2-4 syllable words 

(e.g., “ham pent” , “skiticult” “w oogalam ic” ). The words o f 5 syllables were not used 

here. The child was scored on the num ber they could repeat properly.

The D yslexia Early Screening Test (D E ST ); The D EST-2 had 12 different sub

tests. The child was requested to sit down on a chair close to the tape-recorder and told

The scoring-sheet show s upper case letters but lower case was printed on the cards that the children  
view ed.
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that they were to engage in a few m ore games. The instructions for each sub-tests were 

given and a practice session, as per the standardised instructions was given before each 

sub-test. The D EST-2 included the follow ing set o f sub-tests:

1) Rapid Nam ing

2) Bead Threading

3) Phonological D iscrim ination

4) Postural Stability

5) Rhym e / First Letter

6) Forwards Digit Span

7) Digit Nam ing

8) Letter Nam ing

9) Sound O rder

10) Shape Copying

11) Corsi Frog

12) V ocabulary

The ch ild ’s score for each of these was determ ined on the basis of norm ed ranges. 

Their overall score was then calculated. If this fell betw een 0.5 - 0.9 the child was 

considered to be at “m ild risk” for developing dyslexia. If the score was above 0.9 the 

child was considered to be at “high risk” for developing dyslexia (see A ppendix 15 for 

score-sheet).

The D yslexia Screening Test (D ST ): Instructions were as with the DEST-2. 

This test included the follow ing sub-tests:

1) Rapid Nam ing

2) Bead Threading

3) One M inute Reading

4) Postural Stability

5) Phonem ic Segm entation

6) Tw o M inute Spelling

7) Backwards Digit Span

8) Nonsense Passage Reading
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9) O ne M inute W riting

10) Verbal Fluency

11) Sem antic Fluency

The ch ild ’s score for each o f these was determ ined on the basis o f norm ed ranges. 

Their overall score was then calculated and if it fell above 1.0, he was considered to be 

at risk o f developing dyslexia (see A ppendix 16 for score-sheet).

The reader is referred to the test m anuals for inform ation on the standard test 

adm inistration used here (N icolson and Fawcett, 1996; Fawcett and N icolson, 2004). 

Each parent was sent a report o f their ch ild ’s DEST / DST results, detailing their 

ch ild ’s perform ance and inform ing them  of further steps they should take should they 

be concerned (see A ppendices, 17 and 18 for samples).

On the third testing occasion, the attending parent was requested to fill out 2 further 

questionnaires. One o f these was the “Retrospective Q uestionnaire” , the other was the 

C onner’s Rating Scale - Revised (CRS-R) for ADHD..

Final Q uestionnaires

1) Q uestionnaire 2

This was designed in order to investigate the quantity and quality with which each 

child perform ed their respective program m e. This questionnaire also enquired about 

other extra-curricular or academ ic program m es the child m ight have undertaken 

throughout the previous year, and w hether any form al diagnoses (of dyslexia or 

otherw ise) had been m ade during that time. A copy o f this questionnaire m ay be seen 

in A ppendix 19.

2) C onners’ Parent Rating Scale -  Revised (CPRS-R): Short-form

As m entioned, the parent was also asked to com plete the “C onner’s Parent Rating 

Scale -  R evised” (CPR S-R ) for A ttention D eficit H yperactivity D isorder (A D H D )
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(Appendix 20). It was explained to them  that AD HD and dyslexia are often co-m orbid 

and it was necessary to determ ine w hether their ch ild ’s perform ance m ight be 

influenced by one factor or another (or indeed both). The parents were given the tim e 

of the screening test (i.e., approxim ately 30 m inutes to com plete both this and the 

retrospective questionnaire and asked to com plete it with respect to the ch ild ’s 

behaviour in the last m onth. Consideration was given to the possibility that parents may 

also have a reading disorder and as such, the researcher offered to go through the form s 

with the parent if that was preferable. This also m aintained the validity o f the responses 

by elim inating reading error / m isinterpretation, hi the event o f an unansw ered item, an 

average was determ ined for that scale, as instructed in the rating scale m anual. The 

ADHD index is the best initial indicator o f w hether a child is likely to have an attention 

problem  (Conners, 1997). A t-score o f 65 or above on this index was taken to indicate a 

clinically significant problem  (again as recom m ended by the m anual). This corresponds 

to a percentile point o f 93.3.

Token o f thanks

Before leaving on the final occasion, each child was presented with a “D yslexia Early 

Years” em blazoned certificate and t-shirt (A ppendix 21). They were thanked for 

helping us with our work and for their cooperation. It was explained to each parent that 

they w ould shortly receive a copy o f their ch ild ’s “D yslexia Screening Test” report 

(e.g., sam ples in A ppendices 17 and 18), through the post, indicating their ch ild ’s 

degree o f risk for dyslexia and their individual tests results, and that, should they have 

any questions, they should contact us im m ediately. Furtherm ore, care was taken to 

explain the follow ing two points: (1) that this report was not m eant as a substitute for a 

full psycho-educational assessm ent and as such was not o f use in the application for 

special waivers and resource hours from  the Departm ent o f Education and Science and 

(2) that regardless o f the risk level, there was always the chance o f a “false-negative” 

or “false-positive” and they should take academ ic perform ance and / or fam ily history 

into consideration in m onitoring their ch ild ’s progress in school.

Each fam ily was also inform ed that they would receive a short report o f the 

findings when the study was com pleted.

175



8.5.3 Treatments

There were 4 groups in the study and each child was random ly assigned to one o f these. 

They consisted o f a control group, in which there were no particular exercises. 2 

experim ental conditions (the “reflex replication” group and the “vestibular stim ulation” 

or “balance” group) and the placebo-control group. All treatm ent groups required the 

child to perform  their relevant treatm ent exercises for approxim ately 10 m inutes on a 

daily basis. The parents o f the children were sent both a video and a m anual (see DVDs 

and A ppendices 3-5). The video show ed how the exercises should be perform ed and 

the m anual incorporated stories and games in a scripted fashion which m atched those 

exercises show n on the video. The m anuals consisted o f a contents page, an 

introductory letter and an instruction page after which the exercises were presented in 

an orderly  m anner. At the back o f each m anual was a log book for each day o f the year; 

this allow ed the parent to see at a glance which exercise to do on which particular day 

and w hich page the instructions were on. It also provided a colum n the parents were to 

tick to confirm  that the exercises had been perform ed that day. Follow ing this there was 

a com m ents page where the parents were encouraged to write about any problem  they 

had encountered on any day o f the program m e. The different treatm ents are discussed 

in m ore detail below.

8.5.3.1 Group 1 -  Reflex replication

These exercises were based on the same ideas behind Prim ary M ovem ent and 

N euro-D evelopm ental Therapy from  INPP, Chester. There were 4 different exercises in 

total, the first o f which corresponded to inhibition of the A TN R, with the other three 

corresponding to inhibition o f the M oro reflex. The ch ild ’s parents were instructed to 

help the child perform  the relevant m ovem ent on a daily basis. Precise instructions 

were given as to the start position and subsequent m ovem ents o f the exercise in 

question follow ed by suggested stories to accom pany them  (A ppendix 3). All exercises, 

once m astered with the eyes open, which would eventually take approxim ately 4 

m inutes, were to be then attem pted with the eyes closed, bringing the total time per 

night to approxim ately 8 m inutes. These exercises lasted for a period o f 24 weeks, after 

which the child repeated the entire program m e to bring the total period up to 48 weeks. 

The im portant thing about the exercises in this treatm ent was that they w ere perform ed
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very slow ly and carefully. They were designed to get the child to im agine a slow- 

m oving scenario and to pretend to watch and follow  it as they did the exercises. All 

m ovem ents took place with the child sitting in a low chair so that their feet were placed

flat on the ground. Parents were perm itted to incorporate their ow n stories if they so

wished. Details o f these exercises are as follows (see also A ppendices 3-5).

1) Exercise 1: 12 weeks (A TN R)

2) Exercise 2: 4 weeks (M oro)

3) Exercise 3: 4 weeks (M oro)

4) Exercise 4: 4 weeks (M oro)

1) Exercise 1 - ATNR: A lthough only one exercise relates to the ATN R, the num ber of 

weeks spent on it is equal to the num ber o f weeks spent on the M oro. This exercise 

lasted for 12 weeks. Each perform ance involved m ovem ent on the right side, followed 

by m ovem ent on the left side. The child sat on a chair, feet crossed with the appropriate 

foot in front (i.e., right over left w hen m ovem ent was to the right and vice-versa when 

m ovem ent was to the left). The arm s were crossed at the m id-line o f the body, with

each hand resting on the chest, pointing towards the shoulder. The exercise involved

slow ly m oving in the follow ing pattern:

• Head turn to the right

• Right arm  lifts up and out, bent 90 degrees at the elbow  so that hand is 

at face level.

• Each finger touches in the thum b in successive directions.

• Arms returns to m id-line.

•  Head returns to the m id-line.

This is then repeated on the left. Each o f these m ovem ents m ust be slow ed over the 

first week o f perform ance, until it lasts for 30 seconds every tim e it is perform ed.

The suggested stories for this exercise consisted o f w atching “A dragon-fly in 

flight” , “A spaceship” and “A little bird flying” .
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2) Exercise 2 - Moro: This exercise lasted for 4 weeks and focused on slow m ovem ents 

of the head. The child sat in the same position described in the first exercise but with 

the chin resting on the chest. It too, was perform ed twice, once with the feet crossed in 

one direction and once with them  crossed in the opposite direction.

• Head slow ly rises to the ceiling.

• Head rem ains towards ceiling.

•  Head returns to chest.

•  Head rests on chest.

Over the first two weeks the child worked on extending these m ovem ents so that each 

one lasted one m inute. The suggested stories for the exercise consisted o f watching 

“The little daisy” , “The spaceship landing” and “The bird asleep” .

3) Exercise 3 - M oro: This exercise also lasted 4 weeks and involved both the head and 

one o f the arms sim ultaneously. It was perform ed twice, first on the right side and then 

on the left side, with each side consisting o f 3 m ovem ents.

•  Head m oves up whilst right arm  extends outwards.

•  Each finger touches the thum b in turn in both directions.

•  The arm  and head return down / to the m id-line.

This was then repeated on the left side and as before, each m ovem ent had to last one 

m inute. The suggested stories were “The little daisy begins to grow ” , “The little 

spacem an is not too sure” and “The little bird wet in the rain” .

4) Exercise 4: Again the exercise lasted 4 weeks. It involved the head and both arms 

sim ultaneously and again had 3 m ovem ent parts to it, which, as before, were to be 

perform ed once with the feet crossed in one direction and once with them  crossed in 

the opposite direction.

•  Both arms extend from  the m id-line, outwards, whilst the head is 

raised upwards.

•  Fingers touch the thum bs in turn, in both directions.

•  Head and arm s return to the m id-line and chin.
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This too must last one minute in each direction. The suggested stories were “The little 

daisy”, “The little spaceship gets ready to fly home” and “The little bird sunning 

herse lf’.

8.S.3.2 Group 2 -  Balance programme (vestibular stimulation)

These exercises were all based on movements which involved dynamic or 

stable balance skills. They were designed in such a way that they were appropriate for 

our age group, there was a variety of activities, the activities required no special 

materials and they could be performed anywhere with a ten foot space (i.e., most 

houses). There were 7 of them in total; the first 4 were presented under the heading 

“John’s big adventure” and were primarily made up of games. The next 3 were all 

based on traditional stories adapted from “The barefoot book of mother and son tales” 

(Evetts-Secker, 1998). It was felt that these were appropriate stories as it would 

probably be the child’s mother who was helping him perform the exercises (Appendix 

4). As there were 7 stories, one was performed each day of the week, in a serial 

fashion, for a period of 48 weeks. Each exercise was preceded by a short introductory 

page and the exercises themselves were presented in a line by line format, making them 

easy to follow. The parent was to read the top line and have the child perform the 

actions in bold, presented underneath, hi order to ensure that the exercise lasted 

approximately 10 minutes, each static movement was to be performed for a period of 

10 seconds and each dynamic movement to be repeated 10 times. The exercises are 

listed below and then described in further detail.

John’s Big Adventure;

1) John in the Jungle

2) John and the Giant

3) John and the Animals

4) Simon Says 

Traditional Stories:

5) The Goddess of Luck

6) Lucky Hans
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7) The Magic Doll

1) John in the Jungle: This exercise identified a fictitious boy called John who found 

himself in a jungle and had to make his way out in order to get home in time for dinner. 

However, there were certain things he had to do in order to accomplish this task, such 

as row a boat across a river, fly an airplane etc. The child had to perform a series of 

running, jum ping and balancing tasks to enact getting out of the jungle. At the end of 

this session John decided to have a rest which led on to exercise 2 the next day.

2) John and the Giant: John now met a giant who would aid him in his journey out of 

the jungle only if John imhated various modes of transport. The child engaged in 

spinning, bouncing and galloping tasks whilst imitating helicopters, pogo sticks etc. 

This again resulted in a rest before the giant would help John by bringing him to the 

animals, whom he thought would know how John could get home.

3) John and the Animals: Here John met many different animals who insisted upon him 

acting like them before they would help him. Thus, he had to gallop like the horse, 

march like the ants, leap like the frog, crawl like the crab, fly like the bird and so on. 

This again led to a rest before day 4 ended the story.

4) Simon Says: This exercise in based on the children’s game “Simon says” . The 

animals brought John to Simon, whom they say will help him  get home. Simon 

requested that John do all the tasks that he says, before he would help him. These 

included such things as jum ping  jacks, stretching, tumbling and other general balance 

specific tasks. It ended with Simon helping John to get hom e for his dinner.

5) The Goddess of Luck: Day 5 began the movements based on traditional stories. This 

story was based on a traditional Nepalese story in which a young boy attempts to help 

his mother earn money by looking for the Goddess of luck. Again it incorporated 

plenty of running, hopping, jum ping  and swaying tasks as the child enacted the story.
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6) Lucky Hans: This story is based on a traditional German story. The young boy has 

finished working for his employer and wants to go home to his mother. On the way 

home he encounters many animals, and once again, must copy their movements to 

achieve some gain. This incorporated many of the previous balance tasks as well as 

such things as clapping, waddling and rolling.

7) The Magic Doll; This story is loosely based on a traditional Wabanaki story in 

which a boy is given a magic doll which grants wishes. In this version of the story, 

however, the doll will only do as the boy wishes if he performs certain exercises. 

Bowing, marching and skipping are all features of this exercise.

8.S.3.3 Group 3 -  Placebo control

The placebo-control exercises were all carefully selected and prepared so that 

they allowed for neither vestibular stimulation nor reflex replication nor, indeed, any 

movements that crossed the mid-line of the body or involved gross muscular activity on 

the child’s part. However, they still allowed for parental involvement with the child for 

a period of 10 minutes each night and, the procedures, as described in the manuals, 

were as precise as the previous manuals, in order that they had sufficient face validity.

There were 8 exercises comprising the placebo-control programme which were, 

again, divided into 2 sets of games (Appendix 5); the first termed “Parental help 

games” and the second termed “Face games.” “Parental help games” required the 

parent to take /;/// responsibility for manipulating the limbs of the child in accordance 

with a particular story-line whilst preventing the child from generating any self-made 

movements. The child lay on the floor or bed or sat propped up by pillows on a chair so 

that they did not have to support any of their own weight. They were instructed to let 

their body “go floppy” whilst the parents held their arms or legs in particular positions 

for approximately 10 seconds. As for the “Face games” these included a series of story

lines and games in which the parent and child made movements with the tongue, nose 

and mouth but moved no other muscles. The parent was instructed to ensure that the 

child held the expression for approximately 5 seconds. After a month, in which the 

child got 3 consecutive days of each game, in order to get used to it, all the games were
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then randomised in order for the remaining 44 weeks. The games are described in 

further detail below:

Parental Help Games

1) The Teddy Game

2) Mr. Jelly

3) Finding Santa

4) W alking in the Jungle 

Face Games

5) Simon Says

6) Party Food

7) Snap

8) The Slow-Fast Game

1) The Teddy Game: This game involved teddies, dolls or any 2 items to which the 

children may have been attached, and w'as performed by firstly lying comfortably on 

the ground and then repeated with the child propped up in a chair. The 2 different items 

were placed, one on either side of the child, alternating between the legs and the arms. 

The child’s task was to guess which item was where after the parent’s prompt of 

pointing the relevant limb at the relevant item. This continued in mixed sequence for 

approximately 10 minutes.

2) Mr. Jelly: This was a story involving 2 characters called Mr. Jelly and Mrs. Nelly 

who take a trip to the sea-side. On reaching the sea-side Mr. Jelly (the child) becomes 

all floppy and cannot move so the Mrs. Nelly (the parent) must help him to do things to 

enjoy the day, such as getting to the sea, swimming in the sea, eating his lunch, etc. 

Thus, the parent moves the relevant limbs responsible for the various actions. The 

parent is requested to repeat the story a second time if it does not last 10 minutes.

3) Finding Santa: This was yet another story which required the parent to move the 

child’s limbs to match a series of actions. A toy soldier falls out of Santa’s bag at
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C hristm as tim e and the story tells o f the so ld ier’s attem pts to find Santa in order to be 

delivered to his Christm as destination. The parent does cycling and running m otions 

w ith the ch ild ’s legs, w aving and pointing m otions with the ch ild ’s arms and so on.

4) W alking in the Jungle: Sim ilar to one o f the previous stories about the jungle, this 

story is about a little boy who is w alking in the jung le  and m eets lots of anim als w hose 

characteristic m otions he copies. How ever, in this case it is the parent who is 

m anipulating the ch ild’s limbs in accordance with the flapping m otion o f a b ird ’s w ing 

or the up and dow n m ovem ent o f an elephan t’s trunk (for exam ple).

5) Sim on Says: This was the first o f the Face Gam es and was sim ilar to the w ell-know n 

ch ild ’s version o f the game except that there was no “catching out” o f the child. The 

parent and child were instructed to sit opposite one another, with the child sitting in a 

high backed chair so that the head was supported and the parent ensuring that they keep 

the head and body still. The parent dem onstrated one o f 15 different m ovem ents and 

the child m ust copy it accurately (or persist until is has been accurately copied). These 

15 m ovem ents are repeated 4 tim es, in random  order each tim e, to lengthen the tim e 

they take.

6) Party Food: Here the parent narrates a story about a little girl w hose m other is 

m aking her a birthday tea. There are lots o f different, delicious foods which the child 

sm ells, tastes and eats. These provide the bases for the facial m ovem ents the child m ust 

m ake in conjunction with the story.

7) Snap: This is essentially a guessing game, sim ilar to the popular and w ell-know n 

ch ild ’s gam e o f “Paper, rock, knife” , in which 2 people sim ultaneously m ake a 

m ovem ent. Here the child can m ake any o f the facial m ovem ents they w ish, at the sam e 

m om ent that their parent makes any one they wish, to see if they m ake the same one. If 

they do, it is a “snap” . Because it is necessary for the child to be fam iliar with the facial 

m ovem ents before being able to play this game, they do not get to play it until they 

have had a few  w eeks’ practice w ith the other games.
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8) Slow-Fast: The parent gives a prompt to the child as to which face they are about to 

do and whether they are to do it slowly or quickly, but the object o f  the game is for the 

child to try to do it more slowly or more quickly than the parent. Each o f  the 

movements is worked through and the game is repeated, if necessary, to bring it up to 

10 minutes.
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9 Chapter 9: Results

The resuUs are split into two sections: D escriptive Statistics and Inferential Statistics. 

Descriptive Statistics covers proportion o f dyslexics, group assignm ent, break-dow n in 

age and gender, program m e com pliance, issues o f pow er and inter-rater reliability as 

well as the different sam ples analysed and the aims o f the study. Inferential Statistics 

covers treatm ent efficacy using chi-square and M A N O V A , and predictive efficacy 

using m ultiple and logistic regression.

9.1 Descriptive Statistics

9.1.1 Proportion of dyslexics

The final sam ple (discussed below ) num bered 136 children. The num ber scoring at risk 

for dyslexia, w hen tested at the end o f the study, was expected to be approxim ately 

50% (see section 1.2.11.2). W here dyslexia was classified on the m ore stringent DEST 

/ DST basis, only 41 children were classed as dyslexic, rising to 53 when the m ilder 

criterion was used. These num bers represent approxim ately 30% and 39% of the full 

sam ple respectively, which supports the findings o f G ilger et al. (1991) and Pennington 

(1990) w ho put the fam ilial risk rate for dyslexia at the low er percentage o f 35 - 45%  

from  the C olorado Fam ily Reading Study. The low percentage suggests that means 

analyses m ay be sw am ped by the larger num bers not classified as dyslexic and results 

should be interpreted in the light o f this. Chi-square analyses w ere em ployed to try to 

address this problem .

It has been suggested that ha lf o f those diagnosed w ith either dyslexia or 

AD HD show  sym ptom s o f the other condition (Stein, 2004). The current study showed 

that o f those classed as dyslexic, 39%  also show ed evidence A D H D  (36%  where the 

m ilder form  o f dyslexia was considered). O f those classed as A D H D , 51%  also scored 

at risk for dyslexia, which rose to 61%  when the m ilder form  was considered.

9.1.2 Group assignment

The initial num ber o f children recruited and assessed at tim e 1 num bered 178. These 

were random ly assigned to the four various groups, with 59 in the reflex program m e,
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50 in the balance program m e, 31 in the placebo-control program m e and 38 in the
4 1control group . Over the year these groups were subject to w ithdrawals and some 

unavoidable “reassignm ent” o f participants. The 42 w ithdraw n children left a sam ple of 

48 in the reflex group, 46 in the balance group, 23 in the placebo-control group and 19 

in the control group. Problem s that occurred subsequently, such as deaths in the family 

or the child suffering a m edical iUness (e.g., haem ophilia) m eant that 10 children who 

had been assigned to a program m e initially (i.e., groups 1-3) never actually started their 

program m e and had to be transferred to the control group (group 4). Sim ilarly, 11 

children who had been in a program m e but could or would not continue it, and 

com pleted very little o f it, were also counted as group 4 “̂". This m eant that the final 

sam ple com prised 39 children in the reflex group, 38 in the balance group, 19 in the 

placebo group and 40 in the control group. This distribution is illustrated in Figure 12.

For consistency throughout the rem aining chapters the groups will be referred to by their programme 
names. W here group numbers appear in diagrams or charts, the fo llow ing should be remembered:
Group 1 -  R eflex replication programme (referred to as the "reflex group")
Group 2 -  Balance programme (referred to as the "balance group")
Group 3 -  Placebo control programme (referred to as the "placebo group")
Group 4 -  Control group.

A t-test was run to com pare the mean D EST / DST scores o f  those who had done som e o f  the 
programme and m oved groups with those who remained in the initial group. This show ed no significant 
difference between the two groups (t = -1 .7 , d f = 14. p .107, 2-tailed). N one o f  those who m oved groups 
had done any more than a few  w eeks o f  their programme.
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n =  178

Initial groups 
(randomly 

assigned) n=178

After withdrawals 
n=136

Final groups (after 
reassignment) 

n=136

Figure 12: The form ation o f groups engaging in program m e participation.

9.1.3 Age'^’ and gender

Thus, the final sam ple consisted  o f 136 children. O f these 19 were girls and 117 were 

boys. N inety-six o f these were involved in a m ovem ent program m e, be it experim ental 

or placebo. The age range was from  3 years, 3 m onths to 7 years, 4 m onths, with a 

m ean age o f 5 years, 5 m onths and a standard deviation o f 12.5 m onths. The 

breakdow n o f ages and groups is sum m arised in table 5.

GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age (years)

3 0 1 0 1 0 1 1 1 11

n=40

n=19

n=19n=38

n=48 n=23n=46

Group 3: 
Placebo 

n-31

Group 4: 
Control 

n-38

Group 1: 
Reflex 
n=59

Group 2: 
Balance 

n=50

All a g e s  refer to age  o f  children at the start o f  the study (un less  o therw ise  stated).
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4 3 6 1 8 0 6 1 13 38

5 3 9 0 11 0 4 2 9 38

6 5 7 0 11 2 6 1 10 42

7 0 5 0 0 0 0 0 2 7

Total 11 28 1 37 2 17 5 35 136

Mean age* 5,7 5,5 5,8 5,4 5,5

S.D. ** 13 13 11 12 12.5

able 5: Totals of children, broken down by group, age and gender (n = 136).
* Years, months; **months

Of those 39 children in the reflex group, 5 of them (1 girl and 4 boys) were 

participating in privately run versions of this therapy. However, this sample could be 

selected as a distinct group and, where necessary, relevant analyses were run both with 

and without them. It was not possible to equate the ratio of girls to boys across the 

groups given that there were so few girls involved in the study. This is not of concern 

however because although girls may be less likely to be at risk of dyslexia in the 

general population, this does not necessarily seem to be the case within families with a 

history of dyslexia. As previously discussed, one of the reports from the Colorado 

Family Reading Study looked at the predictive importance of affected parents for the 

two genders. Here the risk for males was increased by a factor of 4 - 10% and the risk 

for females was increased from 8 - 13%. Thus, while the incidence of reading 

disabilities may be lower for females than males in the general population (2.2% and 

7.8% respectively, where the overall incidence is 5%), the presence of a parental 

history may increase the relative risk more so for females than for males (Vogler et al., 

1985) and yet the groups containing more females (i.e., the Reflex and Control groups) 

were not significantly greater than the other group in terms of their DEST / DST 

scores. In addition, the difference in spread of ages across groups was not significant. 

Not only was there no difference in the mean ages, measured in months, between the 

groups (df = 3, F = 3.01, p > .05) but Appendix 24 shows that whether or not age is 

controlled for is the treatment efficacy analyses, the findings are the same.

188



9.1.4 Programme Compliance: Quality and Quantity

9.1.4.1 Quality

The retrospective questionnaire (Appendix 19), administered to parents at the final 

testing session, was analysed to determine whether there were any uncontrolled 

differences between the programme groups (i.e., groups 1-3). There were 78 people 

who had engaged in their programme for the minimum desirable length of time (for 

obvious reasons there were no children from the control group). The group breakdown 

was: Reflex, n = 35; Balance, n = 27; Placebo, n = 16. The qualitative differences 

explored included:

(1) Estimated average length of time spent doing the programme per day

(2) Estimated general quality of programme performance

(3) Participation in sports independent of the programme

(4) Participation in academic help, either inside or outside of school

(5) Participation in other specialist help (e.g., speech and language therapy)

(6) Participation in any other extra-curricular programmes (e.g., drama; art &

Chi-square analysis was employed to examine the data. This revealed that there were 

no significant group differences on any of the above variables. Thus, it is unlikely that 

any differences found in later analyses might be due to the confounding effects of 

alternative interventions, extra help or any inadvertent motor-improving activities. The 

results of the chi-square analyses are presented below and percentage break-downs can 

be seen in Appendix 22.

Time (minutes): % *(6)=11.2, p > .05

crafts).

Other:

Quality :

Specialist:

Academic:

Sport:

X ^(6)=1.4, p > . 0 5

X^(2) = 4.08, p > . 0 5  

X ^ 2 ) =  1.64, p > . 0 5  

X̂ (2) = .36, p > .05 

5(^2) = 5.5, p > .05
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O ther questions featured on this questionnaire concerned the ch ild ’s attendance at 

school, where parents were requested to tick approxim ately how m any days the child 

had m issed during the year, and the possibility o f com orbid disorders. Here, parents 

were asked w hether the child had been diagnosed with any other developm ental 

disorders since jo in ing  the study, such as ADHD , A sperger’s, dyspraxia, etc.

These data was not exposed to any form al statistical analyses because a review 

of the m aterial suggested little variability. No child m issed m ore than a couple o f 

weeks o f school (w ith several days being the norm). There were few form al “other” 

diagnoses as the children were still quite young.

Chi-squares and Pearson correlations'^"^ were also run to determ ine if there were any 

differences betw een the proportions of dyslexics v non-dyslexics**^ (and ADHD 

children v non-A D H D  children) in terms o f the num ber o f m inutes spent doing their 

program m e each night and the degree o f control they exerted when engaged in the 

program m es (i.e., “quality” ). There were no differences betw een dyslexics and non- 

dyslexics either in term s o f the tim e per night they spent on their program m e or on the 

degree o f quality they exerted in doing the program m es. There were, however, 

differences betw een those at risk o f AD HD and those who were not, on both o f these 

m easures. The results of the chi-square analyses are presented below  and percentage 

break-dow ns can be seen in A ppendix 23.

T im e (m inutes) - dyslexia: upper risk level : X^(3) = 2.5, p > .05

Tim e (m inutes) - dyslexia: lower risk level : X*(3)= 1.76, p > .05

Tim e (m inutes) - ADHD: 5C (̂3) = 8.5, p < .05

Q uality - dyslexia: upper risk level: 5C^(3)= 1.37, p >  .05

Q uality - dyslexia: low er risk level: X = '(3 )-3 .14 , p > .05

Q uality - ADHD: X ^ 3 )=  16.6, p <  .01

D yslexia  and A D H D  data were all normally distributed and variances were equal.
Both the upper risk level (i.e., >=  0 .9  on the D EST ) and the lower risk level (i.e ., >= 0 .6  on the D EST ) 

were used. The findings were the sam e for both definitions o f  dyslexia risk.
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The correlations showed similar results; as above, the only significant finding was 

between quality of programme performed and ADHD, which showed a negative 

relationship between the two. The results from these correlations are presented below.

• Minutes & dyslexia: r = .061 , df = 76 , p = .6

• Quality & dyslexia: r = .022, df = 76, p = .85

• Minutes & ADHD: r =  -.034, df = 76, p = .775

• Quality & ADHD: r = -.404, df = 76, p = .000

9.1.4.2 Quantity

As in the McPhillips et al. (2000) study, the children were requested to perform their 

treatments on a daily basis for a period of 12 months (i.e., a maximum of 365 days 

performance). There were the expected breaks from this in the way of summer 

holidays, sicknesses, occasional broken limbs or family emergencies (e.g., moving 

house, deaths in the family). Daily treatment compliance was seldom 300+ as 

McPhillips et al. suggest it was in their study. Table 6 shows the mean number of days 

each group canied out their programme.

Groups

No. o f days spent 
doing the programme

Reflex Balance Placebo

Mean 224 203 231

Standard deviation 81 96 83

Minimum 85 52 65

Maximum 364 336 350

No. /  group 39 38 19

Table 6: The mean number of days completed per treatment group over the course ol 
the year (n = 136 less control group).

However, classroom-based Primary Movement interventions and studies engage in 3 

sets of 12 week movements over the course of a year. These are only performed on 

school days (i.e., 5 days of the week) and the first set of 12 weeks consist of song and
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dance routines containing little in the way of reflex replication. This leaves 24 weeks of 

reflex replication, with compliance at 5 days a week (24 weeks x 5 days = 120 days). 

Given the reported academic success of programmes on the basis of this number of 

days (i.e., Jordan-Black, 2005), the minimum number of days compliance for the 

current study was set at 120 days (see Table 7). For consistency, the same criterion was 

set for the Balance and Placebo groups.

Groups

No. o f days spent 
doing the programme

Reflex Balance Placebo

Mean 239 255 258

Standard deviation 71 58 59

Minimum 120 163 156

Maximum 364 336 350

No. >= 120 days 35 27 16

Table 7: The mean number of days completed per treatment group over the course o ' 
the year where the criterion was set at a minimum of 120 days (n = 118 less control 
group).

As a result of imposing this condition the number engaging in an acceptable level of 

programme compliance reduced by 4 in the reflex group, 11 in the balance group and 3 

in the placebo group. The changes in gender and age per group are summarised in 

Table 8.
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GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age(years)

3 0 1 0 5 0 0 (1) (1) 6(8)

4 3 6 0 5 0 5 (1) (13) 19 (33)

5 2 8 0 7 0 4 (2) (9) 21(32)

6 4 6 0 10 2 5 (1) (10) 27 (38)

7 0 5 0 0 0 0 (0) (2) 5(7)

Total 9 26 0 27 2 14 (5) (35) 78(118)

Mean age* 5,7 5,5 5,8 5,4 5,7

S.D. ** 13 13 11 12 12.5

able 8: Totals of children, broken down by group, age and gender when the criterion 
for programme compliance was set at a minimum of 120 days participation (brackets 
denote or include those in the control group).
* Years, months; **months

Thus, 78 children from groups 1-3 performed at least the minimum number of days of 

their programme. The remaining 40 were from the control group and so the full sample 

size was n = 118. Of the 35 children in the reflex group, the same 5 as previously 

mentioned (1 girl and 4 boys) participated in privately run versions of the therapy. In 

total, 16 of this sample were girls and 102 were boys. The age range was from 3 years, 

3 months to 7 years, 4 months with a mean age of 5 years, 7 months and a standard 

deviation of 12.5 months. This reduction of numbers was added to the previous break

down of number loss (Figure 12) and presented in Figure 13.
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178

Initial groups 
(randomly assigned) 

n=178

After withdrawals 
n=136

Final groups (after 
reassignment) 

n=136

Final groups (after 
minimum criterion of 

>=120 days) 
n=118

Figure 13: The form ation o f groups engaging in m inim um  program m e participation 
criterion (i.e., a m inim um  o f 120 days participation).

9.2 R elevant points

Tw o points o f consideration are necessary before further analysis. These include the 

pow er o f the final sam ples and the reliability o f the scoring method.

9.2.1 Pow er

A strong effect size had been previously assum ed by M cPhillips et al. (2000) for the 

study on which this one is based. A lthough the effect size was assum ed by them  in 

advance, their outcom e m easures across groups justify  the use o f this strong effect size. 

Therefore, a strong effect size was also adopted here. As such, detecting a significant 

difference (a  = .05) betw een groups on our outcom e m easures (i.e., evaluating 

treatm ent efficacy) using a one-w ay AN O V A  (with 4 levels) required 18 children per
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group (Cohen, 1992). The reflex and balance groups met this requirement easily (n = 

35 & 27 respectively). The placebo group contained just under this number (n = 16 

children).

In terms of predictive validity where Pearson correlations were used and the 

same assumptions were made, 28 children were required to detect, with 80% power, 

significant correlations between variables. The number of children ultimately used for 

predictive purposes was 98.

9.2.2 Inter-rater reliability

Observation methodology is not ideal for measuring human behaviour as there can be a 

large degree of subjective interpretation when scoring. There is also the possibility of 

missing subsequent behaviour whilst recording a specific behaviour. Such issues could 

render the findings unreliable. The use of video-recorded data probably helped to 

combat the latter of these problems because it allowed for repeat observation and 

scoring as well as the checking of scores. The issue of subjective interpretation was 

examined by using a second scorer. Another benefit of video-data is that it anchors the 

location of the observer to one spot thereby ensuring that scorers are measuring the 

same angle, limb or movement.

The second scorer was trained in the administration and scoring of the test 

battery and instructed to select a sample of 24 children to score. This scorer was blind 

to the group to which the child belonged and did not have access to the original scores.

Scattergrams of the relationship between the initial and the second scorer were 

examined for six comparisons. Three of these were for balance scores"^^ (times 1, 2, and 

3) and three for reflex scores (times 1, 2 and 3). None of the scattergrams showed any 

evidence of a curvilinear relationship or the undue influence of outliers and so Pearson 

correlations were calculated for each relationship. There was a statistically significant 

positive correlation in the case of all pairs of measures (p < .01) with those scoring 

poorly on tests o f balance and reflex retention according to one scorer, also scoring 

poorly according to the second scorer (poor performance resulted in a high score and

"B alance te sts” and "retlex tests" sh ould  not be co n fu sed  w ith  "balance group" and "reflex  group". A ll 
ch ildren  perform ed all tests, but o n ly  so m e ch ildren  w ere random ly a lloca ted  into either the balance or 
reflex  groups.
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good perform ance in a low score). The correlations for each com parison are set out 

below:

This represents a strong and acceptable level o f inter-rater reliability and, thus, it may 

be assum ed that the scoring m ethod is reasonably reliable.

9.3 Inferential Statistics:

As m entioned, inferential statistics was run using M AN OV A, chi-square, logistic and 

m ultiple regression. The m ain findings, based on difference scores, are found in 

Appendix 25. If interested, the reader is directed to A ppendix 26 to view the mean pre-, 

mid- and post-scores (i.e., tim es 1, 2 and 3) across groups, as well as the DEST / DST 

and AD HD scores taken at tim e 3.

There were several possible confounds w ithin the full sam ple although care was taken 

to identify these so that their effect could be taken into consideration when interpreting 

findings. Q uestions were explored using varieties o f sam ples as necessary. These 

different sam ples included those listed below.

•  Balance tests (time 1):

• Balance tests (time2):

•  Balance tests (tim e 3):

•  Reflex tests (tim e 1):

•  Reflex tests (tim e 2):

•  Reflex tests (tim e 3):

= .914, d f = 2 3 , p < . 0 1  

= .907, d f = 2 3 ,  p <  .01 

= .846, d f = 2 3 ,  p < . 0 1  

= .917, d f = 2 3 ,  p < . 0 1  

= .893, d f = 2 3 , p < . 0 1  

= .698, d f = 2 3 ,  p < . 0 1
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9.3.1 Samples"^^

• The full sam ple (n = 136, where 96 participants were involved in a m otor 

program m e).

•  The “m inim um  num ber o f days” sam ple where participants did at least 120 

days (n = 118, where 78 were involved in a m otor program m e).

•  Those 5 participants involved in the private versions o f our therapies plus the 

rest o f the “full sam ple” (n = 102, where 62 were involved in a m otor 

program m e).

• Those 5 participants involved in the private versions o f our therapies plus the 

rest o f the “m inim um  num ber o f days” sam ple (n = 93, where 53 were involved 

in a m otor program m e).

• The full sam ple without the private 5 participants (n = 131, where 91 were 

involved in a m otor program m e).

• The “m inim um  num ber o f days” sam ple without the private 5 participants (n = 

113, where 73 participated in a m otor program m e).

Given the confounding relationship betw een A D H D  and dyslexia when referring to 

m otor theory (e.g., D enckla et al., 1985; W im m er et al., 1999), it was necessary to 

separate this group from  other sam ples. Therefore, the follow ing sam ples were also 

used:

47
T he sam p les are presented in this order here for ea sy  appreciation  o t the d ifferen ce  b etw een  the 

sam p les. C lear presentation  o f  fin d in gs, h o w ev er , d o es not n ecessa rily  a llo w  for sam p les to be presented  
in this linear w ay throughout the R esu lts sec tio n . For exa m p le , w here the "m inim um  num ber o f  d a y s” 
sam p le  is ex p lo red , it w as thought m ore m ean ingfu l to fo llo w  this a n a ly sis w ithout the "5 private” 
sam p le , then w ithout the "A D H D " sam p le and then w ithout either o f  these  sam p les.
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•  The full sample minus those scoring at risk of ADHD (n = 105, where 76 

participants were involved in a motor programme).

• The “minimum num ber of days” sample minus the A D H D  sample where 

participants did at least 120 days (n = 89, where 60 were involved in a motor 

programme).

•  The full sample without the private 5 participants and without the ADHD 

sample (n = 100, where 71 were involved in a motor programme).

•  The “minimum num ber of days” sample without the private 5 participants and 

without the AD HD sample (n = 84, where 55 participated in a motor 

programme).

•  Only those from the full sample who showed evidence o f  being at risk of 

AD HD (n = 31).

• Only those from the “m inimum  number of days sample” who showed evidence 

of being at risk of A D H D  (n = 29).

9.3.2 Aims

The aims of the study, previously stated in chapter 6, are set out below and 

subsequently addressed as appropriate. The first two refer to the treatment efficacy of 

the programmes, the next five refer to the predictive efficacy of the tests, and the final 

three to other relevant issues o f  the study (e.g., the cerebellar deficit hypothesis).
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9.3.2.1 Treatment efficacy

Aim 1

To investigate w hether a program m e designed to integrate retained reflexes into higher 

order m ovem ents reduces the subsequent probability o f risk for dyslexia, as m easured 

by the D EST / D ST‘*^

Aim 2

To investigate w hether stim ulating the vestibular system  through a program m e o f gross 

motor co-ordination reduces the subsequent probability o f risk for dyslexia, as 

m easured by the DEST / DST.

9 3 .2.2 Predictive efficacy

Aim 3

To investigate w hether retained reflexes can discrim inate betw een dyslexic and non- 

dyslexic children by predicting which children o f a pre- or early-school sam ple will 

subsequently score “at risk” for dyslexia on the basis o f the D EST / DST.

Aim 4

To investigate w hether vestibular functioning, as m easured by a battery o f gross m otor 

co-ordination tests (i.e., balance), can discrim inate betw een dyslexic and non-dyslexic 

children by predicting which children o f a pre- or early-school sam ple will 

subsequently score at risk for dyslexia on the basis o f the DEST / DST.

Aim 5

To test the cerebellar deficit hypothesis (N icolson and Fawcett, 1990) o f dyslexia by 

investigating w hether fine-m otor skills can discrim inate betw een dyslexic and non- 

dyslexic children by predicting which children o f a pre- or early-school sam ple will 

subsequently score at risk for dyslexia on the basis o f the D EST / DST.

■*** Dyslexia Early  Screen ing  Test -  Second  Edition / Dyslexia  Screen ing  Test (N icolson and Fawcett.  
2004; Fawcett and Nicolson. 1996).
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Aim 6

To investigate whether visuo-motor skills can discriminate between dyslexic and non- 

dyslexic children by predicting which children of a pre- or early-school sample will 

subsequently score at risk for dyslexia on the basis of the DEST / DST.

Aim  7

To investigate whether phonological skills can discriminate between dyslexic and non- 

dyslexic children by predicting which children of a pre- or early-school sample will 

subsequently score at risk for dyslexia on the basis of the DEST / DST.

9 3 .2.3 Final aim

Aim 8

To investigate whether tests of phonological skills are related to performance on 

cerebellar tests in order to test this prediction from Liberman and M attingly’s (1985) 

motor theory of speech.

9.3.3 Treatment Efficacy (Aims 1 & 2): Statistical Analysis

Eight dependent variables were used in total. It was seen in chapter 6 that there is one 

major dependent variable, and this is the DEST / DST score (i.e., the measure of 

dyslexia risk). There were 5 minor dependent variables which consisted of; retained 

reflexes, balance skills, visuo-motor skills, fine-motor skills and phonological skills. 

The scores on these minor dependent variables were actually difference scores, 

calculated by summing the tests of each measure at time 1 and time 3 and subtracting 

those summed scores of time 3 from time 1. The uncontrolled variable from the 

“Conners’ Parent Rating Scale -  Revised” was a measure for ADHD. Thus, in total 

there are seven dependent variables. The design of the study is reproduced in figure 14 

from chapter 6 (i.e.. Figure 10).

In exploring the relationship between treatment group and outcome variable 

(i.e., dependent variable), data were analysed by means of chi-squares and MANOVAs 

(including the relevant ANOVAs and post-hoc tests). It was explained in Chapter 8 that

200



the cut-off point for (strong) “dyslexia risk” was 0.9 on the DEST (with 0.6 - 0.8 

representing “m ild risk”) and at 1.00 on the DST' '̂^. Chi-square tests, where the 

independent variable was “group” and the dependent variable was “risk” (i.e., for 

dyslexia) were run twice. The first included “risk” where the separation betw een “at 

risk” and “not at risk” was the upper level o f 0.9 on the DEST and, thus, represented 

“strong risk” . The second chi-square used the m ilder separation betw een “at risk” and 

“not at risk” where 0.6 represented the “m ild risk” on the DEST. The separation was 

alw ays 1.00 on the DST.

For the M A N O V A s, the assum ptions o f norm al-distribution and hom ogeneity 

o f variance were checked for all sam ples’ dependent variables. For the m ost part, the 

assum ption o f variance hom ogeneity  was not violated and Bonferonni tests were 

checked. How ever, where hom ogeneity  was questionable (i.e., L evene’s test was 

significant at the p < .05 level) G am es-H ow ell post-hoc tests were used when 

considering significant differences at a fine level (it is indicated when this is the case). 

The assum ption o f norm al-distribution was met for many, though not all, o f the 

dependent variables. Because there is no non-param etric alternative to a M A N O V A  in 

S P S S -12 it was not possible to adopt an alternative m ethod of analysis and so a 

M A N O V A  was em ployed despite these cases.

These procedures were perform ed for the m ain sam ple, with relevant confounds 

from  this sam ple rem oved to elim inate their effects and the analysis then repeated on 

subsequent sam ples as necessary. The reader is alerted to the repetitive nature o f this 

linear presentation and is m ade aware from  the outset that few significant results were 

revealed. In this case, “group” was used as the independent variable and the eight 

dependent variables were those described above.

The extent o f further investigative analyses depended upon what was revealed 

from  the M AN OV A. Neither the DEST / DST m easure nor the C onners’ A D H D  

m easure were taken at testing session 2 (i.e., after 6 m onths) and so the effect of G roup 

x T im e cannot be explored for these variables. The rem aining dependent variables were 

all m easured at tim e 2 although they did not vary as a function o f group w hen subject 

to a M A N O V A  (Tim e 3 -  T im e 1) and so were not considered worth exploring over 

the initial 6 m onths (i.e.. T im e 2 -  T im e 1).

T h e 2'“' ed ition  o f  the D y s le x ia  S creen in g  T est (D S T -2 )  a lso  d efin es 0 .6  as a c u t-o ff  for “m ild risk", 
h o w ev er , this w as not sp ec ified  in the first ed ition  o f  the test w h ich  w as the ed ition  used in the current 
study.
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To explore the predictive efficacy o f these tests with regard to reading outcom e 

only (as opposed to the full DEST / DST score), a non-param etric K ruskall-W aliis, 

with associated M ann-W hitney-U  tests, was perform ed.

Design o f study

Independent D ependent
Variables (4 levels) variables

Reflex

2. Balance

M ajor DV (1)

3. Placebo- 
control

DST / DEST

4. Control

M inor DV (5)

1. Retained Reflexes (6)

2. Balance (gross) (8)

3. V isual-m otor 
functioning (4)

4. Fine-m otor skills (5)

5. Phonological skills (3)

Figure 14: Design o f the study.

U ncontrolled
variable

CPRS-R

ADHD
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9.3.3.1 Minimum days samples

9.3.3.1.1 Select sample (n = 118)

Based on application o f minimum number o f days criterion.

Chi-square analysis revealed that there was a significant association between “group” 

and “risk of dyslexia” (when the “high risk” criterion of 0.9 was used for the DEST 

score) (X (̂3) = 10.07, p = .018). Further analysis showed that those in the balance group 

were 2.4 times as likely to be at risk for dyslexia as those in the reflex group (X^(l) = 

6.98, p = .008) and 2.5 times as likely to be at risk as the control group (X^(l) = 7.66, p 

= .006). When the “mild risk” category of the DEST was taken into consideration (i.e., 

when the “mild risk” criterion of 0.6-0.8 was used for the DEST score) this significant 

association was lost, although the trend remained (X^(3) = 7.39, p = 0.06). A chi-square 

matrix depicting the proportions of those at risk / not at risk of dyslexia, per group is 

shown in Table 9.

A t risk (n) Not at risk (n) Total

Group

Reflex 8 27 35

Balance 15 12 27

Placebo 6 10 16

Control 9 31 40

Total 38 80 118

Table 9: Breakdown of numbers at ris c / not at risk for dyslexia, per group (n = 118).

One MANOVA test statistic (Roy’s Largest Root) was significant (FdO, 107) = 2.29, p 

= .018). This suggested that the outcome measures varied as a function of group, 

however, it did not indicate between which groups such difference(s) might lie, or on 

which DVs. Further analysis, using univariate ANOVAs were conducted on each 

dependent variable, to reveal where these differences lay (this practice was adopted 

throughout the analyses). This showed only an effect of group on the dependent 

variable of “dyslexia risk”, as measured by the DEST / DST (F(3, 114)= 3.50, p = .018).

Post-hoc t-tests, w'ith Bonferroni correction, reflected the chi-square results. 

These showed differences between the reflex group and balance group, and between 

■-he balance group and control group. The mean DEST / DST score for the balance
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group ( I  = 0.98, SD = 0.56) was significantly higher (t = 2.9, df = 60 , two-tailed, p = 

.027) than the mean for the reflex group (x = 0.62, SD = 0.39) and significantly higher 

(t = 2.7 , df = 65 , two-tailed, p = .044) than the mean of the control group (x = 0.65, 

SD = 0.44). In fact, this mean represented a score which, for the DEST-aged children 

(i.e., 4.5 years -  6.5 years), was over the threshold for dyslexia risk, and for the DST- 

aged children (>6.5 years) was as good as at the threshold level (i.e., 0.98 versus 1.00). 

The means and standard deviations of the four groups are presented in Table 10.

Group DEST / DST 

Mean SD

Reflex 0.62 0.39

Balance 0.98* 0.56

Placebo 0.82 0.63

Control 0.65 0.44

Table 10: The DEST / DST means and standard deviations of each group at the end of 
the 12 month intervention (n = 118).
*Balance group is significantly higher than both Reflex and Control groups (p < .05)

An independent samples t-test was run to explore whether the DEST / DST means of 

those who had moved from the balance group to the control group were significantly 

lower than those who remained in the balance group. If this was so it would suggest 

that a sample of particularly high DEST / DST scorers might have made up this group. 

Because the variances for the two groups were significantly unequal (F = 4.44, p < .05), 

a t-test for unequal variances was used. This shows that, although the means were 

lower for those who left the Balance group (M = 0.61, SD = 0.38) than those who 

remained in it (M = 0.89, SD = 0.55), they were not significantly lower (t = -1.7, df = 

14, p = 0.107, 2-tailed).
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9.3.3.1.2 Select sample (n = 113)

Based on application o f minimum number o f days criterion & removal o f

“private” children.

To explore w hether these findings had been influenced unduly by the inclusion o f those 

who were engaged in privately run versions o f the experim ental therapies, those 5 

children were excluded from  the sam ple and the analyses run again. This m eant that the 

only group num ber to change was the Reflex G roup which was reduced from  n = 35 to 

n = 30. The other groups rem ained Balance 27, Placebo 16 and Control 40. Thus, 73 

children from  groups 1-3 perform ed at least the m inim um  num ber o f days o f their 

program m e as instructed by our study. The rem aining 40 were from  the control group 

and so in terms o f treatm ent efficacy, this sam ple size was n = 113. In total, 15 o f this 

sample were girls and 98 were boys. The age range was from  3 years, 3 m onths to 7 

years, 4 m onths with a mean age o f 5 years, 5 m onths and a standard deviation o f 12.4 

months. The num ber breakdow n is presented in Table 11.

GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age(years)

3 0 1 0 5 0 0 (1) (1) 6(8)

4 3 5 0 5 0 5 (1) (13) 18 (32)

5 1 8 0 7 0 4 (2) (9) 20 (31)

6 4 3 0 10 2 5 (1) (10) 24 (35)

7 0 5 0 0 0 0 (0) (2) 5(7)

Total 8 22 0 27 2 14 (5) (35) 73
(113)

M ean age* 5,7 5,5 5,8 5,4 5,5

S.D. ** 13 13 11 12 12.4

Table 11: Totals o f chi dren, broken dow n by group, age and gender where t le  criterion
:'or program m e com pliance was set at a m inim um  of 120 days and “private” children 
vere rem oved (brackets denote or include those in the Control G roup) (n = 113).
 ̂Years, m onths; **m onths
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A chi-square show ed a significant association betw een “group” and “risk o f dyslexia” 

(i.e., “strong risk” as m easured by D EST / DST) (x^(3) = 8.79, p = 0.032, 2-tailed). The 

children who participated in the balance program m e were 2.1 tim es m ore likely to 

score at high risk o f dyslexia as children in the reflex program m e (x^(l) = 4.93, p = 

.026, 2-tailed) and 2.5 tim es as likely to score at risk as those in the control group 

(X^(l) = 4.34, p = .037, 2-tailed). W hen the “m ild risk” category o f the D EST was 

taken into consideration this significant association was lost, although the trend 

rem ained (x^(3) = 7.39, p = .06). A chi-square matrix depicting the proportions o f those 

at risk / not at risk o f dyslexia, per group is shown in Table 12.

A t risk (n) N ot at risk (nj Total

Group

Reflex 8 22 30

Balance 15 12 27

Placebo 6 10 16

Control 9 31 40

Total 38 75 113

Table 12: Breakdown o f num bers at risk / not at risk for dyslexia, per group (n = 1 3).

R oy’s largest root was found to be significant (FdO, 102) = 2.28, p = .019) and 

consequent univariate A N O V A s on each dependent variable showed an effect o f group 

on the dependent variable o f “dyslexia risk” , as m easured by the DEST / D ST (F(3, 109) 

= 3.009, p = .033).

Post-hoc t-tests, with Bonferroni correction, show ed that these differences lay 

betw een the balance group and control group. The m ean DEST / D ST score for the 

balance group (x = 0.98, SD = 0.56) was significantly higher (t = 2.7, d f = 65, two- 

tailed p = .047) than the m ean for the control group {x = 0.65, SD = 0.44). The severity 

o f this m ean for the balance group rem ained as it did when these 5 children were 

included in analysis (i.e., very high risk for dyslexia). Significant differences betw een 

the balance group and the reflex group on DEST / DST perform ance w ere lost with the 

rem oval o f these children, when the reflex group increased by 0.4 points from  .62 to 

.66 (see Table 13 for m eans and standard deviations).
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Group DEST / DST 

Mean SD

Reflex 0.66 0.39

Balance 0.98* 0.56

Placebo 0.82 0.64

Control 0.65 0.44

Table 13: The DEST / DST means and standard deviations of each group at the end of 
the 12 month intervention where the private 5 individuals were removed from the 
reflex group (n = 113).
*Balance group is significantly higher than the control group (p < .05)

9.3.3.1.3 Select sample (n = 88)

Based on application of minimum number of days criterion where the reflex group

were composed only o f  those in the “private” therapy.

The disappearance of the significant difference between the reflex and balance group 

on the DEST / DST score when these 5 children were removed warranted investigation 

because of its suggestion that these 5 children contributed to a lowering of mean DEST 

/ DST scores when included in the sample. Thus, a MANOVA was rerun with the 

reflex group composed of just these children (i.e., n = 5 for reflex group; n = 88 for full 

sample). Although initially it appeared that there was an effect on DEST / DST scores 

(Roy’s largest root, F(l(), 77) = 2.04, p = .04) and this was supported by the ANOVA 

(F(3, 84) = 3.153, p = .029), further post-hoc t-tests did not show any significant 

differences between groups despite the apparent DEST / DST mean differences initially 

(p > .05 for all Bonferroni adjusted comparisons) although the balance and control 

group difference approached significance (p = .07). Given the striking reduction of the 

mean on the DEST / DST for this modified reflex group (x = 0.392 which represents a 

“low risk” score) it would seem that the sample size is just too small to detect any 

difference that might be there.
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A chi-square could not be performed on this sample because the expected 

counts of more than 2 cells were less than 5.

Group DEST / DST 

Mean SD

Reflex 0.39 0.37

Balance 0.98 0.56

Placebo 0.82 0.63

Control 0.65 0.44

Table 14: The DEST / DST means and standard deviations of each group where the 
reflex group contained only the 5 private individuals.

9.3.3.1.4 Select sample (n = 89)

Based on application o f minimum number o f  days criterion & removal of ADHD  

children.

The next analysis was composed of those who had conformed to the 120 days criterion 

minus those who had scored above the “risk” threshold for ADHD. For this sample n = 

89. There were 28 in the Reflex group, 22 in the Balance group, 10 in the Placebo 

group and 29 in the Control group. Thus, the distribution of participants who scored 

above the “risk” threshold for ADHD amongst each of the four conditions is as 

presented in table 15.

Group

Reflex Balance Placebo Control

7 5 6 11

Table 15: The numbers of ADHD children per group (from the sample of n = 118).

Sixty children from groups 1-3 performed at least the minimum number of days of their 

programme as instructed by our study and did not score at risk for ADHD. The
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remaining 29 were from the control group, and so in terms of treatment efficacy, this 

sample size was n = 89. In total, 10 of this sample were girls and 79 were boys. The 

age range was from 3 years, 3 months to 7 years, 4 months with a mean age of 5 years, 

5 months and a standard deviation of 12.5 months. The number breakdown is presented 

in Table 16.

GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age(years)

3 0 1 0 5 0 0 (1) (1) 6(8)

4 2 5 0 4 0 3 (0) (11) 14 (25)

5 1 7 0 6 0 3 (1) (6) 17 (24)

6 3 5 0 7 1 3 (1) (7) 19(27)

7 0 4 0 0 0 0 (0) (1) 4(5)

Total 6 22 0 22 1 9 (3) (26) 60(89)

Mean age* 5,7 5,3 5,8 5,3 5,5

S.D. ** 13 13.5 11 12 12.7

Table 16: Totals of children, broken down by group, age and gender where the criterion 
for programme compliance was set at a minimum of 120 days and ADHD children 
have been removed (brackets denote or include those in the control group).
* Years, months; **months

A chi-square analysis showed a significant association between “group” and “risk of 

dyslexia” (i.e., “strong risk”) (x^(3) = 9.207, p = .027). The children who participated in 

the balance group were 4.25 times more likely to score at high risk of dyslexia as 

children in the reflex group (x^d) = 7.73, p = .005). When the “mild risk” category of 

the DEST was taken into consideration this significant association was lost, although 

the trend remained (X (̂3) = 7.44, p = .06). A chi-square matrix depicting the 

proportions of those at risk / not at risk of dyslexia, per group is shown in Table 17.
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At risk (n) Not at risk (n) Total

Group

Reflex 3 25 28

Balance 10 12 22

Placebo 4 6 10

Control 6 23 29

Total 23 66 89

Table 17: Breakdown of numbers at risk / not at risk for dyslexia, per group.

Roy’s largest root showed a significant difference amongst the dependent variables 

(F(IO, 76) = 2.043, p = .040) and the univariate ANOVA supported this finding 

suggesting that differences were amongst the DEST / DST scores (F(3, 85)= 3.119, p = 

.03). Levene’s test of homogeneity of variance for this D.V. showed p < .05^^ and so 

the Games-Howell t-statistic was used to locate this difference. This did not reveal 

statistically significant differences between any of the groups except the balance and 

reflex group which just met significance (t = 2.6, df = 48, two-tailed p = .05). The 

means of this sample are presented in Table 18.

Transformations o f  the data made no difference. This was also the case for subsequent cases where 
L evene's p < .05.

210



Group DEST / DST

Mean SD

Reflex 0.53 0.36

Balance 0.92 0.60

Placebo 0.75 0.53

Control 0.61 0.43

Table 18: The DEST / DST means and standard deviations of each group where those 
with ADHD have been removed from the number who performed the minimum 
number of expected days (i.e., >=120 days).

9.3.3.1.5 Select sample (n = 29)

Based on application o f minimum number o f days criterion & ADHD children 

only.

The removal of the ADHD sample from the larger sample reduced the DEST / DST 

mean of each group, resulting in a loss of the significant difference between the balance 

and control groups. Although it represented a small sample size (n = 29) the ADHD “at 

risk” sam.ple was selected for special analysis to determine if this group showed any 

evidence of group differences. Initial significant DEST / DST effects from the 

MANOVA suggested this might be the case (Roy’s largest root, F(10, 18) = 3.420, p = 

.01), however, this was not supported by the ANOVA (F(3, 25)= 1.057, p = .385).

A chi-square could not be performed on this sample because the expected 

counts of more than 2 cells were less than 5.

9.3.3.1.6 Select sample (n = 84)

Based on application o f minimum number o f days criterion & removal o f both 

“private” and ADHD children.
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A further sam ple was exam ined o f those who had conform ed to the 120 days criterion 

m inus those w ho had scored above the “risk” threshold for A D H D  and m inus those 

who had engaged in private versions o f the our therapy. Those now in the Reflex group 

num bered 23, in the Balance group num bered 22, in the Placebo group 10 and in the 

Control group 29. Thus, 55 children from  groups 1-3 perform ed at least the m inim um  

num ber of days o f their program m e as instructed by our study, did not score at risk for 

AD HD and were not involved in external program m es. The rem aining 29 w ere from 

the control group and so in terms o f treatm ent efficacy, this sam ple size was n = 84 (9 

girls, 75 boys). Their ages range from  3 years, 3 m onths to 7 years, 4 m onths with a 

m ean age o f 5 years, 5 m onths and a standard deviation o f 12.5 m onths. The num ber 

breakdow n is presented in Table 19.

GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age(years)

3 0 1 0 5 0 0 (1) (1) 6(8)

4 2 4 0 4 0 3 (0) (11) 13(24)

5 0 7 0 6 0 3 (1) (6) 16(23)

6 3 2 0 7 1 3 (1) (7) 16 (24)

7 0 4 0 0 0 0 (0) (1) 4(5)

Total 5 18 0 22 1 9 (3) (26) 55 (84)

M ean age* 5,7 5,3 5,8 5,3 5,5

S.D. ** 13 13.5 11 12 12.6

Table 19: Totals o f children, broken down by group, age and gender, where the 
criterion for program m e com pliance was set at a m inim um  o f 120 days, ADHD 
children were rem oved and private children were rem oved (brackets denote or include 
those in the control group).
* Years, m onths; **m onths

A chi-square failed to show a significant association betw een “group” and “risk of 

dyslexia” (i.e., “strong risk”) (%^(3) = 7.446, p = .059). This finding rem ained when the 

“m ild risk” category o f the DEST was taken into consideration (%^(3) = 5.326, p =
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.149). A chi-square matrix depicting the proportions of those at risk / not at risk of 

dyslexia, per group is shown in Table 20.

A t risk (nj Not at risk (n) Total

Group

Reflex 3 20 23

Balance 10 12 22

Placebo 4 6 10

Control 6 23 29

Total 23 61 84

able 20: Breakdown of numbers at risk / not at risk for dyslexia, per group (n = 84)

Roy’s largest root showed a significant difference amongst the dependent variables 

(FdO. 76) = 2.043, p = .04) and the univariate ANOVA supported this finding 

suggesting that differences were amongst the DEST / DST scores (F(3, 7 3 ) =  1.976, p = 

.048). Levene’s test of homogeneity of variance for this DV showed p < .05 and so the 

Games-Howell t-statistic was used to locate this difference. This did not reveal 

statistically significant differences between any of the groups. The means and standard 

deviations of the groups DEST / DST scores are shown in Table 21.

Group DEST / DST 

Mean SD

Reflex 0.56 0.36

Balance 0.92 0.60

Placebo 0.75 0.53

Control 0.61 0.43

Table 21; The DEST / DST means and standard deviations of each group where those 
who engaged in the private therapies and those with ADHD were removed from those 
who performed the minimum number of expected days (i.e., >=120 days) (n = 84).
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9.3.3.1 Full Samples

9.3.3.2.1 Select sample (n = 136)

Based on full number o f participants regardless o f number o f programme days 

done

The next set of analyses consists of the same set of considerations as above except the 

entire original sample (i.e., n = 136) were included for initial analysis. The diagram 

representing the formation of this group and the table conveying the gender and age 

details have already been presented and shall not be reproduced (Figure 12 and Table 5 

respectively).

There was no significant association between “group” and “risk of dyslexia” (i.e., 

“strong risk”) in the chi-square analysis (/^(3) = 7.075, p = .07) though the levels 

appeared to be approaching significance. This finding remained when the “mild risk” 

category of the DEST was taken into consideration (X (̂3) = 5.226, p = .156). A chi- 

square matrix depicting the proportions of those at risk / not at risk of dyslexia, per 

group is shown in Table 22.

A t risk (n) Not at risk (n) Total

Group

Reflex 8 31 39

Balance 17 21 38

Placebo 7 12 19

Control 9 31 40

Total 41 95 136

Table 22: Breakdown of numbers at ris c / not at risk for dyslexia, per group (n = 13

From the MANOVA, Roy’s largest root was significant ( Fd O ,  125) = 2.48, p = .01). As 

before, univariate ANOVAs indicated that this difference lay in the dependent variable 

of DEST / DST (F(3.  132)=  2.992, p = .033).

Post-hoc t-tests, using Games-Howell (Levene’s test was p < .05), showed that 

these differences lay between the reflex group and balance group. The mean DEST / 

DST score for the balance group (x = 0.88, SD = 0.55) was significantly higher (t =
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2.7, df =75 , two-tailed p = .034) than the mean for the reflex group (x = 0.58, SD = 

0.38). These means and standard deviations are presented in Table 23.

Group DEST / DST 

Mean SD

Reflex 0.58 0.38

Balance 0.88* 0.55

Placebo 0.81 0.61

Control 0.65 0.44

Table 23: The DEST / DST means and standard deviations of each group where the full 
set of participants were included in analysis (i.e., n = 136).
^Balance group differs significantly from the reflex group mean (p < .05).

9.3.3.2.2 Select sample (n = 131)

Based on full sample & removal o f  “p r iv a te ” children.

As before, those 5 children who had participated in private versions of the therapy were 

excluded and the analysis was re-run. This meant that the only group number to change 

was the reflex group which was reduced from n = 39 to n = 34. The other groups 

remained 38 in the Balance group, 19 in the Placebo group and 40 in the Control group. 

Of this sample, 18 of this sample were girls and 113 were boys (n = 131). The age 

range was from 3 years, 3 months to 7 years, 4 months with a mean age of 5 years, 4 

months and a standard deviation of 12.4 months. The number breakdown is presented 

in Table 24.
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GROUP

Reflex Balance Placebo Control

&ender F M F M F M F M Total

Age(years)

3 0 1 0 1 0 1 (1) (1) 9(11)

4 3 5 1 8 0 6 (1) (13) 23(37)

5 2 9 0 11 0 4 (2) (9) 26(37)

6 5 4 0 11 2 6 (1) (10) 28(39)

7 0 5 0 0 0 0 (0) (2) 5(7)

Total 10 24 1 37 2 17 (5) (35) 91

(131)

Mean age* 5,7 5,3 5,7 5,4 5,5

S.D. ** 12.5 13 12 12 12.4

able 24: Totals of children, broken down by group, age and gender where all children 
were included in the analysis exccpt those who engaged in private versions of the 
therapy (n = 131).
* Years, months; **months

A chi-square showed no evidence of a significant association between “group” and 

“risk of dyslexia” (i.e., “strong risk”) (x^(3) = 5.86, p = .119). This finding also applied 

when the “dyslexia risk” was lowered to include those at mild risk o f  dyslexia (X̂ (3) = 

3.78, p = .286). The means and standard deviations are presented in Table 26. A chi- 

square matrix depicting the proportions of those at risk / not at risk of dyslexia, per 

group is shown in Table 25.
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At risk (n) Not at risk (n) Total

Group

Reflex 8 26 34

Balance 17 21 38

Placebo 7 12 19

Control 9 31 40

Total 41 90 131

Table 25: Breakdown of numbers at ris c / not at risk for dyslexia, per group (n = 13

R oy’s largest root was found to be significant (F(I0, 120) = 2.395, p = .013) but 

subsequent univariate AN OV As failed to identify differences in any o f the dependent 

variables (F(3. 127)= 2.472, p = .065) (balance and reflex group m eans on DEST / DST 

m easures were I  = 0.88 and I  = 0.61 consecutively).

Group DEST / DST 

Mean SD

Reflex 0.61 0.38

Balance 0.88 0.55

Placebo 0.81 0.61

Control 0.65 0.44

Table 26: The DEST / DST means and standard deviations of each group where the full 
set of participants, minus those in private therapies, were included in the analysis (i.e., 
n =  131).
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9.3.3.2.3 Select sample (n = 102)

Based on full sample where the reflex group were composed only o f (hose in the 

"private” therapy.

As before, the disappearance o f the significant difference betw een the reflex and 

balance group on the DEST / DST score when these 5 children were rem oved was 

investigated because o f its suggestion that these 5 children contributed to a low ering o f 

m ean DEST / DST scores. Thus, a M A N O V A  was rerun with the reflex group 

com posed o f ju st these children (i.e., n = 5 for reflex Group; n = 102 for full sample).

Again, it appeared initially that there were differences betw een the groups 

(R oy’s largest root, F(9. 92) = 2.15, p = .033), however, this was not supported by the 

AN OV As. The DEST / DST scores were, again, the only dependent variable which 

approached significance (F(3, 9 8 )=  2.27, p = .086).

G iven the striking reduction o f the m ean on the DEST / DST for this m odified reflex 

group (x  = 0.39 which represents a “ low risk” score, com pared to z = 0.88 for the 

balance group which is approaching “high risk” ) it would seem  that, as before, the 

sam ple size is just too small to detect any difference that m ight be there.

A chi-square could not be perform ed on this sam ple because the expected counts o f 

more than 2 cells were less than 5.
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Group DEST / DST 

Mean SD

Reflex 0.39 0.38

Balance 0.88 0.55

Placebo 0.81 0.61

Control 0.65 0.44

Table 27: The DEST / DST means and standard deviations of each group where the 
reflex group consisted of only those in the privately-run therapies (n = 102).

9.3.3.2.4 Select sample (n = 105)

Based on application ofm ininntm  number o f days criterion & removal of ADHD  

children.

Those who had scored above the “risk” threshold for ADHD were then removed from 

the sample. Here the final groups consisted of 32 in the Reflex group, 31 in the Balance 

group, 13 in the Placebo group and 29 in the Control group. Thus, the distribution of 

participants who scored above the “risk” threshold for ADHD amongst each of the four 

conditions is as presented in table 28.

Group

Reflex Balance Placebo Control

7 7 6 11

able 28: The numbers of ADHD children per group (from the sample of n = 136).

O f this sample, 13 were girls and 92 were boys (n = 105). The age range was from 3 

years, 3 months to 7 years, 4 months with a mean age of 5 years, 5 months and a 

standard deviation of 12.7 months. The breakdown in numbers are presented in Table 

29.
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GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age(years)

3 0 1 0 1 0 1 (1) (1) 9(11)

4 2 5 1 6 0 4 (0) (11) 18 (29)

5 2 8 0 10 0 3 (1) (6) 23 (30)

6 4 6 0 7 1 4 (1) (7) 22 (30)

7 0 4 0 0 0 0 (0) (1) 4(5)

Total 8 24 1 30 1 12 (3) (26) 76

(105)

M ean age* 5,7 5,1 5,6 5,3 5,4

S .D . ** 12.6 13 12 12 12.7

" a b le  29: T o tals o f  ch ild ren , b ro cen dow n  by  group , age and gender w here al
p artic ipan ts , excep t those w ho scored  at risk  fo r A D H D , w ere  con sid ered  (n =  105).
* Y ears, m onths; **m onths

A ch i-square  show ed  ev idence  o f  a sign ifican t a sso c ia tio n  b e tw een  “g ro u p ” and “risk 

o f  d y s lex ia” (i.e ., “ strong  risk ” ) (x^(3) =  7.7, p =  .05). F u rther analysis  show ed a 

sign ifican t d iffe ren ce  betw een  the re flex  and balance g roup  (%^(l) =  6.2 , p = .013) such 

that those  in the balance g roup  3.8 tim es m ore likely  to  be at risk  o f  d y slex ia  than those 

in the re flex  group. T h is fin d in g  w as lost w hen  the “d y slex ia  risk ” w as low ered to 

include those  at m ild  risk  o f  d y slex ia  (%^(3) = 6 .76  p =  .087). T he m eans and standard  

d ev ia tions o f  the D E S T  /  D S T  scores are p resen ted  in T ab le  31, w here  the balance 

g roup  X = 0.81 and the re flex  x  = 0 .50 . A ch i-sq u a re  m atrix  dep ic tin g  the p roportions 

o f  those  at risk  / not at risk  o f dyslex ia , per g roup  is show n  in T ab le  30.
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A t risk (n) Not at risk (n) Total

Group

Reflex 3 29 32

Balance 11 20 31

Placebo 5 8 13

Control 6 23 29

Total 25 80 105

able 30: Breakdown of numbers at risk / not at risk for dyslexia, per group (n = 105).

Roy’s largest root showed a significant difference amongst the dependent variables 

(F(9. 95) = 2.57, p = .01). This was supported by the univariate ANOVA showing a 

significant different in the DEST / DST measure (P(3, 101) = 2.62, p = .05). Post-hoc 

tests showed the reflex and balance groups to be approaching a significant difference (t 

= 2.6 , df =61 , two-tailed p = .058).

Group DEST / DST 

Mean SD

Reflex 0.5 0.36

Balance 0.81 0.57

Placebo 0.76 0.52

Control 0.61 0.43

Table 31: The DEST / DST means and standard deviations of each group where the 
ADHD individuals were removed from the sample (n = 105).
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9.3.3.2.S Select sample (n = 31)

Based on the full sample's ADHD children only.

The removal of the ADHD sample from the larger sample reduced the DEST / DST 

mean of each group and resulted in a loss of the significant difference between the 

balance / reflex groups. Although it represented a small sample size (n = 31) the 

ADHD “at risk” sample was selected for special analysis to determine if this group 

showed any evidence of group differences. The DEST / DST scores of this group were 

much higher for each group than when the entire sample means were considered 

(balance group x = 1.22 and reflex group x = 0.96, compared to placebo control group 

mean = 0.93 and control group mean = 0.75; see Table 32). The MANOVA (Roy’s 

largest root, F(9, 21) = 2.82, p = .024) suggested initial group differences, however, this

was not supported by the ANOVA (F(3. 27 ) = 1.2, p = .329).

A chi-square could not be performed on this sample because the expected

counts of more than 2 cells were less than 5.

Group DEST / DST 

Mean SD

Reflex 0.96 0.28

Balance 1.22 0.34

Placebo 0.93 0.82

Control 0.75 0.51

Table 32: The DEST / DST means and standard deviations of each group where only 
the ADHD individuals were included (n = 31).

9.3.3.2.6 Select sample (n = 100)

Based on the full sample o f  participants minus those doing "private” therapies and 

minus those scoring at risk o f ADHD.
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The final sam ple was com posed o f all those who had participated in the study, minus 

those who scored above the “risk” threshold for A D H D  and m inus those who had 

engaged in private versions o f the therapy. There were 27 in the Reflex group, 31 in the 

Balance group, 13 in the Placebo group and 29 in the Control group. W ithin this 

sample, 12 were girls and 88 were boys (n = 100). Their ages range from  3 years, 3 

months to 7 years, 4 m onths with a m ean age o f 5 years, 4 m onths and a standard 

deviation o f 12.6 m onths. This breakdow n o f num bers is presented in Table 33.

GROUP

Reflex Balance Placebo Control

Gender F M F M F M F M Total

Age(years)

3 0 1 0 1 0 1 (1) (1) 9(11)

4 2 4 1 6 0 4 (0) (11) 17(28)

5 1 8 0 10 0 3 (1) (6) 22 (29)

6 4 3 0 7 1 4 (1) (7) 19(27)

7 0 4 0 0 0 0 (0) (1) 4(5)

Total 7 20 1 30 1 12 (3) (26) 71

(100)

M ean age* 5,7 5,1 5,6 5,3 5,4

S.D. ** 12.6 13 12 12 12.6

Table 33: Totals o f children, broken dow n by group, age and gender where those with 
A D HD and those engaging in private therapies were taken from  the full, initial sam ple 
( n =  100).
* Years, m onths; **m onths

A chi-square failed to find any evidence o f a significant association betw een “group” 

and “risk o f dyslexia” (i.e., “strong risk” a (%^(3) = 6.14, p = .105). This finding also 

applied when the “dyslexia risk” was low ered to include those at m ild risk of dyslexia 

iX^{3) = 4.61 p = .202). A chi-square m atrix depicting the proportions o f those at risk / 

not at risk of dyslexia, per group is show n in Table 34.
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At risk (n) Not at risk (n ) Total

Group

Reflex 3 24 27

Balance 11 20 31

Placebo 5 8 13

Control 6 23 29

Total 25 75 100

Table 34: Breakdown of numbers at risk / not at risk for dyslexia, per group (n = 100).

Roy’s largest root showed evidence of a significant difference amongst the groups on 

the dependent variables (F(9, 90) = 2.48, p = .014). Although there still appears to be a 

large difference between the balance and reflex groups on the measure of DEST / DST 

(balance x = 0.81 and reflex x = 0.52; see Table 35) it was not detected by the 

univariate ANOVAs when subject to further investigation.

Group DEST / DST 

Mean SD

Reflex 0.52 0.36

Balance 0.81 0.57

Placebo 0.76 0.52

Control 0.61 0.43

Table 35: The DEST / DST means and standard deviations of each group where the 
ADHD individuals and those engaged in private versions of the reflex therapy were 
removed from the initial sample (n = 100).
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9.3.3.3 Reading as outcome measure

Kruskall-Wallis / Mann-Whitney-U

In their study assessing the efficacy of the Dores Balance programme (i.e., DDAT), 

Reynolds et al. (2005) found that those with high initial DST scores benefited most 

from the therapy in terms of reading; they also reported a significant group by time 

interaction, in favour of the DDAT group, on the reading score of the DST (p < .05). 

Therefore, reading scores (taken from the DST) were also used as the outcome measure 

to explore whether either experimental group performed any better on tests of reading^' 

than those children in the control groups.

Only one analysis was run using reading score as the outcome measure. 

Because only 75 children, of whom 65 had completed at least 120 days of their 

programme, were old enough to be tested on the DST (and, thus, the reading test) the 

sample was already quite small (see Table 36 for breakdown of age and genders). For 

this reason the analysis was not repeated after removing private children and ADHD 

children but was only performed once using the maximum number of candidates 

possible (i.e., n = 65 where at least 120 days of the intervention programme had been 

completed).

Gender

Male Female

Age Total

6 19 3 22

7 29 7 36

8 7 0 7

Total 55 10 65

Table 36: Breakdown of age and gender for n = 65 exploring motor programme effect 
on reading skill (as measured by the DST). (Children’s ages are based on ages at end of 
study in order to avoid confusion regarding the use of DST for those over 6.5 years).

T his w as the o n ly  read ing test used in the current study  due to tim e lim itations. T his w as the test used  
b eca u se  R ey n o ld s et al. (2 0 0 3 )  m ade use  o f  it in their study. H ow ever , this is a test o f  both reading sp eed  
and accu racy  so  future stu d ies m ight lik e to d ifferen tia te  b etw een  the tw o . It sh ou ld  a lso  be bourne in 
m ind that g en era lly  sp eak in g  the su btests o f  the D E S T  or D S T  are not m eant to be used in iso lation  as 
they contribute to a cu m u lative  score.
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The children’s reading ability was classified into ranges based on percentiles; 1-4'*’ 

percentile; 5 -11‘̂  percentile; 12-24*^ percentile; 25-74'^ percentile and >75’*’ percentile. 

Because of this, and because the data were not sufficiently normally-distributed, the 

non-parametric Kruskal-Wallis test was used instead of an ANOVA. This showed 

initial evidence for significant differences amongst the groups on reading (H(3) = 13.6, 

p = .003) which appeared to lie with the balance group (see Table 37).

G roup n M ean R ank

Reflex 19 38.84

Balance 16 23.53

Placebo 11 26.77

Control 19 38.74

T otal 65

able 37: Mean rank scores per treatment group (n = 65).

Mann-Whitney-U tests were then conducted to discover where the difference(s) might 

lie. Six comparisons using a Bonferonni adjustment would require p < .0083 (exact 

tests were used given the small sample sizes). This was not the case for any of the 

comparisons (see below) although if the less stringent level of p < .05 (see below) is 

accepted, then the previous DEST / DST finding, in which the balance group was

different from both the reflex and the control group, (see equivalent MANOVAs) is

repeated. The results, including observed effect sizes (r) are listed below, where it can 

be seen that all except the first comparison represent small effects (the first represents a 

medium effect).

1. Reflex V Balance: U = 67.5, p = .002, r = -.32

2. Reflex V Placebo: U = 62, p = .064, r = -.22

3. Reflex V Control: U = 170, p = .88, r = -.0043

4. Balance V Placebo: U = 74.5, p = .591, r = -.54

5. Balance V Control: U = 77, p = .016, r = -.30

6. Placebo V Control: U = 67, p = .124, r = -.22
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9.3.3.4 Summary of treatment efficacy findings

A sum m ary o f these results is also presented in A ppendix 24. No effects on the 

reduction o f at-risk status for dyslexia w ere found for either o f the experim ental 

treatm ents and sim ilarly no effects were found on any o f the m inor dependent variables 

in term s o f change betw een tim e 1 and tim e 2. The one reliable difference betw een 

treatm ent and control conditions was in the direction opposite to that suggested by the 

literature (assum ing treatm ents w ould decrease, rather than increase dyslexia at risk 

status), with the balance group achieving higher at-risk scores and proportionately 

m ore o f the balance group being o f at-risk status than the control group. Post-hoc tests 

revealed a significant difference betw een the balance and control group w hen the full 

sam ple o f program m e-com pliant participants was considered (i.e., n = 118). This 

finding was repeated w hen the 5 private individuals were rem oved from  this sample 

(i.e., n = 113) and the trend was also evident in the sam ple containing only these 

private 5 as the reflex group (n = 88), but the effect was not statistically reliable, alm ost 

certainly because the sam ple size was too sm all to detect the effect. The balance and 

reflex groups were significantly different in both the full 120 day com pliant sam ple and 

when the AD HD participants w ere rem oved.

W here the entire sam ple (i.e., n = 136) was considered the only findings to 

em erge w ere a significant difference betw een the reflex and balance group which was 

repeated when the AD HD sam ple was rem oved. This, plus the significant difference 

betw een the balance and control group, was also seen w hen the outcom e was reading- 

only (n = 65) (as opposed to the full DEST / DST score)^'.

9.3.4 Predictive Efficacy (Aims 3-7): Statistical Analysis

Predictive efficacy was explored using m ultiple regression and logistic regression. 

Each was perform ed four tim es to explore the predictive efficacy o f slightly different 

predictor variables (i.e., using either the full reflex score or just the Schilder A TNR 

reflex score) on varied outcom e variables (i.e., either the full DEST / DST score or just 

the reading score from  the DST).

These analyses were repeated using A N C O V A  rather than M A N O V A  which controlled for age, given  
the different spread o f  ages across groups. The changes in findings were marginal and did not affect 
interpretation o f  the results. These can be also be seen in Appendix 24.
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The sample used for this exploration contained 98 children (breakdown of age 

and gender is shown in Table 38). Because the intervention could be interpreted as 

having had some effect on those in the Balance Group (albeit in raising their DEST / 

DST scores) the balance group (n = 38) were subtracted from the full, initial sample of 

n = 136. There was no significant difference between the other three groups on this 

outcome measure and so they were collapsed into one overall group. Where the reading 

score was used as the outcome variable, only those children who had been involved in 

the DST test were included (n = 54). The breakdown for the sample, minus the balance 

group, is shown in Table 46.

Gender

Male Female

Age Total

3 3 1 4

4 25 4 29

5 22 5 27

6 23 8 31

7 7 0 7

Total 80 18 98

Table 38: Breakdown of age and gender for n = 98 exploring the predictive efficacy o
the motor tests.

Before looking at the results in more detail, some issues need to be addressed:

9.3.4.1 Sample size

Field (2005) quotes Green (1991) when considering sample size for conducting a 

multiple regression. Green recommends calculating two minimum sample sizes; one to 

test the overall fit of the regression model and one to test the individual predictors. In 

doing the former, he suggests 50 + 8k, where k equals the number of predictors. In this 

case, the current study would require 50 + 8(5) = 90 participants. In doing the latter, he 

suggests 104 + k, in which case the current study would require 104 + 5 = 109 

participants. Where the full DEST / DST score was the outcome variable the number 

included in this sample was 98 which satisfied the former of these. However, graphs
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produced by M iles and Shevlin (2001) (in Field, 2005) found that where the sample 

size is required to achieve a high level o f pow er (i.e., 0 .08) then n = 80 is sufficient. In 

the case o f using the reading score from  the DST, the sam ple size was reduced to 54 

and failure to detect significance due to lack o f pow er should be considered if no effect 

is observed.

9.3.4.2 Predictors

There were 5 m ain predictors in the predictive analyses. These were the com bined 

scores, from  tim e 1, on:

1. Reflex tests

2. Balance tests

3. Fine m otor tests

4. V isuo-m otor tests

5. Phonological tests

As we have seen, each o f these scores is com posed o f sub-scores (num bering 28 

subtests in all). The possibility o f running analyses using each sub-score as a predictor 

was considered but this was not possible given the sam ple size o f 98. R econsidering 

G reen’s calculation o f 50 -i- 8(k), the sam ple w ould need 274 participants; if using the 

104 + k, then 132 participants w ould be necessary. Even if the variables were good 

predictors there m ight not be enough pow er in the sam ple to detect this.

9.3.4.3 Multiple regression 

9.3.4.3.1 Multiple regression using the full reflex score as a predictor variable and the 

DEST / DST score as the outcome variable

M ultiple regression allows for the prediction o f an outcom e variable (in this case the 

D EST / DST score) using two or m ore predictor variables. The first m ultiple regression 

m ade use o f the full reflex score as the first predictor variable and o f the D EST / DST 

score as the outcom e variable. Its use depended upon the non-violation o f certain 

assum ptions which are discussed below.

229



Assumptions

•  V ariab le  types: P red ic to r variab les can  be  co n tin u o u s or ca tego rica l and in this 

case they  w ere con tinuous. T he o u tco m e variab le , how ever, m ust be

co n tin u o u s, and in the case  o f  the D E S T  / D ST  score, th is w as also  the case.

•  M ultico llinearity : D ep en d en cy  b e tw een  p red ic to r variab les cou ld  b ias the

reg ressio n  m odel. T he P earson  co rre la tio n  m atrix  show ed  no  co rre la tio n s  h ig h er 

than  0 .55. F ield  (2005) suggests that any  co rre la tio n  o v er 0.8 rep resen ts  the 

po ssib ility  o f  m u ltico llin ea rity  and so at first sigh t this appears safe. A  m ore 

re liab le  m ethod  o f  assessing  m u ltico llin ea rity  is the V ariance In fla tion  F acto r 

(V IF). If the largest V IF  is g rea ter than  10; if the average  V IF  is su b stan tia lly  

g rea te r than  I; if to lerance is below  O.I (serious p rob lem ) or 0 .2  (po ten tia l 

p rob lem ) then  reg ression  m ay be b iased  (p. 196). In the cuiTent sam ple  o f  n = 

98, no \ 'I F  w as la rger than  10, the average  V IF  w as 1.6 and the to le ran ce  was 

w ell above 0 .2  (low est w as 0 .45). T hus, it appears that this assum ption  w as m et.

•  H om oscedastic ity : T he co n stan cy  o f  the re s id u a ls ’ v ariance was ch eck ed  for

each p red ic to r and these w ere ju d g ed  to show  a ran d o m  d isp lay  o f do ts around

the 0 point.

•  A ssu m p tio n  o f  independen t errors: T h e  D u rb an -W atso n  sta tis tic  tests the 

co rre la tio n  b etw een  the  residuals  o f  o b serv a tio n s  (w hich  shou ld  not be 

co rre la ted  in o rd e r to  sa tisfy  th is assum ption ). T h e  c lo ser the value  is to 2 the 

better, w ith  values less than  1 or g rea ter than  3 being  cause  for concern . In this 

case, D u rb an -W atso n  w as 2 .112  so the a ssu m p tio n  w as no t v io lated .

•  N orm al d is trib u tio n  o f  errors: A h is to g ram  and norm al p robab ility  p lo t o f  the 

D E S T  / D S T  residuals  w as ch eck ed  and these  w ere  ju d g ed  to ap p ear norm al.

•  Independence: E ach  v a lu e  o f  the D E S T  /  D S T  score cam e from  a d iffe ren t 

partic ipan t.

F acto rs in flu en c in g  the reg ression  m odel

•  N o m ore than  5%  o f  the standard ised  residua ls  shou ld  be ou tside  o f  + /- 2, and 

no m ore than  1% shou ld  be o u ts id e  o f  + /- 2.5. In the curren t study , on ly  one 

case  lay  ou tside  o f  the 2.5 bo u n d ary  (as w ou ld  be  ex p ected  g iven  the sam p le  o f 

98); 3 o thers lay b e tw een  the bou n d aries o f  2 - 2 .5. C asew ise  d iag n o stics  o f
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C ook’s distance, M ahalanobis distance and centered leverage value were 

em ployed to explore this case further to see w hether it was having an undue 

influence on the regression param eters. C ook ’s distance suggests undue 

influence if it is above 1, however, here the value was 0.3. M ahalanobis 

distance has undue influence if it lies above 15 in sam ple sizes o f approxim ately 

100. In this case it was 10.6. The average leverage is calculated by adding 1 to 

the num ber o f predictors and dividing by the sam ple size. If values exist which 

are 2 or 3 tim es this value then they m ay be influencing the regression m odel. 

In this case the average leverage value was 0.122 (if x 2) and 0.184 (if x 3). The 

value for this case here was 0.109.

Thus, it can be ascertained that the assum ptions for m ultiple regression were not 

violated on any level.

The predictor “reflex” was entered first in the follow ing analyses for two reasons. 

Firstly, because of M cPhillips et a l.’s (2000) finding which claim ed that those with 

high retained ATNR reflexes (specifically the Schilder) were m ore likely to show 

reading difficulties, and secondly, because o f N icolson and Faw cett’s theory linking 

cerebellar abnormality^^ to literacy (including reading) via m otor and m otor-based 

phonological difficulties. Thus, a hierarchical regression was em ployed in which the 

m easure o f reflex score was entered into the m odel first, follow ed by the rem aining 

predictor variables. Their m eans and standard deviations are presented in Table 39 and 

the m odel sum m ary shows how successful the tests were in predicting the outcom e o f 

dyslexia risk and is presented in Table 40.

C erebellar  abnorm ality is here represented by the retlex  sco res w h ich  then a ffec t ba lan ce, v isua l-m otor  
and fin e-m otor  sk ills.
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Means Standard Deviation

Outcome

Variable

DEST / DST 0.66 .46

Predictor

Variables

Reflex 1.84 .40

Balance 2.54 .71

Visuo-motor 9.13 3.7

Fine-motor 15.7 5.02

Phonological 57.8 15.9

Table 39: The means and standard deviations of the outcome and predictor variab
for n = 98 participants.

Model R R2 Adjusted

R2

R2

Chg.

F

Chg.

Df

1

Df

2

SigF

Chg.

Durban-

Watson

1 0.041 0.002 -0.009 0.002 0.163 1 96 0.687

2 0.284 0.08 -.03 0.078 1.969 4 92 0.106 2.112

Table 40; The model summary table (n = 98) where the full reflex score is a predictor 
variable and the DEST / DST score is the outcome variable.

shows how much of the variability of the DEST / DST score is due to the different 

levels entered into the model. From this we can see that the reflex tests accounted for 

0.2% of the variability of the DEST / DST score (R^ = 0.002, F(l. 96) = 0.163, p > .05). 

Adding the remaining 4 predictors all together accounted for another 7.8% of the 

variability (R^ = 0.078, F(4, 92) = 1.969, p > .05). This amounts to an explained 8% of 

the variance overall. It is apparent, therefore, that not much of the variation of the 

DEST / DST score is explained by these predictors.

The /;-values in Table 41 denote the individual contribution of each variable to the 

regression model, hi theory positive values reflect a positive relationship and negative

232



ones a negative relationship^"*. There were no individual significant variables which 

contributed to this model. The values suggest that dyslexia risk increased as balance 

and fine-motor scores increased and as reflex, visuo-motor and phonological scores 

decreased. It has previously been explained that an increase in score reflects an 

improvement in ability on only the phonological measure. Therefore, Table 41 tells us 

that dyslexia risk increased as balance, fine-motor and phonological skills worsened 

and that dyslexia risk increased as reflex and visuo-motor skills improved. The 

standardised beta (P) shows the change in standard deviations for each predictor 

variable as the outcome variable increased by one standard deviation.

B SE B P

Step 1

Constant 0.57 0.22

Reflex 0.05 0.12 .04

Step 2

Constant 0.69 0.38

Reflex -0.10 0.14 -.09

Balance 0.15 0.08 .22

Visuo-motor -0.00 0.01 -.02

Fine-motor 0.00 0.01 .02

Phonological -0.00 0.00 -.13

Table 41: Multiple regression using the full reflex score as a predictor variable and the 
DEST / DST score as the outcome variable.
Note for Step 1 = 0.002; A for Step 2 = 0.08(p > .05). *p < .05 **p < .01. ***p 
< .001

Despite the direction of relationship between outcome and predictor variables 

suggested by this table, it is worth looking at the confidence intervals to examine the 

reliability of these findings. It can be seen in Table 42 that 95% of cases had 

relationships between the outcome and predictor variables whose lower and upper

T h e d irection  o f  relationsh ip  betw een  variab les m ust be interpreted in light o f  the scor in g  m ethod  
e m p lo y ed . For ex am p le, m ost, but not all. tests reflected  w orsen in g  o f  ab ility  as sco res increased.
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confidence boundaries crossed 0, m eaning the relationship may be positive or negative. 

This provides further evidence that the model is not good for predicting the outcom e 

variable and that the findings in Table 41 are unlikely to represent the true population.

95% Confidence Interval for p

Lower bound Upper bound

Model

1 Constant 0.132 1.009

Reflex -0.185 0.280

2 Constant -0.063 1.445

Reflex -0.377 0.174

Balance -0.018 0.309

Visuo-motor -0.030 0.025

Fine-motor -0.026 0.029

Phonological -0.011 0.003

Table 42: The 95%  Confidence intervals for each predictor where the full reflex score 
is a predictor variable and the DEST / DST score is the outcom e variable.

By com paring it to the value o f R ^, the adjusted can be used to assess how well the 

m odel generalises to other sam ples. The difference betw een R^ and the adjusted R^ 

(i.e., 0.08 - 0.03) was 0.05 or about 5%. G iven that only 8% of the variance was 

explained by the predictors, this was a large difference, suggesting that only 3% of the 

variance m ight be explained by these predictors in the true population. S tein ’s 

formula^^ (Field, 2005, p. 172, 188) yielded the likely value o f adjusted R^ in other 

sam ples, as -  0.033 which was not sim ilar to the R^ o f 0.08 presented here. The 

difference corresponded to 0.113, or approxim ately 11% and suggested that the cross

validity o f the model was not good.

An A N O V A  was also perform ed to com pare the m odel’s ability to predict the outcom e 

variable with the ability o f the m ean to do so. In the first instance it looked at w hether
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the reflex score could improve the ability to predict the outcome score, and in the 

second instance it looked at whether the other factors improved prediction upon this. 

Neither the reflex tests (F(l, 9 8 ) = 0.163, p > .05), nor the next set of predictor variables 

(F(l. 9 2 ) = 1.609, p > .05), was shown to improve prediction of the outcome variable 

greater than would expected by using the mean as a “best guess” .

9.3A3.2 Multiple regression using the Schilder ATNR reflex test as a predictor 

variable and the DEST / DST score as the outcome variable.

Of the reflexes suggested as being important in identifying those at risk of reading 

failure, one set of tests stands out. This is the ANTR (Schilder) test, in which the child 

stands upright with arms extended outwards. It is this test in particular that McPhillips 

et al. reported as being a good predictor of reading failure in their sample of children. 

Therefore, the tests using this method (both eyes closed and open) were combined to 

give a total Schilder score, and this alone was used as the predictor variable to explore 

whether it might fare any better in predicting those at risk of dyslexia than the full 

reflex score. The 4 other predictor variables remained as before.

As before, all assumptions were satisfied and no factors were found to unduly influence 

the regression model. The means and standard deviations remain as before. The only 

change was for the Schilder test, for which the mean was 9.53 and the standard 

deviation was 3.96.

Again, the model summary allows us to see how successful the tests are in predicting 

the outcome of dyslexia risk and is presented in Table 43.

Model R R2 Adjusted

R2

R2

Chg

F

Chg

Df

1

Df

2

SigF

Chg

Durban-

Watson

1 0.043 0.002 -0.009 0.002 0.174 1 96 0.677

2 0.289 0.083 -.034 0.081 2.047 4 92 0.094 2.117

able 43: The model summary table (n = 98) where the Schilder score is a predictor 
variable and the DEST / DST score is the outcome variable.
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The Schilder tests accounted for 0.2% of the variability of the DEST / DST score (R^ = 

0.002, F(l. 96) = 0.174, p > .05). Adding the remaining 4 predictors all together 

accounted for another 8.1% of the variability (R^ = 0.081, F(4. 92) = 2.047, p > .05). 

This amounted to an explained 8.3% of the variance overall. As before, the predictors 

accounted for very little of the DEST / DST variation.

The /^-values are presented in Table 44. Exactly as before, we can see that there were 

no individual significant contributors to the model and dyslexia risk increased as 

balance, fine-motor and phonological skills got worse and increased as Schilder and 

visuo-motor skills got better. The standardised beta ((3) shows the change in standard 

deviations for each predictor variable as the outcome variable increases by one 

standard deviation.

B SE B P

Step 1

Constant 0.61 0.12

Schilder 0.01 0.01 .04

Step 2

Constant 0.61 0.36

Schilder -0.01 0.01 -.10

Balance 0.17 0.09 .26

Visuo-motor -0.01 0.01 -.01

Fine-motor 0.00 0.01 .02

Phonological -0.00 0.00 -.13

Table 44: Multiple regression using the full Schilder score as a predictor variable and 
the DEST / DST score as the outcome variable.
Note R2 for Step 1 = 0.002; A R^ for Step 2 = 0.083(ps > .05). *p < .05, **p < .01,
***p < .001

Table 45 shows that 95% of cases have relationships between the outcome and 

predictor variables whose lower and upper confidence boundaries cross 0. This again 

suggests that the model was not good for predicting the outcome variable and that the 

findings in Table 44 (above) were unlikely to represent the true population.
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95% Confidence Interval for p

Lower bound Upper bound

Model

1 Constant 0.365 0.855

Schilder -0.19 0.29

2 Constant -0.100 1.31

Schilder -0.4 0.015

Balance -0.06 0.345

Visuo-motor -0.029 0.027

Fine-motor -0.027 0.024

Phonological -0.011 0.003

'able 45: 95% Confidence intervals for each predictor.

Comparing and adjusted (i.e., 0.083 - 0.034) shows that the difference was 

0.049 or still about 5%. As 8.3% of the variance is explained by the predictors, this 

means that only about 3.3% of the variance would be explained by these predictors in 

the true population. Stein’s formula to determine the likely value of adjusted R^ in 

other samples was 0.03, which is not similar to the R^ of 0.083 presented here. The 

difference corresponds to 0.113, or approximately 11%. The difference suggests that 

the cross-validity of the model is not good.

From the ANOVA, it was found that, once again, neither the Schilder tests (F(l, 98) =  

0.174, p > .05), nor the next set of predictor variables (F(5, 92) = 1.67, p > .05) 

improved prediction of the outcome variable greater than would expected by using the 

mean as a “best guess” .

9.3,4.3.3 Multiple regression using the full reflex score as a predictor variable and the 

reading test from the DST as the outcome variable (i.e., Reynolds et al., 2005)

Given the previously mentioned effects of the Dores (i.e., DDAT) programme on 

reading scores (Reynolds et al., 2005) a multiple regression was performed using only
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the reading score on the DST as the outcom e m easure. The DEST is designed for 

children w ho m ay not yet have learned to read and as such does not have a reading test. 

Therefore, it was only possible to use the DST sam ple (n = 54^^). A lthough this sample 

size was less than ideal, it was nevertheless perform ed to explore whether any variables 

m ight predict reading. The breakdow n for this group is show n in Table 46.

Gender

Male Female

Age Total

6 12 4 16

7 23 8 31

8 7 0 7

Total 42 12 54

'ab le 46: Breakdow n of age and gender for n = 54 exploring the predictive efficacy o '
the m otor tests. (C hildren’s ages are based on ages at end o f study in order to avoid 
confusion regarding the use o f DST for those over 6.5 years).

This was done using both the full reflex score as one of the predictor variables and 

using the Schilder A TN R score only (see next section). The 4 other predictor variables 

rem ained as before. Again, all assum ptions were satisfied for both the following 

Regression m odels and no factors were found to unduly influence the regression model. 

The means and standard deviations o f the outcom e and predictive variables are shown 

in Table 47 and the m odel sum m ary is presented to show how  successful the tests are 

in predicting the outcom e o f dyslexia risk.

This number is smaller than the previously used sam ple size o f  65 for children tested on the DST  
because for the predictive efficacy analysis those in the balance group were not included.
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Means Standard Deviation

Outcome

Variable

DST Reading 

score

35.07 22.44

Predictor

Variables

Reflex 1.73 0.33

Balance 2.35 0.63

Visuo-motor 8.2 3.37

Fine-motor 13.65 3.96

Phonological 67.81 9.668

Table 47: The means and standard deviations of the outcome and predictor variab
for n = 54 participants.

Model R R2 Adjusted

R2

R2

Chg

F

Chg

Df

1

Df

2

S igF

Chg

Durban-

Watson

1 0.095 0.009 -0.01 0.009 0.472 1 52 0.495

2 0.506 0.257 0.179 0.248 3.995 4 48 0.007 1.69

Table 48: The model summary table (n = 54) where the full reflex score is a predictor 
variable and reading in the outcome variable.

The reflex tests accounted for 0.9% of the variability of the DST reading score (R^ = 

0.009, F(l, 52) = 0.472, p > .05). Adding the remaining 4 predictors all together 

accounted for another 24.8% of the variability (R^ = 0.248, F(4. 48) = 3.995, p < .01). 

This amounted to an explained 25.7% of the variance overall. The inclusion of the four 

new predictors explained a significant amount of the reading outcome, whereas the 

reflex score did not.

Examining the individual contribution of the predictor variables to the reading outcome 

(Table 48) it was evident that three variables in step 2 made a significant contribution 

to the outcome variable; reflex, fine-motor and phonological scores.

Reflex retention (standardised (3 = -.35): The reflex score appeared to have a 

negative relationship with the outcome suggesting that as reflex score increased by one 

standard deviation (.33 units) (i.e., higher level of retained reflexes), the reading score 

would drop by approximately one third of a standard deviation. The standard deviation 

for reading scores was 22.44%, so this constituted a change of -7.86% (22.44% x -.35)
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in reading scores for every .33 units increase in reflex retention scores. This is true only 

if the other factors in the model are held constant.

Phonological ability (standardised p = . 5 ) :  These scores were positively 

related to reading. As the former goes up, reading score improved by half a standard 

deviation. So for every one standard deviation increase of .5 units in phonological 

ability, reading improved by 11.22% (22.44% x .5).

Fine-motor ability (standardised p = .4): The direction of scoring on the fine- 

motor tasks is such that an increase suggests poorer performance. Thus, as fine-motor 

ability got worse, reading scores improved (by 1/3-1/2 a standard deviation). A change 

of one standard deviation in fine-motor skills (i.e., .4 units) was reflected in a change of 

approximately 9% in reading skills (i.e., doesn’t make sense).

B SE B P

Step 1

Constant 46.17 16.45

Reflex -6.41 9.34 -.01

Step 2

Constant -33.10 27.05

Reflex -23.44 10.78 -.35*

Balance 2.86 5.56 .08

Visuo-motor -0.86 0.87 -.13

Fine-motor 2.28 0.94 .40*

Phonological 1.15 0.32 .5**

Table 49: Multiple regression using the full reflex score as a predictor variable and the 
reading test from the DST as the outcome variable.
Note for Step 1 = 0.009 {p > .05); A for Step 2 = 0.248f.v < .01). * p  < .05, **
p  < .01

Table 50 shows the boundaries for 95% of cases. Two of the predictor variables have 

boundaries which cross 0 suggesting they are not good for predicting the outcome 

variable. The three variables, of reflex skills, fine-motor skills and phonological skills, 

have tighter boundaries, either above or below 0.
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95% Confidence Interval for p

Lower bound Upper bound

Model

1 Constant 13.163 79.191

Reflex -25.145 12.32

2 Constant -87.45 21.281

Reflex -45.115 -1.77

Balance -8.321 14.044

Visuo-motor -2.6 0.883

Fine-motor 0.4 4.16

Phonological 0.515 1.78

Table 50: The 95%  confidence intervals for each predictor where the full reflex score is 
a predictor variable and reading score is the outcom e variable.

C om paring and adjusted (i.e., 0 .257 - 0.179) to assess the generalisability o f the 

m odel, the difference was 0.078 or about 7.8%. As 25.7%  o f the variance was 

explained by the predictors, there rem ains approxim ately 18% which is explained by 

these predictors. S tein ’s form ula show ed that the likely value o f adjusted R^ in other 

sam ples was -  0.005 which is not sim ilar to the R^ o f 0.257 presented here. The 

difference suggests that the cross-validity  o f the m odel is not good.

From  the A N O V A , it was found that the Schilder test (F(l. 52) = 0.472, p > .05) did not 

significantly  predict the outcom e m easure. The added variables in step 2 how ever did 

(F(5, 48) = 3.312, p < .05) significantly  im prove prediction o f the outcom e variable 

better than w ould be expected by using the mean as a “best guess” .

9.3.4.3.4 Multiple regression using the Schilder ATNR as a predictor variable and the 

reading test from the DST as the outcome variable (i.e., Reynolds et al.)

M ultiple regression was conducted as before using the Schilder ATNR score only as 

the Reflex m easure and the using DST reading-only for the outcom e m easure. The
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other 4 predictor variables rem ained as before and all assum ptions were satisfied. No 

factors were found to unduly influence the regression model.

The m eans and standard deviations rem ain as before. The only change was for the 

Schilder test, for which the mean was 8.41 and the standard deviation 3.45.

The m odel sum m ary allows us to see how successful the tests are in predicting the 

outcom e of dyslexia risk and is presented in Table 51.

Model R R2 Adjusted

R2

R2

Change

F

Change

Df

1

Df

2

S igF

Change

Durban-

Watson

1 0.196 0.038 0.02 0.038 2.076 1 52 0.156

2 0.472 0.223 0.142 0.185 2.85 4 48 0.034 1.729

Table 51: The m odel sum m ary table (n = 54) where the Schilder score is a predictor 
variable and reading in the outcom e variable.

The Schilder tests accounted for 3.8%  of the variability o f the DST reading score (R^ = 

0.038, F(l. 52) = 0.156, p > .05). Adding the rem aining 4 predictors all together 

accounted for another 18.5% of the variability ( R ^ =  0.185 F(4, 48) = 2.85, p < .05). 

This am ounts to an explained 22.3%  of the variance overall. The inclusion o f the four 

new predictors explained a significant am ount o f the reading outcom e, whereas the 

Schilder score did not.

The /^-values are presented in Table 52. The only significantly m eaningful finding here 

is that as phonological score increased by one standard deviation (i.e., 9.7 units), DST 

reading score increased by just over a third o f a standard deviation. The standard 

deviation for reading is 22.44% , therefore an 8.3%  (i.e., 22.44%  x .37) increase is seen 

in this skill with 9.7 unit change in phonological scores.
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B SEB P

Step 1

Constant 24.38 8.02

Schilder 1.27 0.88 .20

Step 2

Constant -36.58 27.55

Schilder 1.53 0.98 .24

Balance -6.02 6.22 -.17

Visuo-motor -0.99 0.89 -.15

Fine-motor 1.65 0.89 .30

Phonological 0.86 0.32 .37**
Table 52: Multiple regression using the Schilder as a predictor variable and reading as 
the outcome variable.
Note R2 for Step 1 = 0.038 {p > .05); A R2 for Step 2 = 0.142 (p < .05). *p < .05,
**p < .01, ***p < .001

Table 53 shows that for all predictors except phonological skill, 95% of cases had 

relationships between the outcome and predictor variables whose lower and upper 

confidence boundaries cross 0.
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95% Confidence Interval for p

Lower bound Upper bound

Model

1 Constant 8.30 41.46

Schilder -0.50 3.04

2 Constant -91.98 18.82

Schilder -0.43 3.49

Balance -18.53 6.49

Visuo-motor -2.77 0.80

Fine-motor -0.14 3.44

Phonological 0.23 1.50

Table 53: The 95%  confidence intervals for each predictor where the Schilder score is a 
predictor variable and the reading score is the outcom e variable.

C om paring and adjusted (i.e., 0.223 - 0.142), the d ifference yielded was 0.081 

or about 8%. G iven that 22.3%  of the variance was explained by the predictors, this 

m eant that 8% less (or 14.3%) m ight be explained in the true population. S tein’s 

form ula gave the likely value o f adjusted R^ in other sam p les- 0.05 which was not 

sim ilar to the R^ of 0.223 presented here. The difference suggested that the cross

validity o f the m odel was not good.

From  the A N OV A, it was found that the Schilder tests (F( 1. 52) = 2.076, p > .05) did not 

im prove prediction o f the outcom e variable better than the m ean w ould be expected to, 

but that the next set o f predictor variables (P(5,  48) = 2.754, p < .05) im proved 

prediction o f the outcom e variable greater than w ould expected by using the mean as a 

“best guess” .

9,3.4.4 Logistic regression

The only change m ade betw een m ultiple and logistic regression is that the outcom e 

variable is categorical rather than continuous. Thus, DST score is labelled as either “at 

risk” or as “not at risk” according to the scoring procedure. Sim ilarly, where the
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reading-only score was used children were labelled according to w hether they fell 

w ithin the average range o f reading perform ance (or above) (i.e., >= 25"^ percentile) or 

below the average range o f perform ance (i.e., < 25'^ percentile)^^.

As with the m ultiple regression, the logistic regression m ade use o f the forced entry 

m ethod because o f the existence o f previous research which allows for the testing o f a 

theory. Reflex score was entered in the first block with the other predictor variables 

(see next paragraph) being added in the second block.

The sam e predictor variables were used here as were used in the m ultiple regression

(i.e., reflex scores, balance scores, v isual-m otor scores, fine-m otor scores and 

phonological scores). A second analysis was conducted using only the Schilder ATNR 

test in place o f the Reflex scores, in accordance w ith M cPhillips et a l.’s (2000) 

findings. The outcom e variable was again DST scores, w ith DST reading-only score 

being used in a further analysis.

Assumptions

•  M ulticollinearity: Logistic regression is as prone to the biasing effects of

m ulticollinearity as is m ultiple regression. As before, the V ariance Inflation

Factor (VIF) was exam ined to ensure that no values were greater than 10. Also, 

tolerance was well above 0.1. This was the case for all o f the follow ing logistic 

regression analyses.

• Logistic regression m akes no assum ption about the form  taken by the predictor 

variables (i.e., they do not have to be norm ally distributed). N either does it 

m ake any assum ptions about hom oscedasticity.

Factors influencing the regression model

•  As before, no m ore than 5% of the standardised residuals should be outside of 

+/- 2 standard deviations, and no m ore than 1% should be outside o f +/- 2.5. 

Using the initial samples (i.e., n = 98 and n = 54) there was evidence that for the 

first analysis, 7 o f the 98 participants’ scores lay outside o f these boundaries 

(i.e., n = 91). For the second sam ple, 3 o f the participants’ scores lay outside o f

The 25''' percentile corresponds to one standard deviation below  the mean, and marks the point at 
which performance is “below  average”.
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these boundaries (i.e., n = 51). For tlie third analysis, 8 of the scores lay outside 

of these boundaries (i.e., n = 90). For the fourth analysis, the same three 

participant scores as in analysis two lay outside the boundaries (i.e., n = 51). 

These participants were removed from the samples.

• Casewise diagnostics of Cook’s distance and centered leverage value were also 

examined for undue influence on the regression parameters. All values satisfied 

the criteria (i.e., < 1 in the case of Cook’s Distance and not greater than 3 x 

[(k+ l)/n | for centered leverage.

Thus, it is unlikely that the assumptions for logistic regression were violated.

9.3.4.4.1 Logistic regression using the full reflex score as a predictor variable and the 

DEST / DST as the outcome variable (n = 91)

The Hosmer and Lemeshow statistic showed that the first block of this model predicted 

real-world data well, because the predicted and observed values were not significantly
c o

different from each other (p > .05) . With only the constant included in the model, 

81.3% of cases were correctly classified. With the addition of reflex as a predictor, the 

same number of cases were correctly classified (an increase of 0%). With the addition 

of this predictor variable to the model, the ability of the model to predict dyslexia status 

did not improve significantly (p > .05). I

The significance value of the Wald statistic for this predictor further indicated 

that it did not significantly predict dyslexia risk (p > .05). The value of Exp h is greater 

than 1 here (see Table 54) so the chance of being at risk of dyslexia increased as reflex 

score increased by one point (which given the direction of scoring suggested that as 

reflex scores got worse, risk of dyslexia increased). However, the confidence interval 

crosses 1 and so the generalisability of this finding is limited because it suggests that 

this value could indicate either a positive or a negative relationship in the population. 

Calculating the showed that only 1.4% of the variance in dyslexia risk status was 

accounted for by the reflex predictor.

With the addition of the second set of predictor variables the Hosmer and 

Lemeshow statistic remained p > .05. The percentage of cases correctly classified now

T his w as the ca se  for all su bseq uent lo g istic  regression  ana lyses.
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rose from 81.3% to 83.5% - an increase of 2.2%. The effect of adding these predictor 

variables was a significant increase in the m odel’s ability to predict dyslexia status (p < 

.001) however the Wald statistic did not identify any specific variables as significant 

predictors themselves. shows that 22.4% of the variance in dyslexia risk was now 

accounted for by the entire model.

95% Cl for Exp b 

B(SE) Lower Exp b Upper

Step 1

Constant

Reflex

Step 2

Constant

Reflex

Balance

Visuo-motor

Fine-motor

Phonological

-2.82 (1.26)

0.72 (0.64) 0.58

-1.53 (2.4) 

-0.64 (0.87) 

0.95 (0.52) 

-0.15 (0.1) 

0.12 (0.09) 

-0.04 (0.87)

0.1

0.94

0.71

0.94

0.92

2.04 7.15

0.53

2.6

0.86

1.13

0.96

2.00

8.60

0.95

1.46

1.00

Table 54: Logistic regression using forced entry with Reflex score as first predictor and 
DEST / DST as outcome variable.
Note: Step 1: R^ = 3.87 (Hosmer & Lemeshow), .013 (Cox & Snell), .02

(Nagelkerke). Model X^(l) = 1.23
Step 2: R2 = 4.9 (Hosmer & Lemeshow), .19 (Cox & Snell), .31 (Nagelkerke).
Model X^(5)= 19.63

Reflex as predictor and mild dyslexia risk as outcome (n=91}

The same analysis was run where the DEST criteria for “dyslexia risk” was dropped to 

a “m ild” level. Findings for the first block were similar to that of the previous analysis 

(i.e., “strong risk” of dyslexia). With the addition of reflex to the model in block 1 the 

model showed no significant ability to predict dyslexia status (p > .05) and there was 

no change in the percentage of people correctly classified (it remained at 70.3%). The 

Wald statistic again showed this predictor to have no significant predictive efficacy in 

status prediction (p > .05) and the confidence intervals again crossed 1, limiting the
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generalisability of the finding. Calculating the showed that only 1.4% of the 

variance in dyslexia risk status was accounted for by the Reflex predictor.

In block 2, percentage of classification rose to 84.6% (an improvement of 

14.3%) and the addition of the next five predictors significantly improved the m odel’s 

ability to predict dyslexia status (p < .001). Three predictors demonstrated significant 

abilities to predict such status: visual-motor skills, fine-motor skills and phonological 

skills. With visual-motor skills (p < .05), Exp b was less than 1 (.77) suggesting that 

dyslexia risk increased as visual-motor scores reduced (i.e., as this ability improved, 

dyslexia risk increased). With fine-motor skills (p < .05), it appeared that dyslexia risk 

increased as these scores increased, suggesting that dyslexia was more probable if fine- 

motor coordination worsened. Finally, with phonological skills (p < .05), it was evident 

that dyslexia risk increased as such scores reduced which meant that dyslexia was more 

probable if phonological ability was poor. None of the confidence intervals 

corresponding to these variables crossed 1 (see Table 55). R^ showed that, with the 

addition of the second block, 40% of the variance in dyslexia risk status is now 

explained.
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95% Cl for Exp h

B(SE) Lower Exp h Upper

Step 1

Step 2

Constant -2.12(1.08)

Reflex 0.72(0.56) 0.69 2.04 6.1

Constant 2.3 (2.4)

Reflex -1.07(0.9) 0.06 0.34 2.00

Balance 1.04(0.57) 0.94 0.94 8.60

Visuo-motor -0.27* (0.1) 0.62 0.62 0.95

Fine-motor 0.19* (0.1) 1.00 1.2 1.45

Phonological -0.09* (0.03) 0.87 0.92 0.96

Table55: Logistic regression using forced entry with Reflex score as first predictor and 
DEST / DST (mild) as the outcome variable.
Note: Step 1: R^ = 5,83 (Hosmer & Lemeshow), .018 (Cox & Snell). .03 

(Nagelkerke). Model X̂ ( •) = 1 -65
Step 2: R2 = 10.28 (Hosmer & Lemeshow), .39 (Cox & Snell), .55 
(Nagelkerke). Model X^(5) = 44.23

*p < .05, **p < .01, ***p < .001

9.3,4.4.2 Logistic regression using the Schilder ATNR reflex test as a predictor 

variable and DEST / DST as the outcome variable (n = 91)

With only the constant included in the model, 81.3% of cases were correctly classified 

and this did not change with additions to the predictive model, either in the first block 

where combined Schilder scores were used instead of combined reflex scores or where 

the other five variables were introduced. The addition of Schilder to the model did not 

significantly improve the m odel’s ability to predict dyslexia status (p > .05) and the 

W ald statistic for this variable showed it to have no significant predictive ability (p > 

.05). Only .05% of the dyslexia status variance was explained by this part o f the model.

The effect of adding the remaining five predictor variables significantly 

improved the model’s ability to predict dyslexia status (p < .001). The Wald statistic

249



identified balance scores as a variable which significantly predicted dyslexia status (p < 

.05). The confidence intervals did not cross 1 (see table 56) and Exp b was above 1, 

suggesting that dyslexia risk increased as such scores increased (i.e., as balance skills 

got worse, dyslexia risk increased). shows that 22.5% of the variance in dyslexia 

risk was now accounted for by the entire model.

95% Cl for Exp h

B(SE) Lower Exp h Upper

Step 1

Constant -1.61 (0.71)

Schilder 0.01 (0.07) 0.89 1.01 1.16

Step 2

Constant -1.62 (2.17) 0.2

Schilder -0.14(0.09) 0.72 0.87 1.04

Balance 1.27* (0.57) 1.16 3.56 10.93

Visuo-motor -0.12 (0.1) 0.73 0.89 1.08

Fine-motor 0.08 (0.08) 0.92 1.08 1.27

Phonological -.04 (0.02) 0.92 0.96 1.00

Table 56: Logistic regression using forced entry with Schilder score as first predictor 
and DEST / DST as the outcome variable.
Note: Step 1: = 7.75 (Hosmer & Lemeshow), .00 (Cox & Snell), .00 (Nagelkerke).

Model X̂ ( 1) = .045
Step 2: R2 = 4.87 (Hosmer & Lemeshow), .2 (Cox & Snell), .32 (Nagelkerke).
Model x \5 )  = 19.8 (only one interaction has not been reported here).

* p < .05, **p < .01, ***p < .001

Schilder us predictor and mild dyslexia risk as outcome (n=90)

As before, the analysis was run where the DEST criteria for “dyslexia risk” was 

dropped to a “mild” level. Findings for the first block were again similar to that of the 

previous analysis (i.e., “strong risk” of dyslexia). With the addition of Schilder to the 

model in block 1 the model showed no significant ability to predict dyslexia status (p > 

.05) and the percentage of people correctly classified into dyslexia status remained at 

71.1%. The Wald statistic showed this predictor to have no significant predictive
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efficacy in status prediction (p > .05) and the confidence intervals crossed 1.

Calculating the showed that only 0.8% of the variance in dyslexia risk status was

accounted for by the Schilder predictor.

In block 2, percentage of classification rose to 86.7% (an improvement of 

15.6%) and the addition of the next five predictors significantly improved the m odel’s 

ability to predict dyslexia status (p < .001). Two predictors demonstrated significant 

abilities to predict such status; visual-motor skills and phonological skills. With visual- 

motor skills (p < .05), Exp h was less than 1 (.77) suggesting that dyslexia risk

increased as visual-motor scores reduced (i.e., as this ability improved, dyslexia risk

increased). With phonological skills (p < .001), it appeared that dyslexia risk increased 

as the scores decreased, suggesting that dyslexia was more probable as this skill 

worsened. None of the confidence intervals corresponding to these variables crossed 1 

(see Table 57) and showed that, with the addition of the second block, 42.7% of the 

variance in dyslexia risk status was now explained.

251



95% Cl for Exp h 

B(SE) Lower Exp h Upper

Step 1

Constant -1.42 (0.62)

Schilder 0.05 (0.06) 0.94 1.06 1.18

2

Constant 1.84 (2.21)

Schilder -1.3 (0.9) 0.73 0.88 1.06

Balance 1.26 (0.65) 0.99 3.5 12.46

Visuo-motor -0.27* (0.11) 0.62 0.77 0.96

Fine-motor 0.16 (0.09) 1.00 1.2 1.4

Phonological -0.1*** (0.03) 0.86 0.91 0.96

Table 57: Logistic regression using forced entry with reflex score as first predictor and 
DEST / DST (mild) as the outcome variable.
Note: Step 1: = 4.82 (Hosmer & Lemeshow), .009 (Cox & Snell), .01

(Nagelkerke). Model %̂ ( 1) = 0.85
Step 2: = 4.16 (Hosmer & Lemeshow), .4 (Cox & Snell), .58 (Nagelkerke).
Model X^(5) = 46.6

*p < .05, **p < .01, ***p < .001 I

9.3.4.4.3 Logistic regression using Reflexes as a predictor variable and the reading tes 

from the DST as the outcome variable (i.e., Reynolds et al.) (n = 51)

With only the constant included in the model, 66.7% of cases were correctly classified. 

With the addition of reflex as a predictor, this remained the same. There was no 

significant change in the model’s ability to predict dyslexia status (p > .05). The 

significance value of the Wald statistic for this predictor further indicated that it did not 

significantly predict dyslexia risk (p > .05). showed that only 0.53% of the variance 

in dyslexia risk status was accounted for by the reflex predictor.
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With the addition of the second set of predictor variables the percentage of cases 

correctly classified rose from 66.7% to 92.2% - an increase of 25.5%. The effect of 

adding these predictor variables was a significant increase in predictive ability of the 

model (p < .001). The Wald statistic identified all predictor variables except visuo- 

motor scores as significant predictors (p < .05) of dyslexia status. For reflex scores (p < 

.01), Exp h is above 1 which means that dyslexia risk increases as reflex scores go up 

(i.e., ability gets worse), however, given the size of the confidence interval here, this 

variable should be considered unreliable and care should be taken in deriving any 

meaning from it̂ '̂ . For balance (p < .05), Exp h was less than 1 suggesting that dyslexia 

risk increased as these scores went down (i.e., as the ability improved). For fine-motor 

and phonological scores (p < .01), Exp h was less than 1 which meant that dyslexia risk 

increased as these scores reduced. In the case of fine-motor skills this meant as this 

ability improved but in the case of phonological scores it meant that as this ability 

worsened. The confidence intervals for these predictor variables did not cross 1. 

shows that 61.5% of the variance in dyslexia risk was now accounted for by the entire 

model. The values for these predictor variables are shown in Table 58.

C o n fid en ce  intervals in lo g istic  regression  are determ ined  by usin g  lo g  odd ratios to ca lcu late  the 
standard error. T his is the square root o f  the recip rocals o f  the freq u en cies. For the c o n fid en ce  interval to 
be this large, it w ou ld  su g g est that the freq uency  o f  o n e  o f  the c e lls  is ex trem ely  sm all (p o ss ib ly  0 ) w h ich  
w ou ld  g iv e  rise to a tiny /  in fin ite fraction. In this ca se  the standard error w ou ld  go  up cau sin g  large 
co n fid e n c e  intervals. In such ca ses it is probab ly  best to leave out the predictor variab le or to ex erc ise  
extrem e caution  w hen  deriv ing  m eaning from  it.
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95% Cl for Exp h

B(SE) Lower Exp h Upper

Constant -1.6(1.6)

Reflex 0.52(0.88) 0.3 1.68 9.36

Constant 33.05 (12.33)

Reflex 16.62** (6.4) 60.89 1.7E-I-07 4.5E+12

Balance -2.9* (1.37) 0.00 0.06 0.8

Visuo-motor 0.30 (0.25) 0.84 1.35 2.2

Fine-motor -1.6** (0.61) 0.06 0.2 0.66

Phonological -0.57** (0.21) 0.37 0.57 0.86

Table 58: Logistic regression using forced entry with reflex score as first predictor and 
Reading as the outcome variable.
Note; Step L = 2.46 (Hosmer & Lemeshow), .007 (Cox & Snell), .009 
(Nagelkerke). Model 1) = .35
Step 2: R2 = 1.72 (Hosmer & Lemeshow), .54 (Cox & Snell), .75 (Nagelkerke). Model 
X^(5) = 39.95
* p < .05, **p < .01, ***p < .001

9.3.4.4A Logistic regression using the Schilder ATNR as a predictor variable and the 

reading test from the DST as an outcome variable (i.e., Reynolds et al.) (n = 

51)

With only the constant included in the model, 66.7% of cases were correctly classified 

and this did not change with the introduction of the first predictor (Schilder) in block 1. 

The addition of the Schilder as a predictor improved the ability of the model to predict 

dyslexia status (p < .05) but the variable itself did not show any evidence of such 

predictive efficacy (p > .05). The R^ calculation showed that 6.55% of the variance in 

dyslexia risk status was accounted for by the addition of the Schilder scores to the 

model.
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The percentage of cases correctly classified in block 2 rose by 9.8% to 76.5%. The 

effect of adding these predictor variables is a significant increase in ability of the model 

to predict dyslexia status (p < .001).The Wald statistic identified the Schilder (p < .05), 

Visuo-motor (p < .05) and phonological (p < .01) scores as significant predictors of 

dyslexia status. The value of Exp h was less than 1 (see Table 59) for the Schilder 

scores, indicating that the risk of dyslexia increased as these scores went down (i.e., as 

presence of Schilder decreased). For Visuo-motor scores, dyslexia risk went up as these 

increased (i.e., as performance got worse). Finally, for phonological scores, dyslexia 

risk increased as these scores decreased (i.e., got worse). The confidence intervals for 

these predictor variables did not cross 1. The calculation showed that 34.5% of the 

variance in dyslexia risk was now accounted for by the entire model. The values for 

these predictors are shown in Table 59.

95% Cl for Exp h 

B(SE)  Lower E x p U p p e r

Step 1

Constant 0.82 (0.8)

Schilder -0.19(0.1) 0.68 0.83 1.0

2

Constant 10.4 (4.04)

Schilder -0.4* (0.18) 0.47 0.67 0.96

Balance 1.16 (0.85) 0.61 3.2 16.79

Visuo-motor 0.27* (0.13) 1.01 1.3 1.71

Fine-motor -0.25 (0.13) 0.61 0.78 1.0

Phonological -0.15** (0.05)0.78 0.86 0.95

Table 59: Logistic regression using forced entry with Schilder score as first predictor 
and Reading as the outcome variable.
Note: Step 1: R^ = 5.8 (Hosmer & Lemeshow), .08 (Cox & Snell), .11 (Nagelkerke). 
Model X^(l) = 4.25
Step 2: R2 = 5.67 (Hosmer & Lemeshow), .36 (Cox & Snell), .49 (Nagelkerke). Model 
X^(5) = 22.43
* p < .05, ** p < .01, ***p <.001
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Siimmar}' o f  predictive efficacy findings

The m uhiple regression analyses found that, where the outcom e variable was the full 

DEST / DST score, the predictor variables were not significantly useful in im proving 

the m odel to predict outcom e, som ething which applied both when the full reflex score 

was used as the step 1 predictor and w hen the Schilder was used as the step 1 

predictor. W hen logistic regression was em ployed, in which case dyslexia status was 

categorical (i.e., either at risk or not at risk), findings were similar. No predictor was 

useful, by itself, when the full reflex score was entered first, though the model in step 2 

did im prove significantly in its ability to predict dyslexia status. W hen the Schilder 

score was entered first, one predictor (i.e., balance) significantly contributed to the 

ability o f the m odel (step 2) to predict dyslexia status.

Logistic regression was also used where the at risk level included those at mild 

risk for dyslexia, hi this case, where full reflex was entered at step 1, there were three 

predictor variables which significantly im proved the ability o f the m odel to predict 

status. There were: visual-m otor, fine-m otor and phonological scores. W here Schilder 

was entered at step 1, fine-m otor scores were lost and only visual-m otor and 

phonological scores rem ained as significantly im proving the predictive ability o f the 

model.

W here reading score was the outcom e variable, rather than the full D EST / DST 

score, there w ere more significant findings. M ultiple regression confirm ed the previous 

finding that neither full reflex score nor the Schilder score, when added at step 1, 

contributed significantly to the ability o f the regression m odel to predict reading status, 

but in both cases, step 2 showed that the phonological score contributed significantly to 

the regression m odel’s predictive ability. W here full reflex scores were entered at step 

1, both reflex scores and fine-m otor scores also contributed significantly to the m odel’s 

predictive ability in step 2. Logistic regression showed that at step 1 the model was 

significantly better able to predict reading ability when Schilder was included at step 1, 

although there was no evidence for the Schilder score being a significantly good 

predictor by itself. The predictive ability o f the m odel was not significantly im proved 

when the full reflex score was entered at step 1 however. As before, phonological score 

contributed significantly to the regression m odel at step 2, w hen both the full reflex 

score and the Schilder score was entered at step 1. For the form er (i.e., full reflex at 

step 1), balance, reflex and fine-m otor scores also contributed significantly to the

256



regression m odel, and for the latter (i.e., Schilder at step 1), Schilder and visual-m otor 

scores contributed significantly to the regression m odel. This is sum m arised in table 

form in Appendix 25.

To interpret the results o f the m ultiple regression and logistic regression m odels, it may 

be tentatively concluded that:

• Neither “com bined reflexes” nor the Schilder test predict dyslexia risk status at 

outcom e. However, in both types o f m odel higher levels o f com bined reflexes 

are associated with low er outcom e reading scores.

•  Poorer phonological skill, at tim e one, contributes significantly in both m odels 

to the prediction o f increased dyslexic risk status and to poorer reading scores.

• Poorer fine-m otor skills and poorer balance perform ance both contribute to the 

prediction o f increased risk for dyslexia but also o f better reading scores.

•  Higher visual-m otor skill perform ance contributes to the prediction o f increased 

risk for dyslexia in both types o f model.

G iven the consistent role played by phonological skills in predicting dyslexia risk 

status, it is w orthw hile exam ining the distribution o f participants across groups in terms 

o f a criterion o f low phonological com petence -  presum ably these are the participants 

for whom  the experim ental intervention m ight have had some effect.

A chi-square was run to investigate this, which show ed that the proportions o f low 

versus high phonological scorers was equivalent across groups at tim e 1(X^(3) = 1.43 p 

= .72). A chi-square m atrix show ing the proportions o f high v low phonological scorers 

across group is presented in Table 60.
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Group Phonological status

Low High Total

Reflex 12 23 35

Balance 13 14 27

Placebo 7 9 16

Control 18 22 40

Total 50 68 118

able 60: Proportions o f low v high phonological scorers per group.

There was no evidence that those w ho initially scored poorly on the m easure of 

phonological skill (i.e., below  the 50*'’ percentile) benefited m ore from  an experim ental 

program m e than those in the control groups. First, the change in phonological score, 

from  tim e 1 to tim e 3, was no different betw een any o f the groups (F(3. 115)= .009, p = 

.999), and, second, the DEST / DST scores were exam ined using an A N O V A  to see 

w hether there were differences betw een the high and low phonological scorers. This 

revealed no significant differences (F(3. 115) = 2.63, p > .05).

9.3,4.5 Some final analyses

The final aim  (aim  8) looked at the relationship betw een the phonological skills and 

tests o f cerebellar functioning in reference to Liberm an and M attingly’s (1985) m otor 

theory o f speech. In addition to this, relevant suggestions in the research literature 

rendered two further logistic regression analyses necessary. The first arose from  the 

previously m entioned relationship betw een AD HD and dyslexia in the context o f m otor 

theory (e.g., D enckla et al., 1985; W im m er et al., 1999). Thus, it was appropriate to 

exam ine w hether the m otor-based predictor variables were useful in classifying groups 

according to risk for ADHD. The second analysis arose from  Fawcett and N icolson’s 

(1999) suggestion that perhaps only severe dyslexics score highly on such m otor tasks. 

For this analysis, only those who scored under the 11'*’ percentile on their DST reading 

task were considered “severe” and everyone else was classed as not severe (despite 

som e o f them  being below  average readers [i.e., 12-24'*’ percentile]).
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In both cases logistic regression was run using the largest sam ple possible as 

well as the largest sam ple possible m inus those who had not perform ed at least 120 

days o f their program m e. There were no differences in the results yielded by each 

analysis and, therefore, only one set o f results is reported. In each case this represents 

the largest sam ple possible given the analysis in question. Both analyses satisfied the 

assum ptions o f standardised residuals. C ook’s distance and centered leverage value

9.3.4.5.1 Aim 8: To investigate whether tests of phonological skills are related to 

performance on cerebellar tests in order to test this prediction from 

Liberman and Mattingly’s (1985) motor theory of speech (n = 136)

Four Pearson^” correlations were run to exam ine the relationship betw een phonological 

scores and tests o f cerebellar function (taken at tim e 1). The cerebellar tests included 

the (gross) balance tests, the visual-m otor tests and the fine-m otor tests. A n average o f 

these three tests was also taken and this too was com pared to the phonological score. 

All o f the correlations showed a significant positive relationship^ ', w ith balance, visual- 

m otor and fine-m otor skills getting worse as phonological scores got w orse. The m eans 

and standard deviations o f the test averages are show n in table 61 and the Pearson 

correlations are show n in table 62. Scattergram s show ing the line o f best fit are show n 

in Figures 15-18.

N on -param etric  Spearm an tests sh o w ed  the sam e lev e ls  o f  sig n ifica n ce .
T he scores for P h o n o lo g ica l tests w ere scored  in an o p p o site  d irection  to all the other tests. A n increase  

in P h o n o lo g ica l sco re  su g g ested  an im provem ent in P h o n o lo g ica l ab ility  w hereas an increase in any o f  
the other test sco res su g g ested  a w orsen in g  o f  ab ility . T h is m eans that w hat m ight look  like a n egative  
relation sh ip  in the scattergram  is in fact a p o sitiv e  rela tion sh ip .
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Test Mean Standard Deviation

Phonological score 55.71 16.12

Balance score 2.61 .72

Visual-motor score 8.96 3.66

Fine-motor score 15.91 5.12

Average of above 9.16 2.56

Table 61: Means and standard deviations of the phonological, valance, visual-motor,
fine-motor and combined tests.

Comparison r (2 tailed) P Direction

Phon & Balance .41 < .000 Positive

Phon & Visual .24 < .005 Positive

Phon & Fine .48 < .000 Positive

Phon & Combined .47 < .000 Positive

Table 62: Pearson correlations between the difference combinations of phonological 
and cerebellar tests.

90 n 
80 - 
70 -

40 -

20 -  

10  -

Balance

Figure 15: Scattergram showing the relationship between phonological scores and 
balance scores.
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Figure 16: Scattergram showing the relationship between phonological scores and 
visual-motor scores.
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Figure 17: Scattergram showing the relationship between phonological scores and fine- 
motor scores.
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Figure 18: Scattergram  showing the relationship betw een phonological scores and the 
average o f the balance, visual-m otor and fine-m otor scores.

9.3.4.S.2 Logistic regression where ADHD is the outcome variable (n = 136)

For this sam ple the entire set of children were included (n = 136). Because there was no 

a priori reason for suspecting that phonological ability would be related to ADHD this 

was not included in the set of predictor variables (as it was when the outcom e was 

dyslexia). Furtherm ore, although the predictor “reflex” was entered first on previous 

analyses, because o f (1) recent claim s o f its relevance to this population and (2) 

Nicolson and Faw cett’s theory linking cerebellar abnorm ality to literacy (including 

reading) via m otor and m otor-based phonological difficulties, these did not apply to 

AD HD in this case, so all four predictor variables (reflex, balance, visual-m otor and 

fine-m otor) were forcibly entered together in one step.

W ith only the constant included in the m odel, 77.2%  of cases were correctly 

classified as either AD HD or not AD HD and this did not change w hen the set of 

predictor variables was added. In addition, the percentage o f variance explained by the 

m odel was only =  1.4%. The addition o f the variables as predictors did not 

im prove the ability o f the m odel to predict A D H D  status beyond that o f the constant (p 

> .05). An exam ination o f the W ald statistic associated with each predictor variable 

revealed that none contributed significantly to the ability o f the m odel to predict 

A D HD status (p > .05) (see table 63).
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95% Cl for Exp h

B(SE) Lower Exp h Upper

Constant -2.37 (1.1)

Reflex 0.11 (0.6) 0.35 1.12 3.56

Balance 0.25 (0.34) 0.66 1.3 2.51

Visuo-motor -0.23 (0.06) 0.93 0.98 1.14

Fine-motor -0.3 (0.05) 0.61 1.03 1.0

Table 63: Logistic regression using forced entry with all except the phonological
predictor and ADHD as the outcome variable.
Note: Step 1: = 6.055 (Hosmer & Lemeshow), .015 (Cox & Snell), .023
(Nagelkerke). Model %^(4) = 2.038 
*p < .05, **p < .01, ***p < .001

9.3.4.S.3 Logistic regression using all predictor variables and reading as the outcome 

variable where the risk group have very low reading scores (i.e., < 11*'’ 

percentile)

The sample size for this group was n = 75 because the full sample of those who had a 

DST score were included (the last use of such criteria rem.oved those in the balance 

group thereby reducing it to n = 54). The phonological predictor variable was retained 

in this analysis because the outcome measure was reading and a 2-step model was 

again employed because of the previously mentioned importance of the reflex variable.

With the constant included in the model, 62.7% of cases were correctly 

classified and this did not change with the introduction of the first predictor (reflex) in 

block 1. The addition of the reflex as a predictor did not improve the ability of the 

model to predict (very poor) reading status (p > .05) and the variable itself did not show 

any evidence of such predictive efficacy (p > .05). The calculation showed that 

0.24% of the variance in (very poor) reading status was accounted for by the addition 

of the reflex score to the model.
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The percentage of cases correctly classified in block 2 rose by 6.6% to 69.3%. 

The effect of adding these predictor variables was a significant increase in the ability of 

the model to predict (very poor) reading status (p < .05). The Wald statistic identified 

only the phonological score (p < .01) as a significant predictor of (very poor) reading 

status. The value of Exp h was less than 1 (see table 64), indicating that the risk of 

(very poor) reading increased as these scores went down (i.e., as this ability worsened). 

The confidence intervals for this predictor variable did not cross 1 meaning it is 

generalisable to other samples. The calculation showed that 11.2% of the variance 

in (very poor) reading risk was now accounted for by the entire model. The values for 

these predictors are shown in table 64.

95% Cl for Exp b 

B(SE)  Lower Exp/? Upper

Step 1

Constant

Reflex

Step 2

Constant

Reflex

Balance

Visuo-motor

Fine-motor

Phonological

-1.07 (1.2) 

0 .31(0.64) 0.39

5.08 (2.52)

0.82 (0.9) 0.38

-0.16(0.52) 0.3

0.02 (0.08) 0.87

-0.08 (0.09) 0.78

-0.09** (0.03) 0.86

1.37 4.8

2.27 13.46

0.86 2.38

1.02 1.2

0.92 1.09

0.92 0.97

Table 64: Logistic regression using (very poor) Reading as the outcome variable.
Note: Step 1: R^ = 2.18 (Hosmer & Lemeshow), .003 (Cox & Snell), .004 
(Nagelkerke). Model X^(l) = .236
Step 2: R^ = 4.44 (Hosmer & Lemeshow), .14 (Cox & Snell), .19 (Nagelkerke). Model 
X^(5)= 11.13
* p < .05, ** p < .01, ***p < .001
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9.3.4.S.4 Reflex correlations

Given McPhillips et al.’s (2000) claim that a child’s reflex score can be represented by 

his performance on the ATNR (specifically the Schilder test) two correlations were run 

to verify this. These were the averages of the following taken from testing time 1:

a. The Schilder v the Reflex scores (including ATNR)

b. The Schilder v Reflex scores (excluding ATNR)

Pearson^" coiTelations showed that the Schilder test score average correlated 

significantly with the full reflex score average (r = .553, p < .001) which is partially 

retained when compared to the reflex score average minus any ATNR tests (r = .251, p 

< .01). Thus, it is apparent that, to an extent, regardless of whether or not the ATNR 

tests are removed from the full reflex score, the Schilder test score is related to the 

other scores. The ATNR test average, when correlated with the reflex test average 

(minus ATNR tests), showed a similar result (r = .364, p < .001). The scatter-plots of 

the first two relationships are shown in Figures 19 and 20.

Despite the significance of these findings, this showed that only about 6% of 

the variance of (other) reflex scores was predicted by the Schilder test. Therefore, the 

validity of the claim of McPhillips et al. is open to question.

Non-parametric Spearman tests show ed the sam e levels o f  significance.
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Reflex Average

Figure 19: Scatterplot showing the relationship between the Schilder ATNR average 
and the other reflex score averages (including ATNR).

♦  ♦
♦  ♦  ♦  ♦

♦  ♦  ♦  ♦
♦  ♦

Average of Other Reflexes

Figure 20: Scatterplot showing the relationship between the Schilder ATNR average 
and the other reflex score averages (excluding ATNR).
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10 Chapter 10: Discussion

The discussion is divided up into five principal sections, consisting of: a review  o f the 

m ajor and m inor findings, im plications o f these findings, lim itations o f the current 

study, future work / recom m endations and conclusions.

10.1 Review of findings

The current work was conducted in order to explore the validity o f previous research 

which suggests that tests o f cerebellar (m otor) function m ay be useful in identifying 

those at risk o f dyslexia and that exercise program m es aim ed at targeting the 

cerebellum  m ight alleviate the effects o f dyslexia. Such suggestions present a novel and 

practical approach to dealing with this disorder, and com e at a tim e when the efficacy 

o f current diagnostic m ethods are them selves heavily criticised. The controversy over 

the use o f IQs and the validity o f intelligence tests, coupled with the difficulty of 

distinguishing betw een poor reading due to low intelligence and poor reading due to 

dyslexia in a person of low intelligence, m akes this a necessary area o f research. A 

younger sam ple o f children was used here than in previous research because o f the 

need to identify and am eliorate this disorder at as early an age as possible.

10.1.1 Treatment efficacy

Aim  1: To investigate w hether a program m e designed to integrate retained reflexes into 

higher order m ovem ents reduces the subsequent probability o f risk for dyslexia, as 

m easured by the DEST / DST.

A im  2: To investigate w hether stim ulating the vestibular system  through a program m e 

o f gross m otor co-ordination reduces the subsequent probability o f risk for dyslexia, as 

m easured by the DEST / DST.

G iven the strategic design o f this study, evaluation o f the effects o f the experim ental 

treatm ents is represented best through the chi square analyses, since this com pares the
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proportions “at risk” for dyslexia in the control groups with those “at risk” in the 

experim ental groups and takes account o f the expected distribution o f 30-40%  of 

participants at risk in each group. Thus, if a particular treatm ent was com pletely 

effective, we w ould expect 0% to be “at risk” at tim e 3 in the treatm ent group, but 30- 

40%  at risk in the control group(s). The means analysis, o f course, is challenged by 

com paring treatm ent effects in sam ples for whom  it is expected that there will possibly 

be little or no effect for 60-70%  and, therefore, provides a relatively w eak test o f the 

efficacy of the intervention.

A further point is that in order to refine the test o f intervention efficacy, the relationship 

betw een predictor, and outcom e variables, could have been determ ined exclusively for 

the control groups. Had reliable predictors em erged from  this, only those participants 

who scored higher on the predictors could be used in the means analysis. However, 

because few treatm ent effects em erged from  the chi square analyses, the analysis of 

predictors used the pow er o f the largest possible sam ple o f participants (i.e., all those 

m inus the balance group as these increased significantly in dyslexia risk).

10.1.1.1 Brief review of findings

Balance v Reflex group:

The balance group scored significantly m ore highly at risk o f dyslexia than the reflex 

group when all children were included in the analysis (n = 136), a finding which was 

retained when non-program m e-com pliant children were rem oved from  the sample (n = 

118) and when the “private 5” were rem oved from  this sam ple (n = 113). This 

difference alm ost reached significance when the AD HD children were rem oved from 

the full sam ple (n = 105) and did reach significance when the AD HD children were 

rem oved from  the program m e-com pliant sam ple (n = 89). W hen R eading-only was the 

outcom e variable these groups were also significantly different.

Balance v Control group;

The balance group scored significantly more highly at risk o f dyslexia than the Control 

group when the program m e-com pliant group were used (n = 118) and w hen the private 

5 were rem oved from  this sam ple (n = 113). This also approached significance where
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the private 5 only were used (n = 88). Where reading-only was the outcome variable, 

there was also a significant difference between these two groups.

10.1.1.2 Findings

The overall results from the treatment efficacy analyses were disappointing. There 

were few differences between the groups in any sample and no support for the 

previously documented efficacy of the type of treatment programmes evaluated here. 

One clear finding that emerged was the severity of the balance group’s dyslexia risk 

score (on the DEST / DST) and poor reading scores. The balance group’s mean score 

on the DEST / DST was at the level deemed to be “at risk” of dyslexia, something not 

seen in any o f the other groups. Furthermore, their reading scores were below average, 

unlike the other groups whose reading scores fell in the average range.

W here the full sample (n = 136) was used, the balance group scored at 

significantly greater risk of dyslexia than the reflex group, a finding which remained 

when the tighter programme-compliant sample was considered (n = 118). Thus, 

regardless of the amount of programme done there were obvious differences between 

the groups.

The difference between the balance and reflex group was lost when the 5 

private children were removed and when the ADHD children were removed (for both 

the programme-compliant and the full sample). For the former of these, the only 

change in DEST / DST mean scores was a small rise in the mean at-risk score of the 

reflex group (from .62 to .65) which was sufficient to result in a non-significant 

difference between it and the balance group. Nevertheless, as mentioned previously, it 

suggests that the presence of those 5 children’s DEST / DST scores served to lower the 

dyslexia risk when included, which could be interpreted as support for the dyslexia 

risk-reducing effects of the reflex programme when applied professionally or privately. 

However, no difference was found between the reflex and control (including placebo 

control) groups when these 5 children were isolated to form one, small reflex group. 

Hence, although the small sample seriously reduced the power of the test, the idea that 

the reflex programme has dyslexia risk-reducing effects was not supported here.

The removal of the ADHD individuals from these samples resulted in a 

decrease in mean DEST / DST scores for each of the groups. This suggests that ADHD
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is associated witli being at risk for dyslexia. However, despite this there were no 

differences between any of the groups where only the ADHD sample was analysed, 

either when the full sample or the programme-compliant sample was taken into 

consideration.

Among the programme-compliant children, a significant difference between the 

balance and control group also emerged. Although all of the mean dyslexia risk scores 

went up for the programme groups who were compliant, the balance group increased in 

dyslexia risk by 1 full point compared, to .4 and . 1 for the reflex and placebo groups 

respectively. This could suggest that the more of their programme the children in the 

balance group did, the more highly “at risk” of dyslexia they became compared to the 

control group. If this was the case, it is hardly an encouraging finding, possibly 

implying a deleterious effect of participating in such a programme. It is possible, 

however, to interpret this as those children with the greatest difficulty persisting with 

their programme more so than those with less difficulty.

Although there was no DEST / DST pre-measure (due to the young age and the 

attention capacity of the children), the initial random allocation of children to groups 

would suggest that, prior to treatment, DEST / DST scores should be similar across 

groups. Although there was some artificial re-assignment, this w'as from the 

experimental groups into the control group. Had the control group scored significantly 

higher on this measure than the experimental groups, this re-assignment might 

hypothetically have accounted for some of that difference (with the explanation that 

such children come from families who are less motivated or disciplined in terms of 

actively promoting their child’s abilities or tackling their weaknesses). The finding that 

the balance group were scoring, on average, at higher risk for dyslexia than the other 

groups would therefore suggest that the content of the balance programme is not 

effective in terms of reducing the child’s risk of dyslexia, as measured by the DEST / 

DST. The lack of evidence for a significant difference between the reflex group and the 

control group suggests that “fetal” type movements -  slow repetition of retained 

reflexes - are equally ineffective in reducing children’s risk for dyslexia.

The higher “at risk” score for dyslexia in the balance group could be explained by a 

diversion of child and family attention from direct reading / academic home pursuits to 

one which has no direct bearing on literacy improvement, particularly because there is
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no difference betw een this group’s dyslexia risk and that o f the placebo control group, 

which in principle involves a sim ilar diversion o f activity. H ow ever, there was a 

significant difference betw een the balance and the reflex group even though the latter 

also directed attention aw ay from  direct reading instruction / practice. This is not 

support in favour o f the reflex program m e, how ever, because the latter does not differ 

significantly from  either the control group or the placebo-control group.

h cannot be said that the results are due to any qualitative differences betw een how 

well the groups engaged in their program m e. W hen questioned about the am ount of 

tim e spent on the program m e daily and the degree o f control /  effort put into it, there 

were no statistical differences across the program m es.

The fact that there were no differences in the am ount o f tim e, or quality o f 

perform ance, betw een those who were at risk for dyslexia and those who were not, 

suggests that the quality o f execution o f program m e did not affect dyslexia status. By 

and large the findings were the sam e for those with and without A D H D  although there 

was a statistically significant negative relationship betw een quality o f program m e 

perform ance and ADHD. Higher frequency o f AD HD was associated with the 

program m e m ovem ents being m ore rushed. This m akes intuitive sense given the nature 

o f AD HD . Correlations such as these do not allow for interpretations about causality, 

so it is not possible to say w hether presence o f A D H D  in those who ultim ately showed 

it, prevented them  from  doing the program m e properly or w hether not doing the 

program m e properly resulted in ADHD being m aintained.

Finally, all o f  the significant differences concerned one dependent variable (i.e., 

“dyslexia risk” ). A lthough this was the m ajor dependent variable in the study there 

were also five m inor dependent variables (level o f retained reflexes, balance skills, 

phonological skills, visual-m otor skills and fine-m otor skills). It is striking, and 

som ew hat curious, that there was no change in any o f these, especially in the reflex and 

balance scores over tim e, given that the two experim ental program m es studied were 

designed around these variables. A lthough possible, it is im probable that the 

program m es em ployed were not sufficiently w ell-designed in order to im prove such 

skills because they were based entirely on the relevant literature. It is m ore likely that 

such program m es in general either do not do what they claim  to do (i.e., reduce 

retained reflexes, im prove vestibular functioning) or they do not do so beyond the
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extent to which typical childhood life-styles allow. As seen earlier, there was no 

significant difference betw een groups in the am ount o f (other) extra-curricular or sports 

activities engaged in, so it is possible that the extra 10 m inutes per day required by such 

program m es is a relatively small and inconsequential addition. Thus, if such 

program m es are having no discernable affect on the very skills they are designed to 

im prove, it is hardly surprising that dyslexia or reading scores are not im proved in 

these groups.

10.1.1.3 Summary

To sum up the treatm ent efficacy o f the two program m es explored in this study, there is 

no direct evidence to support the previous finding (i.e., M cPhillips et al., 2000) that a 

program m e designed to integrate retained reflexes into higher order m ovem ents 

reduces the subsequent probability o f risk for dyslexia, as m easured by the DEST / 

DST. There is not even any evidence in the current study to suggest that such a 

program m e reduces retention o f reflexes them selves significantly  more than in the 

control groups (where scores were m easured under “b lind” conditions, and inter-rater 

reliability with another blind scorer, was high).

Sim ilarly, there is no direct evidence to support the previous finding (i.e., 

Reynolds et al., 2003) that a balance program m e based on vestibular stim ulation 

(designed to target the cerebellum ) reduces the subsequent probability of risk for 

dyslexia, as m easured by the DEST / DST. As with the previous finding, there  was no 

evidence to suggest that such a program m e im proves perform ance on general balance 

tasks significantly more than in the control groups.

A lthough both the reflex and the balance program m e were supposed to  target the 

cerebellum  there is no evidence that other m easures o f cerebellar functioning (e.g., 

fine-m otor skills, visual- m otor skills) im proved as a result o f either program m e.

272



10.1.2 Predictive efficacy

Aim  3: To investigate w hether retained reflexes can discrim inate betw een dyslexic and 

non-dyslexic children by predicting which children o f a pre- or early-school sample 

will subsequently  score “at risk” for dyslexia on the basis o f the D EST / DST.

Aim  4: To investigate w hether vestibular functioning, as m easured by a battery o f gross 

m otor co-ordination tests (i.e., balance), can discrim inate betw een dyslexic and non- 

dyslexic children by predicting which children o f a pre- or early-school sam ple will 

subsequently score at risk for dyslexia on the basis o f the D EST / DST.

Aim  5: To investigate w hether fine-m otor skills (i.e., “soft cerebellar signs” ) can 

discrim inate betw een dyslexic and non-dyslexic children by predicting which children 

o f a pre- or early-school sam ple will subsequently score at risk for dyslexia on the basis 

o f the D E S T /D S T .

Aim  6: To investigate w hether visuo-m otor skills can discrim inate betw een dyslexic 

and non-dyslexic children by predicting which children o f a pre- or early-school 

sam ple will subsequently  score at risk for dyslexia on the basis o f the D EST / DST.

Aim  7: To investigate w hether phonological skills can discrim inate betw een dyslexic 

and nor.-dyslexic children by predicting which children o f a pre- or early-school 

sam ple will subsequently  score at risk for dyslexia on the basis o f the D EST / DST.

A im  8: To investigate w hether tests o f phonological skills are related to perform ance 

on cerebellar tests in order to test Liberm an and M attingly’s (1985) m otor theory of 

speech as incorporated in N icolson and Faw cett’s (1990) cerebellar deficit hypothesis.

10.1.2.1 B rief review of findings

The precictive efficacy o f the individual test variables was generally  poor. Either they 

were no significant as predictors, or where they were significant, the direction o f the 

relationi^ip m atched that suggested by the theoretical literature on only a percentage o f 

occasiors. C onsistent with the theoretical literature, there was one predictor which
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significantly  predicted the outcom e in half o f the analyses and did so in the suggested 

direction on all o f these occasions. This was phonological ability.

10.1.2.2 Findings

W ith the exception o f the phonological variable, exam ination o f the individual 

predictor variables (in step 2) did not inspire m uch confidence in term s o f using them 

to predict dyslexia score or status. A lthough m any of them  did show significant 

relationships with the outcom e variables, the nature o f this relationship often did not 

m ake sense or was inconsistent across different types o f m odel. Individual predictor 

variables show ed a significant relationship with the outcom e variable on 17 out of 60 

analyses; o f these, only 11 were in the direction which the literature w ould have 

suggested (i.e., approxim ately 17%).

Models'. M aking use o f the variables in one com bined m odel was more useful for 

m aking predictions. This may reflect the fact that Step 1, represented by the initial 

(full) reflex or Schilder variable, accounted for only a tiny  percentage o f the variance of 

any o f the outcom e variables, thereby m aking it easy for the addition of other predictor 

variables to significantly im prove upon this, particularly as they contained the 

phonological variable (percentage im provem ent is shown in Table 65). Regardless o f 

w hether the m odel was predicting scores, as when m ultiple regression was em ployed, 

or w hether it was predicting status, as when logistic regression was em ployed, the full 

m odel was useful in predicting reading outcom e, w hether groups were divided 

according to above and below  average perform ances or w hether the “poor” category 

was particularly severe (i.e., < = l l ‘*’ percentile). W ith the addition o f the full set of 

predictors, the outcom e o f “reading” had a bigger increase in variance explanation and 

classification ability than any o f the other outcom e variables. The variance percentage 

in reading explained by the m odel (where full “reflex” score is the entered in step 1) 

reached 61.5%  and correctly classified 92.2%  of the sample^‘\  which represented an 

im provem ent o f 25.5%  and 60.97%  respectively com pared to pre-step 1 (see Table 65). 

hi general it m ade little difference to predictive efficacy w hether the full reflex score or

Percentage correctly classified ranges from 62.7%  to 81.3% before Step 1. up to a range o f  69.3% to 
92.2%  after Step 2.
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the Schilder reflex score only was entered first. Entering the Schilder reflex score first 

had one advantage over the use of the full reflex score in predicting dyslexia status 

(using the full DEST / DST). However, both set of reflexes were equally good when 

dyslexia status was expanded to include those at “mild risk” of dyslexia.

For the most part, as the model improved in the amount of outcome variance 

that it explained, it also improved in its ability to correctly classify groups. This can be 

seen in Table 65 where, with the exception of the second and fourth rows, the rank of 

improvement for each analysis was the same (e.g., row one shows the smallest increase 

in terms of both predicted outcome variance and correct classification, whereas the last 

row shows the biggest increase in percentages for both).

step 

variable /  

Outcom e 

variable

Variance 

(% explained)

Classification 

(% correctly classified)

Pre Post Difference Pre Post Difference

All entered /  

ADHD N.A. 1.4% 1.4 % 77.2% 77.2% 0 %

Schilder /  

DESTcmdDST .05% 22.2% 22.45% 81.3% 81.3% 0 %

Full reflex /  

DESTandDST 1.4% 22.4% 21% 81.3% 83.5% 2.2 %

All entered /  

Poor Reading .24% 11.2% 10.96% 62.7% 69.3% 6.6 %

Schilder /  

Reading 6.55% 34.5% 27.95% 66.7% 76.5% 9.8 %

Full re fle x / 

mild

DESTandDST
1.4% 40% 38.6 % 70.3% 84.6% 14.3 %

Schilder /  

mild

DESTandDST
.8% Al.1% 41.9 % 71.1% 86.7% 15.6 %

Full re flex /  

Reading .53% 61.5% 6^.91% 66.7% 92.2% 25.5 %
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Table 65: The percentages o f (1) Explained outcom e variance, (2) Correctly classified 
sam ple, divided into “pre” (i.e., before introduction o f any o f the variables), “post” 
(after introduction o f all variables) and “difference” (difference betw een the two) using 
logistic regression. For the most part samples are presented in order of percentage 
increase.

10.1.2.3 Generalisability

Any predictive efficacy seen here is lim ited to the sam ple em ployed in this study. 

W hilst findings suggested predictive efficacy o f som e variables and m odels, m ultiple 

regression techniques suggested that this was not generalisable to other random 

sam ples or the true population. Thus, the reliability o f the findings m eant they must be 

treated with caution. This is especially so given that 83% of all the significant 

relationships yielded by the m ultiple regression analyses suggested directions which 

did not fit that suggested by the literature.

10.1.2.4 Summary

The reflex tests showed no ability to predict dyslexia score or status as m easured by the 

D EST / DST. They did show some efficacy in predicting reading when it was the 

outcom e variable, regardless o f the m ethod o f regression used (i.e., m ultiple or 

logistic), and both o f these relationships were positive; that is, the less evidence there 

was o f retained reflexes, the better the reading score. The Schilder test predicted 

reading ability but suggested a negative relationship; the less evidence there was o f a 

retained Schilder reflex, the m ore likely it was for reading to be classed as below 

average.

hi their study M cPhillips et al. (2000) claim ed to find evidence to support the 

link betw een reading difficulties and control o f m ovem ent, how ever, they failed to 

explore the prevalence o f retained reflexes (the m easurem ents o f w hich were defined 

by them ) in the norm al population. Furtherm ore, it is im possible from  their study to 

know  if the presence o f such reflexes is com m on across the dyslexic population 

because it did not include any dyslexics without retained reflexes. The authors claim ed 

that they could not find any such dyslexics, but w hether this is a result o f  sam ple bias 

(w hich they them selves suggest as a possibility) or reflects the fact that they do not 

exist, we cannot know. The current study found som e support for the predictive utility
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of (full) reflex scores in predicting those who scored above and below average at 

reading, although there was no evidence to support that it was useful for predicting 

dyslexia status or score, as measured by the DEST or DST. It could be that this 

relationship between reflex and reading is a result of these children’s general 

development or ability. For example, those who are less intelligent may be both less 

likely to pick up reading easily and less likely to sustain the slow and careful 

movements involved in reflex testing or perhaps less likely to understand or attend to 

the instructions given to them. If this is the case, most tests could probably be used to 

identify such children, not least those of phonological ability. Thus, the use of evidence 

of retained reflexes as a tool for identifying those with dyslexia would be premature 

and indeed by 2004 there appeared to be a little more caution with regard to claims 

about persistent primary reflexes as causes of reading difficulties (McPhillips and 

Sheehy, 2004, p.3I7).

It is important also to note that this study shows that the Schilder tests generally 

failed to predict reading status, and the direction of the relationship in the logistic 

regression analysis was opposite to that suggested by McPhillips et al. This does not 

lend any support to their claims, therefore, particularly when combined with studies by 

those such as Hellebrandl et al. (1962) who claimed to find evidence of the ATNR in 

normal children and adults when tested in the quadruped position. Parr et al. (1974) 

also claimed that the ATNR was normal in children between the ages of 3 and 9 years. 

It has to be concluded, therefore, that the evidence for dyslexics’ problems resulting 

from retained reflexes is at best inconsistent and is certainly inconclusive.

Balance was useful in predicting dyslexia status, as measured by the DEST / DST; this 

relationship suggests that as balance ability worsened, dyslexia was more likely. There 

was also a significant, negative relationship between balance and reading which is not 

in accordance with the literature. This suggested that as balance scores improved, 

reading scores worsened. This is a difficult finding to explain. It is possible to envisage, 

however, that certain temperaments might lead to differing pursuits amongst children. 

For example, those who engage in more active pursuits may put themselves in a 

position whereby they are regularly practising balance-type skills at the expense of 

reading related skills, where-as those who have other pass-times such as reading, 

watching television or playing cognitive games might be improving their reading, 

attention and symbol representation, but not their balance skills.
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Fine-m otor skills did have a positive relationship with dyslexia status (when this was 

expanded to include mild cases). A lthough this m easure also showed predictive 

efficacy for reading, the relationships were negative for both sets o f regression 

analyses, suggesting that as fine-m otor ability im proved, reading ability worsened. This 

is not in accordance with the literature and would be hard to account for theoretically.

V isual-m otor skills appeared to predict dyslexia status when the mild cases were 

included, but the relationship in both cases (i.e., when full reflex and Schilder reflexes 

were the first entry), were negative. That is, as visual-m otor scores im proved, dyslexia 

becam e m ore likely. This too is hard to account for theoretically.

A positive relationship betw een phonological ability and dyslexia score was apparent 

when dyslexia outcom e was expanded to include those at mild risk o f the condition but 

not w hen the higher risk criterion was used. As previously m entioned, phonological 

ability also show ed a positive relationship with reading, such that as phonological 

ability im proved, poor reading was less likely.

There were positive relationships betw een phonological ability and three o f the 

m easures taken o f cerebellar functioning. These three m easures were com bined to form 

an average and this too correlated positively with the phonological scores. The am ount 

o f shared variance betw een phonological ability and each o f the other four variables 

was: balance, 16%; visual-m otor, 6%; fine-m otor, 25%  and com bined, 25%. Thus, 

there is som e shared variance betw een these factors, which provides some evidence in 

support o f the m otor theory o f speech.

The issues o f predictive and treatm ent efficacy, as well as the im plications for causal 

theories, have been discussed and it can be seen from  these results that replicating 

previous findings has not been easy. A lthough there was som e evidence for 

relationships betw een dyslexia or reading status and reflex, balance or fine-m otor 

scores they did not inspire m uch confidence. Even less confidence is generated by the 

fact that not only did reflex and balance program m es have no apparent efficacy in 

reducing dyslexia risk or im proving reading scores but that those groups showed no 

better perform ance on either reflex or balance scores at session 3. The regression

278



techniques em ployed warn against generalising these findings either to o ther random  

samples or to the true population and so it cannot be concluded that such m easures 

would be o f practical use.

10.2 Implications

10.2.1 Treatments

10.2.1.1 Reynolds et al., 2003: Balance programme

Reynolds et al. report that the balance group in their study show ed significant gains 

above those o f their control group on various cognitive skills which m ight contribute to 

reading (i.e., dexterity, verbal fluency and sem antic fluency) as well as on reading 

itself. Scores on national standardised achievem ent tests show ed significant 

im provem ents in term s o f reading gain com pared to the previous year. The current 

study could not attem pt to replicate these exact findings because the sam ple was 

younger, som e had not yet started school and the country o f testing (Ireland) does not 

have annual national tests. How ever, an attem pt to explore the effect of such a 

program m e on D EST / DST functioning was possible and this was done in a way 

which addressed m any o f the previous criticism s o f the original study (e.g., scoring was 

blind, there was a placebo control).

As previously m entioned, the scores o f those in the balance group were high 

enough to be considered seriously at risk for dyslexia and significantly higher than 

those o f the control group. Tw o explanations o f this finding are possible: the sam ple 

assigned to the balance group were particularly at risk to begin with, or the program m e 

contributed to this score. The form er o f these is unlikely due to the random  assignm ent 

o f children to groups, however, if it is the case, then the balance program m e did not 

serve to reduce the “at risk” score to a desirable level, and thus, questions should be 

raised about the clinical efficacy o f the program m e (as distinct from  its statistical 

reliability). If the latter is the case, it suggests that consideration should be given to 

abandoning such program m es out o f consideration for the harm  they could be doing. 

How ever, there is also no significant d ifference betw een the balance and the placebo- 

control group, which suggests that there is no specific positive or negative effect o f a 

program m e designed to target the cerebellum  via vestibular stim ulation.
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Alternatively, the “at risk” outcome of the balance group could be due to the 

reassignment of some children from the balance group to the control group. These 

children could have been those with the least severe difficulties, and therefore, least 

parental motivation to engage in the programme, hi this case, the balance group would 

be left with a greater ratio of more severely affected children than the control group, hi 

reality this is unlikely to be the case for several reasons. First, there was no difference 

between the reflex group or the placebo group and the control groups which would 

have been subject to similar severity and motivation mixes. Second, of the three 

programmes to be engaged in, the balance one was the least difficult to implement and 

the most fun one to do; it is more likely that parents and children would have 

abandoned the other two programmes. Third, there was no statistical difference 

between the mean DEST / DST scores of those who left the balance group compared to 

those who remained in it.

Why the balance group should be associated with such high scores remains a 

mystery. It is unlikely that the time spent on such programmes detracted from more 

relevant learning because the placebo-control was not significantly different from the 

control, nor was the reflex group and yet these children spent similar amounts of time 

redirecting their attention to complementary programmes. Is it possible that the more 

active, boisterous nature of the balance programme (e.g., running, jumping, twirling) 

somehow affected the children’s hyperactivity or concentration levels? Specific 

analyses of DEST / DST component tests was not undertaken, with the exception of 

reading, and so tasks designed to test working memory (e.g., rapid automatised naming, 

digit span) were not explored for differences across groups. However, there were no 

differences between the groups on measures of ADHD.

In their study of DDAT treatment efficacy, Reynolds et al. explored 4 different issues 

of relevance to this discussion.

1. Incidence of cerebellar /  vestibular symptoms

The tests used to predict dyslexia status were administered on first contact with the 

child. Although incidence cannot be reported upon, the fact that these tests did not 

reliably discriminate between which groups were later classed as dyslexic and 

which were not, suggests that that there are not significant differences between the 

two populations. This supports McPhillips and Sheehy’s (2004) finding that there
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was no difference betw een dyslexics and non-dyslexics on m easures o f m otor 

perform ance, which included balance tasks.

2. Effectiveness of DDAT intervention on cerebellar / vestibular symptoms

A lthough Reynolds et al. report im provem ents on various cerebellar /  vestibular 

tests (i.e., eye-tracking and balance) w ithin their experim ental group, the 

im provem ents here were not significantly greater than those o f the control group. 

The current study failed to show any significant differences betw een the balance 

group and either o f the control groups on m easures o f cerebellar tasks, including; 

fine-m otor coordination, visual-m otor coordination and m ost o f all, gross-m otor 

coordination (i.e., balance). Thus, a program m e based on balance tasks failed to 

change balance ability.

3. “Near transfer” to fundamental cognitive skills

4. “Far transfer” to literacy

hi considering (3) and (4) above, any change in perform ance on outcom e variables 

where a novel treatm ent is in use, should be judged  in light o f com parisons with a 

placebo group. This was not done by Reynolds et al; so although changes were 

evident in their study, it cannot be said with any certainty that this was due to the 

specific nature of Iheir program m e. The cunen t study did em ploy a placebo-control 

and found that on m easures o f both dyslexia generally (using the D EST or DST) 

and on the subtest m easure o f reading, there were no differences betw een the 

balance and placebo-control groups.

The response in the scientific literature as a result o f the Reynolds et al. study was 

critical (e.g.. Rack et al., 2003; Snow ling and Hulm e, 2003). Such responses focussed 

on the m ethodological and statistical shortcom ings o f the study and what these meant 

for interpretation o f findings, with a consequential concern over the m isleading 

im pression given to the public (see Snow ling and Hulm e, 2003). The current study’s 

inability to replicate findings, whilst nevertheless em ploying sounder m ethodology, 

suggests that these criticism s were justified , and there is no case for the DDAT 

program m e to claim  that cerebellar or reading changes in children are a result o f  any 

specific aspect o f their program m e.
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10.2.1.2 McPhillips et al. (2000): Reflex replication programme

The current study can offer no support for McPhillips et al.’s (2000) findings. Although 

the reflex group did not score at such high risk for dyslexia as those in the balance 

group, they did not differ significantly from those in either of the control groups 

particularly in the chi square analyses. As we have seen, the DEST / DST scores did 

reduce when only those engaging in the private versions o f  the reflex therapy were 

considered (i.e., reflex group n = 5; from .62 to .39 on the DEST / DST) and although 

there is no significant difference between these 5 children and the control group mean 

scores, the reduction itself is interesting. Although it is impossible to know what might 

happen with a larger sample, it could it be that, in this sample, the 5 children from the 

private versions of the therapy come from more motivated families. Given that the 

parents were already aware of their child’s involvement in a programme (either in 

school or privately paid for by themselves), yet they also volunteered their child for 

inclusion in a university-based study, it seems plausible that they are the ones exposing 

their children to as much intervention as possible. Thus, lowered risk scores in this 

group could be due to the intense scrutiny put on the child, or inherited / learned 

motivational skills learned from the parent or the result o f  some uncontrolled variable 

(such as private tuition or receipt of resource hours in school). It seems unlikely that 

the location of the intervention should affect outcome; advantages in one location could 

be cancelled out by disadvantages in another. For example, it could be argued that 

children are more likely to comply with their teachers’ instruction if the rest o f the class 

is conforming than they might in the home where it might be easier to ignore or reject 

parents’ request for compliance. On the other hand, it could be argued that parents are 

more able and likely to ensure that the correct movements are performed, given that 

they only have one child to monitor.

10.2.1.3 Treatment efficacy: Conclusion

One salient difference between the current study and that conducted by McPhillips et 

al. and Reynolds et al., was the age of the sample studies. The original McPhillips et al. 

study employed 8-11 year old children and the Reynolds et al. study 8-10 years olds, 

where-as the current study employed 3-7 year old children. A principal difference 

between their groups and the groups studied in this experiment was the quantity o f  their
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respective prior exposure to language. Thus, it could be argued that older children 

som ehow m ade use o f their program m e in a w ay that the younger ones could not. This 

allows the current study to conclude that treatm ent o f cerebellar sym ptom s does not 

reduce dyslexia risk in young  children, without necessarily challenging the effect it has 

on older children.

C ratty  (1974; 1979) is reserved when it com es to the effects o f m otor 

program m es in general. His research with m entally retarded children show ed changes 

in a variety o f areas after the im plem entation o f exercise program m es, but that one of 

the factors contributing to this included low er range IQ (i.e., <65). In addition, the 

kinds o f positive outcom es included such things as im proved vocational opportunities, 

im proved social interactions due to im proved “play” skills, reduction in hyperactivity 

due to a reduction o f excess m uscular tension, im proved self-control and pacing as well 

as self-concept. These are relatively m odest claim s and seldom  include rises in IQ or 

academ ic functioning.

It can only be concluded here that those either at risk o f dyslexia, or show ing 

early signs o f the disorder, are possibly better off sticking to conventional teaching 

m ethods to enhance and practise directly their literacy skills. D espite the tim e- 

consum ing nature and frustration that such m ethods m ay involve, the current findings 

suggest that these challenges will only be delayed, not avoided, if m otor-treatm ents are 

exclusively pursued. This echoes the conclusion m ade by M attson (1983) who claim ed 

that such m otor program m es deny the child proper rem ediation o f his condition.

The finding that those with AD HD were less likely to com ply w ith control o f 

their program m e m ovem ents and m ore likely to rush through them  m ay be because the 

presence o f their A D H D  prevented them  from  adequately attending to and 

concentrating on what they were supposed to be doing. This is a finding which m akes 

sense intuitively. How ever, it does not seem to have been a consideration o f those 

organisations who offer m otor program m es to such children. It w ould appear from  this 

evidence how ever, that the reflex is a poor choice o f intervention for children with 

ADHD.
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10.2.2 Tests

The current study show ed that aUhough full reflex scores could not be used to predict 

dyslexia status / scores, they could be used to predict reading ability. A lthough this 

might initially seem  to support M cPhillips and Sheehy’s (2004) findings, the Schilder 

ATNR score, when taken in isolation, had a relationship in the opposite direction to 

that suggested by M cPhillips et al. (2000). This supports the conclusion o f M cEvoy 

(2002) failed to support M cPhillips et a l.’s (2000) finding that the Schilder A TN R test 

could be used to discrim inate betw een dyslexic and non-dyslexic sam ples and also 

reported a w eak inverse relationship betw een ATNR and dyslexia. As the Schilder 

ATNR could not discrim inate betw een the dyslexic and non-dyslexic groups in the 

current study, it appears that the suggestion m ade som e tim e ago by Parm enter (1975) 

that such reflexes are present in all children, not ju st those with learning difficulties, is 

possibly supported.

Furtherm ore, the current study showed that although there was a significant 

correlation betw een the Schilder ATNR score and the “other” reflex tests (i.e., STNR, 

TLR, M oro), the am ount of shared variance that the Schilder ATNR had with the 

STN R, TLR & M oro was only about 6%. This adds weight to another o f M cEvoy’s 

(2002) findings which found that the Schilder ATNR and the Ayres ATNR were not 

significantly correlated with each other. Crutchfield and Barnes (1993, p. 166) clearly 

state that one retained reflex cannot prom ote or retard developm ent and is unlikely to 

act as a good predictor o f anything by itself. For this reason a cluster o f reflexes must 

always be m easured. Given the small am ount o f variance shared by the Schilder ATNR 

and other reflexes, cautious inteipretation should be em ployed where one test is used to 

m ake gross interpretations about group characteristics or group change over time.

There are m any different organisations (A ppendix 2) and professions (e.g., 

teachers, psychologists, physiotherapists, physical therapists, occupational therapists, 

paediatricians) using such testing m ethods, particularly retained reflexes, and it is not 

know n how consistently  m ovem ents are m easured across such a variety o f users. The 

possibility  o f interpersonal and inter-agency differences em erging over tim e is quite 

likely given the observation o f reflex elicitation differences betw een som e of these 

groups as well as problem s observed with some o f the tests (see “Lim itations” for a 

further discussion o f this).
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10.2.3 Theoretical implications

10.2.3.1 Neuro-maturational theory

Both Reynolds et al. (2003) and McPhillips et al. (2000) claimed that their respective 

programm es were effective in improving balance or reducing retained reflexes 

(depending on the movement programme used) in the experimental groups. In the 

form er study they refer to the improvement in cerebellar / vestibular symptoms, as 

measured by posturography^"^ and electronystagmography^^ and in the latter study they 

refer to the improvement in the high prevalence of persistent ATNR. Neither finding 

was supported when the current study explored the treatment efficacy of each 

programm e on a variety of outcomes, including cerebellar / vestibular symptoms, as 

measured by fine-motor, visual-motor, gross-motor (i.e., balance) and even reflex 

scores. Either the programme may have worked in terms of “targeting the cerebellum” 

and the tests did not pick it up, or the tests did measure cerebellar functioning and there 

w as no change. W hichever the case, it appears that either the treatment or the tests did 

not perform the function they were supposed to. This has quite profound implications 

for the “Neuro-maturational theory” which sparked off this line of research (e.g., 

Gesell, 1938; Delacato, 1959, 1966; Blythe and McGlown, 1979). The ideas have not 

stood up to scientific scrutiny in the past (e.g., Zigler and Seitz, 1975; Robbins, 1966a, 

1966b; O ’Donnell and Eisenson, 1969; Jackson and Dando, 1976; Sparrow and Zigler, 

1978; Fagan et al., 1988) and this study fails to provide any support for them now. This 

provides further evidence against the neuro-maturational theory which should be re

examined in conjunction with subsequent challenging evidence such as that presented 

below.

The neuro-maturational / reflex theory of development, is based essentially on a 

hierarchical view of motor development, suggesting that hard-wired patterns determine 

the performance of movements in the form of reflexes. It has been accused of being 

overly simplistic, linear and uni-directional. A further weakness of such theories is that 

they don’t properly describe how one level of performance gradually leads to another,

As measured on tests o f  sensory organisation, motor control and (motor) adaptation. 
Sm ooth pursuit, saccade latency / accuracy, optoi<inetic flow.
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neither do they allow for the influence o f the environm ent on m otor developm ent 

(C rutchfield and Barnes, 1993).

Thelan et al. (1981) suggested that m uscles w ork together in patterns according 

to a pattern generator and particular patterns were invoked by the task at hand rather 

than sim ply being stim ulated by prenatally determ ined m uscular relationships. She 

challenged previously accepted ideas o f m otor developm ent by dem onstrating that 

m ovem ents were not necessarily or m erely a direct response to stim uli, but that infants 

could in fact engage in purposeful and spontaneous m ovem ents (e.g., leg kicking; 

Thelan and Fisher, 1983a) and that such m ovem ents were related to other factors such 

as the infant’s level o f arousal (Thelan and Fogel, 1989). Thus, the infant does have 

som e level o f control over m ovem ents, and this represents a step in the direction of 

ultim ate control. The predom inant activity o f the legs also challenged the cephalo

caudal theory o f directional developm ent because stereotypies o f the legs and feet 

begin at just 4 weeks of age, earlier than arms or torso (Thelan and Fisher, 1983b); the 

proxim o-distal theory o f developm ent was sim ilarly questioned when she observed 

torso stereotypies occurring after arm stereotypies (Thelan, 1979). Cephalo-caudal 

directional developm ent has also been dism issed by Prechtl (1986) in his ultrasound 

studies of fetal developm ent.

Thelen and Fisher (1982) also suggested that m ovem ent perform ance depended 

on m any different things, such as body mass, length, centre o f inertia etc. For exam ple, 

neuro-m aturational theory suggested that the stepping reflex disappeared a few months 

after birth. How ever, Thelen and Fisher dem onstrated that it was not elim inated at all, 

but sim ply prevented by the ch ild ’s weight when it was that m uch heavier. Lying prone 

in water or on the floor, the infant would still be able to perform  the m ovem ent. These 

factors, com bined with the constant experience o f “fitting m ovem ents to tasks” , make 

the developm ent o f m otor skills in the hum an infant an interactive process and not one 

which is form ed by one sim ple top-dow n or bottom -up process. The idea that certain 

parts o f the brain were o f dom inating im portance in term s of developm ent may also 

have been naive and sim plistic in its interpretation o f how the brain works. The dense 

interconnection o f perceptual, m otor and cognitive processes m ean that neurones can 

be activated in an alm ost infinite num ber o f ways (Thelan, 2000).
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10.2.3.2 Cerebellar Deficit Hypothesis (Nicolson et al., 2001)

As New ton (1985) points out, the neuro-m aturational theory did not attem pt to explain 

how planning, initiating or learning m ovem ents could occur. The cerebellar deficit 

hypothesis does allow  for this and is m ore focussed upon the inter-relationships of 

centres to allow for m ovem ents. M em ory o f situations, plus internal and external 

inform ation are all sent to the CNS from  the sensory receptors and are then processed 

according to a m otor goal which may be adjusted using both feed-forw ard inform ation 

(e.g., taking inform ation and sending it onw ards) and feed-backw ard inform ation (e.g., 

com paring execution to an “ ideal” m ovem ent, in order to “adjust” the m ovem ent).

The theory also incorporates the m otor theory o f speech (L iberm an and M attingly, 

1985) as an explanation for dyslexia, suggesting that a general m otor problem  would 

lead to a speech m otor deficit which would itself result in rehearsal and articulation 

problem s thereby contributing to a poor w orking m em ory and poor phonem ic 

awareness. The finding in the current study that phonological skills correlated with 

different kinds o f cerebellar tasks (i.e., fine-m otor, visual-m otor and balance tasks), 

with solid am ounts o f shared outcom e variance (up to 25% ), provide some initial 

support for the m otor theory o f speech. As previously m entioned, in order to provide 

more solid exploration of this theory, it would be useful to know w hether those infants 

who had problem s m atching aurally perceived phonetic inform ation to face / voice 

were the sam e ones who later developed dyslexic difficulties. W hether evidence of 

delayed phonological skill developm ent represents an abnorm ality in the cerebellum  is 

another m atter. Certainly the cerebellum  is involved in m otor tasks, as we have seen, 

but the lack o f consistent and clear results m akes the causal link betw een the tw o less 

strong. W hilst some support was found for a positive predictive relationship betw een 

balance skill and dyslexia outcom e (and fine-m otor skill and dyslexia outcom e), as 

m easured by the D EST / DST, a negative relationship betw een balance and reading, as 

well as fine-m otor skill and reading, confuses the issue. From  a practical point o f view, 

reading is the construct o f interest when discussing dyslexia, and so this also needs to 

be clearly accounted for in any theory or findings. To suggest that reading scores will 

im prove if balance skills w orsen is counter to the argum ent m ade by Reynolds et al. 

(2003) in their support o f the DDAT treatm ent.

It is apparent that a strong link exists betw een phonological ability and reading 

ability both from  the literature generally and from  the current study. G iven the support
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for the phonological deficit hypothesis as a descriptive theory for dyslexia, it is, 

therefore, surprising that phonological scores did not clearly identify those with 

(severe) dyslexia. This suggests that dyslexia is more than just a problem  with reading 

or a problem  with phonological decoding and that other m easures are necessary in 

order to help identify this specific group. From the current findings a causal link (as 

opposed to sim ple association) betw een m easures o f cerebellar function and risk for 

dyslexia cannot be determ ined and thus it cannot be concluded that cerebellar 

deficiencies are a necessary and sufficient explanation o f dyslexia.

In response to Fawcett and N icolson’s (1999) suggestion that it could be the more 

severe dyslexics who score poorly on cerebellar tests there was also no support. Their 

studies found consistent evidence of a correlation betw een dyslexia and poor 

perform ance on cerebellar tasks but they always used strongly dyslexic sam ples. Four 

sam ples were used to explore this in the current study: one with the higher cut-off point 

on the DEST (i.e., 0.9) to classify those who were at risk for dyslexia; one using the 

lower cut-off on the DEST (i.e., 0.6) to classify those at m ild risk o f dyslexia; one 

using reading outcom e with the cut-off set at “below average” and one using reading 

outcom e with the cu t-off set at a lower percentile (i.e., at or below the 11’*' percentile). 

These analyses did not support Fawcett and N icolson’s theory as there w'ere more 

significant individual predictors when the criteria were less stringent than when they 

were m ore so and, as we have seen, even these were inconsistent and often the 

relationship was in the opposite direction to that required to support the theory. Despite 

the m ethodological rigour em ployed by the Sheffield team , it is im portant to rem em ber 

that m ost o f their studies involved the sam e cohort o f dyslexic children, recruited in 

their early teens and follow ed for over 10 years. The existence o f sam ple exhaustion, 

sam ple com pliance or even som e behavioural anom aly w ithin this relatively small 

group m ay be possible given the difficulty in replicating the Sheffield findings. The 

current study w ould suggest one o f several things:

1. The cerebellar deficit hypothesis is not a valid explanation for dyslexia.

2. The tests used in the current study were not sensitive enough to pick up 

cerebellar abnorm ality.
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3. There cerebellar deficit hypothesis goes som e w ay tow ards explaining the 

causes o f dyslexia but is not a com plete enough theory to allow  for reliable 

identification o f dyslexics in this way.

Zeffiro  and Eden (2001) suggest that the cerebellum  m ay even be “an innocent 

bystander” . Because o f the num ber o f com plex circuits w ithin which the cerebellum  

plays a part, they suggest that it is possible for dam age to pre-cerebellar parts o f these 

circuits to m im ic cerebellar dysfunction.

10,2.3.3 Phonological Deficit Hypothesis

It has long been shown that phonological skill is a good predictor o f future 

reading ability and of dyslexia, and the idea o f a deficit in the phonem ic aw areness of 

language is not controversial. Thus, it is encouraging that, even given the lim itations of 

the current study, phonological ability com es through as a solid predictor o f dyslexia 

score and status and that its relationship with the dependent variables (be it dyslexia or 

reading) is in a theoretically consistent direction (i.e., as phonological ability improves 

the outcom e is more prom ising). This finding adds further weight to the literature 

supporting a deficit in phonological aw areness in those at risk of dyslexia and the early 

predictive use o f such tests for dyslexia (e.g., Scarborough, 1990). G iven the previously 

discussed studies which claim  to have found differences betw een speech perception 

abilities o f dyslexia “at risk” and control infants (i.e., R ichardson et al., 2003; Paavo et 

al., 2002), the possibility o f identifying, m onitoring and even rem ediating at risk 

children as early as 6 m onths old presents an exciting and w orthy line o f research..

10.2.3.4 ADHD literature

Given previous research claim ing that it is AD HD , and not dyslexia, which accounts 

for apparent m otor (or cerebellar) differences betw een dyslexic and norm al samples, 

those w ith A D H D  and dyslexia were analysed”^ .̂ The lack o f support for any treatm ent 

efficacy am ongst these groups under either condition (i.e., the full sam ple or the 

program m e-com pliant sam ple) as well as the lack o f evidence for m otor / cerebellar

It w as not p o ss ib le  to iso late  "pure A D H D " ch ildren  b ecau se  the sam p les w ou ld  have been  too  sm all,
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tests to predict tliose at risk o f AD HD does not lend support to either the suggestion 

that cerebellar deficiencies are a m arker o f AD HD or that balance and reflex-based 

program m es are useful for reducing risk o f AD HD com pared to control and placebo- 

controlled groups. Thus, although the tests used were not exactly the same, the claims 

m ade by D enckla et al. (1985) and R aberger and W im m er (2003) o f the use o f balance 

and other m otor tests to identify those with AD HD was not supported. The findings 

neither lend support to the m any centres offering relief from  vaguely defined and 

general “neuro-developm ental d isorders” by prescribing such program m es (Appendix 

2 ).

10.2.3.5 Definition of dyslexia

The theory o f retained reflex im portance and poor balance skills presented an exciting 

possibility for a behavioural test for dyslexia which m ight discrim inate between 

dyslexic children o f low IQ and general poor readers o f low IQ. How ever, although the 

m easures used in the current study claim ed to target causal^^ aspects o f dyslexia (i.e., 

ch ildren’s cerebellar functioning) they were unable to discrim inate between dyslexics 

and non-dyslexics. If they cannot do this then their theoretical status is seriously 

challenged and it m eans that we are not ready to abandon the socially-constructed 

discrepancy lead definition o f dyslexia which is part based on IQ and attainm ent 

scores.

10.3 Limitations 

10.3.1 Sample size

A lthough som e o f the initial sam ples may have met the recom m ended size for 

statistical pow er (i.e., where the fullest sam ple possible was used), subsequent rem oval 

o f certain participants m eant that the initial sam ples were reduced in size. It is possible 

therefore that there were group differences which could not be detected and this can 

only be ascertained by replicating the work using larger samples.

Rather than sym ptom s o f  dyslexia.
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For exam ple, the dyslexia score o f those in the “private” reflex group was just 

.39 when this group was isolated (n = 5). This is a very low score, well below  a “mild 

risk” level o f dyslexia, and certainly well below  the high risk levels o f  .88 and .98 seen 

in the larger sam ples. This could suggest that, given a larger sam ple o f those who had 

perform ed the therapy privately, the results could have show n a significantly lower 

score for this group’s dyslexia risk and, thus, a therapeutic efficacy for reflex based 

program m es. As previously m entioned, how ever, it is possible that this selected sample 

was not the same as the rest o f the “random ” sam ple that was in their group, 

uncontrolled factors, such as fussier parents or intelligence, could be responsible for 

these differences. S im ilarly, with the A D H D  sam ple, it could be that differences failed 

to be detected because o f the reduced sam ple size w hen these children were selected for 

analysis.

For this reason, p levels which approached significance were noted across the 

analyses (e.g., p = 0.086, p = 0.07, p = 0.06, p = 0.065, p = 0.058 -  see em boldened 

values in A ppendix 24) and given consideration. It can be seen in A ppendix 25 that 

some of the analyses o f the “full sam ple” show ed probability levels o f 0.01; however, 

the corresponding analyses o f the “m inim um  days sam ple” (which was consequently a 

sm aller sam ple) had probability levels w hich rose to 0.05, suggesting that loss of 

participants m ay have m ade it m ore difficult to detect differences.

10.3.2 Test items

Sam ple size also lim ited the pow er of the analyses such that individual tests could not 

be used to explore their predictive validity (w ith the exception o f the Schilder test 

w here relevant). For exam ple, although we know  that the phonological variable was a 

good predictor, we do not know  w hether all the tests m aking up this variable were 

contributing to this or if one or two com ponents were responsible for the observed 

effect. This applies to all the other variables also, for exam ple, M oe-N ilssen et al. 

(2003) suggested that dyslexics did significantly less well on tasks o f dynam ic balance 

than did controls, and Fawcett and Nicolson (2004) that there was a discrepancy in 

static and dynam ic tasks betw een dyslexics and other poor-readers (w ith dyslexics 

doing less well than poor readers on static tasks and poor-readers doing less well than
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dyslexics on static tasks). In retrospect, it is questioned w hether it m ay have been worth 

d ividing balance tasks into their two types; static and dynam ic in order to investigate 

w hether one had any better predictive efficacy over the other. Thus, although there is 

som e support for the m odel’s utility in predicting both reading outcom e and correct 

classification, it is difficult to know  w hether to attribute this to individual subtests or 

the com bination on which the m easures were based.

10.3.3 Sample slippage

In order to avoid continuous sam ple slippage, those parents who w anted to contribute 

som ething to the study, but found the program m es too arduous (for whatever reason), 

were m oved into the control group. It was possible that these children consisted of 

those w ith few er problem s or less risk of dyslexia which affected their paren t’s 

m otivation for continuing, or indeed starting, the program m e. Had this been the case it 

w ould explain why the higher risk children rem ained in the balance group, although it 

does not account for why the reflex and placebo groups were no different from  the 

control group seeing as they were subject to sim ilar slippage. However, although the 

m ean DEST / DST score for those children who transferred to the control group was 

slightly low er than the m ean for the other participants originally allocated to that group, 

they w ere not significantly different.

10.3.4 Pre-post measures

One of the m ost regrettable, but unavoidable, features o f the study design was the lack 

o f availability  o f a pre-test m easure against which to judge G roup x Tim e change on 

dyslexia risk status. The age range o f the children did not allow  for use o f the D EST / 

DST at the outset and it is unlikely that the children w ould have been able to w ithstand 

assessm ent sessions o f the required length anyw ay at their initial, younger ages. This 

m akes interpretation o f the balance and reflex group DEST / DST scores difficult 

because, although random  assignm ent should have m eant that both groups were 

initially equally at risk for dyslexia, it is im possible to know  for certain  whether or not 

this was the case.
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10.3.5 Compliance

Program m e and study com pliance is a m ajor factor in a study such as this, even 

considering that the parent participants were volunteers and should have been highly 

m otivated as a result o f their dyslexic backgrounds. M any recruited fam ilies withdrew 

entirely. In all, 42 o f the original fam ilies (i.e., 23.6%  - alm ost a quarter - o f  the 

original sam ple) withdrew. Several others never began, or abandoned, their program m e 

early on, necessitating a m ove to the control group, as happened with a further 21 of 

the fam ilies (i.e., 11.8% of the original sam ple). O f those who m anaged to persist with 

their program m e, a further 18 failed to do a m inim um  num ber o f days to be considered 

appropriate (according to the m inim um  defined in Prim ary M ovem ent schools). O f the 

original sam ple o f 178 children / fam ilies, 38 were assigned to the control group, 

leaving 140 involved in program m es. Thus, o f the original sam ple, only 56% 

perform ed a m inim um  level o f the program m e.

To what extent the nature o f the program m es was responsible for interfering 

with this com m itm ent is difficult to quantify. Parents reported that finding 10 m inutes 

each day in a busy fam ily routine was stressful, especially where there were other 

children to consider and especially if one o f these (older) siblings was dyslexic, 

because any spare tim e was usually devoted to them. O thers felt that the degree of 

concentration and control necessary for the program m e was beyond the abilities of 

such young children. Som e parents, or care-takers, felt that the program m e w ould not 

have any real benefit and this may have affected m otivation or quality of perform ance. 

How ever, it is possible, if not probable, that the poor level o f com m itm ent is a 

reflection o f what would happen in the true population, because the sam e levels of 

parental attention and child concentration are needed for all o f  these program m es 

(although the expense of them  norm ally m ight increase m otivation som ew hat). It 

would be interesting to know  also w hether these findings com pare with com pliance 

levels generally, regardless o f the nature o f the program m e tasks.

Despite any inherent difficulties in the delivery o f the program m es, there m ay 

have been ways to avoid them  had m ore m anpow er and funding been available. 

A lthough each parent had access to the private m obile num bers o f the researchers 

should queries arise, and an attem pt was m ade in the sum m er o f 2004 to contact all 

parents regarding their ch ild ’s progress, it w ould have been ideal to contact each parent 

on a m onthly or bi-m onthly basis to m aintain contact and encourage participation and
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m otivation. A lternatively, creating a website for parents to post questions, or 

encouraging them  to use e-m ail, both which could be dealt with on a daily basis, may 

have helped com pliance.

Som e parents did not have a video-recorder in the house, but did have a DVD 

player. A lthough m ost o f these m anaged to view the video elsew here, periodic 

review ing m ay have been difficult, and so for these, it would have been preferable to 

have had DVDs of the exercises.

It would have been valuable also to regularly change the task so that children 

did not get bored and w ere constantly stim ulated by the program m e. Som e attem pt was 

m ade to do this but it is arguable that there was still a lot o f repetition in the 

program m es. Perhaps with m ore m an-pow er to design different program m es this too 

could have been less o f an issue. Ideally the program m es would all have been 

specifically tailored to suit the developing needs o f the child; this would also have 

com bated the problem  of repetition in each program m e.

The stories which accom panied the m ovem ents were designed for pre- and 

early- school children and involved anim als, giants and magic. Som e of the children 

had reached the age o f 7 years, and a couple 8 years by the end o f the study and it could 

be that these stories were too young for them . A lternatively, som e of the stories 

designed around the “M other and Son T ales” may have been too difficult to engage the 

younger child. Parents were told that the stories were there to help the children in the 

initial stages and that, provided they continued to do the same exercises, in the same 

order correctly, they were w elcom e to change the stories to suit the child or elim inate 

them  if need be. Perhaps this should have been m ade clearer before the children began 

the program m es so that parents could m anage their ch ildren’s interest better from  early 

on.

Finally, the need to do the program m e every single day m ay be expecting too 

m uch com m itm ent. Perhaps a system  which rew ards children and fam ilies for their 

hard w ork w ould keep m otivation up by allow ing a rest day once a week or even the 

w eekends off. W ith w eekends free, the fam ilies m ight link the program m e with school 

and the routine involved in going to school so that it becom es part o f the daily routine 

and they are less likely to question doing it on a daily basis. In cases where parents felt 

it was a m atter o f building in regular breaks (e.g., weekends free; “four days on, one 

o f f ’) orbandon the program m e entirely, the built in break was encouraged to retain 

num bers.
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10.3.6 Age range of participants

One o f the flaws o f the study which has subsequently come to light is the age range o f the 

participants w ho engaged in the study. This ranged from  3 to 7 years, thus spreading over 4 

years and encom passing a range o f abilities. The initial plans were to recruit those o f  4 and 5 

years, how ever, concern over sam ple size m eant that the study was opened out to older and 

younger children. W hilst we stopped recruiting 3 year olds fairly prom ptly because of the 

finding that they found it difficult to concentrate for the full testing session, the 6 year olds 

were necessary to m ake the sam ple large enough for analysis.

M ost reflexes are considered to have been integrated by the tim e the child is 6 m onths old 

and certainly by the tim e they reach toddler-hood and therefore there is little concern over 

the reflex tests em ployed here, how ever, the abilities o f such children do differ across m otor, 

fine m otor, visual and phonological tests. It w ould have been ideal to run a pilot study prior 

to testing in order to ascertain norm s for each different age group in order to allow  for 

standardised com parison o f groups at analysis.

hi the case o f the (gross) m otor tests attem pts were m ade to account for this age range. For 

exam ple, for the one leg balance, 3 and 4 years olds were perm itted to hold their arm s out at 

shoulder height to aid balance and the length o f tim e that they were expected to hold their 

balance was less than that expected of 6 year olds. This balance aid was also perm itted in the 

w alking tests o f the M ann and Heel to Toe test, in addition to which they were also allowed 

to look dow n at their feet. It was also acceptable if children under 4 did not quite walk heel 

to toe. M alina (2004) suggested that there are several periods o f brain m aturation during 

childhood; the first occurring betw een the ages o f 15 and 24 m onths, the second betw een the 

ages of 6 and 8 years and the others during adolescence. Thus, it is possible that som e within 

this study had reached a point o f brain m aturation which affected their ability to m ove more 

sm oothly than other in the study. How ever, no accom m odations w ere m ade for chidren of 

low er or h igher ages on the other tests. This m eans that for som e children (i.e., those o f 3 

years) the tests may have been too hard and for others (i.e., 6 and 7 year olds) the tests may 

have been too easy (i.e., there m ay have been both floor and ceiling effects at w ork here). 

Exam ples o f such tests is m entioned in the section on “Testing” w ithin Lim itations.

Thus, the need to standardise the tests, or recruit a narrow er age range, would be advisable 

for future studies.
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10.3.7 Reliability and validity of tests used

It is quite possible for tools to be reliable even if they are not valid and the tests used 

here are a possible example of this. Although inter-rater reliability was high, the fact 

that all testers could observe and measure the same behaviour says nothing about the 

tests’ ability to measure the construct in question (i.e., cerebellar skills). This could 

either be because the tasks do not tap cerebellar skill or because they were not sensitive 

enough for this sample (e.g., perhaps the tests were too easy or difficult for everyone, 

thereby creating ceiling or floor effects) in which case they are poor discriminators. 

Fawcett et al. (2001) claimed that standardised motor batteries do not cover the 

necessary range of cerebellar abnormalities for these kinds of samples. However, as 

discussed in chapter 7, Brookes and Stirling (2005) reported that reducing Dow and 

M oruzzi’s (1958) test battery did not reduce the test’s validity.

10.3.8 Length of assessment

All tests relied upon the motivation and alertness of the child and it is possible that the 

testing sessions were just too long. At times 1 and 2 the sessions were one hour and at 

time 3 they were one and a half hours (the additional half an hour was due to 

application of the DEST or DST). With more manpower the DEST / DST could have 

been administered later in the day or week in order to avoid putting excessive demands 

on the children. Although 8 research assistants were available over the 2.5 year period 

of testing this was still not sufficient to allow for such extended time and lab-space it 

might have required.

10.3.9 Testing

The scoring of retained reflexes raises important issues relating to validity. Whilst the 

inter-rater reliability proved to be highly acceptable in this study, there were a couple 

of issues with M cPhillips’s scoring method which generated concern about 

measurement differences. For example, with the ATNR (Ayres, i.e., quadrupedal 

position), the theoretical literature would suggest a bend in the contralateral or opposite

Taken from his training course. Dublin 2002.
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arm. H ow ever, M cPhillips’s m ethod instructed scoring to be directed at the hom olateral 

arm which seem s contradictory. In addition, Pacella and Barrera (1940) found that an 

ATNR (supine version) response will often suppress the grasp reflex on the side to 

which the head is turned but reinforce it on the occipital side, such that a m ovem ent in 

the fingers will be evident on the opposite side. M cPhillips’s scoring m ethod, however, 

instructed observation and recording o f finger m ovem ent on the side to w hich the head 

was turned, thereby m onitoring som ething quite different from  what Pacella and 

Barrera w ould advise. Scoring, therefore, may have failed to detect som e subtle signs 

of this reflex, thereby rendering an inaccurate representation o f reflex retention and 

inaccurate interpretation about its utility. O ther aspects o f M cPhillips’s scoring m ethod 

are also questioned. For exam ple, the fact that he m easured m ost tests out o f just 5 

renders the issue o f w hether or not this provided a sufficiently  large scale to detect 

change. A lso, there is the question o f w hether som e o f the tests were in fact too 

difficult for the younger children in the current age group. M cPhillips m ade use of 

some balance tests which required both eyes open and eyes closed. Although 

accom m odations were made for younger children on som e tests, the M ann Test and 

Finger to Nose Test, which required testing o f eyes closed as well as open, was 

adm inistered to all children. ll is felt that this should have been om itted for children 

under the age o f 5 years. These three exam ples dem onstrate a serious problem : that is, 

although the sam e tests m ay apparently be in use across studies and agencies, if the 

exam iners are w atching for and m easuring different responses, then there can be no 

consistency (i.e., reliability) across the groups, and if there is no reliability, then there 

can be no validity. O ther exam ples of tests which m ay have been too difficult for the 

younger children are som e o f the fine-m otor tests, such as the F inger to Thum b test. 

This is included in the Paediatric Early Elem entary E xam ination (PEEX  2), however, 

this is norm ed for children betw een the ages o f 6-9 years. Age appropriate tests for 

younger children can be found in the Paediatric Extended E xam ination at Three (PEET 

at age 3) or the Paediatric Exam ination o f Educational Readiness: Ages 4-6 years 

(PEER) (Levine).

D espite am biguities about what actually constitutes evidence o f particular 

retained reflexes, m easurem ent error could be reduced by using an objective, electronic 

device to detect m ovem ent and the extent o f that m ovem ent (see “Future W ork”).
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There is also the possibility for concern over the time devoted to obtaining evidence for 

retained reflexes. A study which tested for the ATNR on normal newborns found that 

only 60% demonstrated signs of the reflex, and furthermore, the chances of observing 

the reflex on one trial was 3 / 1 6  (Vassella and Karlsson, 1962). Pothier et al. (1983) 

suggested testing each reflex a number of times (up to 5). Thus, it maybe questioned 

whether each reflex was tested for thoroughly enough in the current study (two samples 

were taken for each reflex, with eyes open and eyes closed) following the protocol 

designed by McPhillips.

Finally, despite the fact that Brookes and Stirling (2005) did not find any correlation 

between tests o f  hypotonia (i.e., a state of reduced muscle tension) and reading or 

reading sub-skills (e.g., picture arrangement), Fawcett and Nicolson (2001) suggest that 

it is a good test for cerebellar dysfunction in dyslexic children, given that dyslexics 

scored particularly poorly on tests linked to the lateral parts of the posterior lobe and 

that hypotonia is a core cerebellar deficit linked to this specific area. In retrospect it 

may have been disadvantageous to omit this particular test and future work would be 

strongly advised to include it.

10.3.9.1 Other tests

Although care was taken to use motor reflex tests which had reliable discriminating 

power, Crutchfield and Barnes (1993, pps.274 & 424) voice concern over some 

com m only used tests for postural control of which the Romberg is one (Nashner, 

1990). Furthermore, Crutchfield and Barnes also claim that visual observation, as a 

method of evaluating a vestibular-ocular reflex (VOR) (as used in this study) is often 

inaccurate. They go on to suggest that VOR is independent of the vestibulospinal 

contribution to postural control anyway, citing a study by Florak et al. (1988) which 

failed to confirm a relationship between VOR functioning and motor deficiencies. The 

same conclusion was supported by Shum way-Cook et al. (1987) who found no 

relationship between VOR scores and postural balance tests in learning-disabled 

children; in fact, although these children did show deficits in balance, they were normal 

on their VOR tests.
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Cratty (1979) states that the “heel-to-toe” stand is seldom  seen in children 

before m iddle childhood, and in evaluating the finger to thum b test, deQ uiros and 

Schrager (1978) suggest observing the opposite hand for contractions or m ovem ents as 

this m ay indicate that the child has not yet achieved “ laterality” . This opposite-hand 

observation was not m ade in the present study but, in retrospect, perhaps it w ould have 

been inform ative to have included it.

B laiklock (2004) show ed that children were unable to perform  phonem e 

deletion tasks until they developed w ord-reading skills. Thus, this task m ay not have 

been appropriate for children w ho had not yet had sufficient tim e in school to leam  to 

read.This query m ay also apply to the N on-W ord Repetition test.

10.3.9.2 Tests - conclusion

Thus, in conclusion, some tests used in this study, particularly the fine m otor 

coordination and visual-m otor tests, m ay not have been specific enough or m ay have 

involved too much subjectivity in scoring. These, incidentally, were not subject to any 

assessm ent concerning their inter-rater reliability in the way that the reflex and balance 

tests were.

Im portantly, soft sign tests for cerebellar functioning, as used by Dow and 

M oruzzi (1958), Faw cett et al. (1996) and others, are only an indirect m easure of 

cerebellar functioning, so failure to find any correlation betw een soft sign test scores 

and perform ance on the DEST may have been due to the lack o f sensitivity o f these 

tests. Furtherm ore, confining the num ber o f tests used (com pared to Dow and M oruzzi) 

was necessary for tim e purposes but this m ay also have had som e effect on the validity 

o f the test battery to identify those with cerebellar im pairm ent (despite Brookes and 

Stirling’s (2005) claim  that a reduction in test items did not prejudice the validity o f the 

battery when reduced from  14 to 8 tests). Finally, although Brookes and Stirling did 

find a significant correlation betw een tests o f cerebellar functioning and reading, only 

som e o f the tests o f cerebellar functioning they em ployed contributed to that 

correlation. It could be that a different selection o f cerebellar tests was used here. 

A ccording to Topka and M assaquoi (2002) only a small num ber o f specific clinical 

signs m ay be view ed as being indicative o f cerebellar dysfunction. Perhaps a m ore 

formal set o f tests should have been used (e.g., the International C ooperative A taxia 

Rating Scale (ICA RS)) for a quantified scale o f cerebellar ataxic signs (see Trouillas et
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al., 1997). The im portance o f using a sufficiently broad battery o f tests was 

dem onstrated in a study by Kish et al. (1988) whose patient sam ple showed no 

abnorm al responses on the M ini-M ental Status Exam ination (which is a sim ple mental 

test) despite having olivo-ponto-cerebellar atrophies. It took a fuller, more 

com prehensive testing battery to elicit subtle deficits across a broad range of skills, 

including, verbal, non-verbal, m em ory and frontal system  function (Leiner et al., 1989).

10.3.10 IQ

It was not possible to adm inister IQ tests to the children involved in the study given t 

already extended testing tim e necessary. A full IQ test would have taken upwards o f an he 

and although subtests m ay have been used in lieu o f a full test, it was hoped that randc 

allocation to groups w ould control for differences betw een groups. There is no way 

know ing w hether or not this was in fact the case but it is som ething w'hich should 

considered in future such work.

10.3.11 Validity of the DEST / DST

There is good evidence for the predictive validity o f the DEST (N icolson and Fawcett, 

2004) although this work has, to date, not been replicated, particularly on an Irish 

sample. The predictive validity o f the DST is not known. Using the D EST / DST, 

however, the current study identified 30-39%  of the sam ple as being at risk for dyslexia 

(depending on the cu t-off point used). This is in line with expectations from  research 

on the heritability o f dyslexia.

Nevertheless, it appears that the m otor-based interventions had no effect on 

reducing the risk o f dyslexia using this m easure, am ong this sam ple, and that m otor- 

based tests were poor predictors o f “at risk” status for dyslexia. How ever, these 

interpretations depend upon the ability o f the D EST and DST to correctly identify the 

risk level o f the child. If the DEST / DST failed to adequately identify those at risk of 

dyslexia, then there is no way o f evaluating the validity o f the predictor tests, or the 

interventions, in this study. If the DEST / DST only identified the worst of these 

children, then Fawcett and N icolson’s (1999) claim  that cerebellar tests m ight only 

predict the m ost severe cases cannot be supported.
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10.3.12Controls for comorbidity

W hilst it was possible to control for A D H D  using the C onners’ Scales, it was not 

possible to control for the potential co-m orbidity  o f D evelopm ental Coordination 

D isorder (DCD) (i.e., dyspraxia) beyond asking the parent w hether or not this had been 

diagnosed (which w as seldom  the case).

10.3.13Retrospective questionnaire

Im portant for the analyses w ere questions on the retrospective questionnaire which 

asked about tim e and quality o f effort spent on the program m e each day. However, 

responses to these questions are open to the influence o f social desirability, either 

consciously or not. This problem , o f course, is not unusual in questionnaire 

m ethodology. Conscious faking could either be due to the desire to look com pliant or 

to please the researcher. Subconscious faking could be due to a need to justify  

participation in the study to oneself and the effort o f com ing to the laboratory for three 

assessm ent sessions. Random  assignm ent should have ensured that the tendency to fake 

was evenly distributed across groups, although this does not rule out the possibility  that 

everyone m isreported and that few  engaged in the program m e properly. Ideally there 

w ould have been som e objective w ay to assess qualitative com pliance.

10.4 Future work / Recommendations 

10.4.1 Reliability of scoring

It was previously m entioned that m easurem ent error could be reduced by using an 

objective, electronic device to detect m ovem ent in the assessm ent o f m otor reflexes. 

This could utilise autom atic sensors, such as strain gauges, how ever, an alternative 

m ethod was developed and explored in parallel w ith the current study, called 

“D ysV ideo” (in conjunction with the D epartm ent o f E lectronic and Electrical 

Engineering, Trinity C ollege) and is currently  in its final stages o f com pletion. A 

com puter program m e analyses digital video-data, evaluating the precise degree of 

m ovem ent betw een initial position and m axim um  response to a stim ulus (K okaram  et 

al., 2006; Denm an et al., 2005). There is m uch potential in using such a m ethod for
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scoring movements, which could in principle apply to the more subtle movements of 

the eyes or fine-finger movements, as well, for example, as the degree of wobble 

involved in standing on one foot. However, the validity of such measurements would 

not be resolved.

Even without the use of objective methods for quantifying movements, further 

work is necessary to determine the reliability of the fine-motor and visual-motor tests 

used here. These were not subject to inter-reliability testing but in retrospect it is clear 

such testing would have been valuable. With the visual-motor tests in particular, too 

much unreliability may have been present in decision making, despite the scoring scale 

available. This particular test would possibly benefit from objective electronic 

measurement more than any other of the tests.

10.4.2 Alternative support for the CDH

The manifestations o f  inhibitory differences between dyslexics and non-dyslexics 

reported in the literature are worth exploring in order to evaluate further the cerebellar 

deficit hypothesis. Although not clearly replicated in this study, the previous evidence 

of retained primary reflexes in dyslexics suggests that they have problems with 

inhibition at the behavioural level. M cEvoy (2004) found significantly increased 

evidence of faulty inhibition following alcohol inducement (measured both 

behaviourally using retained reflex tests (Goddard, 1996) and cognitively using the XY 

response inhibition task (Garavan et al., 1999), thereby showing a causal link between 

decreased inhibition and retained reflexes. To validate the claims of McPhillips et al. 

(2000), Reynolds et al. (2003) and Goddard (1996) and link them with the cerebellar 

deficit hypothesis would require more careful and direct exploration, of not just 

behavioural measures, but also cognitive and neurobiological measures.

There is strong evidence for dyslexics’ difficulties with cognitive inhibition 

(e.g., Facoetti et al., 2003; Brosnan et al., 2002). The principal neurotransmitter 

responsible for inhibitory function in the hum an brain, and particularly the cerebellum, 

is GA BA  (Vicini, 2005). If the cerebellum is involved in neuro-developmental 

disorders, such disorders could be due to poor inhibition (e.g., A D H D  -  Nigg, 1999;
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dyslexia -  van der School et al., 2002^*^) and dyslexia, A D H D  and GA BA could all be 

linked to chrom osom e 6 (W illcutt et al., 2002; Sm ith et al., 2001; C utting et al., 1992; 

Hisama et al. 2001). Thus, it would be worth investigating the levels o f G A BA  in 

dyslexics com pared to controls (see also G rigorenko, 2003). The current research may 

fail to support the cerebellar deficit hypothesis from  a predictive test or treatm ent 

efficacy approach, but this does not necessarily negate the entire theory. It m ay sim ply 

be that it is im possible to rem ediate a poorly developed cerebellum  through m ovem ent 

exercises in the age range studied here. Psychobiological and cognitive support for the 

theory w ould add an im portant further dim ension.

For the idea o f cerebellar deficiencies to gain m ore credence it would also be useful to 

have a fuller account o f the nature of the deficiencies and how  they function (e.g., is it, 

as m entioned earlier, a disturbance of the inhibitory efferent projections from  the neo

cerebellum ?). Sim ilarly, if successful treatm ents are based on rem ediating these 

deficiencies, there is a need to describe theoretically  how  they are doing this.

10.4.3 Predictive validity of DEST / DST

The finding that there were only 30-39%  of dyslexics in our sam ple is based on the 

assum ption that the DEST / DST tests could adequately detect all o f those with (or 

would later m anifest) dyslexia. A lthough this finding was not out o f line with some 

previous heredity studies (as m entioned earlier), it was at the lower end o f what the 

literature suggests. As also previously m entioned, the predictive validity o f the DEST 

has not been replicated to-date on any other sam ple. The predictive validity o f the DST 

is not know n and needs to be further explored. In addition to providing this inform ation 

generally, it would be useful to have data relating to an Irish sam ple. It was hoped that 

a sufficient num ber o f children would have been officially  diagnosed using a full 

psycho-educational assessm ent and that these details w ould furnish us with enough 

data to conduct chi-squares in order to investigate these questions. How ever, to date

Van der S c h o o l  et al. (2 0 0 2 )  used a stop-task to measure inhibition and found that “guessers"  (i.e .,  fast,  
iniccurate readers) were m ore l ikely  than non-guessers  (i .e . ,  s lo w ,  accurate readers) to have a w eak  
asioc iat ion  be tw een  response  inhibition and inhibit ion o f  activ ity  in the central motor structures. The  
su y e c t  o f  subtypes is not the focus  o f  this work but at the very least van der Schoot  et a l .'s  work g iv es  
s o n e  support to the idea o f  inhibit ion d iff icu lt ies  in those  with sp ec i f ic  learning diff iculties.
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this has not been the case. A pproxim ately 11 children have had a full assessm ent, 10 of 

w hom  have been diagnosed as dyslexic. This does not give a large enough num ber of 

fully-assessed non-dyslexics to run a chi-square analysis. A lthough parents are 

generally aware enough of their ch ildren’s difficulties to determ ine their progress, 

som e o f the children are probably considered too young to have a full psycho- 

educational assessm ent. Those who have m ade contact w ith private or NEPS^'’ 

psychologists m ay be on waiting lists, which can be at least 6 m onths long. W e are 

hoping to m aintain contact with all parents however, and to collect as m uch o f this 

inform ation as we can, so that such results will be available w ithin a couple o f years.

10.4.4 Statistical analysis

One o f the unfortunate aspects of the current study was the small percentage o f those 

classified as “at risk” for dyslexia by the DEST / DST. Because o f its dependence on 

m eans analysis, in theory, use of a M A N O V A  may be a relatively weak m easure of 

treatm ent efficacy com pared to a chi-square analysis in future such studies. This 

appears not to have presented too much of a problem  here because there were no 

analyses in which the M A N O V A  failed to detect a difference that was already detected 

by the chi-square. N evertheless, in order to avoid such concerns in future work it would 

be necessary to m ake as m uch effort as possible to capture a larger proportion of 

dyslexic individuals in the sample. An attem pt was m ade to do this here by initially 

recruiting only males (or girls who were already show ing difficulties in school), by 

ensuring that there was an im m ediate fam ily history o f the d isorder and by enquiring 

about co-m orbid disorders or m edical problem s which m ight explain any dyslexic-type 

difficulties (e.g., poor eye-sight, poor hearing). The use o f pre-tests to determ ine risk 

level (see below ) m ay also be em ployed or the use o f a slightly older sam ple (i.e., early 

school years) rather than pre-school years so that the teacher can give an indication of 

how  the child is perform ing relative to the class.

™ NEPS: “National Educational Psychological Service”, run by the Irish governm ent's Department o f  
Education and Science.
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10.4.5 Pre-post measures

The present study com pared four random ly-assigned groups on one m ain outcom e 

variable; a m ore definite way than this o f m easuring change over tim e and the effects 

o f interventions is to em ploy a pre-post design. A lthough this was done in the present 

study in the case o f m otor-tests it could not be done using the dyslexia m easures for 

reasons already outlined. Perhaps another such study could still recruit young children 

but ensure the low er cu t-off age was 4.5 years so that the DEST could be adm inistered 

at the start o f  the study. This could be adm inistered on a separate day to elicit a reliable 

assessm ent o f the child although this w'ould create logistic difficulties in term s o f m an

pow er and tim e. A lternatively, there is now available a younger version o f the DEST 

called the Pre-school Early Screening Test (PREST) designed for children aged 3 

years, 6 m onths to 4 years, 5 m onths (Fawcett, N icolson and Lee, 2001).

10.4.6 ADHD theory

A lthough using the ADHD m easurem ent taken from  the C onners’ A D H D  scale did not 

replicate the results o f previous studies claim ing AD HD was responsible for the m otor 

abnorm alities seen in dyslexics, the C onners’ scale yields several other m easures, 

including O ppositional Behaviour and Hyperactivity. Future research m ight subject 

these dim ensions to outcom e analysis in the evaluation o f these earlier claim s.

10.5 Conclusions

M ethods of early identification and intervention are beneficial and w elcom e but the 

form er m ust be reliable and valid and the latter m ust show clinical efficacy and 

effectiveness. M any have advocated the need for m ore rigorous and independent 

studies o f m ovem ent-based exercises in am eliorating specific difficulties such as 

dyslexia (e.g., W hiteley and Pope, 2003) and this present study attem pted to do just 

that. In response to the Reynolds et al. article. Peer (2003) w ondered why we hear 

nothing from  those who claim  such program m es do not w ork (p. 124). Satisfying the 

stringent “gold-standard”^' m ethodology that validates claim s o f treatm ent-efficacy and

D o u b le -b lin d ,  p lacebo-contro lled ,  random ly ass igned.
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applying it to a longer time-frame takes years of careful preparation, wide recruitment 

and patient co-operation with, and from, the public. However, we are now in a position 

to let our findings be heard.

Although there are limitations to the current study, I do not believe they are 

sufficient to undermine its validity. Given the ability o f  the phonological variable to 

predict dyslexia score and dyslexia status in many of the analyses, the study cannot be 

easily criticised on the grounds of sample selection or size. If the other variables had 

the degree o f  predictive ability that the phonological tests had, this should have been 

evident. Although there was some small support for previous findings of group 

differences on motor variables, these were either inconsistent or difficult to interpret. 

Such findings suggest that motor tests are best avoided as a means of identifying those 

at risk of specific reading problems. It seems that although the present, formal method 

of diagnosing dyslexia (which does not rely on motor tests) may be less than ideal, it 

may, nevertheless, be the best system currently available. The present investigation of 

cerebellar-based tests for identifying dyslexia, judged on the basis of predictive 

validity, would suggest that the adoption of this criterion, as currently practiced, may at 

best lack sensitivity and at worst be completely inaccurate. The approach of identifying 

deficiencies in requisite skills by comparison with expected skills on the basis of IQ, 

would seem to be the less foolhardy approach o f  the two, and one which, given its 

standardisation, is worth defending.

Compared to the (test) predictive efficacy analyses, there was even less support for 

the claim that interventions based on (1) inhibiting persistent reflexes or (2) targeting 

the cerebellum through vestibular stimulation, were useful in reducing dyslexic 

symptoms. Looking again at Figure II it is easy to trace the origin of motor 

intervention programmes. They all link back to the same set o f people whose claims 

were either not scientifically tested by them or whose programmes were criticised by 

more rigorous investigation. Although such programmes took a back seat for several 

decades they have now resurfaced albeit with different names. It is necessary to remind 

ourselves of previous findings and to re-investigate the claims using contemporary 

target samples. There were two main questions raised by Kavale and Mattson (1983) 

with regard to treatment research: (I)  Does it work and (2) Does it cause undue harm, 

either financially, emotionally or by removing child from a better suited learning 

environment? In response to the first question, the weaknesses of the current study are 

acknowledged, however, the design of the study was sound and the sample size deemed
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adequate, and on this basis it is feU that the claims of such treatments should be 

cautiously considered in light of the weak support generated here. The answer to the 

second question depends in part on what the client’s feelings are in response to having 

engaged with a programme. However, given programme cost, parents, teachers and 

concerned adults would be advised to consider carefully the results of this study before 

committing themselves to them emotionally, financially or temporally as such time and 

money could be spent on some more useful pursuit of academic improvement

Despite the fact that the cerebellar deficit hypothesis was not overwhelmingly 

supported in this study, it should not be rejected out right. The theory has notable 

strengths in furthering our understanding of dyslexia. The descriptive model (Figure 8) 

accounts or allows for different levels of impairment, from the genetic, to the 

neurobiological, cognitive and behavioural, thereby fitting Frith’s three level 

framework (Figure 2). h incorporates the phonological deficit hypothesis, the temporal 

processing deficit hypothesis and allows for the magnocellular hypothesis. It also fits 

nicely with the inclusive definition of dyslexia used by the Dyslexia Institute (see 

hitroduction). The current study casts doubt on the use of soft-sign tests as sufficiently 

sensitive indicators of cerebellar abnormality and suggests that programmes designed 

to ameliorate this abnormality fail either because they are not targeting the cerebellum 

properly or because the cerebellum cannot be changed in this way. More precise 

(cerebellar) neurobiological research is suggested which examines the role of 

inhibition, either directly measuring relevant neurotransmitters associated with the 

cerebellum or indirectly by measuring behaviours associated with inhibition.

Rather than considering the cerebellum as a unitary functioning organ, it may 

be best to understand the cerebellum as a system, the subdivisions and functional 

compartmentalisations of which need to be properly appreciated before it will be 

possible to understand its deficiencies, and in order to design specific tests for those 

deficiencies.

A strong case can be made that future work in the exploration of developmental 

dyslexia should be multidisciplinary in nature, drawing from genetics, developmental 

embryology, endocrinology, nutrition, social studies, neuroscience, education and 

psychology. Replicative support for the cerebellar deficit hypothesis is one thing; 

explaining how, where and why deficits link to reading difficulties in quite another.
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Science is slow to develop and the discipline o f psychology is no different. The 

current work, and that on which it is based, may do nothing but lay a path in the 

direction o f truth. U ltim ately, scientific know ledge grows as old theories are falsified 

and replaced by new theories that are m ore powerful in explanatory depth  and more 

predictive over a w ider range o f phenom ena (Popper, 1963). Despite its lim itations, this 

research may help to challenge or further som e o f the em ergent claim s concerning the 

causes and treatm ent o f developm ental dyslexia.
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Dyslexia Early Years Project Balance Tests
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D yslexia  Early Years Project Balance Tests

01 -

ONE LEG BALANCE

Demonstrate the test.
Ask children to watch and listen before attempting test. 
Give 5 seconds practice.

With eyes open bend the knee and lift the foot off the ground. 
Count seconds.
Repeat for other leg.

Standardization for age groups:

3 year old: Place arms out at shoulder height to balance, lift
foot off floor in front of body.

4 year old: Place arms out at shoulder height to balance, lift
foot off floor in front of body.

5 year old: Place hands on hips, lift foot off floor in front of
body.

Scoring:

Time in seconds: Left foot

Right foot

1 Perfect rock solid -  5 seconds at 4 years, 6 seconds at 6 
years
2 Slight wobble, 20% elevation of hands
3 Sway, hands moving
4 Puts foot down within 5 seconds
5 Unable
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D yslexia Early Years Project Balance Tests

02 -  #

Mann Test (Advanced Romberg)

Demonstrate the test.
Ask children to watch and listen before attempting test.
Give 5 seconds practice.

The child is to stand heel to toe with eyes open.
Repeat for eyes closed.

Standardization for age groups:

3 year olds: Place arms out at shoulder height to balance
4-5 year olds: Hands on hips

1 Perfect rock solid (8 secs)
2 Feet wobbling
3 Sway, hands out
4 Steps out of position within 8 seconds
5 Unable

Scoring:

Eyes open 
Eyes closed

seconds
seconds
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D yslex ia  Early Years Project Balance Tests

03 -  #

TANDEM WALK

Gross Muscle Co-ordination 

Demonstrate the test.
Ask children to watch and listen before attempting test.
Give 5 practice steps.

The child is to walk heel to toe for 10 steps along a 4ft x 4 inch line.

Standardization for age groups:

Under 5: hands out and allowed to look down, not necessarily
heel to toe, forwards only.

Six year olds: place hands on hips, walk heel to toe, forwards 
and backwards.

Stop counting steps immediately a foot comes off the line.

1 Perfect 10 steps
2 Cannot do heel to toe over 5 years despite correction
3 M ajor wobble
4 Under 10 steps/unable to keep foot on line
5 Foot down on first step/unable

4 ” line without stepping off (8ft without swaying 20%).

49-54m: with hands on hips, toes touching heels walks backwards for  5 
steps without stepping off.

Scoring:

Forwards
Backwards

steps
steps
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Dyslexia Early Years Project Balance Tests

WALKING ON TIPTOE

Demonstrate the test.
Ask children to watch and listen before attempting test. 
Give 5 practice steps.

Place coloured line on floor.
Child to walk up to 10 steps on tiptoe.
Allowed to look down.
Stop counting if child comes off line or heel goes down. 
From 5 years try backwards as well.

Standardization for age groups:

3 year old:

4 year old;

5 year old:

Scoring:

Forwards
Backwards

Place arms out at shoulder height to balance. 

Place arms out at shoulder height to balance. 

Place hands on hips.

steps
steps

1 Perfect (10 steps)
2 Cannot take small steps, large steps only/shuffle backwards
3 Sway 20%
4 Unable to stay on tiptoe (less than 10 steps)
5 Foot down on first step/Unable
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D yslexia  Early Years Project Balance Tests

05 - #

SLALOM WALK 

Demonstrate the test.
Ask children to watch and hsten before attempting test.
Give 5 practice steps.

Use diagonal line on floor
Child stands to left o f line with hands on hips and lifts leg at knee and
places foot on other side o f line
Child to walk up to 10 steps
Allowed to look down
Make sure child understands instructions
Make sure testers steps are not too large
Stop counting if foot does not cross line, child overbalances
and puts foot down

Scoring:

Forwards   steps

Backwards 6+?   steps

1 Perfect (min 10 steps)
2 Slight wobble & hesitance placing foot over line
3 Body sway
4 Less than 10 steps
5 Steps on line or puts foot down immediately
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Dyslexia Early Years Project Balance Tests

06 - #

HOPPING ON THE SPOT 

Demonstrate the test.
Ask children to watch and listen before attempting test.
Give 5 practice hops.

Valid from 4 years up 
Place hands on hip 
Hop on one leg 
Score up to 10 hops 
Repeat on other leg

From 8 years: hop forward on one leg.

Scoring no of hops: left foo t_

right foot

1 Perfect 10 hops
2 Wobble on landing/moving around
3 Quick hops not gaining any height/2"‘* foot resting on hopping

leg
4 Less than 10 hops
5 Unable or not lifting hopping foot off floor
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D yslexia  Early Years Project Balance Tests

07
MARCH AND ABOUT TURN

Demonstrate first using outline square of green material 
Ask children to watch and listen before attempting test.
Give 5 practice steps.

Swinging arms first on the spot
Lifting the knees start to march on the spot
M arch around the square.

Scoring:

Observe pattern and tick box

Homolateral
Crosslateral

1 Perfect cross lateral
2 Loses crosslateral reverts to homolateral
3 Mixed cross and homolateral gait
4 Full homolateral
5 Having difficulty marching at all
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Dyslexia Early Years Project Balance Tests

08 - #

CRAWLING ON ALL FOURS

Demonstrate first.
Ask children to watch and Hsten before attempting test. 
Give 5 practice steps.

The child is to crawl along the diagonal.

W atch for:
1. homolateral/cross pattern
2. Head tlick
3. or opposite knee flick

Scoring:

Observe pattern and tick box

Homolateral
Crosslateral

1 Perfect crosslateral
2 Loses crosslateral reverts to homolateral
3 Mixed cross and hom olateral gait
4 Full homolateral
5 Cannnot manage any crawling
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Dyslexia Early Years Project Motor Tests

Demonstrate First 
Ask children to watch and listen before attempting test

Motor Control 

1. Finger-to-nose test

Description:
Eyes open
Stand with feet together
Bring elbows out to shoulder height
Bring alternate finger tips to tip of nose 10 times

Try with eyes closed.

Scoring:
1 Perfect
2 Compensating, bringing head to nose, or side of finger to nose
3 Hitting side of nose
4 Hitting face
5 Unable

Eyes open 1 2 3 4 5
Eyes closed 1 2 3 4 5

-  1 -
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D yslexia Early Years Project M otor Tests

Demonstrate First 
Ask children to watch and listen before attempting test

Motor Control 

2. Heel on Shin

Description:
Child sits on chair
The left heel is brought to rest at the top o f the 

right shin ju st below  the knee.
Push the heel down the opposite shin and push out at the end. 
Try once only.
Repeat with right heel.

Scoring:
1 Perfect
2 Heel goes to side o f leg
3 hiside o f foot goes dow n leg

5 Unable to do it.

A utistic and A spergers children will struggle with these tests -  indicating problems, 
with the cerebellum /brain stem and other balance regions o f the brain

Left
Right

2 3 5
2 3 5

Notes:

-  9 -
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Dyslexia Early Years Project M otor Tests

Demonstrate First 
Ask children to watch and listen before attempting test

Adiadochokinesia (rapid alternate movement) 

3. Fingers

DEMONSTRATE FORWARDS AND BACKWARDS

Description:
Child sits on chair
Starting with the index finger on the left hand, the child brings finger and 
thumb together once and continues with the other fingers in a rhythmic 

tapping manner, forward and back.
Tester to count at least 10 consecutive taps.
Repeat with right hand.

Scoring:

- left hand
- right hand

1 Perfect, tapping has rhythmic ripple
2 Can do it but conscious of it
3 Can do it but slow and laboured
4 C an ’t do movement with one or more fingers
5 Unable to attempt it

Notes:
Usually the difficulty is with bringing little finger and thumb together.
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Dyslexia Early Years Project Motor Tests

Demonstrate First 
Ask children to watch and listen before attempting test

Adiadochokinesia (rapid alternate movement) 

4. Rapid reversal of hands 

DEMONSTRATE SLOWLY -  THERE MUST BE A DEFINITE UP AN 
DOWN MOVEMENT OF HANDS 

Description:
Child sits on chair
Placing palms face down on knees, turn one palm up
Slowly reverse their orientation so palm up goes down and down goes up
Demonstrate and start slowly
There must be definite up/down rhythm
Child should attempt 10 rotations

Scoring:
1 Perfect, speed is fast and automatic
2 Slower rhythm
3 Really thinking about it but can do it
4 Cannot turn opposite hands
5 Unable to attempt it

Notes:

It is unusual that the child would fail on one test alone, there should be a pattern.

- 4 -
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Dyslexia Early Years Project Motor Tests

Demonstrate First 
Ask children to watch and listen before attempting test

Adiadochokinesia (rapid alternate movement)

5. Finger and Thumb (Incy Wincy) (10 rotations)

Description:
Child sits on chair 
Demonstrate slowly
Child places opposing index finger and thumb together 
Twist hands release the lower two to meet on top 
Give 5 practice goes 
Time 10 rotations 
Can break and continue

Scoring:

Time 10 rotations in _________  secs

Able 1 Unable 5

Notes:

- 5 -
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Dyslexia Early Years Project
Name

Child ID _____________________

In school

Familiar with Letterland scheme

Phonological Tests

Letter Name Knowledge

Using tiie plain lower case flashcards ask the child to randomly name the 26 letters of 
the alphabet. Hold up a card for 5 seconds asking them to name letter and then continue to 
the next letter. Place an X in the box for an error. Score correct letters out of 26.

A B C D E F G H I  J K L

M N O P Q R S T U V W X

Y Z

Total correct: 726



Dyslexia Early Years Project
Name________________________

Child ID ________________________
Phoneme Deletion Test:

The child is required to remove the first phoneme (sound in itialics) of the words 
below.
Say to the child ‘ in the w ord bus if I  take out the ‘ / h r  I am left w i th  u s ’ supplying
the answer. Continue with the demonstration stimuli.

Demonstration stimuli: ^-us s-ad /7-ie c-ow

Now say to the child ‘ in the word bear i f  I  take out the ‘ Ib l’ I  am left w ith? ...' Do not 
supply the answer.

Test stimuli: ^-ear s-it y-am Mn c-ake t-oy  c-up m-an

Total correct: _________ / 8

2



Dyslexia Early Years Project
Name_______________________

Child ID ________________
Non-Word Repetition Test:

The child is required to repeat non-words between one and four syllables in the 
following order:

1. Simple non-words:

sa Zl mo cu
le ka ru fa
te fu

___ / lO

2.
hond grail tull clird
fot nate sep bift
smip thip

___/ 10

3.
hampent bannow diller pennel
ballop sladding prindle rubid

glistow tafflest barrazon bannifer
thickery skiticult commerine dopelate

brasterer glistering trumpetine finneriser
contranponist stoppograttic penneriful loddenapish

perplisteronk empliforvent commerciate blonterstaping
woogalamic frescoveril

 /3 0
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D yslexia Early Y ears Project Reflex Tests

REFLEX TESTS

SCORING 1-4 gives description in range

5 = UNABLE due to anxiety, muscle tone, unable to stay up on all 
fours, keep arms in position etc.

1



Dyslexia Early Years Project Reflex Tests

0 9 - #

Demonstrate First
Ask children to watch and Hsten before attempting tests

ATNR: LYING DOWN

Test to each side -  eyes open and eyes closed

The tester kneels behind the subject lying on the floor. Arms placed at 45 
degrees to the body with elbows bent. Hands loosely placed palm down 
and fingers spread and with tips touching floor. The tester places hands on 
subjects head taking care not to cover ears.

• Tester turns head to the left and counts 5 seconds
• Returns head to midline for 1 second
• Tester turns head to the right and counts 5 seconds
• Repeat with eyes closed.

Scoring;

N.B. only score side of body to which head is turned

Arms:

1
2
3
4

No movement on the side to which the head is turned
Tremor
Fingers move
Hand and arm move

Feet:
1 No movement
2 No score
3 No score
4 Feet move

Left arm: eyes open
Left leg; eyes open

1 2  3 4 
1 4

Right arm: eyes open
Right leg: eyes open

1 2  3 4 
1 4



Dyslexia Early Years Project Reflex Tests

Left arm: eyes closed: 1 2  3 4
Left leg: eyes closed: 1 4

Right arm: eyes closed: 1 2  3 4
Right leg: eyes closed: 1 4

A TN R  LYIN G  D O W N
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Dyslexia Early Years Project

ATNR: AYRES TEST

Reflex Tests

10 - #

Test to each side -  eyes open and eyes closed

The tester kneels in front of the subject on the floor. The subject assumes 
table position on all fours with hands facing forward palms down, looking 
at the floor. Make sure arms are not locked or twisted. Watch for 
twisting of body in compensation. The tester places hands on subjects 
head taking care not to cover ears.

• Tester turns head to the left and counts 5 seconds
• Returns head to midline for 1 second
• Tester turns head to the right and counts 5 seconds
• Repeat with eyes closed.

Scoring:

N.B. only score side of body to which head is turned 

Arms:

1 No movement on the side to which the head is turned
2 Tremor
3 Elbow flicks -trying to keep arm straight
4 Definite bend in the arm

Left arm: 
Right arm:

Left arm: 
Right arm:

eyes open 1 2 3 4
eyes open 1 2 3 4

eyes closed: 1 2 3 4
eyes closed: 1 2 3 4

Observe for twisting of body in compensation. Let subject relax and try 
again.

ATNR: A yres

4



Dyslexia Early Years Project Reflex Tests

11 - #

STNR

The child does this themselves do not guide the head.

With the child in the table position, sideways to the camera, arms facing 
forward, ask the child to put their head down looking between the knees. 
Hold for 5 seconds.

Observe arms

1 No movement
2 Tremor in the arms
3 Flick in the arms
4 Definite bend

Then ask the child to bring the head up and look forward at the ceiling 

Observe trunk and legs

1 No movement
2 1 lurch backwards and corrects it
3 lurch backwards x 2
4 Goes backwards but does not correct it and sometimes sits on heels

Repeat for eyes closed.

Scoring:

Trunk involvement 
Arm involvement
Evidence with creeping on all fours

2 3 4 
2 3 4 
2 3 4

STNR: TABLE

5



Dyslexia Early Years Project Reflex Tests

ATNR: SCHILDERTEST

Test to each side -  eyes open and eyes closed

The tester stands behind the subject. The subject stands with feet together, 
arms held out in front at shoulder height. Hands are relaxed and palms 
down. The tester places hands on subjects head taking care not to cover 
ears.

• Tester turns head to the left and counts 5 seconds
• Returns head to midline for 1 second
• Tester turns head to the right and counts 5 seconds
• Repeat
• Rest as arms will be tired
• Repeat as above with eyes closed.

Scoring:

N.B. Only score side of body to which head is turned

Arms:

Observe does the head pull the arms in its direction
1 No movement or O-IO” in children under 5 years
2 Movement 10-25*’ in direction of head movement
3 Movement 25 -  45**
4 Arms move +45*'

Score drop (e.g. opt out of the task)
1 Drop of 0-10** in children under 5 years
2 Drop of 10-25"
3 Drop of 25-45**
4 Drop of +45**

Arm movement
To left: eyes open 1 2  3 4
To right: eyes open 1 2  3 4

ATNR

6



Dyslexia Early Years Project Reflex Tests

To left: eyes closed: 1 2  3 4
To right: eyes closed: 1 2  3 4

Drop
To left: eyes open 1 2  3 4
To right: eyes open 1 2  3 4

To left: eyes closed: 1 2  3 4
To right: eyes closed: 1 2  3 4

ATN R: Schilder

1



Dyslexia Early Years Project

TLR -  UPRIGHT TEST

Reflex Tests

13 - #

Stand behind the child in case o f loss o f balance no need to touch child. 
Talk through movement with child

Child should stand with feet together facing forward, eyes open
Child should bring head down to look at toes
Pause for 5 seconds
Bring head to midline
Take head up to look at ceiling
Pause for 5 seconds
Bring head back to midline
Repeat with eyes closed

Head down

Look for flexor movement in the legs, do knees move, also note sway:

1 No movement
2 Tremor in the knees
3 Little flicks in the knee
4 Definite bend in knees

Head back

Look for extension in the arms

1 No movement
2 Definite sway in body
3 Sway with arms
4 Loss of balance

TLR: STA N ID IN C

8



Dyslexia Early Years Project

MORO REFLEX - UPRIGHT TEST

Reflex Tests

14 - #

Do not use sudden noises this will upset child and you will loose their 
trust.

Talk through the test and then perform twice with eyes open and twice with 
eyes closed.

Stand with feet together like a tree
Keep the head in midhne
The tester places hands on the child’s waist
“the tree is going to blow gently in the wind”
Guide the child 2-3 inches forward feet remaining still 
The back to neutral
The rock child gently back on heels for 2-3 inches 
Observe when they opt out 
Do they step out -  can’t stop themselves 
Repeat with eyes closed

1 No problems with backwards and forwards
2 On backward movement arms come up
3 They go backwards but fall out of it
4 Opt out of forwards/backwards movement

Toes coming up is normal, listen for breathing on backwards movement — 
intake o f breath.

MORO: STANDING

9



Neurological Dysfunction as a significant factor in children with Dyslexia
Blythe, S.G., BDA International Conference. Dyslexia: At the Dawn of the Century, 
April 2001.

Oculo-M otor Functioning Tests:

1. Visual Tracking

Test Position: Standing with feet together, arms by the sides.

The child is instructed to follow the coloured top of a pencil with his/her eyes without 
moving the head. The pencil is held at a distance from the face equivalent to the 
distance between the end of the child’s fingertips and the elbow, three inches below 
eye level.
The tester moves the stimulus slowly from side to side for 10 movements.
Eye movements are observed for:

Scoring: once they have the flow score for stable performance

Ability to follow the movements of the pencil without anticipation 1
Jumping 2
Head movement. 3

Unable to focus on and follow pencil 5

2. Hand-Eye Tracking

Test position: Standing feet together, arms by the sides.

The procedure is the same for test no. 1 except that the child holds the pencil in his/her 
hand and is asked to move the pencil from side to side without moving the head. Let 
the child choose which hand.

Scoring: once they have the flow score for stable performance

Ability to follow the movements of the pencil without anticipation 1
Jum ping 2
Head movement 3

Unable to focus on and follow pencil 5



3. Fixation with Eves

Test Position: Standing with feet together, arms by the sides.

The child is instructed to fixate on the coloured top of a pencil with his/her eyes, and 
instructed to hold that fixation while moving the head from side to side 10 times. The 
pencil is held at a distance from the face equivalent to the distance between the end of 
the child’s fingertips and the elbow, three inches below eye level. When the movement 
is stable the eyes are observed for any deviation from the fixation points the head 
moves -  ocular-reflex.

The child is instructed to focus on the coloured point of the non-writing end of a 
coloured pencil held at eye level at a distance of arm ’s length from the face and is 
instructed to follow the coloured dot as it is moved towards the subject until the eyes 
converge.

The child is then asked to say, “stop” when the image begins to blur/or they feel a 
strain on the eyes. The pencil is then moved away and the child was asked to say, 
“stop” when the coloured end becomes clear again. The distance between the point 
going out of focus and returning to focus again is measured. If the distance exceeds 6 
to 8 centimetres, re-establishment of binocular vision is slow.

Maintains fixation point Yes 1

No 5

4. Near Point Convergence and Re-establishment of Binocular Vision

cms

Convergence OK 1

Convergence Slow 4

2



APPENDIX 2

Relevant centres currently selling movement-based therapies for people with neuro- 
developmental disorders;

Neuro-Developmental Therapy (Ireland): NDT.

Brain Gym

The Handle Institute

The Miriam Bender Achievement Centre 

Jean Ayres’s Sensory Integration 

The Bobath Approach 

SMART (Lyelle Palmer)

BIRD (David McGlown)

NDT: (Neuro-Developmental Therapy -  Ireland):

The sole affiliate of INPP-Chester. It offers reflex-based exercised to treat Dyslexia, 

Dyspraxia, Attention Deficit Disorder (ADD), Attention Deficit Hyperactivity Disorder 

(ADHD), Co-ordination difficulties, DAMP, DCD & immature behaviour. 

www.ndt-ireland.com

Brain Gym:

Based in Ventura, California, Brain Gym aims to use the “science of movement” to 

improve learning. It uses what it calls “Educational Kinesiology” which is the study 

and application of posture and movement, to enhance, among other things, academic 

achievement. 

www.braingvm.org

The Handle Institute:

An exercise programme, based in the Seattle, W ashington, which offers to 

treat Learning Disability (i.e. Dyslexia, Dyscalculia, Dysgraphia and other SLDs), 

ADHD, Autism, Visual-perceptual-motor Dysfunction, Behaviour Disorders (e.g. 

Oppositional Behaviours, Bi-polar Disorder), Apraxia / Dyspraxia, Memory and 

Organisational Disorders, Aphasia and Language Disorders, and Tourette’s Syndrome. 

wvvw.handle.org



The M iriam  Bender A chievem ent Centre:

Based in hidianapolis, Indiana, this is an STNR inhibiting program m e which 

claim s to treat A D H D  behaviours. 

vywyv. stoppingadhd.com

Jean A yres’s Sensory Integration:

Based in Torrance, California, the Ayres Clinic was founded by Jean Ayres to treat 

those with Sensory Integration Disorders (historically learning disorders). 

h ttps://m m m l 106.verio-w eb.com /sensor/index.htm

The Bobath Approach:

This therapy began in the 1940s and initially aim ed to suppress reflexes in people with 

Cerebral Palsy by increasing postural tone. It is based in London. 

http://w w w .bobath.org.uk/

SM ART (Lyelle Palmer):

Also know n as “ Boost U p” , this is run by Dr. Lyelle Palm er from M inneapolis, 

M innesota. SM ART stands for “ Stim ulating M aturity through A ccelarated Readiness 

Training” . By using visual, auditory, vestibular and kinaesthetic inputs it claim s to 

build the underlying readiness o f students for school-based learning. This is designed 

to be used by all students in the education system. 

w w w .actg.com

BIRD: Brain Injury R ehabilitation and D evelopm ent (David M cGlown):

This charity was founded in 1982, near Chester in England and is designed to offer 

treatm ent to those o f all ages suffering from brain injury or learning difficuhies. Using 

a “unique” m ethod, know n as “D evelopm ental Reflexive R ehabilitation” , this 

program m e also aims to inhibit prim itive reflexes which have either not developed 

properly or have been re-released due to brain injury. They offer help to those with 

Dyslexia, D yspraxia, AD D, AD HD , A sperger’s, 

http://w w w .b-i-r-d.org.uk/index.htm
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Dear Parent/Guardian,

Thank you fo r agreeing to allow your child take part in 
the Dyslexia Early Years Project.

This manual is to help guide you in the movement 
programme you will be doing with your child over the  
course of the next year. The video-tape illustrates each 
of the movements described in the manual. I t  would be 
useful to look at the video f irs t  to get an idea of the  
movements.

W e would like your child to spend 10 minutes each day 
doing some movements. I t  may be useful to build them  
into your daily routine, using a quiet room, perhaps before  
bedtime.

R efer to the tim etable a t the back of this manual fo r the  
exercise  fo r each particular day and tick the box when it 
is done, leave it blank if  no exercise  was done th a t day.

Please do not hesitate to contact us a t the numbers/emails 
below if you have any questions about any aspect of the  
programme. W e want you and your child to enjoy this 
programme and if we can help in th a t please ask fo r advice 
at any time.



This project could have an enormous inf luence in helping 
children at risk for dyslexia. Your family's commitment 
to participation is very much appreciated.

Yours faithfully,

Erika Ooyle edoyle4@tcd.ie
Elaine Smith esm ith& tcdie

Dyslexia Early Years Project 
Rm 1.15
Dept, of Psychology 
Aras an Phiarsaigh 
Trinity College 
Dublin 2.
Tel: 608 2095  
www.dysvideo.org

0879746032  
086 3845473
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Getting Started

Once you have viewed the video please re fe r  to the back 

o f your manual fo r tim etable of the exercises.  Fill in the  

s ta r t date and tick the box when the exercise  has been 

completed by your child each night. Try out your 

exercise  and do not worry if your child does not complete 

the  movements properly in the f irs t  few nights. 

Remember it is not a memory or learning game. The 

important thing is th a t the child concentrates on doing 

the  movements competently fo r the required amount of 

time and eventually becomes accomplished at the  

movements a fte r  a few weeks. The stories are just to 

help keep your child's interest and keep the movements 

flowing.

The manual with your tim etable filled in, and the video 

are to be returned to the Dyslexia Research Group at the  

end of your child's movement programme. They remain 

the property of Trin ity College Dublin. These materials



are only to be used in the  context of your child's 

participation in this study.
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Programme 1 

Instructions for Parents

Exercise  1: 12 weeks duration

Exercise 1 should be done by your child every night for 12 weeks. 
There are stories for each exercise to help make it fun. Sit the 
child in a low chair so that their fe e t are fla t on the ground 
before they begin. You may find it comfortable to sit opposite 
the child and tell one of the stories on page 14 at a slow pace as 
you go through each stage of the exercise.

For Exercise 1 follow these steps:

S tart Position:
1. Sit the child in a low chair crossing right arm over le ft placing 

the hands palms down at the shoulder.
2. Cross right foot over le f t .
3. Place the head at midline. This is where the head is in the 

centre position in relation to the body, not slightly up/down, 
le ft or right.

6



First Movement: Right Side
4. Keeping arms and fee t in position, very slowly move the head tc 

the right so that the chin is in line with shoulder. At firs t 
allow 5 seconds for this movement the firs t night. Gradually 
increase the time for this movement over the week so that by 
the end of week 1 it lasts for 30 seconds.

Encourage slow head movement lengthening the time each night 
until 30 seconds is reached.

Second Movement: Right Side
5. Holding the head in this position, extend the right hand slowly 

out to the right at shoulder height. At firs t allow 5 seconds 
for this movement. Gradually increase the time for this 
movement over the week so that by the end of week 1 it too 
lasts for 30 seconds.



Do not worry if  this time is not achieved within the f  irs t week. 
Encourage slow head movement and full arm extension until the 
fu ll time is reached.

6. Right Hand

Keep the arm in this position fo r 10 seconds. One way of doing 
this is fo r the child to count to 10 on fingers and thumb (thumb 
to forefinger, then to middle finger, to ring finger and then 
little  finger, then work from little  finger back to thumb and 
forward again until you count to 10).

Do not worry if  your child cannot fully manage this at f irs t, 
encourage them to continue.



Third Movement: Right Side
7. Holding the head in position with the forefinger of the le ft  

hand placed on the chin, bring the right arm back to starting 
position. A t f irs t  allow 5 seconds fo r this movement. Gradually 
Increase the time fo r this movement over the week so that by 
the end of week 1 it lasts fo r 30 seconds.

8. Removing the finger bring the head back to the midline. A t 
f irs t  allow 5 seconds fo r this movement. Gradually increase 
the time fo r this movement over the week so th at by the end 
of week 1 it lasts fo r 30 seconds.

Encourage slow head movement lengthening the time each night 
until 30 seconds is reached.



Now change the child's sitting position and repeat the 
exercise with head and left arm:

Changing Start Position:
9. With the child sitting in the low chair, this time crossing 

le ft arm over right placing the hands palms down at the 
shoulder.

10. Cross le ft foot over righ t.
11. Place the head at midline.

First Movement: Left Side
12. Keeping arms and fee t in position, very slowly move the head 

to the le ft so that the chin is in line with the shoulder. At 
f ir s t  allow 5 seconds fo r this movement. Gradually increase 
the time fo r this movement over the week so that by the end 
of week 1 it lasts fo r 30 seconds.
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Second Movement: Left Side
13. Holding the head in this position, extend the le ft hand and 

arm slowly out to the le ft at shoulder height. A t f ir s t  allow 
5 seconds fo r this movement. Gradually Increase the time 
fo r this movement over the week so that by the end of week 
1 it  lasts fo r 30 seconds.

Do not worry if  this time is not achieved within the f irs t  week. 
Encourage slow head movement and full arm extension until the 
full time is reached.

Keep the arm in this position fo r 10 seconds. One way of doing 
this is fo r the child to count to 10 on fingers and thumb (thumb 
to forefinger, then to middle finger, to ring finger and then 
little  finger, then work from little  finger back to thumb and 
forward again until you count to 10.

Do not worry if  your child cannot fully manage this at firs t, 
encourage them to continue.



Third Movement: Left Side
14. Holding the head in position with the forefinger of the right 

hand placed on the chin, bring the right arm back to the 
start, position. At firs t allow 5 seconds for this movement. 
Gradually increase the time for this movement over the week 
so that by the end of week 1 it lasts for 30 seconds.

15. Removing the finger bring the head back to the midline. At 
firs t allow 5 seconds for this movement. Gradually increase 
the time for this movement over the week so that by the end 
of week 1 it lasts for 30 seconds.

The full exercise can be done with eyes closed when mastered.

12



Goq \ : A fter the first week this exercise should take about 4
minutes per night, moving head and arm out and back 
on each side.

We do want your child to enjoy these exercises. Once your child 
is familiar with the movements you may wish to use some of the 
stories overleaf to maintain interest, or make up your own story, 
or you may prefer not to use a story at all.



Programme 1

Suggested stories for Exercise  1

A Dragon Fly in flight:

First Movement:
Move your head to follow the purple dragon fly  as he flies from 
one f  lower to the next (s/oiv head movement to the 
rig h t/le ft).

Second Movement:
Keeping your eyes on the dragon fly  watch as he lands on the 
flower (hold head position).
Slowly with your r ig h t/ le ft hand, show what flower he flew to 
(rig h t/le ft arm extension). Point to where he is (hold position). 
Count how long he stays on the flower (fingers to thumb).

Third Movement:
Show him the way back to his flower (arm movement back to 
crossed over s tart position).
Moving your head watch as the dragon fly  flies back to his flower 
(move head back to midline s ta rt position).

Repeat the story fo r head and le f t  arm movement and legs 
crossed le f t  over righ t as per instructions.
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The Spaceship:

First Movement:
A little  space ship flies across the night sky. Move your head to 

watch as it flies over to the moon (slow head movement to 
the rig h t/le ft).
Keeping your eyes on the spaceship, watch it land on the moon 

(hold head position).

Second Movement:
W ith your arm trace the path it took across the night sky 

(rig h t/le ft arm movement).
Point to where it landed (hold head and arm position).

Count how long it stays there (fingers to thumb).

Third Movement:
Keep watching the spaceship but trace its way home with your 

arm (arm back to crossed over s ta rt position).
Then move your head as you follow the spaceship on its way home 

to earth (head back to midline s ta rt position).

Repeat the story for head and le ft arm movement and legs 
crossed le ft over right as per instructions.



A little bird flying:

First Movement:
Moving your head follow the little bird as he flies from his nest 
to the next tree (slow head movement to the rig h t/le ft).

Second Movement:
Watch as he lands on the branch (hold head position).
Slowly with your right hand, show what tree he flew to 

(rig h t/le ft arm extension- hold position). Pointing to 

where he is count how long he stays in that tree (fingers to 
thumb).

Third Movement:
Show him the way back to his nest (arm movement back to 
start position).
Moving your head watch as the bird flies back to his nest (head 
back to midline s tart position).

Repeat the story for head and le ft arm movement and legs 
crossed le ft over right as per changing position instructions.
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Programme 1

Instructions for Parents

Exercise 2 : 4 weeks duration

Exercise 2 should be done by your child every night fo r  4 weeks. 
There are stories fo r  each exercise to help make it fun. S it the  
child in a low chair so th a t th e ir fe e t  are  f la t  on the ground 
before they begin. You may find it  com fortable to sit opposite 
the child and tell one of the stories on page 22 a t a slow pace as 
you go through each stage of the exercise.

For Exercise 2 follow these steps:

S tart Position:
1. S it the  child in a low chair crossing right arm over le f t  placing 

the hands palms down a t the shoulder.
2. Cross right fo o t over le f t
3. Place the head down on the chest

17



First Movement:
4. Keeping the arms and fee t in position, very slowly lift  the head 

so the chin is past the mid-line (but not so far back as to hurt 
the neck) and look at the ceiling. At firs t allow 5 seconds for 
this movement. Gradually increase the time for this movement 
over the week so that by the end of week 1 it lasts for 30 
seconds and by the end of week 2 it lasts for 1 minute. Do not 
worry if this time is not achieved within the firs t week. 
Encourage slow head movement until the goal of 1 minute is 
reached.

Second Movement:
5. Keep the head in this position for 10 seconds.

18



Third Movement:
6. Bring head slowly back down to chest. A t f  irs t allow 5 seconds 

fo r this movement. Gradually increase the time fo r this 
movement over the week so that by the end of week 1 it lasts 
fo r 30 seconds and by the end of week 2 it lasts fo r 1 minute.

Now change the child's sitting position and repeat exercise 
with the head:

Changing S tart Position:
This is not shown in the video, however i t  is sim ilar to above Just 
follow the instructions below:

1. S till sitting in a low chair, the child now crosses le ft arm over 
right placing the hands palms down at the shoulder.

2. Cross le ft foo t over right
3. Place the head down on the chest

a
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First Movement: Changed position
4. As before keeping arms and fee t in position, very slowly l i f t  the 

head so the chin is past the mid-line (but not so fa r back as to 
hurt the neck) and look at the ceiling. A t f irs t  allow 5 seconds 
fo r this movement. Gradually increase the time fo r this 
movement over the week so that by the end of week 1 it  lasts 
fo r 30 seconds and by the end of week 2 it lasts fo r 1 minute. 
Do not worry if  this time is not achieved within the f  irs t week. 
Encourage slow head movement until the goal of 1 minute is 
reached.

Second Movement: Changed Position
5. As before keep the head in this position fo r 10 seconds.

Third Movement: Changed Position
6. Bring head slowly back down to chest. A t f irs t  allow 5 seconds 

fo r this movement. (Gradually increase the time fo r this 
movement over the week so that by end of week 1 it  lasts fo r 
30 seconds and by the end of week two it  lasts fo r 1 minute. 
Again do not worry if  this time is not achieved within the f irs t  
week. Encourage slow head movement until the goal of 1 minute 
is reached.

20



This can be done with eyes closed when mastered.

& o q \ : After the first week this exercise should take about 4
minutes per night, bringing the head up and down and 
then crossing arms and feet in the changed position 
to repeat head movement.

We do want your child to enjoy these exercises. Once your child 
is familiar with the movements you may wish to use some of the 
stories overleaf to maintain interest, or make up your own story, 
or you may prefer not to use a story at all.



Programme 1

Suggested stories for Exercise 2

The Little baisy:

First Movement:
A little  plant in the ground lifts  his head out of the soil slowly to 

look a t the sun ( lif t  head from chest slowly).

Second Movement:
The sun helps him grow strong (hold head position looking a t 
the ceiling).

Third Movement:
The sun goes down, the little  daisy brings his head down slowly 

and goes to sleep (bring head slowly back down to chest).

Repeat story for exercise with legs crossed le ft over right as per 
instructions.
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The Spaceship Lands:

First Movement:
A little  spaceship pod lands in the garden. A small door on the 
top of the pod slowly opens up and back ( lif t  head slowly from 
chest).

Second Movement:
A spaceman looks out (hold head position looking a t the 
ceiling).

Third Movement:
The door slowly closes again (bring head slowly back down 
to chest).

Repeat story fo r  exercise with legs crossed le f t  over r ip h t as per 
instructions.

The Bird Asleep:

First Movement:
A bird is asleep on a branch. She snores and lifts  her head slowly 
( lif t  head slowly from chest).

Second Movement:
She holds her head up (hold head position looking a t the 
ceiling).

Third Movement:
and snoozing again, drops her head slowly down to her chest. 
(Bring head slowly back down to chest).

Repeat story fo r  exercise with legs crossed le f t  over r ip h t as per 
instructions.
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Programme 1

Instructions for Parents

Exercise 3 : 4 weeks duration

Exercise 3 should be done by your child every night fo r 4 weeks. 
There are stories fo r each exercise to help make it fun. S it the 
child in a low chair so th at their fe e t are f la t  on the ground 
before they begin. You might find it most comfortable to sit 
opposite the child and tell one of the stories on page 30 at a slow 
pace as you go through each stage of the exercise.

For Exercise 3 follow these steps:

S tart Position:
1. S it the child in a low chair crossing right arm over le ft  

placing the hands palms down a t the shoulder.
2. Cross right foot over le ft
3. Place the head down on the chest
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First Movement: Right Side

4. Keeping fe e t in position, slowly l i f t  the head up and the right 
arm out simultaneously, so the chin is past the mid-line (but 
not so fa r back as to hurt the neck), and look at the ceiling, 
with the right arm in full extension. A t f irs t allow 5 seconds 
fo r this movement. Gradually increase the time fo r this 
movement over the week so that by the end of week 1 it lasts 
fo r 30 seconds and by end of week 2 it lasts fo r 1 minute.

Do not worry if this time is not achieved within 2 weeks. 
Encourage slow head movement and full arm extension until 
the goal of 1 minute is reached.
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Second Movement: Right Side
5. Keep the arm and head extended fo r 10 seconds. One way of 

doing this is fo r the child to count to 10 on fingers and thumb 
(thumb to forefinger, then to middle finger, to ring finger 
and then little  finger, then work from little  finger back 
and forward again until you count to 10).

Do not worry if  your child cannot fully manage this, encourage 
them to continue.

Third Movement: Right Side
6. Simultaneously bring the head slowly back down to chest and 

the right arm back to s ta rt position. A t f  irs t allow 5 seconds 
fo r this movement. Gradually mcrease the time fo r this 
movement over the week so that by end of week 1 it  lasts fo r 
30 seconds and by end of week 2 it lasts fo r 1 minute.
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Now change the child’s sitting position and repeat exercise 
with the head and left arnfi:

Changing Start Position:
1. Still sitting in the low chair, the child now crosses le ft arm

over right placing the hands palms down at the shoulder.
2. Cross le ft foot over right
3. Place the head down on the chest

First Movement: Left Side

4. Keeping fee t in position, slowly l i f t  the head up and the le ft 
arm out simultaneously, so the chin is past the mid-line (but 
not so fa r back as to hurt the neck), and look at the ceiling, 
with the le ft arm in full extension. A t f ir s t  allow 5 seconds 
fo r this movement. Gradually increase the time fo r this 
movement over the week so that by the end of week 1 it  lasts 
fo r 30 seconds and by the end of week 2 it  lasts fo r 1 
minute. Do not worry if  this time is not achieved within the 
f irs t  two weeks. Encourage slow head and arm extension 
until the goal of 1 minute is reached.
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Second Movement: Left Side
5. Keep the arm and head in this position for 10 seconds. One 

way of doing this is for the child to count to 10 on fingers 
and thumb (thumb to forefinger, then to middle finger, to 
ring finger and then little finger, then work from little 
finger back and forward again until you count to 10).

Do not worry if your child cannot fully manage this a t  first, 
encourage them to continue.
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Third Movement: Left Side
6. Simultaneously bring the head slowly back down to the chest 

and the le ft arm back to s ta rt position. A t f irs t  allow 5 
seconds fo r this movement. Gradually increase the time fo r 
this movement over the week so that by the end of week 1 it 
lasts fo r 30 seconds and by the end of week 2 it  lasts fo r 1 
minute.

Do not worry if  this time is not achieved within the f  irs t week. 
Encourage slow head and arm extension until the goal of 1 minute 
is reached.

This can be done with eyes closed when mastered.

Goal: After the first week this exercise should take about 4
minutes per night, moving head up and arm out and 
back on each side.

We do want your child to enjoy these exercises. Once your child 
is familiar with the movements you may wish to use some of the 
stories overleaf to maintain interest, or make up your own story, 
or you may prefer not to use a story at all.
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Programme 1 

Suggested stories for Exercise  3

The Little baisv Begins to Grow:

First Movement:
The litt le  daisy lifts  his head and the petals on his right side at 
the same time, to warm in the sun. (L ift head and right arm 
slowly from chest).

Second Movement:
The sun makes him strong (hold head position looking a t 
the ceiling).

Third Movement:
He folds his head and petals closed again. (Bring head and 
arm slowly back down to s ta rt position).

Repeat story fo r  the exercise with head /ie ft arm and legs 
crossed le f t  over r ig h t as per instructions.

The Little Spaceman is not too sure:

First Movement:
The litt le  spaceman opens the door on the top and the door on 
the right side of his ship ( lif t  head and right arm slowly 
from chest).
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Second Movement:
He checks to see if it  is safe to come out (hold head and arm 
position looking a t the ceiling).

Third Movement:
He hears someone coming so he closes the top and side door 
slowly so as not to be heard (bring head and arm slowly 
back to s ta rt position).

Repeat story fo r the exercise with head /le ft arm and legs 
crossed le f t  over r ig h t as per instructions.

Little Bird Wet in the Rain:

First Movement:
The little  bird got wet in the rain. She lifts  her head and right 
wing to dry in the sun ( lif t  head and right arm slowly from 
chest).

Second Movement: 
hold position.

Third Movement:
When she is dry she folds her wing and brings her head back 
down (bring head and arm slowly back to s ta rt 
position).

Repeat s to ry fo r the exercise with head /ie ft arm and legs 
crossed le f t  over r ig h t as per instructions.
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Programme 1

Instructions for Parents

Exercise 4: 4 weeks duration

Exercise 4 should be done by your child every night for 4 weeks. 
There are stories for each exercise to help make it fun for the 
children. Sit the child in a low chair so that their fee t are fla t on 
the ground before they begin. You may find it comfortable to sit 
opposite the child and tell one of the stories on page 39 at a slow 
pace as you go through each stage of the exercise.

For Exercise 4 follow these steps:

S tart Position:
1. S it the child in low a chair crossing right arm over le ft 

placing the hands palms down at the shoulder.
2. Cross right foot over le ft
3. Place the head down on the chest
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First Movement:

6. Keeping fe e t in position, slowly l if t  the head and two arms 
simultaneously, so the chin is past the mid-line (but not so fa r  
back as to hurt the neck), and look at the ceiling with both 
arms in full extension to shoulder height. A t f irs t  allow 5 
seconds fo r this movement. Gradually increase the time fo r 
this movement over the week so that by the end of week 1 it 
lasts fo r 30 seconds and by the end of week 2 it lasts fo r 1 
minute.

Encourage the child to move head slowly and bring both 
arms slowly to full extension. Do not worry if it takes longer 
to achieve the 1 minute goal.



Second Movement:
6. Keep the arms and head in this position fo r 10 seconds. The 

child should count to 10 on both hands (thumb to forefinger, 
then to middle finger, to ring finger and then little  
finger, then work from little  finger back and forward 
again until you count to 10).

Do not worry if  your child cannot fully manage this at f irs t, 
encourage them to continue.

Third Movement:
6. Bring head and arms slowly back down to s ta rt position. At 

f ir s t  allow 5 seconds fo r this movement. Gradually increase 
the time fo r this movement over the week so that by end of 
week 1 it lasts fo r 30 seconds and by the end of week 2 it 
lasts fo r 1 minute.



Now change the child's sitting position and repeat exercise 
with the head and both arms:

Changing Start Position:
1. Still sitting in a low chair, the  child crosses lef t  arm over 

right placing the  hands palms down a t  the  shoulder.
2. Cross lef t  foot over right
3. Place the  heed down on the  chest

a

First Movement: Changed Position

4. Keeping f e e t  in position, slowly lift the  head and two arms 
simultaneously, so the  chin is past the  mid-line (but not so 
f a t  back as to hurt the  neck), and look a t  the  ceiling with 
arms in full extension to shoulder height. At f i r s t  allow 5 
seconds for  this movement. Gradually increase the  time for 
this movement over the  week so th a t  by the  end of week 1 it 
lasts for  30 seconds and by the  end of week 2 it lasts for  1 
minute.
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Encourage the child to n:\ove head slowly and bring both 
arms slowly to full extension. Do not worry if  it  takes 
longer to achieve the 1 minute goal.

Second Movement: Changed Position
5. Keep the arms and head in this position fo r 10 seconds. The 

child should count to 10 on both hands (thumb to forefinger, 
then to middle finger, to ring finger and then little  
finger, then work from little  finger back and forward 
again until you count to 10).

Do not worry if  your child cannot fully manage this at f irs t, 
encourage them to continue.
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Third Movement: Changed Position
6. Bring head and arms slowly back down to s ta rt position. At 

f irs t allow 5 seconds fo r this movement. Gradually increase 
the time fo r this movement over the week so th at by end of 
week 1 it lasts fo r 30 seconds and by the end of week 2 it 
lasts fo r 1 minute. Do not worry if this time is not achieved 
within the f irs t  week. Encourage slow head and arm 
retraction until the goal of 1 minute is reached.

Finish Position 

This can be done with eyes closed when mastered.
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Goa\- Exercise 4 should take 4 minutes per night, moving 
head up and arms out to full extension and repeat with le ft 
foot over right

We do want your child to enjoy these exercises. Once your child 
is familiar with the movements you may wish to use some of the 
stories overleaf to maintain interest, or make up your own story, 
or you may prefer not to use a story at all.

38



Programme 1

Suggested stories for Exercise 4

The Little Daisy:

First Movement:
The little daisy lifts her head and all her petals to warm in the 

sun ( lif t  head and extend both arms slowly).

Second Movement:
The sun makes her strong (hold head position and arm 
extension, looking a t the ceiling).

Third Movement:
She drops her head and folds her petals closed again. (Bring 
head and arms slowly back to s ta rt position).

Repeat story for exercise with legs crossed le ft o ver riph t as per 
instructions.
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The Little Spaceship gets ready to fly home:

First Movement:
The litt le  spaceman opens the top door and the side doors of his 
ship ( lif t  head and extend both arms slowly).

Second Movement:
He checks to see if  there is anyone about (hold head position 
and arm extension, looking a t the ceiling).

Third Movement:
I t  is time to fly  home so he closes the top and side doors slowly 
so as not to be heard (bring head and arms slowly back to 
s ta rt position).

Repeat story fo r exercise with legs crossed le f t  over righ t as per 
instructions.

The Little Bird sunning herself:

First Movement:
The litt le  bird is sunning herself one afternoon. She lifts  her 
head and stretches out both wings to the sun ( lif t  head and 
extend both arms slowly.)

Second Movement:
Hold position.
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Third Movement:
When she is tired she folds her wings and brings her head back 
down to have a sleep (bring head and arms slowly back to 
start position).

Repeat story fo r  exercise with legs crossed le f t  over rig h t as per 
instructions.

® University of Dublin, 2003
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Start Date: Child Name:

Day Exercise Page Tick

1 1 6

2 1 6

3 1 6

4 1 6

5 1 6

6 1 6

7 1 6

8 1 6

9 1 6

10 1 6

11 1 6

12 1 6

13 1 6

14 1 6

15 1 6

16 1 6

17 1 6

18 1 6

19 1 6

20 1 6

21 1 6

Day Exercise Page Tick

22 1 6

23 1 6

24 1 6

25 1 6

26 1 6

27 1 6

28 1 6

29 1 6

30 1 6

31 1 6

32 1 6

33 1 6

34 1 6

35 1 6

36 1 6

37 1 6

38 1 6

39 1 6

40 1 6

41 1 6

42 1 6
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Day Exercise Page Tick

43 1 6

44 1 6

45 1 6

46 1 6

A1 1 6

48 1 6

49 1 6

50 1 6

51 1 6

52 1 6

53 1 6

54 1 6

55 1 6

56 1 6

57 1 6

58 1 6

59 1 6

60 1 6

61 1 6

62 1 6

63 1 6

Day Exercise Page Tick

64 1 6

65 1 6

66 1 6

67 1 6

68 1 6

69 1 6

70 1 6

71 1 6

72 1 6

73 1 6

74 1 6

75 1 6

76 1 6

77 1 6

78 1 6

79 1 6

80 1 6

81 1 6

82 1 6

83 1 6

84 1 6
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Day E xercise Page T ick

85 2 17

86 2 17

87 2 17

88 2 17

89 2 17

90 2 17

91 2 17

92 2 17

93 2 17

94 2 17

95 2 17

96 2 17

97 2 17

98 2 17

99 2 17

100 2 17

101 2 17

102 2 17

103 2 17

104 2 17

105 2 17

Day Exercise Page T ick

106 2 17

107 2 17

108 2 17

109 2 17

110 2 17

111 2 17

112 2 17

113 3 24

114 3 24

113 3 24

116 3 24

117 3 24

118 3 24

119 3 24

120 3 24

121 3 24

122 3 24

123 3 24

124 3 24

125 3 24

126 3 24
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127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

Exercise Page Tick

24

24

24

24

24

24

24

24

24

24

24

24

24

24

32

32

32

32

32

32

32

Day Exercise Page Tick

148 4 32

149 4 32

150 4 32

151 4 32

152 4 32

153 4 32

154 4 32

155 4 32

156 4 32

157 4 32

158 4 32

159 4 32

160 4 32

161 4 32

162 4 32

163 4 32

164 4 32

165 4 32

166 4 32

167 4 32

168 4 32
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Day Exercise Page Tick

169 1 6

170 1 6

171 1 6

172 1 6

173 1 6

174 1 6

175 1 6

176 1 6

177 1 6

178 1 6

179 1 6

180 1 6

181 1 6

182 1 6

183 1 6

184 1 6

185 1 6

186 1 6

187 1 6

188 1 6

189 1 6

Day Exercise Page Tick

190 1 6

191 1 6

192 1 6

193 1 6

194 1 6

195 1 6

196 1 6

197 1 6

198 1 6

199 1 6

200 1 6

201 1 6

202 1 6

203 1 6

204 1 6

205 1 6

206 1 6

207 1 6

208 1 6

209 1 6

210 1 6
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211

2 1 2

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Exercise Page Tick Day Exercise Page Tick

232 1 6

233 1 6

234 1 6

235 1 6

236 1 6

237 1 6

238 1 6

239 1 6

240 1 6

241 1 6

242 1 6

243 1 6

244 1 6

245 1 6

246 1 6

247 1 6

248 1 6

249 1 6

250 1 6

251 1 6

252 1 6
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253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

Page

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

17

Day Exercise Page Tick

274 2 17

275 2 17

276 2 17

277 2 17

278 2 17

279 2 17

270 2 17

281 2 17

282 3 24

283 3 24

284 3 24

285 3 24

286 3 24

287 3 24

288 3 24

289 3 24

290 3 24

291 3 24

292 3 24

293 3 24

294 3 24



Day Exercise Page Tick

295 3 24

296 3 24

297 3 24

298 3 24

299 3 24

300 3 24

301 3 24

302 3 24

303 3 24

304 3 24

305 3 24

306 3 24

307 3 24

308 3 24

309 3 24

310 4 32

311 4 32

312 4 32

313 4 32

314 4 32

315 4 32

Day Exercise Page Tick

316 4 32

317 4 32

318 4 32

319 4 32

320 4 32

321 4 32

322 4 32

323 4 32

324 4 32

325 4 32

326 4 32

327 4 32

328 4 32

329 4 32

330 4 32

331 4 32

332 4 32

333 4 32

334 4 32

335 4 32

336 4 32
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Day Exercise Page Tick

337 4 32

End Date:_____________________ © University of Dublin, 2003.
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Comments
Please feel free to comment on any problems encountered on any particular dates o f  your 

programme. Please include the relevant date o f your comment.
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Dear Parent/Suardian,

Thank you for agreeing to allow your child to take part in the 
Dyslexia Early Years Project.

This manual is to help guide you in the movement programme 
you will be doing with your child over the course of the next 
year. The video-tape illustrates each of the movements 
described in the manual. I t  would be useful to look a t the 
video f irs t to get an idea of the movements.

We would like your child to spend 10 minutes each day doing 
some movements. I t  may be useful to build them into your 
daily routine, using a quiet room, perhaps before bedtime.

Refer to the back of your manual for timetable of the 
exercises. Tick the box once the exercise has been completed 
by your child each night. Try out your exercise and do not 
worry if your child does not complete the exercises properly 
in the f irs t few nights. Remember it is not a memory or 
learning game. The important thing is th a t the child 
concentrates on doing the exercises competently for the 
required amount of time and eventually becomes accomplished 
a t the  movements a f te r  a few weeks. The stories are ju st to 
help keep your child’s in terest and keep the movements 
flowing.

The manual with your timetable filled in, and the video are to 
be returned to the Dyslexia Research Group a t the  end of 
your child's movement programme. They remain the property 
of Trinity College, Dublin. These materials are only to be 
used in the context of your child's participation in this study.



Please do not hesitate to contact us at the nunfibers/emails 
below if you have any questions about any aspect of the 
programme. We want you and your child to enjoy this 
programme and if we can help in that please ask for advice at 
any time.

This project could have an enormous influence in helping 
children at risk for dyslexia. Your family's commitment to 
participation is very much appreciated.

Yours faithfully.

Erika Ooyle edoyle4@tcd. ie 087 9746062 
Elaine Smith esmith@tcd. ie 086 6845476

Dyslexia Early Years Project 
Rm 1.15
Dept, of Psychology 
Aras an Phiarsaigh 
Trinity College 
Dublin 2.
Tel: (01) 608 2095
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INSTRUCTIONS TO PARENTS

This movement programme lasts one week and is repeated 
again each week for 48 weeks. The programme is made up 
of 2 different sets of games one set called "John's Big 
Adventure" and one called "Traditional Stories."

You will need some area of the house that has a space at 
least 4 metres wide where the child can perform his 
movements. Each movement should be performed in as 
accurate a way as possible. Static movements (i.e. those 
that can be performed on the spot) should be continued 
for up to 10 seconds. Dynamic movements (i.e. those that 
involve movement along the 4 metre line) should be
repeated up to 6 times. That is, up an imaginary line 6
times and down the line 6 times.

Please ensure that the area you use has plenty of 
protection (e.g. mats, carpets, cushions, pillows, blankets) 
so that the child does not hurt himself if he should lose 
his balance.

Johns Big Adventure
This set of games is made up of 4 games, one for each 
day:

• Day 1: John in the jungle.
• Day 2: John and the giant.
• Day 3: John and the animals.
• Day 4: Simon Says.



Traditional Stories
This part of the programme consists of 3 games, one for 
each day. Unlike the previous section these do not form  
one continuous story. They are loosely based on 
traditional stories from other cultures but parts have 
been adapted to incorporate the necessary movements. 
The stories are:

• Day 5: The Goddess of Luck.
• Day 6: Lucky Hans
• Day 7: The Magic Doll

These movements should last about 10 minutes each 
night. I f  the game does not last th a t long then it should 
be extended or even repeated to bring the time up to 10 
minutes.

Do not worry if 10 minutes seems too much fo r your child. 
Encourage him to do whatever he can without becoming 
exhausted. Do not worry e ither if it takes some weeks 
fo r  him to become familiar with the movements.

For all stories you may, if you wish, use your own child's 
name instead of the one used here.



John in the Jungle

(Game 1 - day 1)

You may use your child's name instead of John in the story to 

keep him interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room or bedroom) where the 

child can perform these movements.

Each movement should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those that involve movement 

along a line) should be repeated up to 6 times. Static movements 

(i.e. those that can be performed on the spot) should be 

continued for a period of 10 seconds.



Same 1: John in the Jungle

(Instructions)

Once upon a time there was a litt le  boy called John who was in 

the middle o f the Jungle and he had to go home fo r his dinner. 

But f ir s t  he had to do lo ts o f things to g e t out o f the Jungle.

John sees a river and on the river there is a boat.

John runs down to the river to the boat.

(RUN to warm up - run up and down 6 times).

Carefully he puts one leg into the boat,

(STAND on one foot - 10 seconds).

Then he puts the other leg into the boat.

(STAND on two feet - 10 seconds).

He starts to row while standing, f ir s t  on the le ft,

(LEAN to side and SIMULATE ROWING - 10 seconds).



then he rows on the other side.

(LEAN to other side SIMULATE ROWING - 10 seconds).

But then the boat wobbles and wobbles.

(WOBBLE - 10 seconds).

So John sits down in the boat and rows one side,

(KNEEL on knees and sit back on heels - SIMULATE ROWING 

- 1 0  seconds).

then the other.

(KNEEL on knees and sit back on heels - SIMULATE ROWING 

ON OTHER SIDE - 10 seconds).

Then John sees an airplane at the side of the river.

He paddles to the side of the river.

(PADDLE twice each side).

John gets out of the boat - f ir s t  one leg,

(STAND on one foot - 10 seconds).
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then the other leg.

(STAND on two feet - 10 seconds).

He runs to the airplane.

(RUN up and down 6 times).

First the airplane needs to be wound up. He winds up the airplane. 

(ARM WHIRLS - 10 in one direction and 10 in the other. I f  

your child cannot manage all of this just encourage them to do 

whatever they can).

Then he gets into the plane, f irs t  one foot,

(STAND on one foot - 10 seconds).

then the other.

(STAND two feet together - 10 seconds).

The plane starts to move,

(WALK SLOWLY with arms extended at 90 degrees - 2 

lengths).

then it  moves faster.



(WALK FASTER, arms still extended - 2 lengths).

then it  moves really fast.

(POWER WALK with arms still extended - 2 lengths).

Then the bump, bump, bump and the plane takes o ff!

(JUMP with 2 feet together, arms still extended - 10 PACES, 

then RUN back to start).

The plane is flying through the sky.

(RUN with arms still extended - up and down 6 times).

John sees the edge of the forest and decides to land, he slows 

down.

(From RUN to WALK slow down gradually, with arms still 

extended).

John lands the plane, f ir s t  one wheel come down.

(HOP on one foot, arms still extended - 6 paces).

then the other wheel.

(JUMP with 2 feet together, arms still extended - 6 paces).
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The plane lands.

(WALK, with arms still extended up and down 6 times along 

path. Arms may then go down).

John gets out of the plane - f irs t  one leg,

(STAND on one foot - 10 seconds).

then the other leg.

(STAND on two feet together - 10 seconds).

John is s t ill not home but now he is tire d  so he decides to have a 

re s t and continue his Journey tomorrow. So John lies down on the 

ground and goes to sleep.

Estimated time: 4 minutes. Repeat if necessary.



John and the 6iant

(Game 2 - day 2)

You may use your child's name instead of John in the story to 

keep him interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room) where the child can 

perform these activities.

Each activity should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those that involve movement 

along a line) should be repeated up to 6 times. Static movements 

(i.e. those that can be performed on the spot) should be 

continued for a period of 10 seconds.
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Game 2: John and the Siant

(Instructions)

John sees a g iant a t the bottom o f the hill. The giant is so big 

maybe he can see John's house and te ll him how to g e t home fo r 

his dinner.

John decides to roll down the hill

(ROLL on ground, at first very slow and controlled).

He starts to roll faster and faster 

(ROLL faster).

When he gets to the bottom of the hill John sees 2 big fences.

He runs at the f irs t  fence and takes a big jump and jumps right 

over the fence.

(JUMP over the fence).

Then he runs at the second fence and takes a big jump and jumps 

right over the fence.

(JUMP over second fence).
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Then he walks up to the big giant.

John asks the giant if  he will show hinr\ how to get home fo r his 

dinner and the giant says he will help John go home fo r his dinner 

but only if  John shows him what a plane looks like because the 

giant has never seen a plane.

So John runs with arms outstretched to show the giant what a 

plane looks like.

(RUN up and down 6 times with arms outstretched).

But the giant enjoyed seeing what a plane looked like so much 

that he wanted John to show him what a train looks like because 

he has never seen a train either.

So John walks m.aking "chew chew" movements with his arms to 

show the giant what a train looks like.

(WALK up and down 6 times making "chew chew" noises).

But the giant enjoyed that so much tha t he wants to know what it 

is like to ride a horse because he has never seen anyone riding a 

horse.

So John gallops to show the giant what a horse looks like.
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(Ga llo p  up and down 6 times).

But the giant enjoyed that so much that he wants to know what a 

car looks like because he has never seen a car either.

So John jogs using his arms to make a steering wheel motion to 

show the giant what a car looks like.

(JOG up and down 6 times).

But the giant enjoyed that so much he wants to know what a 

helicopter looks like because he has never seen a helicopter 

either.

So John tw irls to show the giant what a helicopter looks like. 

(TWIRL along the path with arms outstretched, once forward 

in one direction and once back in the other direction).

But the giant enjoyed that so much he wants John to show him 

what a pogo stick looks like because he has never seen a pogo 

stick either.

So John bounces to show the giant what a pogo-stick looks like. 

(BOUNCE up and down the path 6 times).
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Then the giant tells John that he will help him go home fo r his 

dinner if  he plays a game with him firs t.

The giant wants John to play a game with him called “Tug of 

War." The giant says if  John wins the game he will help him go 

home

(PLAY tug of war - continue for a 10 tugs - let child win).

John wins the game.

The giant tells John the animals will help him get home and he will 

bring John to the animals in his wheelbarrow. John gets in the 

wheelbarrow.

(WHEELBARROW - 2 lengths)

But then John is so tired again that he has to lie down fo r 

another sleep. He decided to wait till tomorrow before letting the 

giant take him to the animals.

Estimated time: 4 minutes. Repeat if  necessary
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John and the Animals

(Game 3 - day 3)

You may use your child's name instead of John in the story to 

keep him interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room) where the child can 

perform these activities.

Each activity should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those that involve movement 

along a line) should be repeated up to 6 times. Static movements 

(i.e. those that can be performed on the spot) should be 

continued fo r a period of 10 seconds.
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6ame 6: John and the Animals

(Instructions)

F irs t John meets a kangaroo. He asks the kangaroo i f  he knows 

how John can g e t home. The kangaroo doesn't know bu t he says 

the gorilla  w ill know and he w ill help John g e t to the gorilla. But 

John must pretend to be a kangaroo i f  he wants help.

John and the kangaroo skip together to the gorilla's house.

(SKIP up and down 6 times).

They meet the gorilla. John asks if the gorilla knows how he can 

get home. The gorilla says he doesn't know but that the ants will 

know and he will help John get to the ants but John must pretend 

to be a gorilla.

John and the gorilla rock together to the ants' house.

(ROCK up and down from side to side, shifting weight from 

one leg to the other whilst making gorilla impressions with the 

arms curled under the armpits - up and down 6 times).



They meet the ants. The ants are very busy. John asks if  they 

know how he can get home. They say they do not know but that 

the horse might know and they will bring him to the horse but he 

must pretend to be an ant.

John and the ants march together to the horse's house.

(MARCH up and down 6 times using opposite arm and leg).

They meet the horse. John asks the horse if he knows how John 

can get home and the horse says he doesn't know but that the 

frog might know. He will take John to the frog but John must 

pretend to be a horse.

John and the horse gallop together to the frog's house.

(GALLOP up and down 6 times -  Change leading leg h a lf Ĥ ay).

They meet the frog. John asks the frog if  he knows how John can 

get home. The frog says he does not know but that the crab 

might know and he will bring John to the crab but John must 

pretend to be a frog.

John and the frog leap together to the crab's house.

19



(LEAP once then CRAWL along rest of path, turn and repeat. 

Do this up and down 6 times - do not worry i f  your child finds 

this difficult. Encourage them to do only what they can 

manage).

They meet the crab. John asks the crab if he knows how he can 

get home and the crab says that the only person who can help 

John is the ostrich. He will bring John to the ostrich but John 

must pretend to be a crab.

John and the crab crawl together to the ostrich's house.

(CRAWL on all 4s up and down 6 times).

They meet the ostrich. John asks the ostrich if  he knows how he 

can get home and the ostrich says he does not know but tha t the 

eagle might know and he will bring John to the eagle but f irs t  

John must pretend to be an ostrich.

John and the ostrich walk step towards the eagle's house.
(WALK up and down 6 times, making each 3'"'̂  step a BALANCE

ON ONE FOOT - "step, step, hold on one foot, step, step.
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hold on one foot etc." Ensure the foot balanced on changes 

each time).

They meet the eagle. John asks the eagle if  he knows how he can 

get home and the eagle says he does not know but that the 

g ira ffe  might know and he will bring John to the g iraffe but f irs t  

John must pretend to be an eagle.

John and the eagle fly  to the giraffe's house.

(RUN up and down path 6 times, pretending to fly, arms out 

like wings flopping).

They meet the giraffe. John asks the g ira ffe  if he knows how he 

can get home and the g ira ffe  says he does not know but that the 

bat might know and he will bring John to the bat but f ir s t  John 

must pretend to be a giraffe.

John and the g ira ffe  walk to the bat's house.

(WALK up and down path 6 times, slowly, raising each leg high 

alternately).
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They meet the bat. John asks the ostrich if he knows how he can 

get home and the bat says he does not know but that Simon might 

know and he will bring John to Simon tomorrow but f ir s t  John

must have a rest and go to sleep like a bat.

John and the bat sleep like bats do.

(BEND over and hang head upside-down for 10 seconds,

FLAPPING arms like bat wings).

Estimated time: 4 minutes. Repeat if necessary.
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Simon Soys

(Same 4 - day 4)

You may use your child's name instead of John in the story to 

keep him interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room) where the child can 

perform these activities.

Each activity should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those that involve movement 

along a line) should be repeated up to 6 times. Static movements 

(i.e. those that can be performed on the spot) should be 

continued fo r a period of 10 seconds.
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Game 4: Simon Savs

(Instructions)

(To be done twice: f ir s t  time with eyes open, second w ith eyes

dosed.)

John meets Simon. He asks Simon i f  he knows how John can g e t 

home. Simon says he can he/p John g e t home but only i f  he plays a 

game with him called “Simon Says" where John has to do 

everything Simon says. John thinks this sounds like a fun game so 

he agrees.

Simon says clap your hands and John claps his hands.

(STAND STILL A CLAP HANDS x 10).

Simon says do jumping jacks and John does jumping jacks. 

(JUMPING JACKS X 10).

Simon says do windmills and John does windmills.

(WINDMILLS X 10. Spin left x 5, spin right x 5 - / /  this 

causes too much dizziness for your child you may omit or 

reduce it).
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Simon says touch your toes and John touches his toes.

(TOUCH TOES - 10 times. Child is permitted to bend their 

knees).

Simon says stretch up and John stretches up.

(STRETCH UP - 10 seconds - keep head in midline, looking 

straight ahead).

Simon says stretch to the le ft and John stretches to the left. 

(STRETCH TO LEFT - 5 seconds).

Simon says stretch to the right and John stretches to the right. 

(STRETCH TO RIGHT - 5 seconds).

Simon says shake your le ft leg and John shakes his le ft leg. 

(SHAKE LEG - 5 seconds).

Simon says shake your right leg and John shakes his right leg. 

(SHAKE LEG - 5 seconds).
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Simon says hang upside down and John hangs upside down.

(HANG HEAD AND UPPER BODY DOWN - 10 seconds).

Simon says s it down, cross legs and bounce one.

(DO BOTH LEGS - 5 seconds each).

Simon says s it on the ground, cross legs and rock.

(ROCK - side to side for 5 seconds, then forward and 

backward for 5 seconds).

Simon says pretend to be pop-corn.

(BUNNY HOP X 5).

Simon says do a tumble.

(TUMBLE X 2 - help child i f  unable).

Then Simon was so happy with John that he said he would take 

him home to his mummy and daddy fo r his dinner. He told John to 

shut his eyes and then he would find himself a t home. So John 

shut his eyes and when he opened them he was back a t home. His 

mum had made him his favourite dinner. He sat down and told his



mum and dad a ll about his big adventure in the Jungle, with the 

giant, with the animals and with Simon.

Estimated time: 4 minutes. Repeat if necessary.

THE ENO
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SECTION 2

TRADITIONAL
STORIES
(Games 5-7)



The goddess of Luck

(Game 5 - day 5)

This story is loosely based on a traditional Nepalese story.* 

Because the actions do not run for the entire length of the story 

the child may sit down when they are finished and listen to the 

rest of the story.

You may use your child's name instead of the one in the story if 

you feel it would help keep your child interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room or bedroom) where the 

child can perform these activities.

Each activity should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those that involve movement 

along a line) should be repeated up to 6 times. Static movements 

(i.e. those that can be performed on the spot) should be 

continued for a period of 10 seconds.

* As retold by Josephine Evetts-Secker (1998) in "The Barefoot Book o f Mother and Son Tales," Barefoot 
Books, Great Britain.
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The Goddess of Luck

(Instructions)

Once upon a time high up in the mountains in Nepal there lived  

an wo man and her son who were very poor. They were so poor tha t 

sometimes they had to beg fo r food. One day the boy decided he 

d id  not like being poor and asked his mother why they were so 

poor. But she did not know why they were so poor so the litt le  boy 

decided tha t he would se t o f f  to look fo r the Lord o f the

Universe to ask him why they were so poor.

So one day the boy set o ff  looking fo r the Lord of the Universe. 

He walked fo r hours and hours and hours.
»

(Child should WALK up and down the line 6 times).

A fte r walking a long time the boy reached a thick jungle. He was

so tired from walking that he stopped and looked around.

(Child should MARCH on spot while the next part of the story 

is told).
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While the boy was standing there along came the god and goddess 

Siva and Parvati and they saw the little  boy standing all alone. The 

boy told them that he and his mother were very poor and he was 

trying to find the Lord on the Universe to ask him why they were 

so poor. Parvati fe lt sorry fo r the boy and wanted to give him 

something nice. But Siva said they could not give the boy anything 

unless he skipped up and down fo r them.

(Child should SKIP up and down 6 times along the line).

Then Siva said they could not give the boy anything unless he 

marched fo r them.

(Child should MARCH up and down 6 times along the line).

Then Siva said they could not give the boy anything unless he 

hopped fo r them.

(Child should HOP, on one foot then the other up and down 6 

times along the line - or whatever they can monage).

Then the god and goddess were happy so they gave the boy a gold 

necklace. The boy was so happy he started to run all the way 

home to show his mother.

(Child should RUN up and down the line 6 times).



But then the boy got tired and slowed down. Soon he was walking 

he was so tired.

(Child should WALK up and down the line 6 times).

Then the boy got even more tired and soon he was crawling on the 

ground.

(Child should CRAWL up and down the line 6 times).

Finally the boy got so tired he decided to have a little  sleep. He 

lay down on the ground and began to sleep.

(Child should lie on the ground and pretend to sleep).

But while the boy was asleep a big eagle flew by and saw the gold 

necklace sparkling. The eagle swooped down and flew o ff  with the 

necklace. When the boy woke up he was so sad he cried all the 

way home.

(Child should WALK up and down line 6 times).

When he got home his mother did not believe his story and they 

were still really poor. So the boy decided that the next day he 

would try  to find the Lord of the Universe again. When morning
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came the boy le ft the house and marched o ff with much 

determination.

(Child should MARCH up and down the line 6 times).

Once again he met the god and goddess Siva and Parvati. He told 

them his sad story about losing the necklace. Parvati fe lt  sorry 

fo r the boy and wanted to give him something else nice. But Siva 

said they could not give the boy anything unless he did jumping 

jacks fo r them.

(Child should do Jumping jacks on the spot for 10 seconds).

Then Siva said they could not give the boy anything unless he did 

lots of stretches fo r them.

(Child should stretch to the left 10 times, then stretch to 

the right 10 times, then touch his toes 10 times -  child is 

permitted to bend the knees).

Then the god and goddess gave the boy a diamond ring. The boy 

was so happy he started to run all the way home to show his 

mother.

(Child should RUN up and down the line 6 times).
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A fte r running fo r so long the boy was th irs ty  and so he stopped 

by a stream to drink the water. But while he was bending over the 

ring fe ll out of his pocket and into the stream where it  was 

quickly swallowed by a big fish. The boy was so upset that he 

cried all the way home.

(Child should WALK up and down the line 6 times).

When he got home his mother did not believe his story and they 

were still really poor. So the boy decided that the next day he 

would try  to find the Lord of the Universe again. When morning 

came the boy was feeling a b it better and again full of 

determination so he le ft the house and skipped o ff  with much 

determination.

(Child should SKIP up and down the line 6 times).

Once again he met the god and goddess Siva and Parvati. He told 

them his sad story about losing the diamond ring. Parvati fe lt  

sorry fo r the boy and wanted to give him something else nice. But 

Siva said they could not give the boy anything unless he did a 

funny walk fo r them.

(Child should SWAY from side to side up and down the line 6 

times).
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Then Siva said they could not give the boy anything unless he did 

running jumps fo r them.

(Child should run then jump once (as if jumping over a fence) 

each time along the line. Run up and down the line 6 times).

Then Siva said they could not give the boy anything unless he did 

spins fo r them.

(Child should SPIN in one direction up and down the line 3 

times then in the other direction 3 times - if they cannot 

manage this encourage them to do only what they can 

manage).

Then the god and goddess gave the boy some diamonds. The boy 

was so happy he started to run all the way home to show his 

mother.

(Child should RUN up and down line 6 times).

But when he got home his mother wasn't there. He le ft the 

diamonds in the house and went out looking fo r her. When he 

found her he brought her home only to find that a th ie f had 

broken into the house and stolen all the diamonds so his mother 

did not believe his story and they were still poor. So once again
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the boy got up the next day determined to find the Lord of the 

Universe. He left his house and walked a long way.

(Child should WALK up and down line 6 times).

Once again he met the god and goddess Siva and Parvati. He told 

them his sad story about losing the diamonds. They fe lt so sorry 

for him that they decided this time to go to the Goddess of Luck 

to ask her to help the boy.

A t this point the child may sit down and listen to the rest o f 

the story.

The Goddess  of Luck heard the story and thought the little boy's 

spirit was great. She came down to meet him and gave him a 

copper coin. The little boy was overjoyed and went straight home 

to show his mother. His mother was very happy. They saw a 

fisherman walking along the road selling fish so the little boy 

bought a fish. When he cut open the fish guess what he saw? He 

saw his diamond ring in the fish's belly! But that was only the 

first bit of luck because then the little boy needed some wood to 

stoke the fire to cook the fish so he went outside and climbed a 

tree. When he got to the top of the tree he saw an eagle's nest 

and guess what was inside the eagle's nest? His gold necklace! But 

that was only the second bit of luck because when he got back
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home the th ief was standing at his front door. The thief had fe lt  

so bad about stealing the diamonds that he had decided to give 

them back to the little boy. So then there were three bits of 

luck. The little boy now had food and a gold necklace and a 

diamond ring and lots of diamonds. This is how the Goddess of 

Luck helped the poor mother and her son to become rich!

Estimated time: 4 minutes. Repeot if necessary.

THE END



Lucky Hans

(Game 6 - day 6)

This story is loosely based on a traditional German story.*

You may use your child’s name instead of the one in the story if 

you feel it would help keep your child interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room) where the child can 

perform these activities.

Each activity should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those that involve movement 

along a line) should be repeated up to 6 times. S tatic movements 

(i.e. those th at can be performed on the spot) should be 

continued fo r a period of 10 seconds.

* As retold by Josephine Evetts-Secker (1998) in "The Barefoot Book o f Mother and Son Tales,”  Barefoot 
Books, Great Britain.
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Lucky Hans

(Instructions)

Once upon a time there was a young boy called Hans who had 

worked fo r his master fa ith fu lly  fo r several years. One day Hans 

decided he had worked enough fo r his master and to ld him tha t 

he now wanted to go home to his mother. His master was sad to 

le t him go bu t agreed to le t him go home and as a reward fo r 

having been such a good worker gave him a huge lump o f gold.

The lump of gold was so big that Hans could only carry it on his 

back. When he set o ff  fo r home he had to carry it  on his back. 

(Child should WALK up and down the line 6 times pretending 

to hold the gold on their back, keeping the face forward at 

all times).

While he was walking along Hans met a man on horseback. Hans 

thought it  would be great to have a horse and not have to hurt his 

own fee t on the road. So Hans decided to give his gold to the man 

in return fo r the horse.
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Hans got up on to the horse slowly - f irs t raising one leg over it  

then straddling it.

(Child should BALANCE on one leg of their choice for about 5 

seconds then stand legs apart on both feet in a straddle 

position for 5 seconds).

When he was up on the horse Hans was delighted and started to 

canter on the horse.

(Child should GALLOP gently up and down line 6 times, 

pretending to ride the horse -  ensure they change leading leg 

half way).

Then the horse started to go faster and faster and faster. Soon 

the horse was galloping along so fast that Hans was having trouble 

staying on top of the horse.

(Child should RUN fast up and down 6 times pretending to ride 

the horse).

But then the horse was running so fast that Hans got thrown o ff 

the horse. Just then a farmer passed by with a cow. He saw Hans 

was having problems with the horse and offered to swap the cow 

fo r the horse. Hans was happy to get rid of the horse. I t  was
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hard to control it. But now he had a cow! Hans jumped up on the 

cow.

(Child should BALANCE, as before, on one leg of their choice 

for about 5 seconds then stand legs apart on both fee t in a 

straddle position for 5 seconds).

The cow began to walk with Hans on top.

(Child should WADDLE from side to side up and down line 6 

times).

Then Hans was very th irs ty  so he decided to milk the cow fo r a 

drink.

(Child should bend over and pretend to the milk the cow for 

10 seconds).

But nothing would come out of the cow and finally she kicked 

Hans hard. Just as she kicked the boy a butcher passed by with a 

pig. The butcher told Hans that the cow was no good fo r milk but 

he would swap the pig fo r the boy's cow if  the boy hopped on one 

foot fo r him.

(Child should hop on the spot for as long as they can manage).

41



Then the butcher said he would only swap the cow fo r the pig if  

Hans hopped on the other foot, so Hans hopped on the other 

foot.

(Child should hop on the other foot for as long as they can 

manage).

Then the butcher said he would only swap the cow fo r the pig if 

Hans promised to be kind to the pig and talk to it  while crawling 

along with it. The boy agreed and so Hans and the pig went on 

their merry way with Hans crawling along side the pig and talking 

to it.

(Child should CRAWL up and down the line 6 times like the 

P'9)-

But then Hans's knees and hands began to get sore. He saw a boy 

with a goose and thought how much easier it  would be to have a 

goose. So Hans offered to swap the pig fo r the goose. The boy 

said he would only swap the goose fo r the pig if  the boy tried to 

keep the goose amused, because it was a very nice goose and liked 

to see funny things. So Hans agreed to keep the goose amused 

and swapped the pig fo r the goose. When Hans had the goose he 

did lots of things to make the goose laugh.
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(Child should do Jumping jacks 10 times).

The goose thought the jumping jacks were very funny but then 

wanted to see more funny things so Hans tried to walk like the 

goose to amuse him.

(Childs should WALK up and down the line 6 times flapping 

arms like wings).

The goose thought that was funny but then wanted to see more 

funny things so Hans rolled along the ground to try  and make the 

goose laugh.

(Child should ROLL along the ground up and down the line 6 

times).

But then Hans was tired of having to make the goose laugh. He 

saw a scissor-grinder walking along who was whistling merrily to 

himself. The scissor-grinder told Hans that his job made lots and 

lots of money. Hans thought it  would be nice to have a grindstone 

so that he too could make lots and lots of money. He told the 

scissor-grinder that he would like a grindstone and the scissor- 

grinder told Hans tha t he would give him one in return fo r the 

goose. So Hans gave the scissor-grinder the goose and the
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scissor-grinder gave Hans a large stone. So Hans went on his 

merry way carrying the stone on his back because it  was so heavy. 

(Child should WALK up and down the line with arms raised 6 

times pretending to carry the stone on his back).

But then the stone got so heavy that Hans couldn't carry it  

anymore. He stopped to take a drink from a well and as he was 

drinking he accidentally dropped the stone into the well. But 

Hans did not mind at all. He was so happy that now he didn't have 

to carry a heavy stone. So he jumped up and skipped all the way 

home to his mother thinking how lucky he was not to have 

anything now to carry.

(Child should JUMP as high as possible, CLAP their hands 5 

times and SKIP up and down the line 6 times).

Estimated time: 4 minutes. Repeat if necessary.

THE END
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The Magic Doll

(Game 7 - day 7)

This story is loosely based on a traditional Wabanaki story. *

You may use your child's name instead of the one in the story if 

you feel it would help keep your child interested.

Have an imaginary line inside the house about 4 metres long 

(perhaps the length of the sitting room) where the child can 

perform these activities.

Each activity should be performed in as accurate a way as 

possible. Dynamic movements (i.e. those th at involve movement 

along a line) should be repeated up to 6 times. Static movements 

(i.e. those that can be performed on the spot) should be 

continued fo r a period of 10 seconds.

As retold by Josephine Evetts-Secker (1998) in "The Barefoot Book of Mother and Son Tales.”  Barefoot 
Books. Great Britain.
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The Magic Doll

(Instructions)

Once upon a time there was a very good boy called Kayak. One 

day, when he was old enough, he decided to leave home. His 

mother was very sad to le t him go but knew tha t he had to grow  

up. The ch ie f o f the tribe saw Kayak leave home and wanted to 

te s t how good Kayak was. He hobbled along in fro n t o f Kayak and 

dropped a lit t le  box to see i f  Kayak would be an honest boy and 

give i t  back to him. Kayak saw the old man drop the box and was 

tempted to keep i t  but instead he picked i t  up and ran a fte r the 

old man and gave i t  back to him. The old man knew then tha t 

Kayak was indeed a good boy and to ld him he could keep the box 

because i t  was a lucky box and inside was a magic doH who could 

gran t wishes when Kayak needed them on his Journey. Kayak said 

thank you to the man then went on his Journey.
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Kayak walked fo r days and days looking fo r a village where he 

might get some food and some rest.

(Child should WALK up and down line 6 times).

Eventually he got to the village of the Micmac people and Kayak 

went to meet the chief of the village. Because the chief was an 

important man, Kayak had to bow fo r a long time in fron t of him. 

(Child should BOW and hold the position for 10 seconds).

The chief had a very beautiful daughter and Kayak immediately 

fe ll in love with her. He asked the chief if  he could marry his 

daughter. But the chief said Kayak could only marry his daughter 

if  Kayak could jump as high as the sky. Kayak knew that he could 

not jump as high as the sky so he got out the lucky box and 

opened it. He asked the magic doll to make him be able to jump as 

high as the sky.

(Child should JUMP as high as they can 10 times).

The chief was angry that Kayak was able to jump as high as the 

sky. Kayak thought tha t now he would be able to marry the chief's 

beautiful daughter but the chief said he could only marry his
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daughter if  he could rock better than a boat. Kayak knew that he 

could not rock better than a boat so he got out the lucky box and 

opened it. He asked the magic doll to make him be able to rock 

bette r than a boat.

(Child should S IT  on the floor knees bent and feet together 

and ROCK from side to side 10 times).

The chief was angry that Kayak was able to rock better than a 

boat. Kayak thought that now he would be able to marry the 

chiefs beautiful daughter but the chief said he could only marry 

his daughter if  could fly  better than a bird. Kayak knew that he 

could not fly  better than a bird so he got out the lucky box and 

opened it. He asked the magic doll to make him be able to fly  

better than a bird.

(Child should hold out their arms at 90 degrees to body and 

RUN up and down line 6 times flapping their arms like a bird).

The chief was angry that Kayak was able to fly  better than a 

bird. Kayak thought that now he would be able to marry the 

chiefs beautiful daughter but the chief said he could only marry 

his daughter if  he swims like a fish. Kayak knew that he could not 

swim better than a fish so he got out the lucky box and opened it.
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He asked the magic doll to make him be able to swim better than 

a fish.

(Child should do either breast-stroke or front-crowl like 

movements with the arms - whichever is easier, as they RUN 

up and down line 6 times).

The chief was angry that Kayak was able to swim better than a 

fish. Kayak thought that now he would be able to marry the 

chief's beautiful daughter but the chief said he could only marry 

his daughter if  he could march better than the best soldier in the 

army. Kayak knew that he could not march better than the best 

soldier in the army so he got out the lucky box and opened it. He 

asked the magic doll to make him be able to march better than 

the best soldier in the army.

(Child should MARCH up and down line 6 times).

The chief was angry that Kayak was able to march better than 

the best soldier in the army. Kayak thought that now he would be 

able to marry the chief's beautiful daughter but the chief said he 

could only marry his daughter if  he could roll better than a ball. 

Kayak knew that he could not roll better than a ball so he got out
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the lucky box and opened it. He asked the magic doll to make him 

be able to roll better than a ball.

(Child should ROLL on the ground up and down the line up to 6 

times if they can manage but fewer if they cannot).

The chief was angry that Kayak was able to roll better than a ball. 

Kayak thought that now he would be able to marry the chief's 

beautiful daughter but the chief said he could only marry his 

daughter if  he could shake better than a leaf. Kayak knew that he 

could not shake better than a leaf so he got out the lucky box and 

opened it. He asked the magic doll to make him be able to shake 

better than a leaf.

(Child should SHAKE each limb for 10 seconds -  fewer if they 

cannot manage it, first the arms and then the legs).

The chief was angry that Kayak was able to shake better than a 

leaf. Kayak thought that now he would be able to marry the 

chief's beautiful daughter but the chief said he could only marry 

his daughter if  he could hop fo r a mile. Kayak knew that he could 

not hop fo r a mile so he got out the lucky box and opened it. He 

asked the magic doll to make him be able to hop fo r a mile.
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(Child should HOP up and down the line 6 times, switching 

feet half way. I f  the child cannot manage this much 

encourage them to do whatever they can).

The chief was angry that Kayak was able to hop fo r a mile. Kayak 

thought that now he would be able to marry the chief's beautiful 

daughter but the chief said he could only marry his daughter if 

he could skip bette r than a kangaroo. Kayak knew that he could 

not skip better than a kangaroo so he got out the lucky box and 

opened it. He asked the magic doll to make him be able to skip 

better than a kangaroo.

(Child should SKIP up and down the line 6 times).

The chief was angry that Kayak was able to skip better than a 

kangaroo. Kayak thought that now he would be able to marry the 

chiefs beautiful daughter but the chief said he could only marry 

his daughter if  he could crawl better than a spider. Kayak knew 

that he could not crawl better than a spider so he got out the 

lucky box and opened it. He asked the magic doll to make him be 

able to crawl better than a spider.

(Child should CRAWL on all fours up and down the line 6 

times).
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The chief was angry th a t  Kayak was able to crawl b e t t e r  than a 

spider. Kayak thought th a t  now he would be able to marry the  

chief's beautiful daughter but the  chief said he could only marry 

his daughter if he could leap the length of 10 men. Kayak knew 

t h a t  he could not leap the  length of 10 men so he got out the  

lucky box and opened it. He asked the  magic doll to make him be 

able to leap the  length of 10 men.

(Child should take a RUNNING LEAP along th e line -  run, leap 

-  then turn around and repeat up and down 6 tim es).

Then the  chief was no longer angry. He saw th a t  Kayak obviously 

had th e  s treng th  and courage of a g rea t  man and he knew this 

would be a good person for his beautiful daughter to marry. He 

told Kayak th a t  he was a good boy and th a t  he could now marry 

his beautiful daughter. Kayak was so happy he ran up and down 

shouting a t  th e  top of his voice and clapping hard.

(Child should RUN up and down line 6 tim es clapping their  

hands).

Kayak married the  chief's beautiful daughter and they lived 

happily ever a f te r .
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Estimated time: 4 minutes.Repeat if necessary.

THE END
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LOG BOOK & TIME-TABLE

Start Date:

Day Exercise Page Tick

1 1 6

2 1 6

3 1 6

4 2 12

5 2 12

6 2 12

7 3 17

8 3 17

9 3 17

10 4 23

11 4 23

12 4 23

13 5 29

14 5 29

15 5 29

16 6 38

17 6 38

18 6 38

19 7 45

20 7 45

21 7 45

Day Exercise Page Tick

22 1 6

23 2 12

24 3 17

25 4 23

26 5 29

27 6 38

28 7 45

29 1 6

30 2 12

31 3 17

32 4 23

33 5 29

34 6 38

35 7 45

36 1 6

37 2 12

38 3 17

39 4 23

40 5 29

41 6 38

42 7 45
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43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

Exercise Page Tick

12

17

23

29

38

45

12

17

23

29

38

45

12

17

23

29

38

45

Day Exercise Page Tick

64 1 6

65 2 12

66 3 17

67 4 23

68 5 29

69 6 38

70 7 45

71 1 6

72 2 12

73 3 17

74 4 23

75 5 29

76 6 38

77 7 45

78 1 6

79 2 12

80 3 17

81 4 23

82 5 29

83 6 38

84 7 45

55



D ay E xercise Page T ick

85 1 6

86 2 12

87 3 17

88 4 23

89 5 29

90 6 38

91 7 45

92 1 6

93 2 12

94 3 17

95 4 23

96 5 29

97 6 38

98 7 45

99 1 6

100 2 12

101 3 17

102 4 23

103 5 29

104 6 38

105 7 45

Day Exercise Page T ick

106 1 6

107 2 12

108 3 17

109 4 23

110 5 29

111 6 38

112 7 45

113 1 6

114 2 12

115 3 17

116 4 23

117 5 29

118 6 38

119 7 45

120 1 6

121 2 12

122 3 17

123 4 23

124 5 29

125 6 38

126 7 45
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127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

Exercise Page Tick

12

17

23

29

38

45

12

17

23

29

38

45

12

17

23

29

38

45

Day Exercise Page Tick

148 1 6

149 2 12

150 3 17

151 4 23

152 5 29

153 6 38

154 7 45

155 1 6

156 2 12

157 3 17

158 4 23

159 5 29

160 6 38

161 7 45

162 1 6

163 2 12

164 3 17

165 4 23

166 5 29

167 6 38

168 7 45
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211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

Exercise Page Tick

12

17

23

29

38

45

12

17

23

29

38

45

12

17

23

29

38

45

Day Exercise Page Tick

232 1 6

233 2 12

234 3 17

235 4 23

236 5 29

237 6 38

238 7 45

239 1 6

240 2 12

241 3 17

242 4 23

243 5 29

244 6 38

245 7 45

246 1 6

247 2 12

248 3 17

249 4 23

250 5 29

251 6 38

252 7 45
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169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

Exercise Page Tick

12

17

23

29

38

45

12

17

23

29

38

45

12

17

23

29

38

45

Day Exercise Page Tick

190 1 6

191 2 12

192 3 17

193 4 23

194 5 29

195 6 38

196 7 45

197 1 6

198 2 12

199 3 17

200 4 23

201 5 29

202 6 38

203 7 45

24 1 6

205 2 12

206 3 17

207 4 23

208 5 29

209 6 38

210 7 45
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253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

Exercise Page Tick

12

17

23

29

38

45

1 2

17

23

29

38

45

12

17

23

29

38

45

Day Exercise Page Tick

274 1 6

275 2 12

276 3 17

277 4 23

278 5 29

279 6 38

270 7 45

281 1 6

282 2 12

283 3 17

284 4 23

285 5 29

286 6 38

287 7 45

288 1 6

289 2 12

290 3 17

291 4 23

292 5 29

293 6 38

294 7 45
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295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

Exercise Page Tick

12

17

23

29

38

45

12

17

23

29

38

45

17

23

29

38

45

Day Exercise Page Tick

316 1 6

317 2 12

318 3 17

319 4 23

320 5 29

321 6 38

322 7 45

323 1 6

324 2 12

325 3 17

326 4 23

327 5 29

328 6 38

329 7 45

330 1 6

331 2 12

332 3 17

333 4 23

334 5 29

335 6 38

336 7 45

End Date:
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Comments
Please fee l free to comment on any problems encountered on any particular days o f your 
___________ programme. Please include the relevant date o f your comment.___________
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Dear Parent/Guardian,

Thank you fo r agreeing to allow your child to take part in 
the Dyslexia Early Years Project.

This manual is to help guide you in the movement 
programme that you will be doing with your child over the  
course of the next year. The video-tape illustrates each 
of the movements described in the manual. I t  would be 
useful to look at the video firs t to get an idea of the  
movements.

We would like your child to spend 10 minutes each day 
doing some movements. I t  may be useful to build them 
into your daily routine, using a quiet room, perhaps before  
bedtime.

Refer to the back of your manual for a timetable of the 
exercises. Tick the box once the exercise has been 
completed by your child each night. Try out your 
exercise and do not worry if your child does not complete 
the exercises properly in the firs t few nights. 
Remember it is not a memory or learning game. The 
important thing is that the child concentrates on doing 
the exercises competently for the required amount of 
time and eventually becomes accomplished at the 
movements a fte r  a few weeks. The stories are just to 
help keep your child's interest and keep the movements 
flowing.



The manual with your timetable filled in, and th e  video 
a re  to be re tu rned  to th e  Dyslexia Research Group a t  th e  
end of your child's movement programme. They remain 
th e  property  of Trinity College Dublin. These materials 
a re  only to be used in th e  con tex t  of your child's 
participation in this study.

Please do not h es i ta te  to contact us a t  th e  numbers/emails 
below if you have any questions about any aspec t  of th e  
programme. We want you and your child to enjoy this  
programme and if we can help in t h a t  please ask fo r  advice 
a t  any time.

This p ro jec t  could have an enormous influence in helping 
children a t  risk fo r  dyslexia. Your family's commitment 
to participation is very much appreciated.

Yours faithfully,

Erika boyle edoyle4@fcd.ie 087 9746032

Elaine Smith esmifh@fcd.ie 086 3845473

Dyslexia Early Years Project 
Dept, of Psychology 
Aras an Phiarsaigh 
Trinity College 
Dublin 2.
Tel: 608 2095
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DIRECTIONS TO PARENTS

This movement programme lasts a total of 12 months. 
There are 8 d ifferen t exercises carried out through 
stories and games. The sequence of stories and games 
will be in a random order.

For 4 of the stories the parent must take responsibility 
fo r moving the child's limbs and for the 4 face movement 
games the child has to imitate the parent's face 
movement or expression.

Parental Help Stories
There are 4 d ifferent stories in which the parent is 
actively engaged.

• 1: The Teddy game
• 2: Mr. Jelly
• 3: Finding Santa
• 4: Walking in the jungle

Parental Help Stories: During these stories the child 

should lie comfortably on the ground on blanket or rug, or 

on a bed. Ask the child to let their body go floppy'. The 

parent must take full responsibility for the weight of 

every limb in every movement. Don't let the child control 

any movements. Each movement should be held for a
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period of approximately 10 seconds. I f  the parent wishes 

they may count aloud to 10.

Face Games
There are 4 d iffe re n t games which involve face  
movements.

• 5: Simon Says
• 6: Party Food
• 7: Snap
• 8: The Slow-Fast Game

The child should sit comfortably in a high backed chair 

and only move the facial muscles. The parent 

demonstrates and asks the child to hold the expression 

fo r five seconds.

Finally, these exercises should last about 10 minutes each 

night. I f  the game does not last th a t long then it should 

be extended or even repeated to bring the time up to 10 

minutes.



Parental Help Somes

The Teddy Game

(Instructions)

This game makes use of 2 teddies or dolls. One teddy (or doll) is 

put on each side of the child. The game requires the child to 

guess which teddy/doll is where or, with the control of the 

parent, to exercise the arms and legs.

When in the lying position the child should lie comfortably on the 

ground on a blanket or rug. When in the sitting position the child 

should s it comfortably in a high backed chair or fully supported 

on a bed. The teddies should be placed on either side of the child, 

fa r enough away so the child can see both teddies by moving his 

eyes but without having to move the head.

Ask the child to let the ir body 'go floppy' and to allow the parent 

to move the ir limbs. Young children may find this d iff icu lt so you 

may have to demonstrate. The parent must take fuN 

responsibility fo r the weight of every limb in every movement. 

Don't let the child control any movements. The child's eyes should



be closed while the movement is in progress but can be opened 

once the child has guessed "which teddy." I f  the guess is right 

the parent is recommended to say "very good" in a positive and 

encouraging way and if wrong the parent should say "oops" or 

some other such child friendly word. I t  is very important that the 

child does n ^  move their head when they open their eyes to look 

at the teddy. I f  the teddy is so close he cannot see it without 

moving his head then move the teddy further away from the 

child's body.

While the parent is manipulating the child's arms it is suggested 

that they locate themselves behind the child's head and when 

manipulating the child's fee t and legs they may move to the front 

of the child. These, however, are only suggestions and if you find 

a method which is more comfortable (e.g. remaining at the child's 

fe e t throughout), it is acceptable to adopt that method.

All manipulations should be held for 10 seconds.

The process should last about 10 minutes. I f  it is shorter then 

repeat the game again. All movement of limbs must be done in a 

slow and deliberate manner.



The Teddy Game

(Story 1 of 4)

Ask the child to He down and be very still: The parent is to 
manipulate the arms. Explain to the child that he must guess 
which teddy is where when asked and that he must practise 
his arm and legs exercises like teddy does.

Part 1
1. Kneel above the child's head to manipulate arms.

2. The child should shut his eyes.

3. Parent should l i f t  the child's right arm, supporting all weight and 

point it  towards the teddy on the right.

4. Ask the child to guess which teddy he is pointing towards, then 

allow him to open his eyes. Respond appropriately ("Very good" or 

"Oops!").

5. Child should shut eyes again and parent should l i f t  the child's le ft 

arm, supporting all weight and point it  towards the teddy on the 

le ft. Ask him to guess which teddy they are pointing at. Respond 

appropriately. (You may now begin to switch the teddies' positions 

fo r at least three times to make the game more fun).

6. Now put a teddy at the end of each foot.

7. Parent should raise the right leg, pointing it towards the
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teddy on the right and ask the child to guess teddy.

8. Respond appropriately.

9. Parent should raise the child's le ft leg, pointing it toward 

the teddy on the le ft and ask the child to guess teddy.

10. Respond appropriately.

11. You may now switch the teddies' positions three times to 

make the game more fun.

Continue in this fashion, moving the teddies from arms to feet 

and asking the child to guess for as long as you wish or until 

child tires o f game.

Part 2

1. Tell the child that he and teddy must practise their arm 

exercises so that they can climb trees properly.

2. Parent should hold up one of the child's arms and bend it 

forwards and backwards. ( I t  is permitted to bend

the arm at the elbow).

3. Repeat above with the other arm.

4. Now parent should hold up both the child's arms and bend 

them backwards and forwards as if climbing a tree.

5. Tell the child that teddy now has to practise his leg 

exercises so that he can run very fast.



6. Parent should hold up one of the child's legs and in a similar 

manner bend it a t the knee forwards and backwards.

7. Repeat above with the other leg.

8. Now parent should hold up both the child's legs and bend 

them backwards and forwards as if running.

Part 3

1. Tell the child th at teddy has to practise his arm exercises 

again so th at he can swim properly.

2. Parent should hold up one of the child's arms move it

up and back then outwards and return to the side, as if doing 

back-crawl.

3. Repeat above with the other arm.

4. Now parent should hold up both the child's arms and bend 

them backwards and forwards as climbing a tree.

5. Tell the child that teddy now has to practise his leg 

exercises again to help his swimming.

6. Parent should hold up one leg, bend it a t the knee 

then move it in a circular motion as if doing the breast

stroke.

7. Repeat above with the child's other leg.
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8. Now hold up both the child's legs and bend them backwards 

and forwards together.

Estimated time: 4 minutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END



Mr. Jelly

(Instructions)

Child should begin by standing. A soft comfortable floor with blankets 

or rugs should be prepared.

The procedure involves enactment of a story, which is narrated by the 

Parent. The parent should read the script prompted by the word 

“parent," and should then move the child according to the directions as 

instructed in the bold type beneath.

Ask the child to let their body 'go floppy' and allow the parent to move 

their limbs. The parent must take ful] responsibility for the weight of 

the child's limbs when manipulating them, except for very beginning of 

story when child is standing (for purposes of story). All movement of 

limbs must be done in a slow and deliberate manner.
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Mr. Jelly

(Story 2 of 4)

Child should stand while this introduction is being read.

Once upon a time there was a man called Mr. Jelly and his very good 

friend called Mrs. Nelly. Sometimes Mr. Jelly turns all wobbly and can't 

stand up!

1) Parent wobbles and gently pretends to fall to floor then encourages 

child to do the same and gently ensures he "falls" to the ground so he 

is now in a lying position.

2) Parent: "One day Mr. Jelly and Mrs. Nelly are at the seaside and 

Mr. Jelly wants to go for a swim but he can't stand up!"

3) Parent: "Mr. Jelly tries to l i f t  one leg but it wobbles too much." 

(Parent lifts child's right leg and gently shakes it from side to side 

before a gentle return to the ground).

4) Parent: "Mr. Jelly tries to l i f t  the other leg but it wobbles too 

much."

(Parent lifts child's left leg and gently shakes it from side to side 

before a gentle return to the ground).
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5) Parent: "Mr. Jelly then tries to l i f t  both legs but that doesn't work 

either."

(Parent lifts both legs and shakes both of them together before a 

gentle return to ground.)

6) Parent: "But Mr. Jelly wanted to go fo r a swim so much tha t Mrs. 

Nelly decided to help him. She decided to drag him all the way to the 

sea."

(Parent lifts the child's arms and swings them from side to side, 

pretending to drag them. Ensure child stays firm and does not 

move any part of his own body).

7) Parent: "When he is in the sea Mrs. Nelly has to help Mr. Jelly to 

swim. She helps him do the breast-stroke with his arms."

(Parent holds both child’s arms and moves them in a circular motion 

in front of body).

8) Parent: "Then she helps him to do the breast-stroke with his legs." 

(Parent holds both legs and moves them in a circular motion).
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9) Parent: "Then she helps him to do the fron t crawl."

(Parent holds both arms and brings them one at a time towards her 

in a front-crawl fashion).

10) Parent: “Then she helps him to kick his legs."

(Parent picks up legs and moves them in an up and down fashion 

slowly getting faster and faster).

11) Parent: "Then a BIG wave comes" and Mr. Jelly goes under the 

water."

12) Parent: "Under the water he sees lots of fish swimming around." 

(Arms of child should be down along sides of body. Hold wrists and 

flap them outwards and inwards whilst referring to the fish).

13) Parent: " When he comes back to the top of the water Mrs. Nelly 

decides they should go back to the beach and have a picnic so she 

drags him back to the beach."

(Parent pretends to drag child using legs, as before).



14) Parent: "Mrs. Nelly helps Mr. Jelly to dry himself, f ir s t  she dries 

his legs,"

(Parents takes one leg and gives It a gentle shake from left to 

right and then takes the other leg and gives it a gentle shake from 

left to right).

15) Parent: "then she dries his arms."

(Parents takes one arm and gives it a gentle shake from left to 

right and then takes the other arm and gives it a gentle shake 

from left to right).

16) Parent: "Mrs. Nelly has a picnic. She puts out sandwiches and cakes 

and lemonade."

17) Parent: "Mr. Jelly wants a sandwich so he tries to l i f t  one arm but 

he can't. He tries once, then he tries again."

(Parent slowly lifts right arm high then drops it with a gentle 

return to the ground x 2 times).

18) Parent: "Mr. Jelly tries lifting his other arm but he can't, he tries 

once then he tries again."

(Parent slowly lifts left arm high then drops it with a gentle return 

to the ground x 2 times).
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19) Parent: “Mrs. Nelly has to help Mr. Jelly. She puts a sandwich in his 

hand and helps him to eat it."

(Parent pretends to put food in child's hands and moves them

alternately to the child's mouth making munching noises).

20) Parent: "Then Mr. Jelly tries to get a drink but he can't. He tries

lifting his arm once and then again."

(Parent slowly lifts right arm again high then drops with a gentle 

thud X 2 times).

21) Parent: "Mr. Jelly tries with the other arm once then again." 

(Parent repeats with the other arm x 2 times).

22) Parent: "Mrs. Nelly helps him get a drink."

(Parent pretends to put bottle in child's right hand and moves it 

towards the mouth, making glugging noises).

- This is end of session, rest is simply fo r closure).

23) Parent: "SUDDENLY Mr. Jelly finds he can move again! He moves 

one leg then the other."

(Parent encourages child to shake both legs)



24) Parent: "Then he moves his arms."

(Parent encourages child to move both arms).

25) Parent: "Mr. Jelly gets up. He says thank you to Mrs. Nelly fo r a 

lovely day at the sea-side and fo r being so nice to him and helping him 

to swim and to eat his lunch. Then he goes home."

Estimated time: 4 minutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END
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Finding Sonto

(Instructions)

A soft comfortable floor with blankets or rugs should be prepared.

Procedure involves enactment of a story, which is narrated by the 

Parent. The parent should read the script prompted by the word 

"parent," and should then move the child according to the directions as 

instructed in the bold type beneath.

Ask the child to let their body go floppy' and allow the parent to 

move their limbs. The parent must take f i^  responsibility fo r the 

weight of the child's limbs when manipulating them. All movement 

of limbs must be done in a slow and deliberate manner.
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Finding Santa
(Story 3 of 4)

There once was a litt le  toy soldier who fe ll out o f Santa's sack on 

Christmas Eve. Santa was very busy rushing around to a ll the litt le  

boys' and g ir ls ' houses and so he didn't even notice the soldier fa ll out 

o f the sack. The soldier d idn 't know which house he was meant to go to 

so he decided he should fin d  Santa again as fa s t as possible. The 

soldier had to do lo ts o f things before he could fin d  Santa.

1) Child is lying on ground with arms down by sides.

(Parent positions herself above the head of the child).

2) Parent: "The soldier lay on the ground wondering where Santa was. 

He looks all around fo r Santa, f irs t  to the le ft and then to the right." 

(Parent lifts left arm and points it to the left; then lifts the right 

arm and points it to right. Then lift and point either hand to the 

front).

3) Parent: "The soldier was sure Santa must be somewhere near so he 

had another good look. He looked, right, le ft and straight ahead." 

(Repeat above a second time).
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4) Parent: “The soldier couldn't see Santa but he did see a bicycle, so 

he decided to get on the bicycle and go looking fo r Santa. He climbs on 

the bike and puts one foot on the pedal and the other foot on the 

other pedal."

(Parent moves to end of child and lifts one foot then the other, 

pretending to put them on the pedals).

5) Parent*. "Then the soldier began to cycle the bike."

(Holding the 2 feet the Parent begins to circle them in a pedalling 

motion).

6) Parent: "The soldier pedalled faster and faster looking fo r Santa. 

He looked everywhere, in gardens, in houses, in shops, he pedals up the 

hill, he pedals down the hill, but he couldn't find Santa."

(Parent begins to pedal faster, beginning slowly then gradually 

speeding up. Slow down gradually on cycling motion).

7) Parent: "The soldier sees a big river. He wonders if  Santa in on the 

other side of the river. He walks to the river."

(Parent lifts feet and makes walking motion).

8) Parent: "A t the river the soldier sees a boat. He gets into the boat 

and sails across the river. The boat is very rocky."



(Child must keep body still. Parent should lift the arms and move 

them up and down as if wobbling on a rocky boat. These start off 

gradually).

9) Parent*. "There were lots of little  waves and lots of BIG waves." 

(Parent should move the arms gently for the little waves and more 

pronounced for the big ones).

10) Parent: "At the other side of the river the soldier gets out of the 

boot. He cannot see Santa. He looks all around: to the le ft, to the right 

and up and down."

(When speaking Parent again moves right arm to right: then 

repeats with left arm; then repeats with either arm forwards).

11) Parent: "But he cannot see Santa. However, he does see a 

helicopter. He gets in to the helicopter and it starts to fly. He can see 

all around."

(Parent holds both arms and raises them slowly along the floor up 

and down, up and down, above the head and back. Repeat several 

times while saying... )

12) Parent: "...the soldier sees lakes, the soldier sees forests, the 

soldier sees birds flying in the sky, the soldier sees lots of people, the
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soldier sees houses and then do you know what the soldier sees? He 

sees SANTA!! He sees Santa on the other side of the river."

(All the while be moving the arms up and down).

13) Parent: “The soldier lands the helicopter and goes running back to 

the river."

(Parent simulates running by lifting the feet alternately in a 

hurried running motion).

14) Parent: "The soldier gets into the boat again and sails back through 

the waves to the other side."

(Parent does same as before, lifting arms and moving them up and 

down gently for small waves and more so for large ones).

15) Parent: "The soldier runs back to the bicycle."

(Parent again lifts feet making a running motion with them).

16) Parent: "The soldier gets on to the bike, f ir s t  one foot and then 

the o the r."

Again, l i f t  f ir s t  the le ft and then the right leg as if  stepping on to a 

bicycle.

17) Parent: "Then the soldier starts to cycle very fast."
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Simulate a cycling motion rotating the feet in a slow then faster 

cycling manner whilst saying...

18) Parent: “...the soldier cycled faster and faster, passed all the 

houses and passed all the gardens and passed all the shops, hoping he 

could find Santa.

19) Parent: "As the soldier came round a corner do you know who he 

saw?"

(Ask child. I f  they say “Santa" reply "Very good, he saw Santa." 

I f  they say nothing or get the answer wrong tell them he saw 

Santa.)

20) Parent: "The soldier jumped o ff  the bike and went running up to 

Santa" (Parent again simulates running by lifting fee t and doing an up- 

down motion). "Santa was very pleased to see him and gave him a big 

hug"(give child hug). "The soldier was very happy to be back with Santa 

again."
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Estimated time: 4 minutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END
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Walkino in the Junole

(Instructions)

A so ft comfortable floor with blankets or rugs should be prepared.

Procedure involves enactment of a story, which is narrated by the 

parent.

Ask the child to let their body 'go floppy' and allow the parent to move 

their limbs. The Parent must take gl] responsibility fo r the weight of 

the child's limbs when manipulating them. All movement of limbs must 

be done in a slow and deliberate manner.
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Walking in the Jungle

(Story 4 of 4)

Once upon a time there was a litt le  boy who wanted to go fo r a wall< in 

the Jungle. (Child is lying com fortably on the ground with arms stra igh t 

down by sides).

1) Parent: “The little  boy walked fo r ages to get to the jungle."

(Parent sits at child's feet and lifts them both alternating their 

movement up and down, up and down to simulate walking).

2) Parent: “Finally the little  boy could see the jungle but f irs t  he had 

to walk through a lot of mud. I t  was very hard to walk through the mud 

and it took a long time."

(Very slowly the Parent takes the right leg and bending it at the 

knee moves it upwards then downwards as if it is treading down 

into mud, then very slowly she lifts the left leg and does the 

same).

3) Parent: “When the little  boy got out of the mud he walked into the 

forest. He could lots and lots of trees. Suddenly it  was VERY windy and 

the trees began to wave around and around."
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(Parent lifts both arms together and holding them up, waves them 

from left to right).

4) Parent: "When the wind stopped there was a fa iry standing in fron t 

of the little  boy. The fa iry told the little  boy that if  he clapped his 

legs 5 times and then clapped his hands 5 times he could see any animal 

he wanted in the jungle."

5) Parent: "The little  boy was so excited he immediately clapped his 

hands and fee t 5 times saying he wanted to see lots of birds."

(Parent picks up both feet together and claps them 5 times. Then 

she picks up both hands and claps them 5 times).

6) Parent: "SUDDENLY there were lots of birds in the jungle. The

little  boy could see birds with big wings flying around."

(Parent holds both of child's arms out straight at 90 degrees to

body and very slowly waves arms up and down together 5 times).

7) Parent: "Then the little  boy could see birds with small wings too." 

(Parent bends child's arms at elbow and places hands on hips then 

moves them more quickly up and down by the elbows).

8) Parent: “The little  boy then wanted to see monkeys so he clapped 

his legs then his hands and said that he wanted to see monkeys." 
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(Parent picks up both feet together and claps them 5 times. Then 

she picks up both hands and claps them 5 times).

9) Parent: "Suddenly the monkeys appeared in the trees and the little  

boy could see them swinging from tree to tree."

(Parent picks up boy's hands and swings simultaneously them in an 

exaggerated and slow manner from side to side).

10) Parent: "The boy saw a family of monkeys - there was the Daddy 

monkey (make very large swinging movements), then there was the 

Mummy monkey (make slightly smaller swinging movements), then 

there was a boy monkey (make little swinging movements) then there 

was a baby monkey (make tiny little swinging movements).

11) Parent: "Then the little  boy wanted to see zebras, so he clapped his 

fee t and he clapped his hands and said that he wanted to see zebras." 

(Parent claps feet 5 times then hands 5 times).

12) Parent: "Suddenly the little  boy lots of zebras. They were galloping 

along (Parent lifts both legs and rotates them In a cyclical 

movement). "He saw a family of zebras. He saw a Daddy zebra (make 

big galloping movements with the legs), then he saw a Mummy zebra 

(make slightly smaller galloping movements with legs), then he saw a
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boy zebra (make little galloping movements) then he saw a little  baby 

zebra (make tiny galloping movements).

13) Parent: "Then the little  boy wanted to see elephants so he clapped 

his fee t and clapped his hands and wished to see elephants." (Clap 

hands and fee t x 5).

14) Parent: "Suddenly there were lots of elephants nearby. The boy 

could see a family of elephants all with long trunks. He could see a 

Daddy elephant (Parent lifts child's right arm and holds it in front 

of child's face swinging it from side to side as much as possible), 

then the little  boy saw a AAummy elephant (repeat as above with 

slightly smaller movements), then the little  boy saw a boy elephant 

(repeat as above with smaller movements), then the litt le  boy saw a 

baby elephant (repeat as above with tiny movements).

15) Parent: "A fte r that the fa iry told the litt le  boy that it  was time to 

go home. The little  boy was happy because he was very tired. He walked 

out of the jungle."

(Parent should make walking motions with feet alternately as 

before).



16) Parent: “Then the little  boy had to wade back through all the mud" 

(Parent should lift child's legs alternately as before making 

effortful strikes through the mud).

17) Parent: "A fte r tha t the boy had to walk a long way home again" 

(Parent should make walking movements).

18) Parent: “The little  boy got home then just in time fo r bed."

Estimated tinr\e: 4 nr\inutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END
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Face Games

Instructions

Simon Says

This game is very similar to the 'Simon Says' children's game but there 

is no 'catching out' of the child. The aim is to get the child to copy the 

faces you are making. Facial movements should be done slowly and 

should be held fo r at least 5 seconds.

Child sits in a chair with a high back so that the head is supported. S it 

opposite him and ask him to keep his head and body still and to copy 

everything tha t Simon does. The parent demonstrates. I f  the child 

copies the movement properly congratulate him (e.g. saying "very 

good"). I f  the child copies it  wrongly or ignores it  persist until they do 

it  right. Make sure the child can see exactly what you are doing. With 

the teeth licking exercises especially, open your mouth to allow the 

child to see what you are doing. The game may be played with the child 

giving the instructions once they know the particular movements.

Oo not worry i f  it  tai<es time for your child to be able to do each 

face game.
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Simon Says

(Game 1 of 4)

1. Parent: "Simon says scrunch up your nose."

(Parent scrunches up nose - ensure tha t ch ild  copies action).

2. Parent: "Simon says smile."

(Using the orbital muscles round the mouth smile on both sides 

of the mouth i.e. smile normally)

3. Parent: "Simon says smile with this side of your mouth only." 

(Parent smiles with one side o f the mouth only. Encourage the child tc 

copy).

4. Parent: "Simon says now smile with the other side of the mouth 

only."

(Parents smiles with the other side of the mouth only - Ensure 

child smiles on other side and holds for 5 seconds).

5. Parent: "Simon says puff out both cheeks and hold."

(Parent puffs out cheeks and holds for 5 seconds.
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6. Parent: "Simon says puff out one cheek only and hold."

(Parent puffs out one cheek and holds for 5 seconds).

7. Parent: "Simon says puff out the other cheek only and hold." 

(Parent puffs out the other cheek and holds for 5 seconds - 

Ensure child has puffed out different cheek).

8. Parent: "Simon says bite your lower lip."

(Parent bites lower lip bringing upper jaw over the lower one).

9. Parent: "Simon says bite your upper lip."

(Parent bites upper lip, bringing lower jaw up over the upper 

one).

10. Parent: “Simon says stick out your tongue."

(Parent sticks out tongue).

11. Parent: "Simon says wave your tongue around."

(Parent sticks out tongue and waves it around).

12. Parent: "Simon says lick your chin."

(Parent licks chin with tongue).



13. Parent*. "Simon says try  to reach your nose with your tongue." 

(Parent tips nose with tongue If possible. Ask the child to try, do 

not worry If the child cannot manage It).

14. Parent: "Simon says lick your lips."

(Parent licks lips starting at the top and going the whole way 

around).

15. Parent: "Simon says lick your lips this way."

(Parent licks lips In the other direction).

16. Parent: "Simon says lick your top teeth."

(Parent licks upper teeth in one direction).

17. Parent: "Simon says lick your teeth the other way."

(Parent licks upper teeth In the other direction).

18. Parent: "Simon says lick your bottom teeth."

(Parent licks bottom teeth in one direction).

19. Parent: "Simon says lick your bottom teeth the other way." 

(Parent licks along the lower teeth in the other direction).
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20. Parent: "Simon says lick all your teeth."

(Parent places tongue between the upper teeth and lips and 
moves It In one direction and continues down onto the lower 
teeth and across until a circle has been completed).

Part 2

21. Parent: "Simon says lick your bottom teeth this way." 

(Parent licks along the lower teeth In one direction).

22. Parent: "Simon says puff out this cheek only and hold." 

(Parent puffs out one cheek and holds for 5 seconds)

23. Parent: "Simon says smile."

(Smile normally)

24. Parent: "Simon says try  to reach your nose."

(Parent tips nose with tongue If possible).

25. Parent: "Simon says smile with this side of your mouth only." 

(Parent smiles with one side of the mouth only).

26. Parent: "Simon says puff out both cheeks and hold."

(Parent puffs out cheeks and holds for 5 seconds.
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2.1 . Parent: "Simon says wave your tongue around."

(Parent sticks out tongue and waves it around).

28. Parent: "Simon says lick your lips this way."

(Parent licks lips in one direction).

29. Parent: "Simon says lick your bottom teeth."

(Parent licks bottom teeth in one direction).

30. Parent: "Simon says bite your lower lip."

(Parent bites lower lip bringing upper jaw over the lower one).

31. Parent: "Simon says scrunch up your nose."

(Parent scrunches up nose).

32. Parent: "Simon says stick out your tongue."

(Parent sticks out tongue).

33. Parent: "Simon says lick your lips."

(Parent licks lips starting at the top, going to the right and 
then the whole way around).
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34. Parent: "Simon says lick your top teeth."

(Parent licks upper teeth in one direction).

35. Parent: "Simon says puff out one cheek only and hold."

(Parent puffs out one cheek and holds for 5 seconds).

36. Parent: "Simon says lick your teeth this way."

(Parent h’cks upper teeth in one direction).

37. Parent: "Simon says bite your upper lip."

(Parent bites upper lip, bringing lower jaw up over the upper

one).

38. Parent: "Simon says lick all your teeth."

(Parent places tongue between the upper teeth and lips and 
moves it in one direction and continues onto the lower teeth 
until a circle has been completed).

39. Parent: "Simon says now smile with one side of the mouth only." 

(Parents smiles with one side of the mouth only).

40. Parent: "Simon says lick your chin."

(Parent licks chin with tongue).



Part 3

41. Parent: "Simon says lick all your teeth."

(Parent places tongue between the upper teeth and lips and moves 

it in one direction and continues onto the lower teeth and across 

until a circle has been completed).

42 . Parent: "Simon says p u ff out one only and hold."
(Parent puffs out one cheek and holds for 5 seconds -  Ensure

child has puffed out different cheek to previous).

43. Parent: "Simon says bite your upper lip."

(Parent bites upper lip, bringing lower jaw up over the upper 

one).

44. Parent: "Simon says try  to reach your nose."

(Parent tips nose with tongue if she can or does her best).

45. Parent: "Simon says p u ff out both cheeks and hold."

(Parent puffs out cheeks and holds for 5 seconds).

46. Parent: "Simon says wave your tongue around."

(Parent sticks out tongue).
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47. Parent: "Simon says smile."

(Parent smiles normally).

48. Parent: "Simon says lick your bottom teeth."

(Parent licks bottom teeth in one direction).

49. Parent: "Simon soys scrunch up your nose."

(Parent scrunches up nose).

50. Parent: "Simon says lick your lips."

(Parent licks lips starting at the top and going the whole way 
around).

51. Parent: "Simon says lick your top teeth."

(Parent licks upper teeth in one direction).

52. Parent: "Simon says lick your teeth the other way."

(Parent licks upper teeth in the other direction).

53. Parent: "Simon says lick your chin."

(Parent licks chin with tongue).
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54. Parent: “Simon says puff out one cheek only and hold."

(Parent puffs out one cheek and holds for 5 seconds).

55. Parent: "Simon says lick your lips this way."

(Parent licks lips in one direction).

56. Parent: "Simon says stick out your tongue."

(Parent sticks out tongue).

57. Parent: "Simon says lick your bottom teeth this way."

(Parent licks along the lower teeth in one direction).

58. Parent: "Simon says now smile with one side of the mouth only." 

(Parent smiles with one side of the mouth only).

59. Parent: "Simon says smile with this side of your mouth only." 

(Parent smiles with the other side of the mouth only).
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60. Parent: "Simon says bite your lower lip."

(Parent bites lower lip bringing upper jaw over the lower 

one).

Estimated tinf\e: 4 nf̂ inutes. Repeat if necessary to 
bring the tinr̂ e up to 10 minutes.



Face Games

Instructions

Party Food

Child sits in a chair with a high back so that the head is supported. Sit 

opposite him and ask him to keep his head and body still. Parent 

narrates the story and asks child to enact the facial movements as she 

is talking. For the f  irs t week Parent and child should do faces together 

while story is being narrated. All facial movements should be done 

slowly and should be held fo r at least 5 seconds. The child should only 

move the face muscles, not the head or body.

bo not worry i f  i f  takes time for your child to be able to do each

face game.
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Party Food

(Game 2 of 4)

1) Parent narrates: "Once there was a little  girl called Suzie. I t  was 

Suzie's birthday and her mummy made lots of yummy food fo r 

Suzie's dessert. She made a big chocolate cake and lots of ice

cream and lots of sweets. They were all Suzie's favourite foods."

2) Parent: "Suzie ran into the kitchen. She could see all the lovely 

food on the table. She walked over to the chocolate cake. I t  

looked SO good that she started to smile."

(Child should smile on one side of face only, hold for five 

seconds, then smile on the other side of the face only, hold 

for five seconds, then break into a proper full smile and hold 

for five seconds).

3) Parent: "Suzie wanted to smell the chocolate. She took a big 

sn iff of the cake".

(Child should scrunch up the nose and hold for 5 seconds).
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4) Parent: "Suzie thought the cake looked and smelled so good! She 

licked her lips."

(Child should lick the lips starting at the top, going in one 

direction to complete a circle. Then lick the lips in a circle in 

the other direction).

5) Parent: "Suzie picked up some cake and opened her mouth really 

wide (child should open mouth, pretending to take a bite, child 

should not use hands).

Suzie took such a big bite that it filled one side of her mouth 

(child should puff out one cheek and hold it for 5 seconds). 

Then she took another big bite and that filled the other side of 

her mouth (child should puff other cheek and hold for 5 

seconds). Then Suzie took a REALLY big bite and her entire 

mouth was full of cake!" (Child should puff out both cheeks and 

hold for 5 seconds then pretend to swallow).
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6) Parent: “Suzie could feel lots of bits of cake inside her mouth. 

She licked all around her mouth."

(Child should now lick the upper teeth. In one direction, then 

the other. Then along the bottom teeth. In one direction, 

then the other. Then he should place the tongue between the 

upper teeth and lips and move It In one direction then continue 

onto the lower teeth until a full circle Is completed).

7) Parent: "Suzie knew she shouldn't eat ALL the cake. She wanted 

to save some for her mummy and daddy. But it was really hard not 

to eat more cake. She bit down on her lower lip to try  to stop 

herself eating any more."

(Child should bite lower lip, bringing the upper jaw over the 

lower jaw, then he should bite upper lip, bringing lower jaw 

over upper jaw).
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8) Parent: "Suzie knew there was cake all over her face. She stuck 

out her tongue and licked her chin and nose."

(Child should stick out tongue as far as possible, wave it 

around, reach down and try to lick the chin, then reach up 

and try to lick the nose).

9) Parent: "THEN Suzie saw the ice-cream. Suzie took a big sn iff of 

the ice-cream."

(Child should scrunch up the nose and hold for 5 seconds.)

10) Parent: "Suzie thought the ice-cream looked and smelled so 

good! She licked her lips."

(Child should lick the lips starting at the top, going in one 

direction to complete a circle. Then lick the lips in a circle in 

the other direction).
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11) Parent: "Suzie picked up a bowl of ice-cream and opened her 

mouth really wide (child should open mouth, pretending to take 

a bite, child should not use hands).

Suzie took such a big spoonful that it filled one side of her mouth 

(child should puff out one cheek and hold it for 5 seconds). 

Then she took another big spoonful and tha t filled the other side 

of her mouth (child should puff other cheek and hold for 5 

seconds).

Then Suzie took a REALLY big spoonful and her entire mouth was 

full of ice-cream! (Child should puff out both cheeks and hold 

for 5 seconds then pretend to swallow).

12) Parent: "Suzie could feel lots of ice-cream inside her 

mouth. She licked all around her mouth."

(Child should now lick the upper teeth, first in one direction, 

and then the other. Then along the bottonfi teeth, first in one 

direction and then the other. Then he should place the tongue 

between the upper teeth and lips and move it in one direction, 

then continue onto the lower teeth until a full circle is 

completed).



13) Parent: “Suzie knew she shouldn't eat ALL the ice-cream.

She wanted to save some fo r her mummy and daddy. But it  was 

really hard not to eat more ice-cream. She b it down on her lower 

lip to try  to stop herself eating any more."

(Child should bite lower lip, bringing the upper jaw over the 

lower Jaw, then he should bite upper lip, bringing lower Jaw 

over upper Jaw).

14) Parent: "Suzie knew there was ice-cream all over her face. 

She stuck out her tongue and licked her chin and nose."

(Child should stick out tongue as far as possible, wave It 

around, reach down and try to lick the chin, then reach up 

and try to lick the nose).

15) Parent: "THEN Suzie saw the sweets. Suzie took a big sn iff

of the sweets."

(Child should scrunch up the nose and hold for 5 seconds.)
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16) Parent: "Suzie thought the sweets looked and smelled so 

good! She licked her lips."

(Child should lick the lips starting at the top, going in one 

direction to complete a circle. Then lick the lips in a circle in 

the other direction).

17) Parent: "Suzie picked up a handful of sweets and opened 

her mouth really wide (child should open mouth, pretending to 

take a bite, child should not use hands).

Suzie took so many sweets that they filled one side of her mouth 

(child should puff out one cheek and hold it for 5 seconds). 

Then she took another big handful and that filled the other side 

of her mouth (child should puff other cheek and hold for 5 

seconds).

Then Suzie took a REALLY big handful and her entire mouth was 

full of sweets! (Child should puff out both cheeks and hold for 

5 seconds then pretend to swallow).

50



18) Parent: "Suzie could feel lots of bits of sweets inside her 

mouth. She licked all around her mouth."

(Child should now lick the upper teeth, first in one direction 

and then the other. Then along the bottom teeth, again in 

one direction and then the other. Then he should place the 

tongue between the upper teeth and lips and move It in one 

direction and then continue onto the lower teeth until a full 

circle is completed).

19) Parent: "Suzie knew she shouldn't eat ALL the sweets. She 

wanted to save some fo r her mummy and daddy. But it  was really 

hard not to eat more sweets. She b it down on her lower lip to try  

to stop herself eating any more."

(Child should bite lower lip, bringing the upper jaw over the 

lower jaw, then he should bite upper lip, bringing lower jaw 

over upper jaw).



20) Parent: "Suzie knew there were bits of sweets all over her 

face. She stuck out her tongue and licked her chin and nose."

(Child should stick out tongue as far as possible, wave it 

around, reach down and try to lick the chin, then reach up 

and try to lick the nose).

Estimated time: 4 nf̂ inutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END
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Face Somes

(Game 3 of 4)

Snap/Copy Cat

Child sits in a chair with a high back so that the head is supported. Sit 

opposite him and ask him to keep his head and body still. This game 

involves both Parent and child making faces at the same time with the 

Parent going through the specified list of movements and the child 

attempting to do the same face. The parent counts out loud ‘1,2,3' and 

then each does a face.

I f  the child guesses the next face correctly the Parent should ensure 

it is performed properly. I f  the child guesses the wrong face allow 

them to finish it correctly but then ensure they do the correct face as 

well. This ensures that they perform all the facial movements

Because of the nature of the game the child should be familiar with 

the types of movements in this treatment. The Parent should ensure 

that the child performs each face properly and slowly - All facial 

movements should be done slowly and should be held for at least 5 

seconds.

bo not worry i f  i t  taf<es time for your child to be able to do 
each face game.
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Snap/Copy Cat

Instructions

1) Parent: "Can you guess which face I  am going to do?"

2) Encourage child to say yes and to make a face from the list. The 

Parent should make the specific face at the same time as the child.

3) I f  the child gets the face wrong say "oops" but allow them to 

continue finishing it then ensure they copy the correct face.

4) I f  the child gets the face right say "well done."

5) Ask child "What's Next?"

6) Continue until all faces have been pulled.

7) In  the f ir s t  few weeks if the child is finding it  d iff ic u lt to 

remember the various faces, you can show them (as in the three types 

of smiles, or three types of puffing cheeks), and then ask which o f the 

three you are going to do.
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8) The whole procedure should be completed three times - Sessions 2 

and 3 are the same exercises in a different order.
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Snap/Copy Cat

(Game 3 of 4)

Faces: Session 1.

Warm up:

Parent: "Can you guess which face I  am going to do...something 

with my nose?"

Parent demonstrates: Scrunch up nose.

Parent: "Snap! Well done!" i f  the child is right, and "oops! try  

again If the child gets It wrong".

Parent: "Can you guess which face I  am going to do...something to 

do with smiling?"

In  the f irs t  few weeks if  the child is finding it  d ifficu lt to 

remember the various faces, you can list them, as below, and ask 

which of the three you are going to do.

1) Smile a big smile.

2) Smile this side.

3) Smile the other side.

Parent: "Can you guess which face I  am going to do...something to do 

with licking lips?"

4) Lick lips one way in a circle.

5) Lick lips the other way in a circle.
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Parent: "Can you guess which face I  am going to do...something to do 

with cheeks?"

6) Puff this cheek.

7) Puff the other cheek.

8) Puff both cheeks.

Parent: "Can you guess which face I  am going to do...something to do 

with my tongue?"

9) Stick out tongue.

10) Wave tongue.

Parent: "Can you guess which face I  am going to do...something to do 

with biting lips?"

11) Bite bottom lip.

12) Bite top lip.

Parent: "Can you guess which way I  am going to do a circle?"

13) Place tongue between the upper teeth and lips and move it  in a 

circle in one direction, then continue onto the lower teeth until you 

come full circle.
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14) Place tongue between the upper teeth and lips and move it  in a 

circle in the other direction, then continue onto the lower teeth until 

you come full circle.

Parent: "Can you guess whether I  am going to lick chin or nose?"

15) Lick chin.

16) Lick nose.

Parent: "Can you guess which way I  am going to lick my teeth?"

17) Lick top teeth.

18) Lick bottom teeth.

19) Lick all teeth in a circle.

Faces: Session 2

Repeat the same movements in your own or the suggested order:

Parent: "Can you guess which face I  am going to do...something 

with my nose?"

Scrunch up nose.
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Parent: "Can you guess which way I  am going to lick my teeth?"

1) Lick top teeth.

2) Lick bottom teeth.

3) Lick all teeth in a circle.

Parent: "Can you guess whether I  am going to lick chin or nose?"

4) Lick chin.

5) Lick nose.

Parent: "Can you guess which way I  am going to do a circle?"

6) Place tongue between the upper teeth and lips and move it in a 

circle in one direction, then continue onto the lower teeth until you 

come full circle.

7) Place tongue between the upper teeth and lips and move it  in a 

circle in the other direction, then continue onto the lower teeth until 

you come full circle.

Parent: "Can you guess which face I  am going to do...something to do 

with biting lips?"

8) Bite bottom lip.

9) Bite top lip.
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Parent: "Can you guess which face I  am going to do...something to do 

with my tongue?"

10) Stick out tongue.

11) Wave tongue.

Parent: "Can you guess which face I  am going to do...something to do 

with cheeks?"

12) Puff this cheek.

13) Puff the other cheek.

14) Puff both cheeks.

Parent: "Can you guess which face I  am going to do...something to do 

with licking lips?"

15) Lick lips one way in a circle.

16) Lick lips the other way in a circle.

Parent: "Can you guess which face I  am going to do...something to 

do with smiling?"

17) Smile a big smile.

18) Smile this side.

19) Smile the other side.
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Faces: Session 3

Repeat the same movements in your own or the suggested order:

Parent: "Can you guess whether I  am going to lick chin or nose?"

1) Lick chin.

2) Lick nose.

Parent: "Can you guess which face I  am going to do...something to 

do with smiling?"

3) Smile a big smile.

4) Smile this side.

5) Smile the other side.

Parent: "Can you guess which face I  am going to do...something to do 

with biting lips?"

6) Bite bottom lip.

7) Bite top lip.
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Parent*. "Can you guess which face I  am going to do...something to do 

with cheeks?"

8) Puff this cheek.

9) Puff the other cheek.

10) Puff both cheeks

Parent: "Can you guess which way I  am going to do a circle?"

11) Place tongue between the upper teeth and lips and move it  in a 

circle in one direction, then continue onto the lower teeth until you 

come full circle.

12) Place tongue between the upper teeth and lips and move it  in a 

circle in the other direction, then continue onto the lower teeth until 

you come full circle.

Parent: "Can you guess which face I  am going to do...something to do 

with licking lips?"

13) Lick lips one way in a circle.

14) Lick lips the other way in a circle.

Parent: "Can you guess which face I  am going to do...something 

with my nose?"

14) Scrunch up nose.
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Parent: "Can you guess which face I  am going to do...something to do 

with my tongue?"

15) Stick out tongue.

16) Wave tongue.

Parent: "Can you guess which way I  am going to lick my teeth?"

17) Lick top teeth.

18) Lick bottom teeth.

19) Lick all teeth in a circle.

Estimated time: 4 minutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END
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Face Games

Instructions

Slow-Fast

Child sits in a high back chair so his head is supported. S it opposite him 

and ask him to keep his head and body still. The object of the game 

is the parent gives a prompt as to whether or not the face should be 

done slowly or fast, again competing to see who can finish doing it  last 

or f ir s t  depending on the prompt. The parent gives the prompt as to 

which face to pull and then both child and parent compete to see who 

can do it  fastest or slowest. I t  is important that the child complete all 

exercises properly. The "winning" element is only fo r entertainment 

purposes and the parent can let the child win if  they like. These can be 

slow or fast as long as they are repeated a second time with each 

movement subsequently getting the opposite treatment (i.e. slow or 

fast). Each movement is done twice. The child winning is at the 

discretion of the parent but is encouraged. Congratulate them if  they 

"win" and congratulate yourself if  you "win."

Oo not worry i f  if  takes time for your child to be able to do each

face game.
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Slow-Fast

(Game 4 of 4)

Prompts are as follows, ask the child to hold each face for 5

seconds.

1) "Can you... scrunch your nose slower than me?"

2) "Can you., smile (both sides) faster than me?"

3) Smile this side faster?

4) Smile the other faster?

5) "Can you., puff this cheek slower than me?"

6) Puff the other cheek slower?

7) Puff both cheeks slower

8) "Can you...bite bottom lip faster than me?"

9) Bite top lip faster?

10) “Can you...put tongue out slower?"

11) Wave tongue slower?
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12) "Can you...lick chin faster?"

13) Lick nose faster?

14) "Can you...lick lips this way slower?"

15) Lick lips the other way slower

16) "Can you...lick top teeth this way faster?"

17) Lick top teeth the other way faster?

18) "Can you...lick bottom teeth this way slower?"

19) Lick bottom teeth the other way slower?

20) Lick all teeth (in a circle) slower ?

and then try:
1) "Can you ...scrunch your nose faster than me?"

2) "Can you., smile (both sides) slower' than me?"

3) Smile this side slower?

4) Smile the other slower?

5) "Can you... puff this cheek faster than me?"

6) Puff the other cheek faster?

7) Puff both cheeks faster?
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8) "Can you...bite bottom lip slower than me?"

9) Bite top lip slower?

10) "Can you...put tongue out faster?

11) Wave tongue faster?

12) "Can you...lick chin slower?"

13) Lick nose slower?

14) "Can you...lick lips this way faster?"

15) Lick lips the other way faster?

16) "Can you...lick top teeth this way slower than me?"

17) Lick top teeth the other way slower

18) "Can you...lick bottom teeth this way faster than me?"

19) Lick bottom teeth the other way faster?

20) Lick all teeth (in a circle) faster?
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Estimated time: 4 minutes. Repeat if necessary to 
bring the time up to 10 minutes.

THE END

© University of Dublin, 2003.
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LOG BOOK & TIM E-TA BLE

Start Date:

Day Exercise Page Tick

1 1 6

2 1 6

3 1 6

4 2 12

5 2 12

6 2 12

7 3 19

8 3 19

9 3 19

10 4 26

11 4 26

12 4 26

13 5 32

14 5 32

15 5 32

16 6 43

17 6 43

18 6 43

19 7 53

20 7 53

21 7 53

Day Exercise Page Tick

22 8 64

23 8 64

24 8 64

25 4 26

26 3 19

27 6 43

28 7 53

29 1 6

30 2 12

31 3 19

32 8 64

33 1 6

34 3 19

35 8 64

36 2 12

37 7 53

38 8 64

39 1 6

40 3 19

41 1 6

42 8 64
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Day Exercise Page Tick

43 4 26

44 7 53

45 7 53

46 8 64

A1 7 53

48 8 64

49 3 19

50 6 43

51 5 32

52 1 6

53 4 26

54 2 12

55 1 6

56 "7/ 53

57 6 43

58 5 32

59 1 6

60 6 43

61 5 32

62 6 43

63 1 6

Day Exercise Page Tick

64 2 12

65 1 6

66 1 6

67 4 26

68 3 19

69 6 43

70 6 43

71 7 53

72 2 12

73 1 6

74 7 53

75 7 53

76 6 43

77 5 32

78 4 26

79 3 19

80 1 6

81 2 12

82 6 43

83 7 53

84 3 19
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Day Exercise Page Tick

106 3 19

107 5 32

108 4 26

109 6 43

110 7 53

111 5 32

112 7 53

113 2 12

114 7 53

115 6 43

116 2 12

117 4 26

118 5 32

119 7 53

120 5 32

121 7 53

122 4 26

123 7 53

124 5 32

125 7 53

126 4 26

Day Exercise Page Tick

85 6 43

86 1 6

87 4 26

88 4 26

89 1 6

90 2 12

91 6 43

92 4 26

93 7 53

94 5 32

95 1 6

96 6 43

97 1 6

98 7 53

99 4 26

100 6 43

101 6 43

102 8 64

103 5 32

104 4 26

105 6 43
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Day Exercise Page Tick

127 2 12

128 2 12

129 6 43

130 7 53

131 5 32

132 4 26

133 6 43

134 5 32

135 4 26

136 2 12

137 7 53

138 1 6

139 7 53

140 3 19

141 5 32

142 6 43

143 6 43

144 8 64

145 1 6

146 6 43

147 5 32

Day Exercise Page Tick

148 8 64

149 2 12

150 2 12

151 8 64

152 6 43

153 1 6

154 8 64

155 1 6

156 4 26

157 1 6

158 4 26

159 8 64

160 1 6

161 3 19

162 8 64

163 2 12

164 6 43

165 1 6

166 6 43

167 5 32

168 8 64
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169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

Exercise Page Tick

12

26

19

26

19

26

26

53

32

19

19

43

43

53

12

19

53

Day Exercise Page Tick

190 5 32

191 7 43

192 4 26

193 7 53

194 4 26

195 6 43

196 6 43

197 3 19

198 8 64

199 3 19

200 3 19

201 5 32

202 3 19

203 6 43

24 5 32

205 8 64

206 4 26

207 7 53

208 4 26

209 4 26

210 5 32

73



Day Exercise Page Tick

211 7 53

212 3 19

213 2 12

214 5 32

215 6 43

216 5 32

217 7 53

218 3 19

219 5 32

220 8 64

221 4 26

222 6 43

223 7 53

224 4 26

225 8 64

226 4 26

227 7 53

228 2 12

229 8 64

230 7 53

231 7 53

Day Exercise Page Tick

232 6 43

233 3 19

234 7 53

235 6 43

236 5 32

237 6 43

238 6 43

239 5 32

240 4 26

241 3 19

242 3 19

243 4 26

244 2 12

245 4 26

246 2 12

247 6 43

248 3 19

249 2 12

250 4 26

251 8 64

252 7 53

74



Day Exercise Page Tick

253 2 12

254 6 43

255 8 64

256 4 26

257 2 12

258 4 26

259 3 19

260 5 32

261 4 26

262 4 26

263 4 26

264 7 53

265 7 53

266 5 32

267 2 12

268 8 64

269 5 32

270 7 53

271 1 6

272 3 19

273 4 26

Day Exercise Page Tick

274 8 64

275 6 43

276 2 12

277 7 53

278 4 26

279 3 19

270 4 26

281 3 19

282 2 12

283 7 53

284 8 64

285 5 32

286 4 26

287 1 6

288 2 12

289 5 32

290 8 64

291 5 32

292 5 32

293 3 19

294 2 12
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Day Exercise Page Tick

316 6 43

317 5 32

318 8 64

319 5 32

320 4 26

321 3 19

322 6 43

323 5 32

324 4 26

325 4 26

326 7 53

327 8 64

328 6 43

329 7 53

330 6 43

331 1 6

332 5 32

333 7 53

334 2 12

335 8 64

336 3 19

Day Exercise Page Tick

295 6 43

296 1 6

297 5 32

298 3 19

299 7 53

300 3 19

301 3 19

302 8 64

303 6 43

304 8 64

305 8 64

306 8 64

307 1 6

308 6 43

309 1 6

310 5 32

311 3 19

312 1 6

313 5 32

314 7 53

315 3 19
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End Date:

Comments
Please fee l free to comment on any problems encountered on any particular days o f your 

___________ programme. Please include the relevant date o f your comment.____________

77



78



APPENDIX 6

Room Lay-out

Right W all Left W all

B

D

Cam era

The testing area had green sheets taped to the walls and floor to allow  for easy 

detection o f the ch ild ’s limbs when scoring. The floor had a diagonal line o f white 

m asking tape running 6 feet across the floor (Line A-B). This m easured 25 inches out 

from  the left wall and 8 inches out from the right wall. It was 66 inches from  the back 

wall on the left hand side and 4 feet from  the back wall on the right hand side.

A 6 foot double line (4 inches wide) ran across the front o f the floor, from  the left to 

right wall (L ine C-D). A line running perpendicular to this (L ine E-F) extended for 28 

inches from  the centre o f the line, just crossing the diagonal line. From  “F” at an angle 

o f 45 degrees, ran another line (Line F-G) for 22 inches.



Test positions were as follows;

1) Child stands at “F” , facing front of room.

2) Child stands on line F-E.

3) Child walks line C-D.

4) Child walks line C-D.

5) Child walks line A-B.

6) Child stands at “F” , facing front of room.

7) Child walks perimeter o f  room.

8) Child crawls B-A.

9) Child lies on back from E-F, head at F.

10) Child on all fours, from E-F, head at E.

11) Child on all fours, at F and facing right-hand wall

12) Child stands at “F” , facing forward.

13) Child stands at “F” , facing “G ” .

14) Child stands at “F” , facing left-hand wall.



APPENDIX 7

DYSLEXIA
Reading / Writing difficulties?

Your participation in an experiment is needed!

The Dyslexia Research Group, located in the Department of Psychology, Trinity College, 
Dublin, has launched a 1 year experimental study into dyslexia and its treatment.

We are contacting families with children aged 4-6 years, where older 
brothers/sisters or parents suffer from either dyslexia or reading and spelling 
problems. We wish to recruit boys between 4-6 years and girls who may 
already be presenting with dyslexic symptoms.

Our aim is to investigate early indicators of dyslexia and evaluate 3 different potential 
treatm ents for dyslexia, designed for pre-school or early-school children. These 
treatm ents (versions of some of them cost well over 1000 Euro) may alleviate the 
problems associated with dyslexia and our aim is to determine which, if any, of these 
treatm ents will be effective. It is of course possible that none of them may be.

Participation in the study may involve a regular commitment of about 10 
minutes each day over a period of approximately one year.

Contact Details
For further information or involvement in the study please contact:

Ms. Erika Doyle at edoyle4@tcd.ie or 
Ms. Elaine Smith at esmith@tcd.ie or 

telephone us during normal office hours on 01-6082095.
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Dyslexia Research Group
October, 2003. 01-608 2095

Dear Principal

Re: Dyslexia Early Years Project

The Dyslexia Research Group within the Department of Psychology at Trinity 
College, Dublin has launched a year-long study into dyslexia. The study is to focus on 
the different motor treatments that are currently available, some of which are sold as 
commercial treatments without having been extensively scientifically tested.

For our research study we are contacting parents of young boys between the ages of 
three and six years who have someone in the family with dyslexia or chronic reading 
or spelling difficulty.

In order to do that we would be most grateful if you would pass on the enclosed 
advert and information sheet to the parents of dyslexic children or children with 
reading and spelling difficulties in your school. This way we may be able to access 
their younger male siblings. We are also being assisted by the Dyslexia Association 
of Ireland in contacting relevant families around the country. Interested parents can 
contact us directly for additional information.

Please refer to the website: www.dysvideo.org if you need to download additional 
copies of our advert and information sheet for your parents. If you have any queries, 
or need us to send on the information electronically, or simply wish to know more 
about the study please do not hesitate to contact us via the following:

Elaine Smith esmith@tcd.ie 
Erika Doyle edovle4@tcd.ie

or telephone us during normal office hours on 01-608 2095.

Many thanks for your help.

Yours sincerely

Erika Doyle 
Elaine Smith
Dr. Ray Fuller - Supervisor
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Department of Psychology
Universi ty of  Dublin,  Trinity College 

D ubl in  2, Ireland
Tel: +353 1 608 1886 
Fax; +353 1 671 2006

Head of Department: Professor Ruth Byme

Department of Psychology 
Ethics Committee

20 November 2002

Dear Erika Doyle and Elaine Smith,

The Department of Psychology Ethics Committee met recently to consider your 
application entitled ‘Retained primary reflexes and motor development: a longitudinal 
study of their relationship and of the effects of a remedial programme to stimulate normal 
primary reflex processes’ for approval. I am pleased to tell you that the Committee has 
decided to approve your application.

Yours sincerely,

Chairperson, Department of Psychology Ethics Committee

http://w~ww.tcd.ie/Psychology
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QUESTIONNAIRE

Section 1: General

(1) Son’s Details

(a) Surname:
(b) Forenames;

(c) Date of Birth (dd-mm-yyyy):

(d) Age: (Years) (Months)

(2) Parent’s Details

(a) Surnames 
Mother: 
Father:

(b) Forenames 
Mother: 
Father:

(3) Contact Information

(a) Address: _______

(b) Phone no:

(c) E-mail (i f  available):

(d) y[dbi\Q ( if available):



Section 2: Child participating

(4) C hild’s Developm ental History

(a) The following are a list of the normal m otor stages through which a child should
pass.
Please tick the box if your child left any o f  them out.

Rolling (front to back) □
Rolling (back to front) □
Creeping on tummy □
Crawling on hands and knees □
Sitting alone □
Standing alone □
W alking □
Running □
Jumping □

(b) If he did not leave any o f the previous stages out, what age, in months, was he
when he began showing the following behaviours?

Creeping on tummy □
Crawling □
Sitting alone □
W alking □

(c) At what age, in months, was he when he began dem onstrating the following
language abilities?

Imitating sounds (e.g.ma, da): U
1- - - - - - - - - - - - - L

One word expressions: □



□□
Babbling:

Two word 'sentences:'

Three or more word 'sentences:' □

(d) Does he know any nursery rhymes?

(e) Does he learn nursery rhymes easily?

(5) Child’s Medical History

(a) Does he now or has he ever suffered from any of the following?

□□
Yes

Yes

□□
No

No

Please tick those that apply.

Feeding Problems: □
Sleeping Problems: □
Hearing Problems: □
Visual Problems: □
Speech Problems: □
Allergies: □
Asthma: □
Epilepsy: □

Other: □
Please give details of any of the above



(6) Child’s General Behaviour

(a) Does your child display any of the following behaviours? 
Please tick those that apply.

Unusual fussiness □

Difficulty to control □

Little interest in exploring his environm ent □

Resistance to being held or cuddled □

Over-activity

Under-activity

Poor posture

Poor attention

Poor balance / Clumsiness

Frequent falling

Fidgeting □

Bed-wetting □

□□□□□□
Other □
Are there any details you wish to add regarding any o f the above?



Section 3: Family member witli reading/spelling
difficulties

(7) Other Family Member

(a) Please specify the other family member who suffers from some form of 
reading/spelling problem.

Please tick the box that applies.

□  Mother □  Sister

□  Father □  Brother

(b) Has their problem been formally diagnosed as dyslexia by an educational 
psychologist / agency?

□  Yes □  No

(c) If yes, who was the psychologist / agency who diagnosed the dyslexia?

(d) If no, please specify what it is that suggests this person has a reading / writing 
problem? Please give details.
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Inform ation Sheet for Parents o f  Participants 

Title o f  the study: Dyslexia Early Years Project

R esearchers: Elaine Smith. BSc (Psychology). Erika Doyle, BA (Psychology)
R esearch Supervisor: Ray Fuller, MA. PhD, FPsSI. FTCD. MESI

Dear Parent,
W e are conducting a longitudinal study, designed to look for early indicators o f  dyslexia in very young 
children and to assess a num ber of remedial interventions. W e are recruiting up to 400  children 
between the ages o f  3 and 6 years to take part in a study over a one year period. As dyslexia is thought to 
be a genetic problem (i.e. one  that runs in families) we are looking for children from families in which 
someone has been diagnosed as dyslexic or where there is at least one person with experience o f  a 
chronic difficulty with reading and or spelling. W e are particularly interested in boys because the 
prevalence o f  dyslexia is about three times greater in boys than in girls, however we are interested in 
girls who are already presenting with problems.

Participant children will be initially assessed in order to detennine whether or not they retain certain 
movement reflexes and to determine their balance skills. They will then be assigned to one o f  four 
groups. Three groups will perform different movement exercises with a parent for 10 minutes each 
evening. One group will be asked to defer implementing any intervention for about 12 months, by which 
time we should have evidence as to which intervention works best. The parents will then be instructed in 
that intervention, should they so wish.

As the parent/carer o f  the child you will be responsible for ensuring that a series o f  head, arm and leg 
movem ents or a balance program m e is performed by your child during each session. In addition you will 
be asked to mark a record sheet, indicating that a session has taken place. W e would like you to continue 
with your m ovem ent/balance  programme for 12 months. However at 6 months your child will be re
assessed and for some children (perhaps even all) we may suggest that continuation o f  the programme 
will not be necessary. In any event, all participant children will be invited back at 12 months for a final 
assessment.

W e appreciate that com m itm ent to this study is a big decision. The main effort involved is the twelve 
months in which the exercise programmes are taking place. It is extremely important that these exercises 
are done every night for about 10 minutes during the study period. This information will be most 
valuable in increasing the knowledge we have o f  learning disabilities. Having said this, if you do get 
involved and subsequently feel unhappy being part o f  this study, you are, o f  course, at liberty to 
w ithdraw at any point that you wish.

If you do feel you would be interested in becoming involved in the study you would be making a great 
contribution to the knowledge o f  dyslexia in general as well as being o f  potential help to your own 
ch ild 's  development.

This project satisfies the requirements o f  the Department o f  Psychology Ethics C om m ittee and is 
consistent with Ethical Guidelines o f  the Psychological Society o f  Ireland. If you have any queries 
regarding this study please contact us or our supervisor. Dr. Ray Fuller, at the address below.

Yours sincerely.

Elaine Smith, BSc (Psychology) Tel: 608 2095/608 2426
Erika Doyle, BA (Psychology) Fax: 671 2006
Departm ent o f  Psychology 
Trinity College, Dublin 2
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Consent Form 
Dyslexia Early Years Project

Dear Parent,

As part o f  our post-graduate doctoral degrees in psychology we (Ms. Elaine Smith and Ms. Erika Doyle) 
are conducting a long-term study o f  the motor (i.e. movem ent) developm ent o f  children in relation to 
specific learning difficulties. W e are inviting families to take part in our research who feel they are 
capable o f  making the commitment necessary for involvement in the study (see attached information 
sheet) and who meet some other necessary criteria.

The first part o f  this study will involve a forty minute assessment o f  your son 's  physical reflexes and 
balance skills. Y our child will be videotaped whilst completing these elements, to enable later analysis.

If  you wish to permit your son to take part in this phase o f  the study, please sign the consent form below 
and return to us as soon as possible. O ur study satisfies the requirements o f  the Departm ent of 
Psychology Ethics Committee and is consistent with Ethical Guidelines o f  the Psychological Society of 
Ireland.

Please note that if your child does become involved in the study he will remain anonymous in all reports 
and confidentiality o f  individual data is assured. Videotaped material will remain the property o f  the 
D epartment o f  Psychology and will not be released to any o ther researcher without your express 
permission.

Finally, you are at liberty to withdraw your child from the study at any point, should you so wish.

Elaine Smith. BSc (Psychology), Erika Doyle. BA (Psychology). Dr. Ray Fuller. MA. PhD, FPsSI, 
FTCD . M ESI (Research Supervisor)
Departm ent o f  Psychology 
Trinity College 
Dublin 2.
Tel: 608 2095/608 2426 
Fax: 671 2006

I do wish my child to take part 
I do not wish my child to take part 
(Please tick one)

Signature o f  parent or guardian

Date
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Dyslexia Early Years Project

This is to confirm that I agree to my child participating in the Dyslexia Early Years 

Project at his own risk and that I shall not hold Trinity College Dublin or any o f its 

agents liable for any injury associated with that participation

Signed; ______________________

Date: ________________________

The Dyslexia Early Years Project satisfies the requirements o f the Department o f 

Psychology Ethics Committee and is consistent with Ethical Guidelines o f the 

Psychological Society' o f Ireland.
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Dyslexia Early Years Project

Department of Psychology 

Trinity College 

Dublin 2.

This is to confirm  that I understand that my child is participating in an experiment to 

evaluate a range of interventions which may help children at risk for dyslexia. 

However the effectiveness of these interventions cannot be predetermined.

My child is participating with my agreement not to reproduce, lend or otherwise 

distribute any of the project materials to a third party. I also agree not to instruct other 

people in the procedures I shall be using.

I note that the video and the handbook are the property of TCD and must be returned to 

the Dyslexia Research Group on completion o f my child’s programme.

Signed:

Date:
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DEST-2 Score Sheet fo r________________________
E ntering Scores
Having written the test scores (from the response sheet) into the second column of the 'DEST-2 Score Sheet', check the Score Key 
is for the right age, then place it carefully on top of the Score Sheet. The cutaway allows you to enter the 'At Risk Index' scores in the 
third column of the score table. Look up the corresponding index (-, o, +, ++) in the right hand columns of the Score Key, and enter 
it in the 'At Risk Index' column, e.g. for rapid naming for age 6:0 to 6:5. you would enter — for a score of 70; - for a score of 60; o for a 
score of 55; + for a score of 32; and ++ for a score of 31. The norms on the Score Keys differ for each age, so make sure you use 
the right one. Note that some of the tests are at ceiling in the 'o' or '+' category, and therefore the higher category has the same score 
in brackets. If the same score appears in two columns, select the lower category. The score in this category will not be in brackets.

Test

Score

At Risk 

Index

“ “ 0 ++

1. Rapid Naming

2. Bead Threading

3. Phon. Discrimination

4. Postural Stability <
5. Rhyme/First Letter

6. Forwards Digit Span

7. Digit Naming

8. Letter Naming

9. Sound Order

10. Shape Copying

11. Corsi Frog

12. Vocabulary

Interpretation
Work out the numbers of — and - scores. If 4 or more are —, or 7 or more are either — or the diagnosis is 'at risk'. For a quantitative 
measure, score 2 for —, 1 for -, 0 for the remainder, and add up the scores. The 'At Risk Quotient' (ARQ) is then the sum divided by 
12. An ARQ of 0.9 or greater is strong evidence of being at risk, and an ARQ of 0.6-0.8 is mild evidence of being at risk. Also 
complete the profile chart. At risk areas such as rhyming suggest areas for possible remediation work. Digit span weakness suggests 
possible memory difficulties. Discrimination weakness may suggest hearing acuity or processing problems.

Full N am e______________________

C lass___________________________

School__________________________

Child's date o f b irth______________

Age at testing____________________

Family history of reading difficulties

(from permission form)___________

Test behaviour: concentration______

anxiety___________

O ther___________________________

N um ber with - -________________________ (A)

N um ber witli - ________________________ (B)

At risk score (2xA)-i-B___________________ (C)

At Risk Quotient (C)/12__________________(D)

Screening d iagnosis_______________________

Tester. Date

- l - l -

B

i £  Q

£

4 =
TD

— VO —  —

©  2 004  by T h e  P sy ch o lo g ic a l C o rp o ra tio n . P u b h sh ed  by T he P sychological C orpora tion  Limited, 32 Jam estow n  R oad, L o n d o n  N W ! 7BY. All righ ts reserved .
No p a r t o f  th is  p u b lica tio n  m ay be re p ro d u ce d  o r transm itted  in any form  o r by any m eans, electronic o r  m ec h an ica l, in c lu d in g  photocopy, reco rd in g  o r any in fo rm ation  sto rag e  
o r re trieval sy stem , w ith o u t p e rm issio n  in w ritin g  from  the publisher. P rin ted  in England. ISBN  0 ''491 2 140  8



DEST-2 Response Sheet for

1. R apid N aming 2. Bead Threading 3. Phon. D iscrim ination 4. Postural Stability

Time (secs) Total bad dad A rm s by side

E rrors Less initial 3 cap cap 1

Time + (5 x errors) M inus 1 if string dropped day day 2

Add 10 if place card needed more than once pin thin

lip limp A rms in front

fat fat 1

cub cup 2

leg leg

fan van

Total Total Total (max 9) Total (max 24)

5. Rhyme 6. Forwards Digit Span 7. Digit N aming 8. L etter Naming

leg hen 5 1 4 t

pin win 3 9 8 s

cup pup 1 3 6 3 d

hop doll 4 9 5 9 e

toe toad 7 6 4 2 5 w

mud bud 5 8 4 7 7 0
peg pet 7 4 6 5 8 6 b
wing sing 8 6 1 3  9 q

First letter 7 5 4 3 16 n
dog 9 7 5 2 4 3 y
sack 1 3  4 7 9 6 2

hat 2 1 3  4 8 7 5

tap 1 7  2 9 6 3 5 8
net 5 7 6 4 8 1 3 2

Total (max 13) Total (max 14) Total (max 7) Total (max 10)

9. Sound O rder 10. Shape Copying 11. Corsi Frog 12. Vocabulary
mouse H and used 4 2 Seesaw
duck 5 1 Pineapple
mouse II 1 3 6 Camel
mouse D 5 3  7 Lizard
duck = 7 6 4 2 Volcano
mouse O 6 13  4 L ight bulb
duck t 2 4 7 3 5 A utumn
duck A 4 6 1 3  7 Canoe
duck O 7 5 4 3 16 Jellyfish
mouse 1 7  5 2 4 3 H abit
mouse 1 3  4 7 5 6 2
duck 2 1 3 4 6 7 5
duck 1 7 2 4 6 3 5 2
mouse 5 7 6 4 2 1 3  2
mouse

duck

Total (m ax 16) Total (max 21) Total (max 14) Total (max 10)



Name;

Child ID; _____________________

Session no; __________

Date; __________________ Age; Y ;_____M;

SCORE SHEET

COMMENT BOX

See individual test description sheets for scoring procedure

5 = Unable
Oculo-Motor Functionine Tests:

Visual Tracking 1 2  3 5

Hand-Eye Tracking 1 2  3 5

Fixation with Eyes Yes 1 No 5

Measure start of near Point Convergence and
re-establishment of Binocular Vision (range 6-8 cms)  cms

Yes 1 Slow 4

Motor/Adiadochokinesia tests:

Fingers-to-nose - eyes open 1 2 3 4 5
- eyes closed 1 2 3 4 5

Heel on shin - left 1 2 3 4 5
-righ t 1 2 3 4 5

rapid alternate movement

Finger tapping (Birdie Song) - left hand 1 2 3 4 5
- right hand 1 2 3 4 5

Palm reversal 1 2 3 4 5

1



Name;

Finger to thumb (Incy W incy spicier) 
Child should attempt up to 10 rotations

Phonoloeical Tests:

In School 

Letterland Scheme

Letter Name Knowledge

Phoneme Deletion

Non-word Repetition

\  ideo Data 

Balance tests:

Dominant Leg

01 Standing on one leg
(5 secs @ 4yrs, 6 secs @ 6 years)

02 (Mann Test) Advanced Romberg 
(min 8 secs)

03 Tandem walk 
(min 10 steps)

Child ID: _____________________

Session no: __________

Date: __________________ Age: Y :____ M:

 rotations in  secs
Able 1 Unable 5

Yes No

Yes No

/ 26

/ 8

/ 10

/ 10

/ 30

Right

Left

- right   secs

1 2 3 4 5
- left   secs

1 2 3 4 5

  secs

1 2 3 4 5
  secs

1 2 3 4 5

-forw ards   / 10 steps

- eyes open

- eyes closed

2



Name;

Child ID:

Session no;

Date; _________________ Age: Y :_____M:___

1 2 3 4 5

5 yrs'^ - backwards   /  10 steps

1 2 3 4 5 *

04 Walking on tiptoe -forwards / 10 steps
(niin 10 steps)

1 2 3 4 5

5 yrs'^ - backwards __  /  10 steps

1 2 3 4 5 *

05 Slalom Walk - forwards   / 10 steps
imiu 10 steps)

1 2 3 4 5

6 yrs^- backwards   /  10 steps

1 2 3 4 5 *

06 Hopping on the spot -right   / 10 hops
(mill 10 hops)

1 2 3 4 5

- left   / 10 hops

1 2 3 4 5

07 March and about turn 1 2 3 4 5

08 Crawling on all fours 1 2 3 4 5

3



Name;

Child ID:

Session no: __

Date: ___________________Age: Y:

Balance Score Matrix

Scores X Amount Total

1

2

3

4

5 = Unable

Total : - 5 yrs / 11 
+5 yrs / 13 
+ 6 yrs / 14

Average

If average 2 or less = Low Risk 

Otherwise High Risk



Name:

Child ID:

Session no:

Date: __________________ Age: Y :_____M:___

N'ideo Data 

Reflex tests:

09 ATNR: Lying Down Eyes open: - left arm 1 2 3 4 5
- left leg 1 4

- right arm 1 2 3 4 5
- right leg 1 4

Eyes closed: - left arm 1 2 3 4 5
- left leg 1 4

- right arm 1 2 3 4 5
- right leg 1 4

10 ATNR: (Ayres) Table position -  front view

Eyes open: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

Eyes closed: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

11 STNR: Table position -  side view

Eyes open: -T runk  1 2 3 4 5
- Arms 1 2 3 4 5

Eyes closed: -Trunk 1 2 3 4 5
- Arms 1 2 3 4 5

12 ATNR: (Schilder) Standing position

Eyes open: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

Eyes closed: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

5



Name:

Child ID; _____________

Session no: __

Date: __________________ Age: Y:

13 TLR: Standing

Eves open: Head down: 1 2 3 4 5
Head back: 1 2 3 4 5

Eves closed: Head down: 1 2 3 4 5
Head back: 1 2 3 4 5

14 MORO: Standing

Eyes open: 1 2 3 4 5

Eves closed: 1 2 3 4 5

Reflex Score Matrix

Scores X Amount Total

1

2

3

4

5 = Unable

Total /26 /30

Average

If average 2 or less = Low Risk

Otherwise High Risk



Name:

Date:

Child ID: _____________________

Session no: __________

________________Age: Y :_____ M:

Group: _____

7
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L ? £ T  l l e c o r d  F c a j x  i c c

Eri";ving
V7rite iiie t^st scores in tl’e ic '.r ;- ' coh.:ivin i.;c the cjio:-; ' a ' - - :  :. Find ScMVi k s )  a p fro p ria i'r  f.:v  the ci^Ud's agie. Place i;  carerul' - o 
cop o!- thi:; si'ieei:. Thj; cutnV'/ti;- c.Uov-'s yoii tv e rtc i' i::-r ' A t Risk Ina-i:-' sccrs'? the th ird  coium ri ol: th'? record Loci-, up tiie co rrssp o n iin  
iiidex i:'' '!':=■ ' ' i g h t  h a r d  cok;i” n^ oi' ciie ic :.rc  • V-;.', {i.:sir,r ri'-r '■istr.i-ctioos a t t!'<r top of the Scort K e y )  and enter it in the '*At Ris!
colum n Oi'. this shs'ri. Ti-^e scoi'i l^eys d i f e r  t jc e^ch sg t , sc- iviinke siii't vou usc t!',a rig h t ons.

T e s ; 1 'A t  R is k ' 1 j 

S c o re  j I n d e x  |  |
- +

1. F.apicI N a m in g 1 <

2. E eaci T h r e a d in g 1
C.»

3. O n e  M inu i:e  R e a d in g i
It

AV
.<7.

4. P o s tu ra l  S ta b ility 1

5. P h o n e t ic  S e g m en t" 1 rO ’'
6. T w o  M in u te  S p e llin g

7. B a c k w a rd s  S p a n 1

8. N o n s e n s e  P a s s a g e 1

9. O n e  M in u te  W ritin g !

10. V e rb a l F lu e n c y
3  , ■ 
i 1

11. S e m a n t ic  F lu e n c y 1

iiite rp re ia iio n
W ork o u t the num bers oi:' —, -- an d  - scores. It 4 o r nio-re are — or o r "  or m ore are e ith e r —, -  o r -, the d iagnosis is 'A t R isk'. For a quantitativ i 
m easure, score 3 for —, 2 for —, 1 for 0 for the reraain.der, and  add up  the scores. The 'A t Risk Q uo tien t' is theri the sum  d iv id ed  t y  10. Ar 
A.RQ of 1 o r g reater is strong  ev id en ce  of being 'A_t R isk '. Also corriplete the profile s-raph. 'A t R isk' areas such as Segm entation  su g g est pic'ssibk 
ren-iedi.?.tion '.vork. Digit Span w eak n ess suggests possib le m em ory difficulties. Areas o f stren g th  m ay pirovide the basis for a rem edial strateg\

F u ll N a m e _____________________________________________ T e s te r _________________________________________D a te _____________________

C l a s s _______________ S c h o o l_____________________

C h ilc i 's  d a te  o f b i r t h ____________________________

A.ge a t  t e s t i n g __________________________________

F a m ily  h i s to r y  (p e rm is s io n  fo rm )

T est b e h a v io u r :  c o n c e n t r a t io n _________________

a n x ie ty ________________________

O th e r  iixfo:

N u m b e r  w i th  —  __________________________ (A)

N u m b e r  w i th  -  ___________________________  (B)

N u m .b e r  w i th  - ____________________________ (C)

'A t  R isk ' s c o re  (3xA ) + (2xB ) + C ___________(D)

'A t  F;isk ' q u o t ie n t  ( D ) / 1 0 ___________________ (E)

S c r e e n in g  d i a g n o s i s __________________________

<Zil996 by T he Psychological C o rp o ra tio n . All rights reserved . N o p a rt of this pub lication  m a j' be re p ro d u c e d  o r tran sm itted  in any  fom i o r by any  m eans 
e lectron ic  o r m echan ica l, in c lu d in g  p h o to g ra p h y , reco rd ing  o r any  in form ation  re trieva l system  w ith o u t p e rm issio n  in w ritin g  from  the pub lisher. P rin ted  in th< 
U nited  K ingdom . ISBN 0 7491 0833 9 '  ’



DST Record xorm for

1. Rac-id Nam ing 2. Bead T hrssd ing 4. i'OSiiiral StHbiiicj^ 10. V s ita l Piiigncy 11. Sem antic Fl-usr,cy

Time (sec) Total Arms by side S .^.nimals

Errors Less initial 3 1
2

Time + 5 x errors Arms in front
1
2

Total Total Total (max 24) Total Total

3. O ne M inute Reading 5. Phonemic Segm eniaiion 6. Two M inute Spelling 7. Back Snan

Form (A or B) 1. Rainbow (rain) H and used 2 4

Errors 2. Wigwam (v/am) H andw riting c]uality 69
Passes 3. M armalade (malade) (good / a ve / poor) 8 3 5
Last word read 4. Dog (d) 1 7 6
Words attempted (A) 5. boat (oat) N um ber completed 6 9 3 4
Errors plus passes (B) 6. stake (ache) N um ber of errors 3 8 17
Score (A-B) (C) 7. stake (take) N um ber correct 4 1 6 2 3
Time 8. stake (stay) A dd 8 if used only the 2 7 4 6  8
Boni.is (1 pt. per sec. under 60) 9. snail (snay) 9.5+ spellings 8 7 1 5  6 9

(O) 10. flag (lag) 4 1 5 2 7 8
Total (C+D) 11. glow (go) 3 8 6 4 1 7 5

12. igloo (igoo) 5 8 2 3 9 6 1
6 8 4 5 3 2 1 7
4 1 5 3 8 7 6 2

Total Score (max 12) Total score Total score

8. N o n se n se  P assag e  R ead in g 9. O n e  M in u te  W riting

A. One day a mib fell into the teg. He was so sup and cid that he cried. He said 
"Chie". Then he ran back to his dom. She said "Oh stid "and ?ave him a reb lim drark Wnrd=! . (A'l
B. One day a mib fell into the feg. So arunv was he that he cried "Ober, i^ive me a 
tlirold!" He climbed out, shook the w ater off. and ran back to his dom. She said "Oh 
stid " and e;ave him a reb lim drack

Tim e

B onus (1 p o in t for each  2s

C. Once upon a time a boy ran awav from drins. He ran and ran until he fell into 
a loury greel. So gm nv was he that he cried "Ober, give me a throld. remshill me.

u n d e r  6U) (d ) 

Lesser of B and  10 (C)
slossren the widdvfer. At last, he dragged him.self out, .shook the water off, and Frrnr<;
quickly went gobbistum. E rro r p en a lty  (1 p o in t for each
D. In the olden days, a rennifer set out to craiberg an enormous dollitrov that 
threatened his counti"v. It was a reallv eraaw allv illadonter and after killin? it he was 
cliingersomelv tired. But the very next day he set out to Oligondervock to sraffidanter 
his stettlenab. On his arrival, he m et his bontuvildam at the station. Thev were 
married and lived happily ever after

9 erro rs) __ CD)

W riting  qu a lity  (good  ave poo r) 

P ena lty  if writing: p o o r (1-3)

(E)
Real Words correct: (max: A = 28, B = 34, C = 42, D = 53) (A) P en a lty  if po o r p u n c tu a tio n  (0-2)

Nonsense words correct (max = 10) (B) (on ly  for age 8:6 +) (F)

Score = (A) + (2 x B) (C) Total:

Time A + C - D - E - F
*Time Boni.is per 2 s less than 60 s'! [Max 10]

or  Time Penalty (1 per 2 s more than 60 .s') [Max 60]

Bonus should onl^ bt̂  i f  15 or more is scored.

Score after penalty / bonus (D)

Half Score (= half of C) (E) 

Total Score (greater of D and E) Total Score



Name:

Child ID: ______________________

Session no: __________

Date: ___________________Age: Y :_____ M:

SCORE SHEET

COMMENT BOX

See individual test description sheets for scoring procedure

Oculo-Motor Functionin2 Tests:

Visual Tracking 

H and-Eye Tracking 

Fixation with Eyes

M easure start o f  near Point Convergence and 
re-establishm ent o f Binocular V ision (range 6-8 cms)

Motor/Adiadochokin esia tests:

Fingers-to-nose

Heel on shin

rapid alternate movement

Finger tapping (Birdie Song)

eyes open 
eyes closed

left
right

left hand 
right hand

5 = Unable

1 2  3 5 

1 2  3 5 

Yes 1 No 5

 cms

Yes 1 Slow 4

1 2 3 4 5
1 2 3 4 5

1 2 3 4 5
1 2 3 4 5

1 2 3 4 5 
1 2 3 4 5

Palm  reversal 1 2 3 4 5



Name;

Child ID: __________

Session no:

Finger to thumb (Incy Wincy spider) 
Child should attempt up to 10 rotations

Phonolosical Tests:

In School 

Letterland Scheme

Letter Name Knowledge

Phoneme Deletion

Non-word Repetition

Vitk'o Data 

Balance tests:

Dominant Leg

Date: __________________ Age: Y :____ M:

 rotations in  secs
Able 1 Unable 5

Yes No

Yes No

/ 26

/ 8

/ 10 

/ 10 

/ 30

Right

Left

01 Standing on one leg -righ t   secs
(5 secs @ 4yrs, 6 secs @ 6 years)

1 2 3 4 5
- left   secs

1 2 3 4 5

02 (Mann Test) Advanced Romberg - eyes open _____ secs
(min 8 secs)

1 2 3 4 5
- eyes closed _____ secs

1 2 3 4 5

03 Tandem walk - forwards   / 10 steps
(min 10 steps)

2



Name:

Child ID:

Session no:

Date: _________________ Age: Y :_____M:__

1 2 3 4 5

5 yrs'^ - backwards   /  10 steps

1 2 3 4 5 *

04 Walking on tiptoe -forwards   / 10 steps
(min 10 steps)

1 2 3 4 5

5 yrs'^ - backwards   /  10 steps

1 2 3 4 5 *

05 Slalom Walk -forwards   / 10 steps
(min 10 steps)

1 2 3 4 5

6 yr.y^- backwards   /  10 steps

1 2 3 4 5 *

06 Hopping on the spot -right   / 10 hops
(min 10 hops)

1 2 3 4 5

- left   / 10 hops

1 2 3 4 5

07 March and about turn 1 2 3 4 5

08 Crawling on all fours 1 2 3 4 5

3



Name:

Child ID: _____________________

Session no: __________

Date: __________________ Age: Y :_____ M:

SCORE SHEET

COMMENT BOX

See individual test description sheets for scoring procedure

Oculo-Motor Functionine Tests:

Visual Tracking 

Hand-Eye Tracking 

Fixation with Eyes

Measure start of near Point Convergence and 
re-establishment of Binocular Vision (range 6-8 cms)

Motor/Adiadochokinesia tests:

Fingers-to-nose

Heel on shin

rayid alternate movement

Finger tapping (Birdie Song)

eyes open 
eyes closed

left
right

left hand 
right hand

5 = Unable

1 2  3 5 

1 2  3 5 

Yes 1 No 5

 cms

Yes 1 Slow 4

1 2 3 4 5
1 2 3 4 5

1 2 3 4 5
1 2 3 4 5

1 2 3 4 5 
1 2 3 4 5

Palm reversal 1 2 3 4 5



Name:

Child ID:

Session no:

Date:

Finger to thum b (Incy W incy spider) 
Child should attempt up to 10 rotations

rotations m
Able 1

_Age: Y: M:

 secs
Unable 5

Phonoloeical Tests:

In School 

Letterland Schem e

Letter N am e K now ledge

Phonem e Deletion

N on-w ord Repetition

V ideo Data 

Balance tests:

Yes

Yes

No

No

/ 26

/ 8

/ 10

/ 10 

/ 30

D om inant Leg Right

01 Standing on one leg
(5 secs @ 4yrs, 6 secs @ 6 years)

Left

- right

- left

secs

1 2 3 4 5
  secs

1 2 3 4 5

02 (M ann Test) Advanced Rom berg 
(min 8 secs)

-  eyes open

eyes closed

secs

1 2 3 4 5
  secs

1 2 3 4 5

03 Tandem  walk 
(min 10 steps)

-  forwards   /  10 steps

2



Name:

Child ID:

Session no:

Date: _________________ Age: Y :____ M:___

1 2 3 4 5

5 yrs'^ - backwards   /  10 steps

1 2 3 4 5 *

04 Walking on tiptoe -forwards   / 10 steps
(min 10 steps)

1 2 3 4 5

5 yrs* - backwards   /  10 steps

1 2 3 4 5 *

05 Slalom Walk - forwards   / 10 steps
(min 10 steps)

1 2 3 4 5

6 yrs'^- backwards   /  10 steps

1 2 3 4 5 *

06 Hopping on the spot -right   / 10 hops
(min 10 hops)

1 2 3 4 5

- left   / 10 hops

1 2 3 4 5

07 March and about turn 1 2 3 4 5

08 Crawling on all fours 1 2 3 4 5

3



Name:

Child ID:

Session no: __

Date: ___________________Age: Y:

Balance Score Matrix

Scores x Amount Total

1

2

3

4

5 = Unable

Total : - 5 yrs / 11 
+5 yrs / 13 
+ 6 yrs / 14

Average

If average 2 or less = Low Risk 

Otherwise High Risk



Name:

Child ID:

Session no:

Date: __________________ Age: Y :____ M:___

V ideo Data 

Reflex tests:

09 ATNR: Lying Down Eyes open: - left arm 1 2 3 4 5
- left leg 1 4

- right arm 1 2 3 4 5
- right leg 1 4

Eyes closed: - left arm 1 2 3 4 5
- left leg 1 4

- right arm 1 2 3 4 5
- right leg 1 4

10 ATNR: (Ayres) Table position -  front view

Eyes open: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

Eves closed: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

STNR: Table position -  side view

Eyes open: - Trunk 1 2 3 4 5
- Arms 1 2 3 4 5

Eyes closed: -Trunk 1 2 3 4 5
- Arms 1 2 3 4 5

12 ATNR: (Schilder) Standing position

Eyes open: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

Eyes closed: - left arm 1 2 3 4 5
- right arm 1 2 3 4 5

5



Name:

Child ID:

Session no: __________

Date: __________________ Age: Y :_____

13 TLR: Standing

Eves open: Head down: 
Head back:

Eves closed: Head down:
Head back:

1 2 3 4 5
1 2 3 4 5

1 2 3 4 5
1 2 3 4 5

14 MORO: Standing

Eves open: 1 2 3 4 5

Eves closed: 1 2 3 4 5

Reflex Score Matrix

Scores X Amount Total

1

2

3

4

5 = Unable

Total /26 /30

Average

If average 2 or less = Low Risk 

Otherwise High Risk



Name:

Date:

Child ID: _____________________

Session no: __________

________________Age: Y :_____ M:

Group: _____

7



APPENDIX 17

Dyslexia Early Years Project

Results from the Dyslexia Early Screening Test

Name

10-06-04

The Dyslexia Early Screening Tests (DEST-2) is designed for children between the ages of 4:6 

-  6:5 years. It consists of 12 different tests on which dyslexic children may perform poorly. 

Though it is not a diagnosis of dyslexia itself, the results provide an ‘at risk ’ score for dyslexia 

and a profile of strengths and weaknesses which may be used as a guide for the ch ild ’s 

academic support in school.

Screening Tests

1. Rapid naming: This involves correctly naming different pictures as quickly as possible.

2. Bead threading: This represents a test of fine m otor skill requiring hand-eye 

coordination.

3. Phonological discrimination: This tests the child’s ability to judge the sounds o f a 

word.

4. Postural stability: This involves a gentle push in the back to determine whether the 

child has a problem with maintaining balance.

5. Rhyme: This assesses the child’s ability to detect rhyme.

6. Forwards digit span: This is a test of working memory, requiring the child to listen to a 

series of numbers then repeat them back in the same order.

7. Digit naming: This tests the child’s knowledge o f numbers.

8. Letter naming: This tests the child’s knowledge o f letters.

9. Sound order: This gives an indication of whether the child may have difficulty 

detecting rapid changes in consonants by testing whether they can determine the order 

in which 2 different tones ai'e presented.

10. Shape copying: This tests the ability to write neatly and fast.

University of Dublin. Trinity College. Dyslexia Early Years Project. Smith. E.. Doyle, E. 1 
& Fuller. R.



11. The Frog test; This tests the ch ild ’s spatial m em ory.

12. V ocabulary: This tests the ch ild ’s w ord know ledge.

A ccording to the scoring criteria, X X X X ’s scores w ere as follow s.

TEST RESULT

R apid nam ing B elow  average

Bead threading A verage

Phonological d iscrim ination A verage

Postural stability W ell above average

Rhym e A bove average

Forw ards digit span A verage

D igit nam ing A verage

L etter nam ing A verage

Sound order A verage

Shape copying W ell above average

Spatial m em ory A verage

V ocabulary W ell above average

An ‘At R isk Q u o tien t’ o f 0 .9 or gi'eater is strong evidence that a child  is ‘at risk ’ o f  developing 

dyslexia. H ow ever, X X X X ’s score was only  0.08, w hich suggests that the risk o f him 

developing  dyslex ia is ex trem ely  low.

H aving said this, and given that there is a fam ily h istory  o f dyslexia, if you are ever concerned 

about X X X X ’s subsequent progress in school, and you suspect that the problem  m ay be 

related  to  dyslexia, you can seek to have him  assessed, either through the school w ith the 

N ational E ducational P sychological Service (N .E .P.S .), or privately . Inform ation regarding 

private assessm ent can be sought from  the D yslex ia A ssocia tion  o f h e lan d  (D .A .I.). Please be 

aw are that there m ay be long w aiting  lists for such assessm ents regard less o f w hether you go 

through N .E .P .S . or privately. Furtherm ore, children  are not usually  suitable for testing  before 

they are 6 years old.

U niversity  o f D ublin. Trinity  C ollege. D yslexia Early Years Project. Sm ith. E.. D oyle, F. 2 
&. Fuller. R.
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Dyslexia Early Years Project

Results from the Dyslexia Screening Test 

Name 

10-06-04

The Dyslexia Screening Tests is designed for children between the ages of 6:6 -  16:5 years 

and, though it is not a diagnosis of dyslexia itself, provides an indication (an ‘At Risk’ 

Quotient) of whether a further, full psycho-educational assessment should be sought. It 

includes tests of attainment (reading, writing & spelling) as well as screening tests for dyslexia 

which cover a range of skills usually problematic for dyslexic children.

Attainment Tests

1. Reading test

2. Spelling test

3. Writing test

Screening Tests

4. Rapid naming: This involves correctly naming different pictures as quickly as possible.

5. Bead threading: This represents a test of fine motor skill requiring hand-eye 

coordination.

6. Postural stability: This involves a gentle push in the back to determine whether the 

child has a problem with maintaining balance.

7. Phonetic segmentation: This assesses the child’s phonological skill, that is, their ability 

to break down the sounds of a word, as well as assessing their short-term memory.

8. Backwards digit span: This is a test of working memory, requiring the child to listen to 

a series of numbers then repeat them back in reverse order.

University of Dublin. Trinity College. Dyslexia harly Years Project. Smith. E.. Doyle, E. 1 
& Fuller. R.



9. Nonsense passage reading: This tests the child’s ability to read words with which they 

ai’e not familiar, such that they must break down the word into chunks to work out how 

it sounds.

10. Semantic & Verbal fluency: These tests measure the ability to generate a list of words 

from some category, for example, food (semantic fluency) and the ability to generate a 

list of words beginning with the same sound (verbal fluency).

According to the scoring criteria, X X X X ’s scores were as follows.

TEST RESULT

Reading Above average

Spelling Above average

W riting Average

Rapid naming Average

Bead threading Average

Postural stability Above average

Phonetic segmentation Below average

Backwards digit span Average

Nonsense passage reading Average

Semantic & Verbal fluency Above average

An ‘At R isk’ Quotient of 1 or greater is strong evidence that a child is ‘at risk’ o f developing 

dyslexia. However, X X X X ’s score was well under this risk quotient. Her score was only 0.1, 

which suggests that the risk of her developing dyslexia is extrem ely low.

Having said this, and given that there is a family history of dyslexia, if you are ever concerned 

about X X X X ’s subsequent progress in school and you suspect that the problems are related to 

dyslexia, you can seek to have her assessed, either through the school with the National 

Educational Psychological Service (N.E.P.S.), or privately. Information regarding private 

assessment can be sought from the Dyslexia Association of Ireland (D.A.I.). Please be aware 

that there may be long waiting lists for such assessments regardless o f whether you go through 

N.E.P.S. or privately. Children are not usually suitable for testing before they are 6 years old.

University of Dublin. Trinity College. Dyslexia Early Years Prqjcct. Smith. E.. Doyle, E. 2 
& Fuller. R.



D.E.Y.P.: Retrospective Questionnaire

APPENDIX 19

Child Name: __________________________  Date of Birth:

Section 1: Doing the Programme

Please answer the following questions as accurately and honestly as possible. There is no 
“rig h t” answer; we are simply interested in how practical you found  these programmes.

• Did your child participate in a movement programme?

YES [ ] Please continue this section 

NO [ ] Please skip to Section 2

• On average, how many days per week did your child do the movements?

Please indicate 1-7-----------------------------------------------------------------------------  [ ]

• Approximately, for how many minutes each day did your child engage in the

movements? 2-4 minutes [ ]

4-6 minutes [ ]

6-8 minutes [ ]

8-10 minutes [ ]

• Regarding the quality of the movements, please tick the box which you feel applies 
most to the way you and your child did the movements.

Usually rushed through them ..................................................................................[ ]

Som etim es rushed them / sometimes slow and con tro lled ............................. [ ]

M ost o f the time slow and controlled way, but occasionally r u sh ed  [ ]

We usually did them  in a slow and controlled way....................................... [ ]

• C hild’s motivation for the exercises?

He /  she was happy to do them ................................................................................ [ ]

He /  she was not always happy about it................................................................ [ ]

It was difficult to get him / her to do them .......................................................... [ ]

Were there any family or personal difficulties which interfered with participation in the 
programme? Please state YES or NO: you may give reasons only i f  you wish to do so.



D.E.Y.P.: Retrospective Questionnaire

• Were there any difficuhies in learning / teaching the programme to the child? If so, 
what?

• Was the video helpful?

• Were the storylines helpful?

• Do you have any suggestions for m aking the programme more appealing to the child?

• How did you fit the m ovem ents into your child’s daily routine?

Please tick if you wish to avail of another programme used in this study. YES [ ]

N O  [ ]

Section 2: Other Activities

The following questions concern other activities your child might have been involved in over 
the last year. Please respond to those which apply.

• Sport: If your child has been involved in any sport (e.g. swimming, gymnastics, 
football, dancing), please list what they were and for how long they were involved in
them.

Sport (e.g. tennis) How long? (e.g. 1 month) How often? (e.g. once a week)
1.
2.
3.
4.
5.

2



D.E.Y.P.: Retrospective Questionnaire

• School / Academic Help: If your child was involved in any clubs or groups which
focussed on school related work (e.g. remedial classes in school, private tutoring,
language classes), please list what they were and for how long they were involved in
them.

Group (e.g. remedial help) How long (e.g. school year) How often? (e.g. once a week)
1.

2 .

3 .

4 .

• Other Specialised Help: If you child received any other help specifically to do with any 
developmental problems, please give details (e.g. Speech & Language therapy, DDAT,
Primary Movement, Neuro-developmental Therapy (NDT)).
Help (e.g NDT) How long (e.g. all year) How often? (e.g. once a week)

1.

2 .

3 .

4 .

• Other Extra-Curricular Activities: Please give details of any other regular extra
curricular activities your child might have engaged in (e.g. music lessons) and for how
long they were involved in them.

Activity (e.g. music) How long (e.g. all year) How often? (e.g. once a week)
1.

2 .

3 .

4 .

Section 3: School Attendance

• Has your child received any schooling, be it pre-school, primary school or otherwise? 

No schooling at all yet........................................................................... [ ] Skip to Section

Number of years child has spent in pre-school (e.g. Montessori) [ ]

Number of years child has spent in primary school....................................[ ]

3



D.E.Y.P.: Retrospective Questionnaire

• In the past year, how regular has your child’s attendance in school been? Please tick 
box which applies.

Missed 0-2 days....................................................................................................................... [ ]

Missed 3-5 days....................................................................................................................... [ ]

Missed 6-20 days.................................................................................................................... [ ]

Missed more than 20 days....................................................................................................[ ]

• Have there been any medical problems since the study started (in addition to anything

• Please comment on whether you think your child has progressed over the last year in

Section 4: Medical & Family

mentioned in the first questionnaire)?

• Have there been any diagnoses of any of the following?
Dyslexia [ ] Dyspraxia [ ] ADHD [ ]

ADD [ ] Autism [ ] Other [ ] Please speciJS'

• Any other speech/hearing problems?

• Is the child taking ‘EyeQ’?_____________________

• Is the child taking other medication or supplement?

terms of reading, balance or attention.

4



D.E.Y.P.: Retrospective Questionnaire

Are there any other comments you would like to make?

........................................... END OF QUESTIONNAIRE-THANK Y O U ............

OFFICE USE

Child ID:___________________

Initial Group [ ]

End Group [ ]

If changed group, how much o f initial programme did they do (in weeks)? [ ]

Age child started study:____________  Finished:________________

M anual returned:

Video returned:

Cert.:

T-shirt:

Report:

Further Programme:

R-Questionnaire entered:

5
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Conners' Parent Rating Scale - Revised (S)
by C. Keith Conners, Ph.D.

Child’s Name:_ Gender: M F

Birthdate:. Age:. School Grade:
M onth Day

Parent’s Name:_____

Yea-

Today’s Date:. J_
Month Day Year

Instructions: Below are a number of common problems that children have. Please rate each item according to your 
child’s behavior in the last month. For each item, ask yourself, “How much of a problem has this been in the last 
month?”, and circle the best answer for each one. If none, not at all, seldom, or very infrequently, you would circle 0.
If very much true, or it occurs very often or frequently, you would circle 3. You would circle 1 or 2 for ratings in 
between. Please respond to each item. n o t  t r u e  j u s t  a  p r e t t y  v e r y  m u c h

AT ALL l i t t l e  MUCH TR U E TR U E
(Never, TRUE (Often, Quite a (Very Often,
Seldom) (OccasiociaJly) Bit) Very Frequent)

1. Inattentive, easily d istracted .............................................................................. 0 2 3
2. Angry and resen tfu l............................................................................................. 0 2 3

3. Difficulty doing or completing hom ew ork...................................................... 0 2 3

4. Is always “on the go” or acts as if driven by a m otor................................... 0 2 3

5. Short attention sp an ............................................................................................. 0 2 3

6. Argues with adu lts............................................................................................... 0 2 3

7. Fidgets with hands or feet or squirms in s e a t ................................................. 0 2 3

8. Fails to complete assignm ents........................................................................... 0 2 3

9. Hard to control in malls or while grocery shopping ..................................... 0 2 3

10. Messy or disorganized at home or schoo l........................................................ 0 2 3

11. Loses tem per.......................................................................................................... 0 2 3

12. Needs close supervision to get through assignm ents.................................... 0 2 3

13. Only attends if it is something he/she is very interested i n .......................... 0 2 3

14. Runs about or climbs excessively in situations where it is inappropriate .. 0 2 3

15. Distractibihty or attention span a p rob lem ..................................................... 0 2 3

16. Irritable...................................................................................................................
17. Avoids, expresses reluctance about, or has difficulties engaging in tasks

0 2 3

that require sustained mental effort (such as school work or hom ew ork)... 0 2 3
18. Restless in the “squirmy” sen se ......................................................................... 0 2 3
19. Gets distracted when given instructions to do som eth ing ............................ 0 2 3
20. Actively defies or refuses to comply with adults’ requests.......................... 0 2 3
21. Has trouble concentrating in c la ss .................................................................... 0 2 3
22. Has difficulty waiting in lines or awaiting turn in games or group situations
23. Leaves seat in classroom or in other situations in which remaining seated is

0 2 3

expected.................................................................................................................. 0 2 3
24. Deliberately does things that annoy other p eo p le ..........................................
25. Does not foUow through on instructions and fails to finish schoolwork, 

chores or duties in the workplace (not due to oppositional behavior or

0 2 3

failure to understand instructions).................................................................... 0 2 3
26. Has difficulty playing or engaging in leisure activities quietly .................... 0 2 3

27. Easily frustrated in efforts.................................................................................. 0 2 3

C o p y r ig h t '0  1997, M uU i-Health S ystem s Inc. A ll rights reserved. In the (J.S .A.. P.O. B ox  950. N orth  T o n aw an d a .N Y  14120-0950, (300) 456-3003,
In C anada. 3770 Victoria Park Avenue. T oronto, ON N42H 3M 6. (800) 268-6011. International, + 1-416-492-2627 . Fax. +  1-416-492-3343 o r 838-540-4484



Conners ' Parent Rating Scale -= Revised (S)
by C. Keith Conners, Ph.D.

Child’s Name:. Gender: M F

Birthdate:_ J  / - Age:_ School Grade:
Month Day

Paren t’s Name:_____

Year

Today’s Date:_
Month Day Year

Copyright Q 1997, Multi-Health Systems Inc. All rights reserved. In the U.S.A., P.O Box 950, North Tonawanda, NY 14120-0950, (800) 456-3003.
Ill Canada. 3770 Victoria Park Avenue, Toronto, ON M2H 3M6, (800) 268-6011. Intemationai, + 1-416-492-2627. Fax. + 1-416-492-3343 or 888-540-4484

For each item, transfer the circled number into each of the white boxes across the row. Sum each column and 
write the totals in the boxes labelled “TOTALS” at the bottom.

B: Cognitive 
Problems/ C: Hyper-

A: Oppositional Inattention activity D: ADHD Index

•;"v-'.-; ;;..v :

mWMii i . ; ,  . -  .J  .

'

_0_

0

II TOTALS



Profile for Males: C onners'  Parent Rating Sca le  - Revised (S)

Child’s Name: 

Birthdate:___
Month Day

Parent’s Name:_____

Gender: M F
(Circle One)

School Grade:

Today’s Date:.
M onth Day Year

B. C ognitive P ro b le m s/
A. O p p o s itio n a l In a tten tio n  C . Hyperactivity

D. C o n n e rs ' 
ADHD Index

80 . ;r-1 8 ;sS^s-- u 3Z'i 33

33 32
30 3T 32 31
29 30

75 13 15 16 17 ■ 5 28 29 30 29
74 12 13 . 15 15 12 .. . 28 28 25
73 13 . 11 11 14 15 16 10 8 27 29 24
72 12 14 14 11 26 27 28 27 23
71 11 12 10 14 15 25 26 27 26
70
69
68
67
66
65
64
63
62
61

12  .
11

11 10
10

10

10

13

12

11

13

12

14 13 13 10

13 12 12

9 7

6

24 25 26 25 22
24 25 24 21

23 23 24 23
22 23 22 20
21 22 19

Note:
For age-groups:

Column 1: ages 3 to 5 

Column 2: ages 6 to 8 

Column 3: ages 9 to 11 

Column 4: ages 12 to 14 

Column 5: ages 15 to 17

10 9
9

7 9

11 12 11 11 21 22 21 18
8 7 20 20 21 20

10 11 10 5 3 19 19 20 19 17
10 18 18 19 18 16

9 10 9 7 6 17 18 17 15

Please see back of scoring 
sheet for Scale Descriptions

60 8 9 17 17
59 7 7 6 8 9 8 5 4 16 16 16 16
58 7 6 8 8 6 15 15 15
57 7 6 7 8 7 2 14 14 15 14
56 6 6 5 7 7 5 4 3 13 14 13

14
13
12

Please see reverse for 
CPRS-R Female Profile

55
54
53
52
51

6 5

5
4

5 . 6 .  
4 6

5
4 . . 5

3

6 4

5

3
2

13 .
12 12 
11 11 

10 10 
9

13 12
12 11 
11

10 10 
9

11
10
9

50
49
48
47
46
45

4 4

3 3

2 2

2 3 3

2 . 2 2  
1

4
3 3

1

7 7
6 6 

5
5 4

8 7
7 6
6 5
5
4 4

44
43
42
41
40
39
38

1 1

0

1 1

0 0 
0

1 1 

0 0

2

1 0 

0

0 4
3 3

2
2 1 
1 0

3 3
2

2 1 
1 0 
0

C opyrig lu  C) 1997, M ulti-H ealth  System s Inc. A ll rights reserved. In the U .S .A .. P.O. B ox  950 . N orth T onaw anda, NY  14120-0950, (800)-456-3003 .
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Profile for Females: C onners' Parent Rating Scale - Revised (S)

Child’s Name:__

Birthdate:_____ /_

Gender: M F
(Circle One)

Age: School Grade:
Month

Parent’s Name:.

Day

Today’s Date:_
M onth Day Year

B. C ogn itive  P ro b le m s / D. C o n n e rs '
A. O p p o s itio n a l In a tten tio n  C . Hyperactivity ADHD Index

9 t t ,  ^^17 ^

14 '-

*

'̂ 5T-
■fei '"1 '* '

t - ~  t6  ” 

:

;

- > 5 - S i l p p i t

W ® !6 ’r5Sa4*f

^ '■ ^4 ,3 3  
'  . >  32

-f

!;'25':::;-30

" 3 0
^ 28 29 ^

, 81

45'%

-

14 -T5 '

13 ;• '14 ; TO: ;»

15 "■
14 13 ,8

■'2ii5
v i ^ t

' '2 3  ,
' 22 .

. 27 '  
£•3 26 25

.tV'. : 2 5 ' ^  
_ 2 7 '^ 2 4 : W

'■

25

■»24:.
80 • 12. 
79 12'^ 10

■
21 -

26
■^23 ^^'22

f  2 3 ;*

78 13 12 t3 ■ 12 : „ : ^ 1 1 ^ - .V. 25
77 t t 12 - .  ■ 9 n 12 • 20 24 22 21
76 12 . 12 . 11 ■ 9 23 21 20 . 21
75 11 . . . I t 10 19 20
74 11 8 10 11 6 22 20 19
73 10 11 11 10 4 4 18 21 19 19
72 10 . 8 9 18
71 10 10 . . 9 10 17 20 18 17 18
70 9 10 10 7 9 9 19 17
69 9 8 5 16 17 16
68 9 9 . . 8 7 15 18 16 16
67 9 9 8 8 17 15
66 8 6 8 7 3 3 14 15 14 15
65 8 . . 7 16 14 14
64 8 8 8 7 7 6 4 13 15 13
63 7 5 7 6 13 13
62 7 . . 6 12 14 12 12
61 7 7 7 6 6 13 12 11

Note:

Column 1: ages 3 to 5 

Column 2: ages 6 to 8 

Column 3: ages 9 to 11 

Column 4: ages 12 to 14 

Column 5: ages 15 to 17

60
59
53
57
56

6 . . 6  . 

6 6 . 6

5

11 11 11
12 10

10 11 10 10
9 9 9

9 10 8

Please see back of scoring 
sheet for Scale Descriptions

Please see reverse for 
CPRS-R Male Profile

55 5 5 5 3 4 2 8 9 8 8
54 8 7
53 4 3 3 3 3 3 7 7 7
52 4 4 4 4 3 1 7 6 6 6
51 2 6 6 5
50 3 3 2 2 2 2 5 5
49 3 3 3 2 2 5 5 4 4 4
48 4
47 2 2 1 4 3 3 3
46 2 2 0 3 2
45 2 0 0 3 2 2 2
44 0 0 0 0 0 0 1
43 1 2
42 1 0 1 0 0 0 0
41 0
40 0 0 0 0
39
38 0

C opyright ®  1997, M ulti-H ealth  System s Inc. A ll rights reserved . In ihe U .S .A ., P.O Box 950 , North T onaw anda, N Y  14120-0950, (800) 456-3003 .
In Canada, 3770  V ictoria Park A venue, T oronto, O N  M 2H  3M 6. (SOO) 26 8 -6 0 1 1. lntem .ationai, + 1 -416-492-2627. Fax, +  l -4 l6 -4 9 2 '3 3 4 3  o r 888-540-4484
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Early Years Project

This is to confirm that

took part in the byslexia Early Years Project

Signed________________  bafe_

Dyslexia Research Group 
Department of Psychology 

Trinity College 
Dublin 2.
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Number of minutes done
Group 2-4 4-6 6-8 8-10
Reflex 11.4% 48.6% 17.1% 22.9%

Balance 3.7% 29.6% 33.3% 33.3%
Placebo 0% 18.8% 25% 56.3%

Table g: Average (estimated) time spent per day on respective programmes, expressed as a 
percentage of group.

Quality of programme
Group Rushed Sometimes

rushed
Usually

controlled
Controlled

Reflex 11.4% 48.6% 17.1% 22.9%
Balance 3.7% 29.6% 33.3% 33.3%
Placebo 0% 18.8% 25% 56.3%

Table h: Estimated quality of programme done per c ay, expressed as a percentage of
group.

Engaged in sport?
Group Yes No
Reflex 85.7% 14.3%

Balance 96.3% 3.7%
placebo 100% 0%

Table i: Percentages of groups engaged in sport over the year of programme participation.

Engaged in Academic help?
Group Yes No
Reflex 42.9% 57.1%

Balance 59.3% 40.7%
placebo 50% 50%

Table j: Percentages of group availing of academic help over the year of programme 
participation.

Engaged in specialist help?
Group Yes No
Reflex 28.6% 71.4%

Balance 33.3% 66.7%
placebo 25% 75%

Table k; Percentages of group engaged in specialist help over the year of programme 
participation.

Engaged in other activities?
Group Yes No
Reflex 51.4% 48.6%

Balance 22.2% i i .m c
placebo 37.5% 62.5%

Table 1: Percentages of group engaged in other activities over the year of programme 
participation.
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Minutes

Number of minutes done
Dyslexia

Status 2-4 mins 4-6 mins 6-8 mins 8-10 mins
At risk 12% 28% 32% 28%

Not at risk 4.1% 36.7% 24.5% 34.7%
Table a: Average (estimated) time spent per day on respective programmes, expressed 
as a percentage of group, where groups refer to Dyslexia status and the higher band of 
Dyslexia status is used (i.e., risk >= 0.9 on the DEST).

Number of minutes done
Dyslexia
Status 2-4 mins 4-6 mins 6-8 mins 8-10 mins
At risk 9.7% 29% 32.3% 29%

Not at risk 4.7% 37.2% 23.3% 34.9%
Table b: Average (estimated) time spent per day on respective programmes, expressed 
as a percentage of group, where groups refer to Dyslexia status and the wider band of 
Dyslexia risk is used (i.e., risk >= 0.6 on the DEST).

Number of minutes done
ADHD Status

2-4 mins 4-6 mins 6-8 mins 8-10 mins
At risk 21.1% 26.3% 21.1% 31.6%

Not at risk 1.8% 36.4% 29.1% 32.7%
Table c: Average (estimated) time spent per day on respective programmes, expressed
as a percentage of group, where groups refer to ADHD status.

Performance

Quality of programme
Dyslexia

Status
Usually
rushed

Often
rushed

Often
controlled

Usually
controlled

At risk 8% 32% 48% 12%
Not at risk 4.1% 34.7% 40.8% 20.4%

Table d: Self-juc ged quality of programme performance, expressed as a percentage of
group, where groups refer to Dyslexia status and the higher band o f Dyslexia status is 
used (i.e., risk >= 0.9 on the DEST).



Quality of programme
Dyslexia Usually Often Often Usuallv

Status rushed rushed controlled controlled
At risk 9.1% 29% 48.4% 12.9%

Not at risk 2.3% 37.2% 39.5% 20.9%
Table e: Self-judged quality of programme performance, expressed as a percentage of 
group, where groups refer to Dyslexia status and the wider band of Dyslexia risk is 
used (i.e., risk >= 0.6 on the DEST).

Quality of programme
ADHD Usually Often Often Usuallv
Status rushed rushed controlled controlled
At risk 21.1% 47.4% 21.1% 10.5%

Not at risk 0% 29.1% 50.9% 20%
Table f: Self-judged quality of programme performance, expressed as a percentage of 
group, where groups refer to ADHD status.
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120 DAYS SAMPLE FU]LL SAMPLE
Full 120 
davs 
(n = I I8)

120 days- 
private 5 
(n = l l 3 )

Private 5 
on l\ group 
I (n=88)

120
days-
ADHD
(n=89)

ADHD
only
(n=29>

120- 
ADHD- 
private 5 
(n=84)

Entire
fu ll
sample
(n-136)

Entire
fu ll
sample- 
private 5 
(n = J3I)

Private 5 
only 
group 1 
(n = I02)

Entire
fu ll
sample- 
ADHD  
(n = l05)

ADHD
only
<n=3I)

Entire
fu ll
sample- 
ADHD- 
private 5 
ln = IOO>

Entire
sample
with
Reading
variable
as
outcome
<n=65)

MANOVA
P <  .05 P < .0 5 P < .05 P < .0 5 P <  .01 P < .05 P <  .01 P < .05 P <  .05 P < .01 P <  .05 P < .05

ANOVA Dyslexia
P <  .05 P < .05 P < .0 5 P < .05 P < .05 P < .05 P = .065 P = .086 P < .05

P <  .01 
(N .P )

Reflex
Balance
VM
FM
Phon
ADHD

POST-HOC R ef V Bal
P < .05 P <  .05 P < .05 P = .058

P <  .01 
(N .R)

R ef V Placebo P < .05 
(N .R)

R ef V Control
Bal V Placebo
Bal V Control

P <  .05 P < .05 P =.07
P < .05 
(N.P.)

Placebo v 
Control

Chi-squared*
“Hijih" cul-off P < .05 P < .05 N.A. P < .05 N.A. P = .06 P = .07 N.A. P <  .05 N.A.

"Low" cut off P = .06 P = .06 N.A. P = .06 N.A. N.A. P = .087 N.A.
T rea tm en t-efficacy: Sum m ary o f  sign ifica n t f in d in g s.*  G roup and D y s le x ia  status (i.e . "at risk" or "not at risk"). N .A . =  N ot A p p lica b le . N .P . =  N on  Param etric (i.e . K ruskal W allis  
or M ann -W h itn ey  U  tests)



Full 120 
days 
(n = 118)

120 days- 
private 5 
(n = I I3)

Private 5 
only group 
I in=88)

120
days-
ADHD
(n=89)

ADHD
only
(n=29)

120- 
ADHD- 
private 5 
In =84)

Entire
fu ll
sample
(n-136)

Entire
fu ll
sample- 
private 5 
(n = l3I )

Private 5 
only 
group I 
(n = I02)

Entire
fu ll
sample- 
ADHD  
(n = I05)

ADHD
only
(n=3l)

Entire
fu ll
sample- 
ADHD- 
private 5 
(n = IOO)

Entire
sample
with
Reading
variable
as
outcome
ln=65)

ANCOVA Dyslexia
P <  .05 P<  .05 P < .05 P < .05 P < .05 P < .05 P < .05 P < .05 P < .05 P = .06 P<.01

Reflex
Balance
VM
FM
Phon
ADHD

POST-HOC
(Sidak
adjustment)

R ef V Bal
P < .05 P = .06 P = .07 P < .05 P < . 0 5 P < .05 P < . 0 5 P < . 0 5 P < .05

R ef V Placebo
R ef V Control
Bal V Placebo
Bal V Control

P < .05 P <  .05
P < .05 
(N.P.)

Placebo v  

Control
Treatm ent-efficacy exam ined using ANCOVA rather than ANOVA where age is the controlled variable. Changes from the M ANOVA analyses are printed in bold.



MULTIPLE REGRESSION LOGISTIC REGRESSION
M odel steps Predictor variables Model steps Predictor variables

Step
1

Step
2

R ef Schil Bal VM FM Phon Step
1

Step
2

R ef Schil Bal VM FM Phon

1 step variable / 
Outcome variable

Full Reflex /  D E ST  & 
D S T (n ^ 9 8 )

N.A. N.A.

S c h ild e r /D E S T  & D ST  
(n=98)

N.A. p<.()()l N.A. p<.05

Full Reflex /  Reading  
only (n=54)

p<.()l p<.05 N.A. p<.{)5 p<.01 p<.()()l p<.()l N.A. p<.()5 p<.()l p<.()l

S ch ild er /R ea d in g  only 
(n=54)

p<.05 N.A. p<.01 p<.()5 p<.()()l N.A. p<.()5 p<.{)5 p<.()l

Full R e fle x /M ild  
Dyslexia (n=98)

N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. p<.()()l N.A. p<.()5 p<.()5 p<.()5

Schilder /  M ild  
Dyslexia (n=98)

N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. p<.()()l N.A. p<.()5 p<.()()l

A ll entered /  AD HD
N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.

Full Reflex /  Very poor  
reading p<.()5 p<.()l

Predictive-efficacy: Summary of significant predictor variables for all outcomes. 
N.A. = Not Applicable



APPENDIX 26

GRC►UPS
Reflex Balance Placebo Control

TIME 1 2 3 1 2 3 1 2 3 1 2 3

Reflex 1.84
(.35)

1.77
(.28)

1.81
(.3)

1.92
(.4)

1.99
(.35)

1.9
(.29)

1.79
(.42)

1.85
(.36)

1.83
(.3)

1.86
(.45)

1.88
(.38)

1.89
(.38)

Balance 2.47
(.67)

2.34
(.7)

2.26
(.61)

2.8
(.7)

2.6
(.62)

2.35
(.5)

2.8
(.73)

2.5
(.67)

2.37
(.7)

2.5
(.74)

2.4
(.74)

2.21
(.69)

Visual-
motor

9.54
( 4 .0 8 )

8.8
( 3 ,9 7 )

8.51
( 4 )

8.5
( 3 .5 6 )

10
( 3 .6 )

9.7
( 3 .5 )

8.53
( 3 . 19)

8.8
( 3 .4 )

8.95
( 3 .8 )

9.03
( 3 .5 6 )

8.37
( 4 .2 2 )

8.57
( 4 .01 )

Fine-
motor

15.33
( 4 . 37 )

12.77
( 3 .25 )

12.33
( 3 . 12)

16.47
( 5 .4 )

15.45
( 4 .4 5 )

15.8
( 4 .5 6 )

15.16
( 5 . 16)

14
( 4 .71 )

13.7
( 4 .3 )

16.3
( 5 .6 )

14.6
( 4 .8 )

14
(4 .7 )

Phonal
ogical

60.38
( 15 .4 4 )

64.77
( 17 . 17 )

7 0 .0.3
( 13 .4 3 )

50.45
( 15 .6 5 )

58
( 15 . 19 )

64.87
( 12 .8 8 )

56.32
( 16.0 ! )

63.53
( 17 . 14 )

67.6
( 14 .9 5 )

55.88
( 16 ..3 4 )

61.8
( 17 .9 3 )

68.77 
( 11.2 9 )

D E S T /
D ST

.59
(.39)

.89
(.55)

.82
(.66)

.65
(.45)

ADHD
54.72 
(1 1.5 8 )

54.55
( 10 ..32 )

57.53
( 10 .6 8 )

55.6
( 11 .4 5 )

Mean (S.D.)
Means of the pre and post tests for Reflex, Balance, Visual-motor, Fine-motor and 
Phonological tests, plus the means of the Dyslexia and ADHD screening tests 
administered at the end of the study.


