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In America the ability to learn is becoming a pressing topic of conversation from schools to government agencies. Our nation worries about the education of its citizens. Companies are concerned about their workers’ ability to learn.  School budgets and finite staff struggle under the weight of federal mandates and the learning challenges of their students.  At the heart of the struggle is the debilitating diagnosis of dyslexia, which is affecting an estimated 5-15% or more of our U.S. children, particularly boys, and “…is the most frequently occurring learning disability and the most common disorder of childhood” (Richards et al, 1999; Stein, 1997).
What is Dyslexia?
Dyslexia, the word that strikes fear, dread, and despair into the hearts of thousands of parents each year, is a complicated and controversial diagnosis.  Parents hear the devastating diagnosis of dyslexia and are typically told that teaching coping and compensating skills is the only answer. They see this proverbial “pile of bricks” loaded on their child’s back and are told he has to carry it around for the rest of his life. The Educational Service Center in Texas starts its definition thus, “The word dyslexia is derived from the Greek 'dys' (poor or inadequate) and 'lexis' (word or language).  Dyslexia is a learning disability characterized by problems in expressive or receptive, oral or written language.”  A definition used to describe, identify and treat this malady was proposed by the World Federation of Neurology in the 1960s and states:

Dyslexia is a disorder manifested by difficulty learning to read despite conventional instruction, adequate intelligence, and socio-culture opportunity.  It is dependent upon cognitive disabilities, which are frequently of constitutional origin (Catts & Kamhi p. 58).
     This definition seems to focus more on what dyslexia is not instead of what it is. Never-the-less it was used for decades to label hundreds of thousands of people. In more recent days the definition for dyslexia proposed by the International Dyslexia Association reads:

Dyslexia is a specific learning disability that is neurobiological 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 of effective classroom instruction.  Secondary consequences may include problems in reading comprehension and reduced reading experience that can impede growth of vocabulary and background knowledge (Catt & Kamhi p. 62).
Exploring the Symptoms

Current theories of dyslexia differ on how to best interpret the great variety of symptoms.  The following is a compilation of descriptions from various experts on the subject: “One notable aspect of dyslexia that puzzles theorists and causes much confusion is the variety of symptoms that are consistently associated with it: problems with reading, of course, but also problems with phonology” (Ramus, 2004).  (Hallahan & Mock 2003) For example, they are less able to discriminate between the similar sounding words “rabbit” and “rapid” (Bower & Parsons, 2003). 

Many other symptoms are also present, for instance the tendency to transpose letters (‘was’ for ‘saw’, ‘god’ for ‘dog’) and produce phonologically implausible non-word guesses, which seemed to result from visual confusion (Stein, 1997).  

Sensory difficulties also exist in the visual, auditory and tactile domains.  Problems persist with balance, motor control, and more (Ramus, 2004).  Visual discrimination is the ability to identify dominant features in different objects and to use that ability to differentiate among a variety of objects to ascribe meaning to visual stimuli (Raymond, 2004 p. 266). Visually, dyslexics are prone to make errors in tests in which they are asked to detect the presence, speed, and directions of moving patterns (Bower & Parsons, 2003, p. 54). In addition, small letters appear to blur and move around while they try to read (Stein, 1997). Dyslexics also have difficulty in discriminating between some visual stimuli when presented sequentially, but not when presented simultaneously (Ramus, 2001; (Raymond, 2004 p. 267).  With so many prevalent visual difficulties it is no wonder that dyslexia was first described by a German ophthalmologist, in 1884, under the name word blindness (Hallahan & Mock 2003).  Soon afterwards, Morgan wrote a simple definition of dyslexia which was “failure in recognition of the printed word even after many encounters” (Orton, 1937/1989 p. 95).  
Healy (1990), acknowledges that there are visual issues but states that:

By far the majority of learning disability referrals include, difficulty listening to, understanding, or expressing verbal material, reading, writing, and spelling.  These skills all rest on an underlying complex of “auditory processing abilities” … Problems with the above do not stem mainly from defects in the ears, but from the brain’s processing center. (p. 143)
     Many researchers are in agreement with Healy that basic auditory skills are prerequisites to higher order reading processes and that low auditory processing is a stumbling block (Valett, 1980 p. 138; Fisher & Hartnegg, 2001; Ramus, 2001). In addition to visual and auditory difficulties dyslexics are often remarkably clumsy, with poor balance and delayed motor milestones and commonly exhibit left right confusion (Stein, 1997).  Levinson (1980) reports that

75% analyses of dyslexic case histories contain past or present developmental evidence of balance, coordination, and rhythmic motor disturbances.  ... [they] frequently manifested a developmental delay, and/or difficulty in crawling, sitting, standing, walking, and speech.  Running, skipping, hopping, kicking, throwing, and swimming were often troublesome.  Tripping, falling and other clumsy accidents were characteristics.  … figure drawing errors in dyslexia revealed, in most cases, a clear-cut and characteristic disturbance in spatial orientation and placement (p. 54).
The list goes on. There are proposed neurological origins of reading problems (Kavale & Forness, 1998) and difficulty modulating emotions (Bower & Parsons, 2003). At the same time the classroom teachers are reporting the children working below grade level but putting a great amount of effort into their work (Corso, 1997). It seems that a situation has been created, whereby, more research has resulted in less understanding, which is not the hallmark of a scientifically sound concept. But what is to be made of unexpected reading failure in otherwise average-functioning students (Kavale & Forness, 1998)?
What Could Be Causing so Many Symptoms Common to Dyslexics?

There are a number of hypotheses proposed for the “cause” of the symptoms experienced by dyslexic individuals. Some say it is a hereditary neurological disorder (Ramus, 2001), while others blame the malady on the structure and function of the brain (Educational Service Center, 2008).  Some trace “the causes of reading disabilities back to auditory (temporal) processing deficits, visual (magnocellular) dysfunction and or motor (cerebellar) dysfunction” (Ramus, 2004; Autism Centre, 2004; Stein, 1997). Others suggest it stems mainly from difficulty with verbal reasoning which has many causes (Healy, 1990 p. 25).
An auditory dysfunction is proposed by many researchers.  These auditory causes are comprised of issues such as auditory processing deficits (Valett, 1980 p. 137; Catt, 2005 p. 106) affecting language processing in addition to reading and spelling (Fisher & Hartnegg, 2001); as well as “functional hearing issues requiring attention, reception, discrimination, association, and recall, all of which must then be meaningfully interrelated” (Valett, 1980 p. 137). Raymond (2004) suggests that the subject of concern is centered in “auditory perception sub skills - auditory discrimination, auditory blending, auditory figure ground discrimination, auditory closure, and auditory association” (p. 268-60).  Could it be that ear infections are contributing to this auditory dysfunction?  Valett (1980) says that ear infections result in central nervous system dysfunctions that disturb or distort neural impulses from sound-waves (p. 138).

Still other researchers propose a link to aberrant reflexes being present, and causing a neurodevelopmental delay (Goddard, 2005 p. 2).  Could these reflexes be interconnected to the synchronization of the visual, vestibular and proprioceptive systems for good feedback to the individual?  Levinson (1980) states: 
Balances in spatial orientation are maintained by streams of afferent impulses, which are generated by the ocular system, vestibular system, and the proprioceptors. A dysfunction of the vestibular system alone, or in combination with its integrating and regulating computer, the cerebellum, may well account not only for the motor imbalance but spatial in coordination [sic] (p. 62).
     In a totally different train of thought, we have the cultural reason that so many of our children suffer from dyslexic symptoms, Healy (1990) suggest that there are things that 
[the]…brain’s need, neural imperatives of childhood and adolescence, which are currently being violated by our culture. What we do with, for, and to our children's growing minds will shape not only their brain but also the intellectual “standards” that represent our cultural future. [Because of the different things we’re doing in our culture] …many students have faltering academics, which reflect subtle but significant changes in their physical foundations for learning (p. 45).
     Corso (1997) adds that the large amount of time the children watched television and played video games, have caused the children to stare straight ahead and try to read what is in the area of focus without moving their eyes. The concern here, too, is the inhibited physical activity (Healy, 1994 p. 171) which occurs when large amounts of time are spent with “screen” activities. 
For many decades the traditional treatment for individuals with dyslexia has been a phonological approach first introduced by Samuel Orton. The question a neurodevelopmentalist might ask is:  Was the approach he settled on too narrow when he himself in the 1920s used the term strephosymbolia (twisted signs) to describe his theory that unstable, cerebral dominance in developmental dyslexics lead to unstable visual representations of letters and their order?  Although the evidence in favor of the phonological weakness of dyslexics has dominated the scene recently, it does not diminish the importance of the visual perceptual problems that many dyslexics report (Stein, 1997) as well as the myriad of other symptoms with various causes.

It is feasible that dyslexia actually results from a combination of several different impairments.  Stein (1997) implies that it may eventually be found at a lower level than the perceptual and cognitive systems that have been the main focus of research and treatment efforts to date.  Could it be that each case of dyslexia has a unique set of causes that need to be addressed by an individual assessment, involving a global look at the child? Should specific activities based on the finding in each case be administered?  Is it time to start looking at and focusing on the causes instead of the symptoms?  These are the questions that neurodevelopmentalist have been asking for years.  The answer, in their opinion, is yes.
A History of Learning Disabilities

A brief tour through the history of the learning disability movement will show the foundational ideas of the neurodevelopmental approach running throughout.  A short history of dyslexia as a learning disability is provided here so the neurodevelopmental (ND) foundational thread might be identified and followed in the upcoming text. Hallahan & Mock (2003) chronicle the history below:

In 1884, Berlin, a German ophthalmologist, introduced the term, “dyslexia.” He believed “dyslexia” was preferable to “word blindness” for the condition of neurological origin …In 1921, Grace Fernald, advocated integrated sensory modalities including visual, auditory, kinesthetic, and tactile. Fernald had extensive records of students’ progress, and although she did not conduct research with the methodological rigor expected today, she was able to report notable performance gains in the areas of reading, etc…. Samuel Torrey Orton, the father of the International Dyslexia Society put forth the theory of mixed dominance. Students with reading disabilities lack cerebral dominance and were therefore unable to suppress these stored, mirrored representations.  Mixed dominance, therefore, resulted in reversals of letters and words in both reading and writing….  1932 Marion Monroe published studies lacking methodological rigor by today's standards; however, she did report impressive achievement gains in reading….Samuel Kirk studied under Monroe, in the 1970s and produced the historically important ideas that: 1) Children with disabilities have an intra-individual differences, and 2)  Assessment is a critical tool for guiding instruction.  During the U.S. foundational period, many began to investigate disabilities in perception, perception-motor, and attention. … In 1960 to 1975 parents and teachers became acquainted with the notion of LD and founded organizations to advocate for children with disabilities. … Newell Kephart’s 1960 theory held that motor development proceeded visual development and kinesthetic sensations resulting from motor movement provide feedback; therefore, motor training should precede visual perceptual training.  Beyond this, Kephart also asserted that laterality, the ability to discriminate left from right on one's body, precedes the ability to discriminate left from right in space.  He therefore recommended remediating the reversal errors of poor readers through training and laterality. … Gerald Getman, an optometrist, published in a manual of training activities that focused on general coordination, balance, eye-hand coordination, eye movements, form perception and visual memory.  Several alternative approaches were surfacing. One such approach was The Doman-Delacato program [a neurodevelopmental program], with a more global approach to dyslexia, in particular, came under heavy fire from critics. … Helmer Myklebust encountered children with normal hearing acuity and poor auditory comprehension. … Turbulent Period (1985-2000) The [LD] field is currently confronted with several major problems.  These include problems of definition, territorial rights, and an adequate database. … Between the publication of Weiderholt’s history (1974) and the 1998-1999 school year, the number of students identified as having LD doubled.  …The LD Association of America proposed a definition of LD in which the authors stress the chronic and lifelong nature of the condition as well as the potential that disabilities may have on “self-esteem, education, location, socialization, and/or daily living activities.”   In the definition for LD – it is “presumed to be due to central nervous system dysfunction, and may occur across the lifespan.”  

     The Doman & Delacato Method, employed at The Institutes for the Achievement of Human Potential in Philadelphia (hereafter referred to as the “Institutes”), from which today’s neurodevelopmental approach has many of its roots, was based on a developmental profile containing six areas – tactility, mobility, auditory, visual, language and manual function on seven levels of brain development. (Doman, Doman & Hagy, 2006 inside cover) (all three names – and or &??  In 1968 an entire group came against The Institutes on the same day - American Academy of Cerebral Palsy, American Academy of Neurology,  American Academy of Pediatrics, American Academy for Physical Medicine and Rehabilitation, American Congress of Rehabilitation Medicine, American Academy of Orthopedic, Canadian Association of Children with Learning Disabilities, Canadian Association for retarded children, Canadian Rehabilitation counsel for the Disabled and National Association for Retarded Children (USA) (American Academy for Cerebral Palsy et al, 1968). The criticism was especially directed to The Institutes’ efforts with the very brain-injured child. 
The complaints most commonly levied against The Institutes were:

· The demanding and inflexible regime prescribed; The Institutes’ asserted that less than 100% effort is useless. (Holmes, 1983)

· The program requires families to alter their lives to implement a daily program (Novella, 1996)
· The research did not withstand scientific scrutiny (Holmes, 1983).
·  Instilling false hope in many people who were already plagued by guilt and depression, setting them up for further disappointment, guilt, and feelings of inadequacy (Novella, 1996).
Studies sited against the neurodevelopmental techniques of The Institutes pertained to severely retarded children who are among the hardest to show progress with any treatment modality.  An example of a study was quoted by Sparrow & Zigler (1978): “Three groups, each with 15 seriously retarded institutionalized children.  The negative findings of the present study [efficacy of patterning] can be legitimately generalized only to seriously retarded, institutionalized children who received the patterning treatment from unrelated adults. The alternatives to the Doman & Delacato Method offered by researchers in this era were: 1) providing homemaker services to families who want to keep their handicapped children at home and upgrading the quality of institutionalized care (Zigler, 1980).  2) standard management aiming for symptomatic relief of developmental disabilities which does not claim to be curative. 3) early childhood development centers which are available in most metropolitan areas… public school programs that take over at various ages…(Holmes, 1983)

        Before the renouncement from the medical community, Glenn Doman stated that The Institutes was a  

postgraduate institute of the highest order. Its students ranged from postgraduate to postdoctoral, and came from the world over to learn, and to return to their own states and nations to apply the knowledge they gained.  The Institutes served in various ways with approximately 20 treatment institutes located in various parts of the U.S. [In addition] The Institutes had been organized in Argentina, Peru, Venezuela, Mexico, and other nations in South and Central America as well as Canada … Measured in terms of results, many thousands of hurt children had been aided significantly; and hundreds of children, whose initial problem had ranged from vegetable-like states to reading difficulties, now functioned as well children.  A significant number of children still failed to make significant gains, and even higher number of children had made important improvements but fell short of total wellness. (Doman, 1969)
     In an interview, Mrs. Maryellen Staley, 86 year-old widow of  Dr. John Staley (both of whom were trained and on staff at The Institutes), revealed that she saw doctors, dentists, airline pilots and mothers, all with children suffering from neurological disorganization who were helped at The Institutes.  She also referred to the day when the medical profession came against the Doman & Delacato Method, the foundation of The Institutes, as “Black Friday.”  After that day, grants were canceled, staff members were let go, and Doman & Delacato closed themselves off from the medical community – cloistered themselves from the outside world and continued their work.    The Institutes still have classes three to four times a year, where they train a hundred parents at a time.  Previous students of The Institutes scattered across the country and continued neurodevelopment, calling it by a number of different names and making various changes and upgrades or personal interpretations to the approach.  

After all this negative press the question then remains, why is the neurodevelopmental approach still a viable option for so many families, four decades after the renouncement by the medical community?   Could it be that Doman & Delacato were ahead of their time in the treatment of learning difficulties and the current research and technology is now able to substantiate the findings of the plasticity of the brain which is foundational to the Neurodevelopmental Approach?  A look into the plasticity of the brain may shed some light on these questions.
In the late 1950s and early 1960s, a prevailing model of the brain capitalized on what we could see - observable behavior.   Observable behavior could be gathered into quantifiable data and yielded measurable results (Reardon, 1998).   For decades, the prevailing dogma in neuroscience was that the adult human brain is essentially immutable, hardwired, fixed in form and function, so that by the time we reach adulthood, we are pretty much stuck with what we have (Begley, 2007). A new revolution has taken place, we have discovered more in the past 10 years about the human brain, than we had learned in all of our prior human history (Wesson 2007).

  This is largely due to the convergence of neuroscience, cognitive psychology and technology. Information is now available through MRI and other brain scan technology that verifies the effectiveness of brain stimulation (Reardon, 1998) which confirms the brain’s plasticity theories long held by neurodevelopmentalists.  

What is Brain Plasticity?

Brain plasticity is the brain’s ability to change as we learn new skills and encompasses the understanding of reorganization of neural pathways. The neurons (brain cells) in the brain are like building blocks for these neural pathway systems that can be pictured like a road map. When the brain is stimulated, dendrites are created.  Dendrites are the small appendages, connecting one neuron to another which forms these neural pathways.  As the structure of dendrites and synapses change in response to experience (or input), the newly formed pathways allow different functions to develop so the individual becomes able to master new skills. The brain's flexibility is also increased, since new pathways provide alternate routes to the same destination (Healy, 1990 p. 52).  This flexibility makes learning itself more efficient as the brain is allowed to take the most efficient route in order to accomplish any given job.

 Gerald Edelman, Nobel Prize winning neurobiologist, reports that many of us use the Internet daily and are astounded by the vast and seemingly endless connections we can make.  The brain's interconnections exceed the Internet’s by an astronomical number (Weiss, 2000). The typical brain has approximately 100 billion neurons, and each neuron has one to 10,000 synaptic connections to other neurons (Weiss, 2000; Lemon, 2001; Diamond & Hopson, 1998 p. 37).  If this tremendous growth comes from experience, the question arises - Which is more important to the development of intelligence, heredity or environment (Savant & Fleischer, 1990, p. 7)?  Dr. Suzuki said that our environment shapes who we are and can stunt or promote our mental development (Brown, 2006, p. 4).  So the answer to the question, What causes the explosive growth or even the continued growth of the brain?  In a neurodevelopmentalist view, it is stimulation, and stimulation comes from what we receive from our environment.  Again, the response to stimulation is referred to as plasticity of the brain (Healy, 1990, p.49; Lemon, 2001) and can be demonstrated in the recovery of stroke victims. In a stroke, brain cells and networks are destroyed but with stimulation, the healthy part of the brain can take over the function of the damaged parts.  Since the majority of stroke victims are older, this recovery speaks of the plasticity of the brain well into later life if not until death, if stimulation still occurs (Wesson, 2007).  Savant & Fleischer (1990) reiterated that throughout life, not just during the first few months, the brain synaptic organization can be altered by the external environment (p.14). Diamond & Hopson’s (1998) experiments on young adult to elderly rats showed that the brain changed and the statement “use it or lose it” applied (p. 32; (Weiss, 2000 In addition:

Studies showed that enrichment positively affected nursing rat pups. In only eight days of exposure to enrichment, a cortex would become 7 to 11% thicker.  In two weeks the area of the brain involved in integrating sensory information grew 16% thicker than non-enriched pups. (p.104-105) 

     Neurodevelopmentalists work from the premise that the brain mass is due not from the number of brain cells themselves but in large part to the growth in dendrite connections which can be described as the branching of the appendages of the brain cell nucleus.  With specific stimulation the dendrites branch out to connect with other neurons, and from the viewpoint of a neurodevelopmentalist, there is heavy emphasis on “specific” stimulation required to affect the “cause” level of learning issues.  The synapse (small space between the cells where impulses jump from one cell to the next) undergoes a biochemical change as the impulse is passed and offers resistance. However, with repetition and training, habit patterns develop that lower the resistance at the synapses (Valett, 1980, p. 35; Sylwester, 2007).  Since chemical differences have been found in dyslexic brains, it would be reasonable to assume that when stimulation takes place, the chemistry of the brain could be positively affected.  Every time an individual thinks, electrical and chemical communications are taking place between tens of thousands of neurons.  “As a nerve cell is stimulated by new experiences and exposure to incoming information from the senses, it grows dendrites.  The ability to change the structure and chemistry of the brain in response to the environment is what we call plasticity,” says Marian Diamond (Weiss, 2000).

What is the Role of the Environment?

Neuro-plasticity is a new term that describes the ability of nerve cells to change and modify their activity in response to changes in or enrichment of the environment (Ratey, 2001 p. 167; Diamond & Hopson, 1998 p. 104; Hannaford, 1995 p. 27) and perceptual-motor learning (Valett, 1980).  Hannaford (1995) further reiterates that plasticity gives the nervous system enormous potential for change and growth (p. 21) and those nerve cells grow in a rich, stimulating and safe environment where there are opportunities for movement. Myelin (the protective isolative coating), produced by movement, increases the speed of nerve impulse transmission and protects and assists axon regeneration if the nerve is damaged (p. 24). The myelination of the pathways occurs when the nervous system is stimulated.  

Researchers are compiling even more documentation about how the environment affects brain plasticity.  In experiments with animals, a dramatic difference in brain organization can be found between animals raised in deprived versus enriched environments (Savant & Fleischer, 1990, p. 13; Healy, 1990, p. 50).  As nerve cells get input, they are sending out dendritic branches but if you lose the stimuli, you lose the branching (Healy, 1990 p.49).  

Dr. Merzenich and Dr. Jenkins are internationally known for their research in the science of "brain plasticity"…. [which] represents a critical breakthrough in understanding improved learning strategies for children with language and reading problems - specifically that adaptive training techniques such as frequency, reward, intensity and motivation allow for more rapid learning. (Scientific learning…, 2007 ¶ 3)
     While talking about physical therapy, Selzer (2007), said it may be the intensity of training that is more important here than the precise mode of training. The question is this. If the brain can reorganize and gain function after such insults as traumatic brain injury or stroke, then would it be feasible for the disorganized brain of a dyslexic individual to be able to gain function with techniques of frequency, intensity and duration as proposed by neurodevelopmentalists?
As the controversy about causes and treatment options for dyslexia continues, a look into the way of handling dyslexia suggested by practitioners of the neurodevelopmental approach could prove to be advantageous. It is beyond the scope of this paper to have a thorough discussion of ND, but it would be prudent to revisit some symptoms and causes sighted by earlier research and bring the ND perspective to bare on those issues.

What is Neurodevelopment?

When you hear “The Neurodevelopmental Approach” you will want to think “neuro-plasticity,” the brain’s natural reparatory ability.  As cited earlier, plasticity is present as long as a person lives.  Neurodevelopment is the study of the use of the brain’s plasticity to make advancements regardless of the current condition of the child, adolescent or adult with an understanding that abilities can be enhanced with brain stimulating activities when applied with the keys of frequency, intensity, and short duration over a long enough period of time. Neurodevelopmentalists believe that these three keys to input, used in the stimulation of an individual’s auditory, visual, tactile, manual, language and mobility systems, are the solution to causing low or non-functioning parts of the brain to gain function.   

The neurodevelopmental approach was born in the 1930s, when “…five treatment procedures employed by Doman and Delacato were derived from the research and the original theories developed and proposed by a brilliant Philadelphia neurosurgeon, Dr. Temple Fay.” Wolf , 1968 p. 3) At the time Glenn Doman was a physical therapist specializing in rehabilitation and had teamed up with Carl Delacato a PhD in Education, who was specializing in speech and reading.  Both men were “students of Temple Fay’s concepts and created a revitalization of world wide interest in his scientific writings” (Wolf, 1968 p. 3). Doman and Delacato were also influenced by the writings of Samuel Orton.  These men started their work with brain individuals that they referred to as “hurt”.   As these early practitioners saw abilities come to life with these patients, they began to wonder, if this works with a brain injured child, what would the outcome be with a healthy child?  From their common association and the teachings of Fay, the Doman & Delacato profile was created.  It focused on human development in all areas of the brain – medulla and spinal cord, pons, midbrain, and cortex (Doman, 2006). These developmental stages spans from birth to the typical function of a seven year-old.  When looking at the original Doman & Delacato developmental profile you also find very sound principles of child development based on Piaget’s work.  Their early-held beliefs seem to have been confirmed by the latest brain plasticity research. 

As you have previously read, the individuals trained at The Institutes were scattered across the country.  Some branches of this work focused mainly on the cross pattern movement aspect of Doman & Delacato work, while others took a more eclectic approach to the profile.  One eclectic branch of neurodevelopment is the ICAN group (International Christian Association of Neurodevelopmentalists) who took the original profile and expanded it to nine levels.  The emphasis of this group highlighted auditory and visual processing, dominance, as well as primitive reflexes, in addition to lower-level brain organization and cross pattern movement. The ICAN group is one of the splinter groups that have attempted over the years to gain information that was lost from the early lack of cohesiveness of the neurodevelopmental approach.  They have personally met the founders and many of the original people trained at The Institutes, notably Francis Scott, who is the original developer of the “tactility” portion of the Doman & Delacato profile known only in the Doman & Delacato books as “the young nurse” but never by name. Other pioneers in the ND field like Svea Gold, who trained at The Institutes, told how she found herself often working with juvenile delinquents. Judges found such good results from her work that they frequently court ordered delinquents to participate in Gold’s neurodevelopmental  program in lieu of going to juvenile detention. 

As science has advanced the knowledge of the brain and its responses to therapeutic stimuli, the neurodevelopment approach has refined its practices, as has the sister fields of:  physical therapy, occupational therapy, sensory integration, etc.
One main criticism of the neurodevelopmental movement over the years is that there is not enough scientifically-based research.  Most neurodevelopmental groups, that the author is aware of, work with parents of children that pay them directly. They found it unethical to do the study where no family wanted to pay to be in the “control group”.  Many, however, including this author currently have statistics from standardized tests of the progress made by students on individualized ND programs and are pursuing avenues for scientific studies.  

.
The goal of a neurodevelopmentalist, in dealing with dyslexia, is to look at the individual as an integrated whole. A dyslexic person is assessed as to his neurological inefficiencies, rather than just looking at the symptoms. This includes an understanding that inefficiencies in one area often affect other areas of function.  Goddard (2005) suggests that

 Most education and many remedial techniques are aimed at higher centers in the brain.  A Neuro-Developmental approach identifies the lowest level of the dysfunction and aims the therapy at that area.  Once problems there have been remedied, it attempts to build links from lower to higher centers through the use of specific stimulation techniques (p. xv). 

An analogy from Gold (2005) may help us to understand this concept better:

The comparison between the brain and a tree is not quite accurate, but the same way you cannot climb to the top of a tree, unless there is first a trunk and lower, larger branches, there are areas in the brain, which must first receive basic information before the information can be further processed in other, more complex areas (p. 80).
Another good analogy for the need of a mature and sophisticated neurological system to facilitate learning is offered by Healy (1990) from a discussion with Dr. Lerner:

[He] used the analogy of a road system in a developing town.  At first, there may be only one road through town; as alternate routes form, a driver has more choices of how to get to a destination.  The structural changes are comparable to building a new road, and the functional ones to deciding which of several roads to take to reach a goal. The systems are mutually interactive, since the roads are constructed as a response to demands for certain types of functions. (p. 52)


Based on the symptoms and continued rise in the diagnosis of dyslexia, the question that was posed earlier about Samuel Orton, pioneer in the treatment of dyslexia, deserves to be revisited. Was his approach, namely that phonemic awareness was the main viable treatment for dyslexia, too narrow?  Ramus (2001) said 

… the view that the cognitive basis of dyslexia is purely phonological has been challenged by the discovery that people with this disorder also have an array of subtle sensory deficits.  They also seem to have difficulties with several visual tasks…  there is evidence that the brains of some dyslexics of subtle neurological abnormalities in certain areas of the visual and auditory systems.
Allington (2001) adds, “Expecting any single method, material, or program to work equally well with every kid in every classroom is nonsensical” (p. 22). Neurodevelopmentalists would agree with Allington, that instead of using a one-size-fits-all approach of the development of phonetic awareness to solve the struggles of dyslexics, the ND approach uses an thorough assessment of the possible causes based on individual findings. This approach follows Kirk’s (prominent in LD history) findings that noted intra-individual differences in dyslexics and proposed an individualized assessment critical to guiding instruction.

The following is a recap of the symptoms of dyslexia that have been articulated by the learning disability researchers over the last one hundred years. They include deficits in: phonological awareness, balance, motor control, visual discrimination, visual sequential processing, auditory processing, listening skills and are often characterize by letters reversals or transposing, clumsiness, figure drawing errors, and heightened emotionality. Let’s take a look, from the neurodevelopmental perspective, at the possible causes of these symptoms.  Is it feasible to find the key that unlocks the mystery of dyslexia?

Is the Auditory System the Key?
Like Myklebust (prominent in LD history), neurodevelopmentalists are keenly aware of the auditory system and the important role that it plays in the acquisition and perfection of reading skills.  Auditory memory refers to the ability to recognize and recall previously presented auditory stimuli or a sequence of items presented orally (Raymond, 2004 p. 268).  Auditory sequential processing is the ability to sequentially hold multiple pieces of auditory information together. It is the ability to take in pieces of information, hold them in your mind and manipulate them in the short-term (Ness, K. 1999). There is a common principle that language skills such as speech, reading, writing, spelling and musical expression can only develop if the child has learned to “listen” (Goddard, 2002 p. 106).  Auditory deficits are often due to environmental factors such as ear infections and allergies.  Of course, as the auditory system is a major source of input to the phonological system, any auditory deficits are likely to affect phonological processing which would explain the fact that many dyslexics make slow progress and some seem to obtain minimal help from phonetic instruction. On the other hand, other dyslexics benefit greatly from the approach. Indeed, the greatest challenge is still to try to understand the precise nature of the phonological deficits and its biological cause (Ramus, 2001; Ness, K. 1999).
Auditory processing is vital for picking up social cues, following a conversation, reading comprehension, following directions, attending, learning phonics, and many other skills needed to be successful in school and life. Limited sequential processing ability makes it difficult, if not improbable, for an individual to hold all the phonemes of a word together to retrieve the word efficiently.  Since a major part of reading ability relies on the use of phonics, it is not surprising that many of our children are inadequate readers. Since phonics is an auditory system requiring decoding sounds and holding those sounds together to achieve words, it would follow that the better an individual’s auditory processing ability, the easier it would be to utilize phonics.  However, developing the auditory skills needed to utilize phonics is proving to be quite a challenge in a society which has become primarily visual.  The development of advanced auditory processing is highly recommended by neurodevelopmentalists to enhance the ability to decode unknown words as well as to hold onto concepts which enhance reading comprehension.  When an individual has low auditory processing, a different type of reading strategy is recommended until the auditory deficit can be remediated.

So, until the child has an auditory digit span of 6 or better, neurodevelopmentalists typically recommend sight words learned by a flash method while the auditory processing is being remediated by daily activities. This has been found effective as this example by Ratey (2008) illustrates. He found brain scans showing that:
…when we learn a new word, for example, the prefrontal cortex lights up with activity. Once the circuit has been established by the firing of glutamate, and the word is learned, the prefrontal cortex goes dark.  It has overseen the initial stages of the project, and now he can leave the responsibility to the team of capable employees while it moves on to new challenges.  This is how we come to know things and how activities like riding a bike becomes second nature.  Patterns of thinking in movement that are automatic get stored in the basal ganglia, cerebellum, and brainstem - primitive areas that until recently, scientists thought related only to movement. (p. 42)
This sight word approach is made even more effective when combined with eye occluding or dominance work that will be discussed later. 

Other reading strategies such as Echo reading are also employed.  In echo reading, the teacher typically reads a paragraph or a page aloud and then the student rereads the same segment. The teacher provides the fluent model, reading in phrases and with appropriate intonation. This read aloud method also introduces new words and gives the reader a sense of the story as well as the fluent model to emulate (Allington, 2001 p. 79).

Other techniques employed by neurodevelopmentalists to increase the auditory processing ability and provide good experience with language which is key to later fluent reading ability, is the use of read alouds or audio books. Healy (1990) suggests that
to read well, minds must be trained to use language, to reflect, and to persist in solving problems. Students may learn to sound out the words, but unless they possess the internal sense of responsibility for extracting the meaning, they are engaging in a hollow and unsatisfying exercise (p. 25).

Is the Visual System the Key?

Neurodevelopmentalists agree with Fernald, Monroe, Orton, Kephart, and Getman (prominent in LD history) who have all noted issues with the visual system of dyslexics from eye-hand coordination to tracking and teaming, to central detail vision issues and more. 

Hannaford (1995) recognized that the visual system does not act alone, confirming the neurodevelopmental approach which says the individual is an integrated whole with different systems interacting and affecting each other.  She wrote:

When the body and head move, the vestibular system is activated, and the eye muscles strengthen as they move in response.  The more the eyes move, the more the muscles of both eyes work together.  Efficient eye teaming, enables the student to focus, track and concentrate when reading.  As the eye muscles strengthen and move more in concert with each other, more connections to the brain are developed and available.  This occurs because 80% of the nerve endings in the muscles are connected directly, via proprioception and in the vestibular system, with motor nerves to and from the eyes. (p. 102) 


Not only do the eyes have to work together and the visual system has to be in harmony with the vestibular and the proprioceptive systems but the physical eye itself has to give appropriate information to the brain.  This is accomplished from the macula or the central detail vision of the eye. Orton (1937/1989), as far back as the 1920s, recognized that only a small portion of the retina of the eye is used in acquisition of reading.   The macula receives impressions with greatest detail which are used exclusively in learning to read (p. 201).  Stein (1997) refers to deficits in this area as a magnocellular defect found often in dyslexics and agrees with neurodevelopmentalists that it is not irreversible; they can be remediated by rational treatment directed at their mechanism. 

When looking at the visual system the question also arises as to the dyslexic’s ability to do visual digit spans which represents their ability to sequentially hold pieces of visual information together. Wakefield (1971) found that on the Digit Span subtests of the WISC, the normal readers scored significantly higher than the clinic readers (students referred to him with dyslexic symptoms).  The ITPA Digit Span Tests were performed at a significantly higher score by the normal readers than the clinic readers.  Daily practice in visual sequential processing has been a mainstay of the ND approach for over 30 years.


A dominant eye, which was referred to by Orton as “eyedness” has been a central theme of correction of dyslexic symptoms for neurodevelopmentalists. The understanding of having the dominant eye on the same side of the body as the dominant hand has proven very advantageous.  When neurodevelopmentalists train parents to encourage the child’s eye to become dominate in relation to the dominant hand, in addition to addressing other inefficiencies, dyslexic symptoms diminish and often go away entirely. Refer to Appendix A, a bar graph, which shows the percentage of dyslexic individuals (coming to the author labeled by other groups such as Scottish Rite) that had mixed dominance as well as low auditory and visual sequential processing.  Orton (1938/1989), went on to say that “eyedness… is not so widely recognized as handedness, but it is probably of equal importance” (p. 30).

Yes, we see with both eyes. As ophthalmologists know, the image is directed to both hemispheres but the brain chooses one for the storage and retrieval of information. Even Orton in the 1920s hypothesized that “we learn to understand, to read, to speak, and to write words from sensory records or engrams of one hemisphere only” (Orton, 1938/1989 p. 203.; Hannaford, 1995 p. 190)

Occluding one eye for a total of four hours a day has proven beneficial in changing the eye dominance to match the dominant hand.  It also allows for more efficient storage and retrieval of information.  Stein (1997) found that:
…dyslexics make fewer visual reading errors if one eye is occluded and they read, with only one eye.  Reading with only one eye not only reduces the visual errors made by many dyslexic children, but the majority of 8-10 year old dyslexic children with unstable binocular control who use only the right eye for all reading and number work for a few months can improve their fixation permanently.

Note: a neurodevelopmentalist would instruct the child to read with the eye that is on the same side as their dominant hand. So in Stein’s example, a left-handed child would occlude their right eye and read with their left.
Is Lower Level Brain Organization from Gross Motor Movement and Coordination the Key?
Kephart and Getman (prominent in LD history) were concerned about the motor development and coordination of dyslexics as are neurodevelopmentalists today.  Is movement really important to the higher level thinking processes of the brain?   Ratey (2001) offers this thought on the subject: 

…movement is fundamental to the very existence of the brain.  Only an organism that moves from place to place requires a brain.
…Evidence is mounting that each person's capacity to master new and remember old information is improved by a biological change in the brain brought on by physical activity. (p. 155; 178)

Let’s take a look at some the movements essential to every person’s development.  At the pons level, the child is flat on the floor doing a tummy crawl.  Delacato (1963) describes the next stage thus:

At the midbrain level we begin to see other relationships to mobility, now for the first time in the third dimension in the form of creeping [on hands and knees]. This requires audition binaurally, vision binocularly, and the direct relationship of visual fibers, auditory fibers, labyrinth, occulomotor nerves, light and posture reflexes, and in the muscles of the neck and trunk, informing the level of behavior indicated by mylenization and organization at the midbrain level (p. 53; Hannaford, 1995 p. 100; Corso, 1997).  [The child] .... becomes able to use functions from both sides of his body in concert and now he becomes able to use both eyes in concert [which requires crossing the corpus callosum which integrates the two hemispheres].   They become yoked at this stage and begin to look at the same object in space simultaneously.  The child has progressed from being biocular to being binocular (p. 55; Corso, 1997).

Motor development in infants, especially after the crawling [on hands and knees] stage, has been found to be crucial in the development of learning readiness (Ratey, 2001).  How does this apply to the study of dyslexia? A surprising 75% of students with diagnosed learning difficulties never crawled (Corso, 1997). “ …crawling promotes a new level of brain organization, as indicated by more organized EEG brain-wave activity in the cerebral cortex. Perhaps it strengthens certain neural connections, especially those involved in vision and understanding of space” (Berk, 2007 p. 143).  If a child is not visually tracking objects in the gross motor stage of development, it is almost certain that he cannot track the written word (small muscle motor patterns) in the academic classroom (Corso, 1997).  Valett (1980) found that “sensory-motor stimulation and learning may help to overcome some higher-order academic problems such as reading disability” (p. 30).
Patterning (repetitive gross motor movement), which is just one of the segments of a neurodevelopmentalist’s eclectic repertoire of activities to address dyslexia, is continuing to find approval from old and new researchers. Healy (1990) says, cross pattern movement, whether passive or active causes the hemispheres to carry on continual and rapid communication over the corpus callosum. Their ability to interact is probably the ultimate key to higher level reasoning of all kinds (p. 125).  Dr. Fay, a neurosurgeon, in the early 1960s gives this example:
This training of basic pattern movements, in my opinion, is similar to the establishment of a good foundation in mathematics by learning arithmetic and algebra completely and satisfactorily, and so as to be able later to solve the more complicated problems in calculus and descriptive geometry.  A person can be taught the solution of complicated problems in physics one by one, but if given the fundamental basics upon which all mathematics may be constructed, the solution of new and difficult problems is possible with speed and facility.  The same type of response may be ascribed to pattern movements and their development in the training of the nervous system.  If the fundamental movements of crawling and early postural relationships are well-established, the difficult problems concerned with walking and balance are later simplified.  The new and difficult possibilities of utilizing the extremities for necessary purposes are attempted, whereas long and repeated training is otherwise needed to bring out merely stereotyped, memorized functions (Wolf, 1968 p. 107)
Hannaford (1995) reiterates that “as the neurons are activated, repeatedly, more myelin is laid down.  The more myelin, the faster the transmission. … the more practice, the more myelin, and the faster the processing” (p. 21).  All this said, one might see gross motor movement as one of the keys to helping reduce dyslexic symptoms.

Are Retained Primitive Reflexes the Key?

In the neurodevelopmental tradition of looking at anything that might help an individual function to their full potential there has been more recent thrust to look closely at retained primitive reflexes as it pertains to dyslexia and other learning difficulties.  Goddard (2005) states: 

All human babies make a series of stereotyped movements during their first year of life.  The Institute for Neuro-Physiological Psychology in the United Kingdom and Sweden, maintained that specific movement patterns made in the first months of life contain within them a natural inhibitor to the reflexes, and that if a child has never made these movements in the correct sequence, the primitive reflexes may have remained active as a result.  By the application of stylized sequential movements, practiced daily, it is thus possible to give the brain a “second chance” to register the reflex inhibitor movement patterns… (p. 3). 

Is the Cerebellum the Key?

The cerebellum is becoming more and more important as research goes forward in identifying the causes and potential treatments of learning difficulties like dyslexia.   Neurologists are finding evidence that the cerebellum, which coordinates physical movement, also coordinates the movement of thoughts, (Ratey, 2001 p.148) and how quickly and accurately people perceive sensory information, such as hearing, smell, thirst, need of food or air, awareness of body movement, and perception of pain (Bower & Parsons, 2003 p. 54).   Studies have linked damage to the cerebellum with problems in word selection, judging the shape of objects, and creating properly proportioned drawings (Ratey, 2001 p. 151). It also “may play an important role in short term memory, attention, impulse control, emotion, and higher cognition” (Bower & Parsons, 2003).  These symptoms seem to resonate with the symptoms of dyslexia found by the early researcher.  The cerebellum and primitive reflexes have been an object of great interest and focus of neurodevelopmentalists in recent years.

Is Heredity the Key?


Over the years, many theories have been brought forth that dyslexia is a hereditary condition and therefore something that is genetic and cannot be eliminated.  Healy (1990) reported on the work of Dr. Pennington of the University of Colorado, who  

directed a large study searching for specific genes by which language, reading, and learning disabilities can be transmitted from parent to child.  [The conclusion was] Just because many members of a family have a certain trait, he says we cannot assume it is necessarily genetic.  After all, poor table manners can run in families! (p. 145)
Is Cortical Hemispheric Dominance the Key?


Neurodevelopmentalists have found the major factor in long-term retention of information is neurological organization, and something called cortical hemispheric dominance.  That is, one hemisphere of the brain is organized to be dominant or controlling and the other to be sub-dominant.  The dominant hemisphere deals with logic, cognitive thought, and the long-term memory of information, including academics.  The sub-dominate hemisphere specializes in emotionality, creativity and music.  Outwardly, dominance is reflected in a dominant hand, eye, ear and foot all on the same side of the body (Orton, 1938/1989 p. 39; Levinson, 1980 p. 12). Therefore, the right-handed person should also be right-eyed, eared and footed.  The left-handed person should be left-eyed, eared and footed.  Dominance is the result of a long process of brain organization called lateralization. Lateralization is developed from early cross pattern movements.  Changing dominance is an important step in remediation of the learning and emotional difficulties that some children with dyslexia experience. Orton, as well as Kephart (prominent in LD history), indicated commonality of dyslexics in mixed dominance and laterality issues.  Interviews with dyslexics have revealed the extra energy needed to navigate life as a result of being mixed dominant which requires high levels of coping and compensating skills.  Corso (1997) has an interesting analogy describing mixed dominance: 

It appears that this mixed dominance is manifested by neither or both brain hemispheres trying to act on a command.  It is like two people leaving for work in the morning, both knowing they need a loaf of bread but not definitely delegating who will stop and buy the loaf of bread.  They either come home at night with two loaves of bread or no bread with each person thinking the other person was going to take on the responsibility. 
Neurodevelopmentalists continually find that individuals that have mixed dominance in eye, ear, foot, or hand do not test well and tend to have more difficulty regulating their emotions than their peers.  These difficulties often cause them to under or overreact to stimulus (Bower & Parsons, 2003 p. 54).  Under stressful emotional conditions, the sensory input is blocked from entering the cortical areas of memory storage that lie beyond the amygdale (Willis, 2007).  Weiss (2000) explains it like this:

During high-stress situations, physiologically the information takes the primary pathway through thalamus and amygdala and then moves into the cerebellum.   …but higher order and creative thinking may be lost.  If we have a sense of control or choice, information travels to the cortex directly.

After all this discussion of the symptoms and possible causes, the main question still remains -  Is it feasible to find the key or keys to unlock the mystery of dyslexia? The neurodevelopmentalist would answer with a resounding “YES” as long you don’t disregard scientifically validated brain plasticity.  Neurological organization can be achieved by neurodevelopmental programs specifically designed for the remediation and elimination of these symptoms by addressing the root causes responsible for the diagnosis of dyslexia. Healy (1990) reminds us:

What children do every day, the ways in which they think and respond to the world, what they learn, and the stimuli to which they decide to pay attention – shapes their brains.  Not only does it change the ways in which the brain is used (functional change), but it also causes physical alterations (structural change) in neural wiring systems (p. 51).

  
When children are given the specific activities to do each day that address the root causes of the symptoms of dyslexia, their brains change and so do their functional abilities.  In the past, the case has been made that extra one-on-one attention for a child would make the difference in a child's performance. This concept brought about special education services and institution of resource classes in the public school.  In Appendix B, please find graphs of the author’s standardized test results in Reading Recognition, Reading Comprehension and Math Computation for 27 children, 16 boys and 11 girls, ages 8.2 to 15.2, who came with dyslexic labels given to them by outside testing agencies such as Scottish Rite.  This documentation of the progress of dyslexic children, on a neurodevelopmental program, in just four months, was associated with children who were currently being home-schooled and therefore, were receiving one-to-one instruction from Mom.  Until the right type of one-to-one experiences was administered, the progress was reported as frustrating at best.  We leave this section with a quote from Orton, “We believe today that the complete growth and development of nerve cells is largely a result of stimulation.  If cells do not receive stimuli, they do not receive their full development” (Orton, 1937/1989 p. 203). 

Conclusion

Despite enhanced buildings, longer school calendars, better teacher training, advanced methods and curriculum, the percentage of students with reading disabilities persists and even grows each year.  Is it time for a paradigm shift?  Is it time to take a fresh new look at these challenges through the lenses of the latest brain research in cognitive neuroscience?” (Wesson, 2007)   

It is interesting to note that “the human brain is the only container which has the characteristic that the more you put into it, the more it will hold” (Doman & Doman, 2001 p. 137).  The only way to get information into the brain is by INPUT. For our purposes, input will be defined as information going into the brain through the five senses. Output is information that is learned, coming forth as functional abilities.  In our modern day schools we are normally focused on output; you know - what can the child “do”, and with the most recent pressure of the TAKS test, how well can he/she take the required tests.  Even in our daily pursuits we seem to be forever testing students, i.e. even a worksheet is a type of test (output sheet) when you really think about it. We focus much of our time requiring students to fill in the blanks, match the terms, or answer the math facts correctly, etc.   As educators we must face several questions. First, is there really something to the brain plasticity theory?   Second, what do we do about it?

Hannaford (1995) presents some food for thought for classroom teachers
 In the New York longitudinal study, 133 subjects were followed from infancy into adulthood.  It was discovered that competency in adulthood stemmed from three major factors in the early environment: 1) rich sensory environments, both outdoors and indoors, 2) freedom to explore the environment with few restrictions, and 3) available parents [and teachers] that acted as consultants when the child asked questions. The importance and need for rich sensory and hands-on learning continues throughout our lives (p. 48).
Since the brain controls everything that we do, it is the author’s opinion that it is indeed important for educators to know how it functions and how best to input information.  For years, we have been teaching math facts with long drill sheets and timers or with flash cards with the answers blank. From a neurodevelopmental perspective, this can be torture as the pressure or stress of being timed or put on the spot for an instant answer can throw neurologically inefficient students into their subdominant (emotional) hemisphere where they have no access to the information they have previously learned.  This adds more stress, combined with feelings of being dumb and thus a viscous cycle is perpetuated. Why not spend our time giving the students the answer to the math facts with frequency, intensity and short durations (input) every day until they have the connections built to apply that knowledge spontaneously? Experience shapes our brains, but children need to interact with the experience (Healy, 1990 p. 80).  The paradigm shift here is to let the student interact with the input to make them successful instead of consistently requiring output.    

Healy (1990) further helps us to understand the learning process as she suggests

 … [children] must be actively involved in their learning, not responding passively while another brain- their teachers or parents - laboriously developed new synapses in their behalf!  Any activity which engages student’s interest and imagination, which sparks the desire to seek out an answer, or ponder a question, or create a response, can be good potential brain food (p. 73).

Let’s take teaching math computation into consideration with Healy’s admonition in mind.  Often, the current procedure in teaching a math lesson is 1) the instructions are given (note: many students don’t follow the discussion because of low auditory processing); 2) one or two examples are worked for the class; 3) the class is assigned to work independently.  The encouragement here is to change to an input mode of teaching.  See what would happen if you give the instruction and then work every other problem on the board for the student.   They see the problem worked correctly. They then try to work the following problem on their own. Immediate feedback is received. The next one is worked for them correctly for them to emulate and so forth and so on.   This fifty percent input technique is another illustration of a neurodevelopmental, educational, teaching technique utilizing frequency, intensity, and duration allowing the students to be successfully engaged in the learning process through the important use of repetition and review of materials (Brown, 2006 p. 3). This approach to math, as well as the echo reading approach to reading, previously visited, can produce a positive influence in our classrooms. Just imagine the impact when the child doesn't have to struggle.  A marked improvement in their attitude alone could propel them forward!

The importance of movement cannot be over emphasized as we conclude our thoughts on how to make our classrooms more effective. Often our schools have substituted movement for more time with classroom instruction.   Physical Education and recess type activities have been reduced in lieu of classroom time with the belief that more classroom instruction is the key to academic success. It is well documented that the brain needs a steady supply of oxygenated blood, which it gets from physical movements. Wesson (2007) postulates that “There are three places in our society where we continually insist on lengthy periods of immobility - prisons, mental hospitals, and schools.”  Sylwester (2007) reiterates that the school environments should be designed to enhance the development of students’ brains and that brains are about movement, not motionless stagnation (p. 138).  Ratey, 2008 found that 

When students… go for a mile run in gym, they are more prepared to learn in their other classes: their senses are heightened; their focus and mood are improved; they're less fidgety and tense; and they feel more motivated and invigorated.   ... exercise influences learning directly, at the cellular level, improving the brain's potential to log in and process new information (p. 35).

When movement is combined with the neurodevelopmental aspect of cross pattern movement, you will find a winning combination.  There are simple things that can be done to get the oxygen flowing and movement happening in the classroom, increasing a student’s capacity to learn.  For example, halfway through class, have the students stand up and march around the room, touching their opposite knee or have them walk and point to the opposite toe for about two minutes.  It will take another minute to get them settled back down but the benefits of just that small amount of movement will be amazing.

It is the author’s hope that many classroom applications and strategies for dyslexic children are clear from the previous pages.  The encouragement going forward is to be aware of the symptoms that each child in the classroom exhibits, while at the same time, not letting that be your entire focus.  Look for possible causes. Instead of becoming irritated, discouraged or ready to refer them to the special education department. Discover ways to address the inefficiencies directly.  When a child has a label of dyslexia, do not assume that just because visually related symptoms appeared to dominate the clinical stage that the real issue is this symptom alone. Look at the evidence that suggests a host of parallel and interdependent, auditory, proprioceptive, and motor mechanisms which are acting as crucial symptomatic background determinants (Levinson, 1980 p. 32) as well as the possibility of the dominance factors of the hand, eye, ear and foot.

Dr. Suzuki, who turned the music world upside down with his techniques of input with frequency, intensity and duration, said that “our environment shapes who we are and can stunt or promote our mental development” (Brown, 2006, p. 4).  Our nation must provide the correct environment to promote development and to meet, head-on, the challenge of uncovering the causes and finding solutions for the most frequently occurring learning disability and most common disorder of childhood – dyslexia.
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