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Praise for Overcoming Dyslexia



“An important book … For the first time, scientists are understanding how the brain works … in the act of reading. Front and centre now is Sally Shaywitz.”


The Baltimore Sun


“Drawing on scientific research and her own case histories, Shaywitz explains what causes dyslexia, how to identify it, and how to help children and adults overcome it. In highly accessible language, Shaywitz explains recent technology and research that pinpoint areas of the brain that control the ability to read … [A] tremendously helpful resource.”


Booklist


“Shaywitz demystifies the roots of dyslexia … and offers parents and educators hope … [Her] ground-breaking work builds an important bridge from the laboratory to the home and classroom.”


Publishers Weekly


“Sally Shaywitz is an amazing woman, and no one has a better understanding of dyslexia and how it affects young children. Her work in this field is unmatched. One in five children of all classes, genders, and races has dyslexia, and it must be recognized early. These children think fast but read slow, through no fault of their own. Some of them are brilliant, but their brilliance goes unrecognized. Sally’s tireless advocacy for those who have this learning disability has to be an inspiration for anyone who values early learning, systems of intelligence, and how to combat the many false perceptions of dyslexia. Her constant fight to change public policy as it relates to the way dyslexia functions and is understood in the nation’s schools should be deeply meaningful to anyone who cares about children in today’s world.”


Bob Dylan
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THE NATURE OF READING AND DYSLEXIA 
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THE POWER OF KNOWING 



This book is about reading—an extraordinary ability, peculiarly human and yet distinctly unnatural. It is acquired in childhood, forms an intrinsic part of our existence as civilized beings, and is taken for granted by most of us. The unspoken belief is that if, as a child, you are sufficiently motivated and come from a home in which reading is valued, you will learn to read with ease. But as with so many other assumptions that appear to make intuitive sense, the assumption that reading comes naturally and easily to all children is simply not true. A substantial number of well-intentioned boys and girls—including very bright ones—experience significant difficulty in learning to read, through no fault of their own. This frustrating and persistent problem in learning to read is called dyslexia.


Most children look forward to learning to read and, in fact, do so quickly. For dyslexic children, however, the experience is very different. For them, reading, which seems to come effortlessly for everyone else, appears to be beyond their grasp. These children, who understand the spoken word and may love to listen to stories, cannot decipher the same words when they are written on a page. They grow frustrated and disappointed. Teachers wonder what they or the child is doing wrong, often misdiagnosing the problem or giving bad advice. Parents question themselves, feeling alternately guilty and angry.


It is for these parents, teachers, and children that I am writing this book. Exhilarated by new scientific discoveries about reading and dyslexia and frustrated by the relative lack of dissemination and practical application of these remarkable advances, I want to share with you all that I know about the science of reading. I want to make it very clear that it is now possible with a high degree of accuracy to screen for and then to identify children with dyslexia early on and to treat and remediate their difficulties, helping them learn to read. We can also do more than ever before for teenagers, young adults, and older adults.


As virulent as any virus that courses through tissues and organs, dyslexia can infiltrate every aspect of a person’s life. It is often described as a hidden disability, but dyslexia is hidden only to those who do not have to live with it and suffer its effects. If you have a broken arm, an X-ray provides visible evidence; if you are diabetic, a blood glucose measurement confirms it. Heretofore, reading difficulties could be explained away in any number of ways. Now, however, men and women with dyslexia can point to an image of their brain’s internal workings made possible by new brain imaging technology and say, Here, look at this, this is the root cause of my problem. We know now exactly where (and how) dyslexia manifests itself in the brain.


The harsh realities of the day-in, day-out experience of living with dyslexia can often clash dramatically with the perceptions of those teachers, administrators, acquaintances, and an array of self-appointed opinion-makers who question the very existence of the disorder that holds so many captive. Some still claim that dyslexia doesn’t exist. They ascribe children’s reading problems entirely to sociological or educational factors and totally deny the biology. Those who question the validity of dyslexia declare that there is no scientific evidence supporting either a biological or a cognitive basis to the disorder and contend that students with dyslexia reap the benefits of special treatment associated with their misdiagnosis.


These benefits seem to have been lost on Matthew,1 a fifty-four-year-old marketing manager, who said to me, “I feel I have been sentenced for a crime I didn’t even know I had committed.” George, a student at the University of Colorado, described dyslexia as “the beast,” an unknown predator that silently stalks him, continually disrupting his life. Not knowing why causes him great pain, including grades on examinations that reflect neither the hours he spends studying nor his considerable fund of knowledge, nor his high level of intelligence. George wants to see “the face of the beast,” to understand why this is happening to him. In addition to this deep desire to comprehend the nature of the mysterious problem enveloping him, he harbors a pervasive fear of being discovered, and of being severely embarrassed, as a dyslexic. Not knowing what to expect from his dyslexia or when the difficulty will manifest itself fills George with a constant sense of apprehension: “It’s like it’s lying there waiting for me to make a wrong move, and then all of a sudden it’s there, taunting me again.”


This all-too-common experience is now unnecessary. We know why dyslexics, no matter how bright and motivated, experience reading difficulties. Dyslexia is a complex problem with its roots in the very basic brain systems that allow humans to understand and to express language. By discovering how a disruption in these fundamental neural circuits for coding language gives rise to a reading impairment, we have been able to understand how the tentacles of the disorder reach out from deep within the brain and affect not only how you read but, surprisingly, a range of other important functions as well, including your ability to spell words, to retrieve words, to articulate words, and to remember certain facts. For the first time since dyslexia was initially described more than a century ago, scientists can see the “face of the beast,” and we are now well on our way to taming and taking command of it.


I remember spending hours trying to convince Charlotte, a first-year law student who is dyslexic, to seek accommodations for her upcoming final exams. Charlotte was brilliant but was an incredibly slow reader who needed and deserved more than the allotted time. Her professors respected her, and she was sure to make Law Review—unless, she thought, it became known that she was dyslexic. With all the stereotyped views of dyslexia, she reasoned, her professors would have second thoughts about her abilities. Charlotte anguished over the decision: “If I ask for or take extra time, they’ll all think I don’t deserve my grade and that I’m really not so smart. If I don’t take the extra time, I’ll never finish.” For Charlotte and others like her, so-called “special treatment” is a cruel irony.


I often lecture about dyslexia, and each time I am asked, Where can I read about what you have just said? Where can I get this information? Have you a book to recommend?


I originally wrote Overcoming Dyslexia in response to these questions and all the other questions I’ve never been able to answer in person. I am extremely pleased now to share with you in this second edition the phenomenal outpouring of cutting-edge scientific data increasing our understanding of dyslexia still further, and with it our ability to improve the lives of all children and now adults, too, who are dyslexic. I want to lift the barrier of ignorance surrounding dyslexia and replace it with the wonderful comfort of knowledge, and to empower each and every parent to know, first, what is best for your child, and second, what you can do to ensure that he or she becomes a reader.


In this second edition, my aim has been to bridge the enormous chasm that exists between what we are learning in the laboratory and what is being applied in the classroom. The field of neuroscience is exploding. Recent advances in our understanding of brain mechanisms underlying reading are nothing short of revolutionary. Alas, much of the time it feels like this new information is a well-kept secret. In an era when we can image the brain as an individual reads and literally see the brain at work, it is unacceptable to have children (and adults) struggle to read without the benefit of what this modern neuroscience has taught us.


As a working scientist and physician specializing in dyslexia and attention disorders, I have cared for dyslexic children for more than four decades. It is these boys and girls and their parents who serve as the inspiration for all my work. In science there are those whose interest is keenest in the theoretical questions surrounding a disorder rather than the clinical entity itself. Similarly, there are fine physicians who understand the clinical disorder and its effect on patients but who are far less familiar with the latest scientific developments. From my experience, I know that to help children and adults with dyslexia most effectively, we need the contributions of both of these often disparate worlds of knowledge. So another of my goals in writing this book is to bring to the reader a new level of scientific understanding of dyslexia. Once you understand dyslexia, its symptoms and treatment will make sense to you. There will be no mystery, and you will be in charge. You will be liberated to reason and to determine on the basis of this new knowledge what is best for you, your child, or your student. It has been an enormous satisfaction to me that I have been able to help so many parents to understand, in very clear and logical terms, what dyslexia is, how to identify it, what causes it, and, most critically, what can be done to help.


We now know that dyslexia is a very common problem, affecting one out of every five children—10 million in America alone. In every neighborhood and in every classroom worldwide, there are children struggling to read. For many affected children dyslexia has extinguished the joys of childhood.


Caitlyn was almost one of these children. I received a call from her grandfather, Adam, a college friend of mine, now a pediatrician in northern California, asking if I could see his grandchild. Caitlyn, seven years old and just then completing first grade, couldn’t seem to catch on to reading. As Adam told me, “I always thought she was as smart as a whip. It just doesn’t make any sense to me. Her mother, Esther, is beside herself. She would do anything for Caitlyn, but neither she nor anyone else seems to know what to do.”


Once I saw Caitlyn, it was apparent why her mother was so upset. Caitlyn, after two full years of formal schooling, had not yet mastered beginning reading. She had memorized a few words that she could read by rote, but if shown a new word, Caitlyn could barely begin to sound it out. Instead she would call out words she knew, which generally had no relation to the word on the page. Sometimes she knew the first letter; for example, when shown the word boy, Caitlyn blurted out bat. Overall, out of twenty-four words that a first-grader should have mastered, Caitlyn knew four. Perhaps most frustrating to Esther was the attitude of the school. The principal acted as if Esther had some unspecified emotional problems; the school guidance counselor suggested that she was an overly anxious mother. But no one at the school seemed to be doing anything to address Caitlyn’s lack of progress in reading. All her school reports spoke of her good behavior, noting that her progress was “good for someone at her level.” “Now,” Esther asked, “what does that mean?” Her requests for meetings with school personnel were ignored or slow to be acted upon. The few conferences that were held focused more on Esther’s “emotional needs” than on Caitlyn’s academic needs. Esther came to question herself, and watched her once cheerful daughter grow increasingly withdrawn.


The breaking point came during Caitlyn’s seventh birthday party. Esther had worked hard to make it special. All through the party, Caitlyn kept asking, “When do I get to blow out my candles?” Suddenly the room was darkened and Esther came out with a cake with seven glittering candles sparkling brightly. Caitlyn ran over to the table, climbed up on a chair, and bent over the cake. She closed her eyes tightly, concentrated very hard, and then blew out all the candles. Then she ran up the stairs and closed her bedroom door. After some time had passed, Esther found Caitlyn on her bed, her favorite storybook, Goodnight Moon, open on her lap and tears streaming down her face. “You said I would get any wish I wanted and you were wrong—my wish didn’t come true.” Caitlyn still could not read any of the words on the page.


Caitlyn, of course, is dyslexic. She had difficulty pronouncing long names and trouble finding the right word to say. She had long pauses and many um’s when she was speaking. Her inability to identify some letters of the alphabet persisted. All these symptoms were consistent with the results of a series of state-of-the-art tests specifically designed to determine if a young child is dyslexic. I sat down with Esther and talked to her at length about Caitlyn and dyslexia. From experience, I knew how important it was for Esther to understand, at the most basic level possible, what a diagnosis of dyslexia meant for her daughter. I knew that once Esther grasped the information, she would become a powerful and highly effective advocate for her child.


Esther and Caitlyn went back to California with not only a diagnosis but, most important, a plan of action, a detailed program designed to overcome Caitlyn’s reading difficulty. Esther now fully understood why Caitlyn could not read and exactly what needed to be done to fix that. Equally important, based on our new understanding of dyslexia, Esther was now also aware of Caitlyn’s significant strengths and how these, often overlooked, could be called into play to help her read.


Esther followed through on our plan. She made sure that her daughter received the specific reading instruction that Caitlyn required. A year later, Esther was excited to share with me the news that Caitlyn had made dramatic progress. No longer a little girl for whom reading was an unfathomable mystery, Caitlyn was now a self-assured girl who understood how printed letters represent the sounds of spoken words. She could read, if not perfectly.


Caitlyn and her parents were flying to Connecticut for a scheduled return visit to my office. I couldn’t wait to see this transformation. Rather than a sad, slouching Caitlyn, a spirited, smiling young girl literally leaped into my office, wasting no time to show off her new skills. She came prepared, quickly reaching into her backpack and holding up two books along with a pad of paper and a pencil. Caitlyn was justly proud of her gains. She had overcome her old nemesis—reading and pronouncing words she had never before encountered. She confidently pronounced one word after another, even difficult words. “Sk, sk-oo-oo-l, school,” she sounded out. “Oh,” she said, “I can spell it, too. Wanna see?” Then, reaching for her pad and pencil, very carefully and with great determination, she wrote s-c-h-o-o-l in large, bold letters. Finally she reached into her backpack, pulled out the second book, and proceeded to read with great pride and concentration:




In the great green room


there was a telephone


and a red balloon


and a picture of


the cow jumping over the moon





I was impressed by Caitlyn’s progress, but I was also struck by the dramatic turnaround her mother had made. I strongly believe that behind the success of every disabled child is a passionately committed, intensely engaged, and totally empowered parent. Esther was a changed person. She was smiling and self-assertive. She was at ease and communicated a sense of quiet but sizable confidence. As she told me:




Now I am in charge of my daughter’s destiny. I never again have to just stand there and wait for her school principal to determine my daughter’s future. Now that I know, now that I understand, I never have to be at that man’s mercy again. I understand her problem, I know what she needs, and I now have the power—irrespective of anyone—to act in my daughter’s best interests. I feel so in control. I am a different person. To be freed of this absolute dependence on others for your child’s entire future is the most exhilarating feeling imaginable. Last year I just didn’t know what she needed. Now I know what to ask for her. I am no longer in the dark.





Esther was an easygoing, soft-spoken mother of four who had become a tiger, a power to be reckoned with when it came to protecting and ensuring Caitlyn’s future.


Reading is often the key to realizing a parent’s dreams for his or her child. Early on, children are tracked, and their futures are often laid out within the school setting. In the classroom, reading is king, essential for academic success. Reading problems have consequences all across development, including into adult life. This is why it is so important to be able to identify dyslexia accurately and precisely early on and take the appropriate steps without delay to ensure that the child learns both to read and to enjoy reading.


Most children who might not have been able to learn to read or to read well just a few years ago can now become competent readers. There may be a very small group of children for whom reading will continue to be extremely difficult, but even these boys and girls can benefit from the application of the remarkable advances in our understanding of the reading process.


Reading, as I’ve said and as I will explain later, is not a natural or instinctive process. It is acquired; it must be taught. How reading is taught can dramatically affect the ease with which a child learns to transform what are essentially abstract squiggles on a page into meaningful letters and then sounds and then words and then entire sentences and paragraphs. Reading represents a code—specifically, an alphabetic code. About 70 to 80 percent of children are able to break the code after a year of instruction in school, almost irrespective of the particular method of instruction used to teach reading. However, for the rest, reading remains beyond their reach after one, two, or even more years of schooling. Now we have the key to unlocking the reading code for these children as well.


What is so exciting about our new level of understanding of dyslexia is that it explains reading and reading difficulties at all ages and at all levels of education. By identifying the primary or core cognitive weakness responsible for dyslexia, scientists now understand how children acquire the ability to read and why some do not. The model of dyslexia that has emerged can be applied to understanding (and treating) reading difficulties in children just entering school, in children enrolled in primary and middle grades, and in young adults attending high school, college, or even graduate or professional school. The model has relevance, too, for the legions of adults who go through life without the ability to enjoy reading. These frequently neglected men and women can also benefit from our new understanding of reading. No matter who the child or adult is, what his background is, what kind of home he comes from, or what his intelligence level is, all the possible influences that may affect his ability to read are routed through the same pathway deep within the brain. This pathway has been identified. In practical terms this means we know what functional system in the brain is involved. Furthermore, we have now pinpointed its exact neuroanatomic location. Even more, we now know that dyslexia impacts reading very early on. As a result of these discoveries, it is now possible: (1) to screen for and to identify with an extremely high degree of precision the children who are at highest risk for dyslexia—even in kindergarten, before they develop reading problems; (2) to diagnose dyslexia accurately in children, young adults, and adults; and (3) to manage the disorder with highly effective evidence-based treatment programs.


While some cases are recognized when the child can’t learn to read, perhaps in the first or second grade, currently the majority of cases of dyslexia are not identified until at least third grade. In fact, it is not unusual for cases of dyslexia to go unrecognized until adolescence or adulthood. So I will address the following questions as well: How do you go about identifying a reading problem in high school or beyond? Equally important, what do you do about it? Should an older student be offered special accommodations in school and for examinations, and if so, why? What is the best school setting for a dyslexic child?


According to one father who contacted me, this kind of information “saved” his son. He wrote:




You saw my son Michael when he was a sophomore in high school and doing very poorly. Michael has turned around academically and emotionally. He is now a confident and secure young man. He has become his own best advocate. He knows what he needs and why. This allows him to speak up for himself and run his own interference. It is Michael who speaks to his teachers and they respect him for it. This sense of autonomy has rescued my son.


P.S. This summer we are going to visit colleges.





It is never too late. The new knowledge is so basic and fundamental it is applicable to people across the entire lifespan, from the smallest of children to their grandparents. Take Rachel, a highly successful, self-made businesswoman, owner of a flourishing kennel and pet grooming business, who was unable to read beyond a fourth-grade level.




It’s so embarrassing. Salespeople come around and leave brochures for me. How can I tell them I can’t read? Going into a restaurant, I can’t read the menu, so I’m always reduced to saying, “Hey, what’s your special for the day?” During our Passover seders, I simply want to die when it’s my turn to read. Now one of my sisters comes to my rescue and begins to read my passage. But in spite of her good intentions, there is always someone new and well-meaning at the table who says, “Oh, didn’t we just skip Rachel? Shouldn’t she have a turn, too?” By now I have memorized a lot of sight words, but show me a new word and it could just as well be Greek. Can you believe I was so desperate to read, I even ordered a reading program advertised on television? Here was a program for six- and seven-year-olds and I bought it, but the sad part was that even this program didn’t help me.


Now that I’m married and looking forward to having children, I want to be a reader. I want to do the normal everyday things everyone else does: read the newspaper, read a recipe, read the instructions on a bottle of medicine.





Rachel began an intensive new program for adults with dyslexia. When I recently saw her, she reported:




I am going to have a baby. Each day when I get up in the morning, I open my pregnancy book and read about how my baby is growing. And when Joy is born, I am going to be able to read to her, too. It feels so good. I can read!





Caitlyn, Michael, Rachel, and their families experienced the new sense of hope that I want to share with you. I want to take you into my laboratory and show you a revolutionary new kind of science—our new ability to watch the brain at work: thinking, speaking, reading, and remembering.


In the pages that follow I will examine both the science and the human side of dyslexia. In Part I, I want to make clear what dyslexia is and how it evolves over time. I want to explain the cognitive basis for dyslexia and then what the newest brain research is teaching us about the neurobiology of dyslexia and reading. I want to share with you the substantial progress in identifying the underlying neural mechanisms responsible for reading and for dyslexia. These studies address the most fundamental questions of all, the most abstract and yet most compelling challenge facing researchers: How does the mind work, and what is the relationship between brain and behavior, between thinking and reading, and between brain structure and function?


Parts II through VI take what we have learned in the laboratory and apply it not only to the classroom, across development from primary school through college, but also to the child’s life and future. I will talk about the impact of science on how we approach, diagnose, and treat children and adults with dyslexia. To ensure that this knowledge is used wisely, I will also discuss practical issues of special concern to many of you, including early diagnosis as well as diagnosis in older children and adults; special considerations in the diagnosis of bright young adults; the most effective treatment for children, young adults, and adults; the relation between dyslexia and standardized tests; the relation between dyslexia, anxiety, and attention-deficit/hyperactivity disorder (ADHD); accommodations for older children; and what dyslexia does and does not mean in terms of choosing a school, a college, and a career. We will begin by examining how the disorder was discovered more than a century ago.
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THE HISTORICAL ROOTS OF DYSLEXIA 



In the late nineteenth century, physicians in rural Seaford, England, and in the heart of Scotland wrote in medical journals about children in their Victorian society who were bright and motivated, who came from concerned and educated families, and who had interested teachers, but who nevertheless could not learn to read. The very innocence of the descriptions and the deep perplexity expressed by the physicians offer a unique understanding of dyslexia, one that cannot be obtained by reading the current literature.


On November 7, 1896, Dr. W. Pringle Morgan of Seaford wrote in the British Medical Journal about Percy F., fourteen years old.




He has always been a bright and intelligent boy, quick at games, and in no way inferior to others his age.


His great difficulty has been—and is now—his inability to read.


He has been at school or under tutors since he was 7 years old, and the greatest efforts have been made to teach him to read, but, in spite of this laborious and persistent training, he can only with difficulty spell out words of one syllable. …


I next tried his ability to read figures, and found he could do so easily. He read off quickly the following: 785, 852, 017, 20, 969, and worked out correctly: (a+x) (a−x)=a2−x2.... He says he is fond of arithmetic, and finds no difficulty with it, but that printed or written words “have no meaning to him,” and my examination of him quite convinces me that he is correct in that opinion … he is what [Adolf] Kussmaul [a German neurologist] has termed “word blind.” …


I might add that the boy is bright and of average intelligence in conversation. His eyes are normal … and his eyesight is good. The schoolmaster who has taught him for some years says that he would be the smartest lad in the school if the instruction were entirely oral.





Morgan captures the basic elements underlying what we refer to today as developmental dyslexia. Percy seems to have all the intellectual and sensory equipment necessary for reading, and yet he cannot read. The deficit seems only to involve reading letters and words, and Percy does quite well in math. As Morgan goes on to say, the numeral 7 is easily discerned and read, but not the written word seven.


Morgan was the first to appreciate word-blindness as a developmental disorder occurring in otherwise healthy children. However, the intriguing observation that men and women with good eyesight and strong intelligence could still lack the ability to read had been made by physicians centuries before—but always in adults who had suffered some sort of brain insult. What is perhaps the earliest recorded case of word-blindness dates back to 1676, when a German physician, Dr. Johann Schmidt, published his observations of Nicholas Cambier, a sixty-five-year-old man who lost his ability to read following a stroke. As the concept evolved, cases appearing in the medical literature described men and women like Cambier who had once read normally but then had suffered a stroke, tumor, or traumatic injury resulting in the loss of the ability to read, a condition termed acquired alexia. As more cases were reported, there was an increasing interest in the nature of the reading difficulty and its associated symptoms. For example, in 1872 the distinguished British neurologist Sir William Broadbent reported a case of acquired alexia, noting that his patient also suffered from a profound difficulty in naming even the most familiar objects. As the patient was brought into a London hospital, he was able to say, “I can see [the words] but cannot understand them.”


Although Broadbent’s contribution was important in providing a descriptive account of acquired reading difficulties, it was not until 1871 that Adolf Kussmaul came to the seminal realization that “a complete text-blindness may exist, although the power of sight, the intellect and the powers of speech are intact.” Kussmaul is credited with coining the term word-blindness (wortblindheit) for this perplexing condition. He narrowed the clinical entity of word-blindness to that of an isolated condition affecting the ability to recognize and read text but with both intelligence and expressive language intact. Kussmaul then went even further in tracing the cases to lesions in the back of the brain, around the left angular gyrus.


Another German physician, Professor Rudolf Berlin, in Stuttgart, further refined our perceptions of these acquired reading problems. In his monograph Eine besondre Art der Wortblindheit (A Particular Kind of Word-blindness), published in 1887, Berlin describes six cases that he had personally observed over a period of twenty years. Berlin uses the term dyslexia to refer to what he perceives as a special form of word-blindness found in adults who lose the ability to read secondary to a specific brain lesion. If the lesion was complete, there would follow an absolute inability to read, acquired alexia. However, if the disruption was only partial, “there may be very great difficulty in interpreting written or printed symbols (dyslexia).” He conceptualizes dyslexia as a member of the larger family of language disorders called aphasia, in which there is difficulty in either understanding or producing spoken language, or both. According to Berlin, on March 4, 1863, a Herr B. complained that he had to stop work because




reading of printed and written characters had become so very difficult to him. … He had exactly the same difficulty with [Jaeger] types of all sizes [types of increasing sizes used to assess visual acuity]. … There was no pain or discomfort in the eyes … the letters did not become dim or confused—he could simply not read further. … Neither the eye nor its muscular apparatus showed any abnormality on the most careful examination.





Imagine what a startling observation this must have been in mid-nineteenth-century Germany. The very idea that you could have perfect vision and yet could not see the words on the page in order to read them—that you could see and read a numeral written in a type as small as Jaeger 1 and still not be able to read a simple word in a type as large as Jaeger 16—must have been chilling. So it is not surprising that cases of word-blindness were often referred for consultation to specialists in the eye and vision—ophthalmologists. And it was a report of acquired alexia by an ophthalmologist at the Glasgow Eye Infirmary, Dr. James Hinshelwood, that served as the direct catalyst for Morgan’s subsequent paper describing congenital word-blindness.


In the December 21, 1895, issue of the medical journal The Lancet, we can read Hinshelwood’s report of the case of a highly educated fifty-eight-year-old man, a teacher of French and German, who suddenly awoke one morning to discover that




he could not read the French exercise which a pupil gave him to correct. On the previous day he had read and corrected the exercises as usual. Greatly puzzled … having summoned his wife, he asked her if she could read the exercise. She read it without the slightest difficulty. He then took up a printed book to see if he could read it, and found that he could not read a single word. He remained in this condition until I saw him. On examining his visual acuity with the test types I found that he was unable to read even the largest letters of the test types. He informed me that he could see all the letters plainly and distinctly, but could not say what they were. … I found on examining further with figures that he did not experience the slightest difficulty in reading any number of figures quite fluently and without making any mistakes whatever. He could read figures printed on the same scale as Jaeger No. 1, the smallest of the test types, and from other tests it was evident that there was no lowering of his visual acuity. His inability to read was thus manifestly not due to any failure of visual power. … No other mental defect could be ascertained on the most careful examination.





It is easy to appreciate how, after reading this report, Morgan became excited when he encountered virtually the same constellation of symptoms and findings in his young patient Percy F. Although Hinshelwood’s report concerns an adult who had once been a good reader, the similarities of the reading difficulties experienced by Percy F., who had never learned to read, and Hinshelwood’s patient are impressive. Both had symptoms of word-blindness and each was unable to read words, but as Morgan and Hinshelwood emphasize, each could read figures—in the smallest of types—and perform mental calculations without any hesitation. Hinshelwood’s 1895 report is important for several reasons, not the least of which is the clarity of his clinical description of acquired difficulty in reading as opposed to those problems in reading that are secondary to specific ophthalmologic impairments affecting a person’s sight or visual acuity. And, of course, it was Hinshelwood’s paper that prompted Morgan in 1896 to submit his own report of word-blindness, but in this instance of congenital origin.


It is not at all surprising that, historically, cases of acquired word-blindness in adults were noted prior to cases of congenital word-blindness. Mainly this is because in acquired cases the occurrence of word-blindness is abrupt; there is a dramatic change—a sudden loss of the ability to read. Acquired word-blindness primarily affects adults and occurs secondary to a brain insult occurring during a person’s lifetime. Such insults, whether from a stroke or a tumor, typically affect the left side of the brain, where they may damage multiple brain systems. In addition to problems reading, affected patients may experience muscle weakness on the right side of the body, difficulty pronouncing words, or problems naming objects. In contrast, congenital word-blindness occurs in children and reflects an inherent dysfunction, one present since birth. Here the clinical picture is more subtle; it evolves gradually as the child meets with continuing problems in reading as he progresses through school. As we shall see, the reading difficulty may be overlooked for long periods of time. The congenital form is much more circumscribed, affecting primarily reading, sometimes spoken language, but never muscle strength.


From a neurological perspective, the difference in the two forms of the disorder is in the timing of the disruption to the laying down of neural systems within the brain. In the congenital form there is a glitch in the wiring when it is first laid down during embryonic development, and this miswiring is confined to a specific neural system (for reading). In the acquired condition, a lesion blocks an already working neural system and may extend to impact other systems as well.


Morgan’s seminal report marked a watershed in our appreciation of unexpected reading difficulties in children. There soon came a flurry of reports of similar cases encountered by other physicians, almost exclusively eye surgeons, mostly from Britain but also from Europe, South America, and eventually the United States. But no one embraced or understood the significance of the disorder as fully as Hinshelwood did, nor was anyone as committed to bringing the disorder to the attention of as many of his colleagues.


Although Hinshelwood initially reported cases of acquired word-blindness, he soon became absorbed with the congenital form of the condition. By 1912 he had reported in a series of papers and monographs at least a dozen cases of congenital word-blindness. These reports are noteworthy for the similarities shared by the children they describe. For example, in 1900, Hinshelwood details the cases of two children who simply could not learn to read, although everything about each of them suggested that they should not only be able to learn to read but should become capable readers as well.


The first case describes an eleven-year-old boy who had been at school for four years before he was dismissed because “he could not be taught to read.” According to the boy’s father, the child was at the school for a number of years before his problem was even noticed, because




he had such an excellent memory that he learned his lessons by heart; in fact, his first little reading-book he knew by heart, so that whenever it came to his turn he could from memory repeat his lesson, although he could not read the words. His father also informed me that in every respect, unless in his inability to learn to read, the boy seemed quite as intelligent as any of his brothers and sisters.





To demonstrate the child’s sharp mind, Hinshelwood describes stating the address of his eye clinic and also writing it on an envelope that the boy’s father then misplaced. Fortunately, the young boy’s quickness of mind allowed him and his father to keep their clinic appointment; Hinshelwood was quite impressed when the little boy was able immediately to repeat the address after “hearing me state it once.”


A second case deals with a ten-year-old boy who did well in every academic subject with the exception of reading. As Hinshelwood comments, “He was apparently a bright, and in every respect an intelligent, boy. … In all departments of his studies where the instruction was oral he made good progress.” The boy’s father, a physician, thought the reading problem might be due to some visual defect and thus sought a consultation with Hinshelwood. Careful examination indicated that the difficulty in learning to read was “not owing to any defect of his intelligence or to any diminution of visual acuity. His father noted that the boy never reads for amusement. As his father expresses it, ‘it seems to take a great deal out of him.’”


In 1902, Hinshelwood reported two additional cases of young, intelligent children who could not read at all well. One was a ten-year-old girl who worked very hard in school and yet, “after four years of laborious effort” still read even the most basic book “with the greatest of difficulty.” He was impressed both by the extraordinary effort reading required for this child and by the incredible patience required of someone teaching her, so much so that “on several occasions [even] her mother abandoned the task in despair.” He remarks on the isolated nature of the difficulty, pointing out her general intelligence, her good vision, and her ability to do arithmetic.


In the second case, that of a seven-year-old boy, Hinshelwood notes the stress on dyslexic children of trying to read and underscores the importance of patience and support:




He does not even know all the letters of the alphabet, but if gently told when he was wrong and if given time, as a rule he can name the letters correctly at last. He can repeat the letters of the alphabet rapidly by heart.





Consistent with previous case reports, the boy experienced no difficulties if he was taught orally; in fact, the young man was so good at learning that he, too, “for a time … concealed the fact of his disability.” The person who, perhaps, knows the child best sums up his ability:




His mother says that he is a smart, intelligent boy, even smarter and quicker in many respects than her other children, his one defect, according to her, being that he cannot be taught to read.





THE CONTEXT OF CONGENITAL WORD-BLINDNESS 


As clinicians, Hinshelwood and his colleagues were more than mere observers or cataloguers of their findings; they were concerned with the implications of the disorder: how long it lasts, how common it is, which groups of children are at highest risk, what treatment is best.


In addition to providing clear descriptions of his patients, Hinshelwood focuses on the central concept underlying developmental dyslexia: an unexpected difficulty in learning to read. From a practical perspective this means that the weakness in reading is isolated and circumscribed, reflecting, according to Hinshelwood, a “local” rather than a generalized cerebral dysfunction. A child who is slow in all cognitive skills would not be eligible for consideration as dyslexic; a dyslexic child has to have some cognitive strengths, not only depressed reading functions.


Having examined an ever-growing number of children with congenital word-blindness, Hinshelwood was convinced that this disorder was far more common than generally appreciated:




I had little doubt that these cases were by no means so rare as the absence of recorded cases would lead us to infer. Their rarity, I thought, was accounted for by the fact that when they did occur, they were not recognized.





Accordingly, Hinshelwood worked hard to publicize his observations through lectures and published reports. Since the clinical picture is so characteristic, he knew that once a physician was aware of the disorder, diagnosis would be facilitated.


As I will discuss in detail later, the diagnosis of dyslexia is a clinical one, based on the synthesis of information gleaned mainly from observations of the patient and from his or her history. Hinshelwood and other physicians of his day were able to make this diagnosis comfortably based solely on clinical presentation. Both Hinshelwood’s and Morgan’s reports predated the publication of the earliest version of the first standardized test (for IQ), the Binet-Simon Intelligence Scale, which did not become available until 1905.


At about the same time, and after seeing a succession of children with congenital word-blindness, E. Treacher Collins, an eye surgeon at the Royal London Ophthalmic Hospital in Moorfields, England, concluded that the core symptoms of the disorder “were frequently overlooked and put down to mere stupidity, or some error of refraction, very much to the disadvantage of the individual, because the individual was often blamed, bullied, laughed at, for a defect which was not his fault but his misfortune.”


Physicians treating patients with congenital word-blindness were also impressed with its impact on the entire family and across generations. Many commented on the important role played by a family member, usually the wife/mother, in assisting her spouse/child. For example:




The father … who is very involved in writing and has a leading position in industry has to have all his manuscripts corrected in detail by his wife. … Out of 5 children, 4 require every written paper to be corrected by their mother.





Above all, Hinshelwood was a physician, a practitioner to whom patients in a state of distress came desperately seeking help. Congenital word-blindness was more than a curiosity to him; he wanted to make sense of the disorder so that he could help his patients. He realized that for congenital word-blindness, treatment meant extending his perspective to include the educational establishment itself. In particular, he recognized the urgent need for early identification of children with congenital word-blindness:




It is a matter of the highest importance to recognise as early as possible the true nature of this defect, when it is met with in a child. It may prevent much waste of valuable time and may save the child from suffering and cruel treatment. When a child manifests great difficulty in learning to read and is unable to keep up in progress with its fellows, the cause is generally assigned to stupidity or laziness, and no systematised method is directed to the training of such a child. A little knowledge and careful analysis of the child’s case would soon make it clear that the difficulty experienced was due to a defect in the visual memory of words and letters; the child would then be regarded in the proper light as one with a congenital defect in a particular area of the brain, a defect which, however, can often be remedied by persevering and persistent training. The sooner the true nature of the defect is recognised, the better are the chances of the child’s improvement.





A model of the complete clinician, Hinshelwood was highly responsive to the needs of his patients. He urged schools to establish procedures for screening populations of children for signs of congenital word-blindness and to provide appropriate teaching to those children identified with the disorder. In 1904 he wrote:




In these days of scholastic reform, it is evident that there should be a systematic examination of all [these] children by a medical expert who would be able to differentiate the various defects and report as to the best means of dealing with the different groups. In our educational scheme this is a subject which has met with but scant attention, and, in my opinion, special provision for dealing with the education of [these] children on a scientific basis is one of the most crying needs in our present educational methods.





Hinshelwood made specific recommendations for children with dyslexia, as in this case:




On my advice no further attempts were made to teach him in the class, but he was advised to have special reading lessons by himself. The lessons were not to be too long, but were to be repeated frequently during the day at intervals so as to refresh and strengthen the visual impressions made in the first lesson. This plan was adopted, and succeeded in a degree which surpassed all our expectations.





In another case,




I advised them to make no further attempt to make him read in class with other boys. His mistakes and difficulties aroused the ridicule of the others, and this excited him and made him worse. I advised frequent short lessons by himself, both at the school and on his return home.





Dr. E. Nettleship, another turn-of-the-century ophthalmologist who saw dyslexic patients, understood the challenges in serving all dyslexics equally:




The detection of congenital word-blindness is easy in the children of well-educated parents, whose children receive much individual attention. It must be much more difficult, both to recognize and deal with, in the children who crowd our Infant Elementary Schools. That the condition had been differentiated, and is receiving attention from medical men, should lead presently to its being dealt with by tutors … and by the teachers in all Infant Schools. The education of [these] children, by more or less special methods, is already receiving more attention than formerly. If from amongst such children, those can be sifted whose only, or principal, difficulty is real inability to learn to read, the result cannot but be useful both to the individuals and the community.





Today, as in Nettleship’s time, reading difficulties are often overlooked in children from disadvantaged circumstances. It is not that children from enriched backgrounds are “overidentified” as dyslexic but rather that far too few poor children with the same difficulties are ever noticed, much less treated, for their reading problems.


Dyslexia was increasingly noted and reported by physicians not only in Great Britain but also in Holland (1903), Germany (1903), and France (1906). Awareness of the disorder soon traveled across the Atlantic to South America (Buenos Aires, 1903) and then to the United States. Here the first report of childhood reading difficulties came in 1905 from a Cleveland ophthalmologist, Dr. W. E. Bruner, followed within a year by a second from a Denver physician, Edward Jackson, who described two cases of “Developmental Alexia (Congenital Word Blindness).” By 1909, E. Bosworth McCready, a Pittsburgh physician interested in congenital word-blindness, was able to locate forty-one reported cases of the disorder worldwide. As he noted, “While the majority of cases have been reported by ophthalmologists they have not in a single instance held the ocular [sic] conditions responsible for the word-blindness.” McCready, too, takes note of the seeming paradoxical association of dyslexia with creativity and intellectual superiority. He describes one man who “could not read but little in spite of every advantage … though he is now a brilliant and prominent member of a profession in which much reading is a sine qua non,” another dyslexic who is a judge, and still another who is a “writer of verse of unusual excellence.” Later I will talk about the contemporary counterparts of these gifted dyslexics.


These cases of unexpected reading difficulties experienced by so many children (and adults) and observed through the eyes of an ever-growing cadre of concerned physicians can essentially be superimposed on one another; taken together, they create a composite image even stronger and sharper than the individual pictures. As such, these case reports represent a valuable legacy: They provide indisputable evidence of the unchanging and enduring nature of the characteristics of dyslexia in children.


When I first came across these reports, I was stunned by the convergence between the historical and contemporary accounts of dyslexia. The basic template provided by these early reports remains intact. Now I will tell you about extraordinary scientific advances that have added a depth and a precision to our knowledge that was unimaginable just a few years ago.
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THE BIG PICTURE: WHO IS AFFECTED AND WHAT HAPPENS OVER TIME 



Research over the last several decades has produced unparalleled results, particularly for our understanding of reading and dyslexia. Given that I am most intimately aware of the details of our own work at the Yale Center for Dyslexia & Creativity, and because our center’s research strategy and findings reflect and provide valuable insights into the state of current research in the field, I will use our studies as a model for discussion.


At first we focused on the basic characteristics of the disorder, designing a research study aimed at answering these questions: Who is dyslexic? How many children are affected? Are boys and girls both affected? What happens to a child with dyslexia over time, and how long does the problem last? When does the problem go away, or is it with someone for his or her entire life? Many of the answers have emerged from the Connecticut Longitudinal Study, which has been ongoing for over three decades.


THE CONNECTICUT LONGITUDINAL STUDY 


In 1978, when I was asked to care for patients with reading difficulties, it was unclear to me just how a physician takes care of children who are dyslexic. There were many basic questions for which I could find no satisfactory answers. For example, is dyslexia a common problem or a rare one? Most of the information about dyslexia was based on studies of children who had already been identified—either by their schools or by a clinic—as having a reading problem. I thought there might be large numbers of children sitting at their desks in classrooms all over the country who were unable to read but who had never been accounted for in studies of dyslexia. To understand the full scope of the problem we needed to count all children with reading problems and not only those who were already visible and receiving help.


In order to differentiate between children who were experiencing reading problems and those who were learning to read with ease, it was necessary to establish exactly what rate of reading development, what behaviors, and what characteristics are typical for children. That would require studying large numbers of children over an extended period—as it turned out, from the time they entered kindergarten well into mature adulthood and the workplace.


To begin the study we selected children attending kindergartens in twenty-four randomly chosen Connecticut public schools in the 1983–84 school year. We worked with expert statisticians to select a study sample that represented the geographic and demographic diversity of Connecticut and the nation as a whole at that time. Since we wanted to develop a more nuanced understanding of each of these children, we gathered information representing a range of qualities, including cognitive ability, academic achievement, behavior at home and in the classroom, and self-perception. We obtained information from parents, teachers, and the children themselves. For the most in-depth understanding of each child, parents shared personal information about themselves, including their behaviors, family history, schooling, and employment. The criteria for those to be enrolled in the study were purposely left very broad; we did not want to influence the results by excluding any particular group of children.


We enrolled 445 children in the study, representing 95 percent of those eligible. The group’s gender, ethnic, and racial composition was representative of the population of children entering public kindergarten that year. The participants have been regularly monitored since then. The boys and girls who began this study are now mature men and women. Some graduated from high school, some dropped out, some hold GED degrees; some hold college, graduate, and professional school degrees; some are working in a wide range of fields, others are not employed; some have married and are now parents; some are in jail. Although they now live in thirty-four different states and have lived in at least seven foreign countries, the vast majority of the original participants (80 percent) continue to be committed to the Connecticut Longitudinal Study. Their experiences provide a panoramic view of the process of learning to read. Each of these young men and women is owed a huge debt of gratitude.


MODELS OF READING AND DYSLEXIA 


One of the first questions the Connecticut study addressed was the relation between good and poor readers: Do they form a continuum, or are they two distinct groups? Our educational policy for the identification of reading-disabled children in the past has often been based on the belief that there exists a gap in nature that allows us to easily separate dyslexic from all other readers. As Scottish psychiatrist R. E. Kendell said, “Classification is the art of carving nature at the joints; it should indeed imply that there is a joint there, that one is not sawing through bone.” Results of our research suggest that in dyslexia, like virtually every other biological condition occurring in nature (except for pregnancy, extra digits, life and death), there is no natural joint separating dyslexic and good readers.


Evidence from the Connecticut study, as well as from Britain, Ireland, and New Zealand, provides a picture of an unbroken continuum of reading ability and reading disability, a conceptualization referred to as a dimensional model by researchers. The contrasting categorical model features discontinuity—a natural break in the linkage between good and poor readers. A dimensional model recognizes that there are no natural joints in nature to separate one group of readers from another and that while such cutoff points may be imposed, they are accepted as arbitrary.


In truth, the need to refer to disorders, even those that occur along a continuum, by a specific diagnostic label often obscures the fact that many, if not most, disorders in nature occur in gradations and thus conform to a dimensional rather than a categorical model. Hypertension, obesity, and diabetes represent common dimensional disorders; visual and hearing deficits also occur along a continuum. When blood pressure reaches a certain level, a patient is considered to have hypertension, but individuals just on the other side of the cutoff point, although not labeled as hypertensive, will share many traits in common with those said to have hypertension. For hypertension, as for dyslexia, there is no natural gap separating affected people from others, and a predetermined decision is made about where to place the cutoff point.


The demonstration that reading difficulties occur along a continuum brings with it important practical educational implications, especially since most current policies for the provision of educational services for reading disability reflect a different view of dyslexia—the categorical view, a cutoff point.


Not recognizing shades of grey represented by struggling children who haven’t yet failed enough to meet a particular criterion, schools may be under-identifying many children who will go on to experience significant reading problems. Data from the Connecticut Longitudinal Study indicate that this is more than a theoretical possibility. As I will discuss later, science has made great progress in delineating the nature of dyslexia, including the underlying difficulty, and with this knowledge, the predictable symptoms that characterize children (and adults) who are dyslexic. Thus, the most appropriate approach to diagnosing dyslexia is what is referred to as a clinical synthesis of all the relevant information about the child—obtaining developmental and academic history, listening to him reading aloud, carefully reviewing scores on a battery of tests, and determining if the child demonstrates signs of dyslexia.




[image: Image Missing] Many children whom an arbitrary cutoff does not “qualify” as dyslexic might still require and benefit from help in reading.





THE PREVALENCE OF DYSLEXIA 


Figures provided by schools that indicate the number of children receiving educational services for learning disability provide only a crude approximation of dyslexia’s prevalence. While dyslexia is by far the most common and best-validated learning disability, schools are not asked to indicate how many students are identified as dyslexic. Hopefully this will change in the near future.


According to the most recent U.S. Department of Education statistics, last updated on April 20, 2018, 34 percent of the 6.7 million children receiving special education services (14 percent of the total public school enrollment of children ages three through twenty-one) are receiving these services for specific learning disabilities. Since dyslexia is estimated to comprise at least 80 percent of all learning disabilities, we can infer that about 2 million children (about 4 percent of the school population) are receiving special educational services for dyslexia.


In contrast, large-scale surveys that directly measure reading proficiency indicate that dyslexia may be far more prevalent. For example, the National Assessment of Educational Progress (NAEP), carried out by an arm of the U.S. Department of Education, tests a representative sample of over 270,000 students in reading and mathematics biannually and provides at each grade an indication of how many of these children are reading at or below a level considered to be standard or proficient for that grade. The NAEP assessment measures reading by asking students to read grade-level materials and then answer questions based on what they have read. Data from the 2019 NAEP indicate that overall less than half of all students are proficient in fourth-grade reading. Among some groups of students, the numbers are far worse. Only about one in five African American, Hispanic, and Native American students are proficient in fourth-grade reading. In a 1998 NAEP survey, 55 percent of the children of college graduates performed below proficiency levels in reading achievement in the eighth grade.


Moreover, according to the 2019 NAEP data, as many as 34 percent of fourth-graders had not achieved even the most basic or rudimentary skills in reading. In some groups, particularly African American students, more than 50 percent of fourth-graders have not achieved those levels. Concern about children’s reading has a long history and led the Committee on Preventing Reading Difficulties in Young Children of the National Research Council to conclude in 1998 that “the educational careers of 25 to 40 percent of American children are imperiled because they don’t read well enough, quickly enough, or easily enough.”


Data from our Connecticut Longitudinal Study indicate that dyslexia affects approximately one child in five. From a national perspective, this means that there is not a family in America that has not been touched by dyslexia in some way—a child, a spouse, a grandchild, a sister or a brother, a niece or a nephew, a friend or a neighbor.


There is an important difference in how children are identified as dyslexic by schools and by research studies. For example, in the Connecticut study, each child was administered a test of intelligence and a reading test individually. Using this methodology, we found that about 20 percent of children are dyslexic. Contrast this with the approximately 4 percent of children currently diagnosed as dyslexic and it is obvious that schools are failing to diagnose the great majority of dyslexic students, children who could be helped. This constitutes one of the great tragedies in American education in the twenty-first century.


We were curious to know how many of the children identified as dyslexic by our research study had been identified as such by their schools. Accordingly, for each child in the study, we asked school personnel to tell us if that child had been identified as having a reading disability or as dyslexic and if he had received special help for a reading problem. We found that less than one-third of children who were dyslexic were receiving school services for their reading difficulty, strongly suggesting undiagnosed problems.


The apparent large-scale under-identification of dyslexic children is particularly worrisome because even when school identification takes place, it occurs relatively late—often past the optimal age for intervention. Dyslexic children are generally in the third grade or above when they are first identified by their schools; reading disabilities diagnosed after third grade are often extremely difficult to remediate. This failure to identify early takes on particular significance in view of our published data indicating that a large achievement gap between typical and dyslexic readers is already present in grade one. Early identification is important because the brain is much more plastic in younger children and potentially more malleable for the rerouting of neural circuits. Equally important, once a pattern of reading failure sets in, many children become defeated, lose interest in reading, and develop what often evolves into a lifelong loss of their own sense of self-worth. Importantly, inspired by these data indicating the early presence of the achievement gap between typical and dyslexic readers, I worked toward, and have developed, an evidence-based screening instrument: The Shaywitz DyslexiaScreen™ is for children in kindergarten to grade three and is completed by the child’s teacher on a tablet. The result is a determination of at-risk or not at-risk for dyslexia. (For more details, see here.)


Dyslexia occurs in children and adults living in northern Europe, southern Europe, Scandinavia, England, Australia, the Middle East, and North and South America. At one point it was thought that dyslexia affected only those who used alphabetic writing systems, such as English and German, and that those who used written language systems that were primarily logographic, such as Chinese and Japanese, were not at-risk for dyslexia. This assumption has proven to be false. Researchers have found comparable prevalence rates for dyslexia among American, Japanese, and Chinese children: for example, almost 13 percent in Hong Kong.


In 1996 I published an article, “Dyslexia,” in Scientific American. In response, I heard from every part of the globe—Africa, Italy, Sri Lanka, Sweden, Israel, Thailand, England, Argentina—about children and adults experiencing problems exactly like those described in the article. Diplomats, scientists (including Nobel laureates), and CEOs have all told me about their difficulties with reading. Furthermore, the first edition of this book has been translated into many languages, including not only alphabetic scripts but also logographic languages such as Japanese, Korean, and traditional Chinese. Figure 1 is a picture of two visitors to the Yale Center for Dyslexia & Creativity from Korean television, including the anchorwoman and a teacher who is dyslexic, who understands the cost of dyslexia and is working to increase public awareness of the condition in Korea. (My husband and colleague, Bennett, and I are also in the photo.) Clearly dyslexia knows no boundaries, neither geographic nor ethnic nor intellectual.
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Figure 1. The Drs. Shaywitz at the Yale Center for Dyslexia & Creativity with visitors from Korean television


WE KNOW SOME GIRLS ARE DYSLEXIC 


The diagnosis of dyslexia presents a unique set of circumstances. While biologically based, dyslexia is expressed within the context of the classroom, so that its identification often depends on the school system’s understanding of dyslexia. Since most research studies of dyslexic children are based on children who have already been identified by their schools, we wondered if school identification processes might be biased and result in the identification of certain groups of children and the exclusion of others. For example, it had been generally assumed that reading disability was far more common in boys than in girls. Could this be the result of some systematic bias in school identification procedures?


The data from the longitudinal study were ideally suited to address our question. First, the sample allowed us to examine a representative sample of children rather than only a school-identified group. Second, since every boy and girl participating in the study received individual ability and achievement tests, we were able to apply the criteria for reading disability set forth in the official school guidelines. In principle, then, our identification and the school’s identification of a reading disability were ostensibly based on the same criteria. Theoretically both groups should comprise the same children. The children were in the second and third grades at the time of testing.


As shown in Figure 2, we found that according to school identification procedures, the prevalence of reading disability is three to four times more common in boys than in girls. These findings are in agreement with older reports in which the ratio of boys to girls with reading disability has varied from 2:1 to 5:1. A common thread uniting these past studies is that they were all based on samples identified through either clinic or school identification procedures. In contrast, we found no significant difference in the prevalence of reading disability in boys and girls we identified using our research-based criteria. In general, when each child in a school (or school district) is individually tested, which is what we did, researchers report as many reading-disabled or dyslexic girls as boys. Consistent, too, are findings from still other studies that indicate girls with dyslexia are not as readily identified as boys and in fact are often more severely impaired in reading before they are identified for special education services.
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Figure 2. Prevalence of Reading Disability in Boys and Girls
Schools identify many more boys than girls; in contrast, when each child is tested (research identified), comparable numbers of boys and girls are identified as reading-disabled.


Teachers were asked to complete the Multigrade Inventory for Teachers (MIT), which comprises a series of scales asking about, for example, Attention, Academic Achievement, Fine Motor, Language and Behavior. Analysis of teacher ratings of the children’s behavior revealed why girls are less readily identified than boys. There are significant differences between how teachers rate typical boys and girls. Teachers have incorporated a norm for classroom behavior that reflects the calmer behavior of normal girls. Boys who are a bit rambunctious—although still within the normal range for the behavior of boys—may be perceived as having a behavior problem and referred for further evaluation. Meanwhile, the well-mannered little Jennifers and the shy Tanishas who sit quietly in their seats but who nevertheless are failing to learn to read are often overlooked and never, or only much later, identified as dyslexic by their school systems.


DYSLEXIA OVER TIME 


For many years researchers and educators questioned whether dyslexia represented a developmental lag that children somehow outgrew or whether the disorder represented a more persistent deficit in reading. The question is important, for if dyslexia is simply a lag in reading development—a temporary snag—this difficulty will be outgrown and parents and teachers need not be so concerned about early reading difficulties. On the other hand, if dyslexia is not outgrown, there is real urgency in identifying children early on and, equally important, in ensuring that they receive help as soon as they are identified.


Here, too, we were able to use data provided by the Connecticut Longitudinal Study. Using two complementary strategies, we determined decisively that dyslexia is a persistent, chronic condition and that it does not represent a temporary lag in reading development. In one approach we compared individual growth rates in reading skills across grades one through twelve in two groups of readers: one a group of boys and girls who had never experienced any reading problems, the other a group of children who met criteria for dyslexia in the early grades. To no one’s surprise, we observed that both groups increased their reading skills over time. However, and most important, as shown in Figure 3, the gap in reading ability between good and dyslexic readers remains. Dyslexic readers never catch up with their classmates who are good readers. If a child is dyslexic early on in school, that child will continue to experience reading problems.
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Figure 3. Dyslexia Is Persistent
Over time, reading performance improves in both good readers (upper curve) and poor readers (lower curve). However, the gap between the two groups remains.


Perhaps of even more interest and of particular relevance, as noted earlier, a more recent (2015) examination of the CLS data revealed that the differences in reading between typical and dyslexic readers not only appear as early as first grade but, importantly, persist through adolescence. These data indicate that dyslexic readers do not catch up with typical readers primarily due to large differences observed as early as first grade.


An important implication of these findings is that if this persistent gap between dyslexic and typical readers is to be narrowed, or even closed, effective reading interventions must be implemented very early, when children are still developing the basics for reading acquisition, such as phonological awareness, letter-sound understanding, and building a lexicon. Implementing effective reading programs early, even in kindergarten, offers the potential to reduce the observed persisting disparities between dyslexic and typical readers. The earliest possible intervention is vital.


One final point: About a third of the children in the longitudinal study were receiving special help, but this help was often erratic, occurring sporadically and consisting of what might best be described as a Band-Aid approach to a gushing wound. In general, we found that children received help for very limited periods of time, often from well-meaning but untrained teachers and with methods that did not reflect state-of-the-art, evidence-based instructional strategies.


Now that the pernicious nature of dyslexia has been uncovered, we must ensure that our approach to identification and intervention—in terms of age of screening, definition used in identification, intensity and frequency of instruction, and content of instruction—is consistent with the seriousness and emerging scientific knowledge of the disorder. I will now detail what we have learned about the basic nature of dyslexia. This knowledge provides the foundation for the most accurate diagnosis and effective interventions for reading difficulties.
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WHY SOME SMART PEOPLE CAN’T READ 



I want you to meet two of my patients, Alex and Gregory. Alex is ten years old; Gregory, a medical student, just celebrated his twenty-third birthday. Their experiences are typical of children and young adults with dyslexia. You will learn how Alex’s and Gregory’s seemingly diverse symptoms—trouble reading, absolute terror of reading aloud, problems spelling, difficulties finding the right word, mispronouncing words, rote-memory nightmares—all represent the expression of a single, isolated weakness. At the same time you will learn that other intellectual abilities—thinking, reasoning, understanding—are untouched by dyslexia. This contrasting pattern produces the paradox of dyslexia: profound and persistent difficulties experienced by some very bright people in learning to read. I am emphasizing the strengths of the dyslexic because there is often a tendency to underestimate his or her abilities. The reading problem is often glaringly apparent, while the strengths may be more subtle and overlooked. As I discuss later on, new insights into brain function in dyslexia tell us that it represents a very isolated weakness. The neural systems involved in thinking and reasoning are intact and perhaps even enhanced.



ALEX 



In his first years of life, Alex was so quick to catch on to things that his parents were surprised when he struggled to learn his letters in kindergarten. When shown a letter he would stare, frown, and then randomly guess. He couldn’t seem to learn the letter names. In first grade he was struggling to link letters with their sounds. By the third grade Alex continued to stammer and sputter as he tried to decipher what was on the page in front of him. Language had clearly become a struggle for him. He seemed to understand a great deal, yet he was not always articulate. He mispronounced many words, leaving off the beginning (lephant for elephant) or the ends of words, or inverting the order within a word (emeny for enemy). Alex had trouble finding the exact word he wanted to say, even though it seemed he could tell you all about it. One evening he was trying to explain about sharks living in the ocean: “The water, the water, lots of water, salty water with big fish, it’s a lotion. No, no, that’s not what I mean. Oh, you know, it’s on all the maps, it’s a lotion—ocean, that’s what it is—a sea, no big sea, it’s an ocean, an ocean!”


Looking at this handsome, very serious little boy who could spend hours putting together complex puzzles and assembling intricate model airplanes, his father could not believe that Alex had a problem. Alex, however, became increasingly aware of his difficulty reading, asking more and more frequently why all his friends were in a different reading group. He practiced, he tried, but it just never seemed to come out right.


His parents brought him to the Yale Center for Dyslexia & Creativity for evaluation. We learned that Alex was extremely smart, scoring in the gifted range in abstract reasoning and in logic. His vocabulary was also highly developed. Alex could learn, he could reason, and he could understand concepts at a very high level. Despite these strengths, his performance in reading words was dismal; for example, he was able to read only ten out of twenty-four words on a third-grade level. What gave Alex the most difficulty, however, was nonsense words (made-up words that can be pronounced; for example, glim, rold). He struggled to decipher these words. Sometimes he used the first letter to generate a response (such as glim for gern, rold for ruck); at other times it seemed as if he just gave up, making seemingly random guesses. In contrast, he was able to read a short passage silently and answer questions about it far better than he had been able to read and pronounce isolated single words. In reading silently he made good use of clues, such as pictures in the book and surrounding words that he could read, to help get to the meaning of sentences and passages that contained words he could not read. “I picture what it says,” he explained. However, Alex sparkled when asked to listen to a story and then respond to a series of questions, scoring significantly above average. Reading aloud was particularly painful for Alex: He was reluctant to read in front of the class, and it was easy to understand why. His reading was labored; words were mispronounced, substituted, or often omitted entirely. Words that he correctly read in one sentence would be misread in a subsequent sentence. He read excruciatingly slowly and haltingly. Increasingly Alex would ask to go to the bathroom when it was nearing his turn to read. If called upon, he often acted silly, making the words into a joke or tumbling himself onto the floor and laughing so that he would have to be sent out of the room.


Poor spelling skills were compounded by his almost illegible handwriting. Letters were large, misshapen, and wobbly. In contrast, Alex’s math skills, particularly problem-solving and reasoning abilities, were in the superior range. At the close of the testing, Alex diagnosed his own reading problem: “I don’t know the sounds the letters make.” Furthermore, he told the evaluator that it bothered him that his friends were in a different reading group. Sometimes, he said, this made him very sad. His one wish was to be a better reader, but he didn’t know exactly how that would happen.


When I met with Alex’s parents, they had many questions: Does he have a problem? If so, what is the nature of the problem? What could be done to help him? Above all, they asked, “Will he be all right?” I reassured them that not only would Alex survive, he would thrive.


GREGORY 


In the course of my work, I have evaluated for reading disabilities not only hundreds of children but also scores of young adult men and women. Their histories provide a picture of what the future will be for a bright child like Alex who happens to be dyslexic. Gregory, a medical student in his early twenties, was a grown-up Alex. He came to see me after experiencing a series of difficulties in his first-year medical courses. He was quite discouraged.


Although he had been diagnosed as dyslexic in grade school, Gregory had also been placed in a program for gifted students. His native intelligence, together with extensive support and tutoring, had enabled him to graduate from high school with honors and to gain admission to an Ivy League college. In college Gregory had worked hard to compensate for his disability and eventually received offers from several top medical schools. Now, however, he was beginning to doubt his own ability. He had no trouble comprehending the intricate relationships among physiological systems or the complex mechanisms of disease; indeed, he excelled in those areas that required reasoning skills. More difficult for him was pronouncing long words or novel terms (such as labels used in anatomic descriptions); perhaps his least well developed skill was that of rote memorization, for example, of dates and names of places.


Both Gregory and his professors were perplexed by the inconsistencies in his performance. How could someone who understood difficult concepts so well have trouble with the smaller and simpler details? I explained that Gregory’s dyslexia (he was still a slow reader) could account for his inability to name tissue types and body parts in the face of his excellent reasoning skills. His history fit the clinical picture of dyslexia as it has been traditionally defined: an unexpected difficulty learning to read despite intelligence, motivation, and education. Furthermore, I was able to reassure him that scientists now understand the underlying nature of dyslexia that forms the basis for highly effective strategies to help those with the disorder.


WHY ALEX AND GREGORY HAVE TROUBLE READING 


Explanations of dyslexia put forth beginning in the 1920s and continuing until recently held that defects in the visual system were to blame for the reversals of letters and words thought to typify dyslexia. Eye training was often prescribed to overcome these alleged visual defects. Subsequent research has shown, however, that in contrast to a popular myth, children with dyslexia are not unusually prone to seeing letters or words backward, and that the deficit responsible for the disorder resides in phonology, a specific component of the language system. These poor readers, like Alex, do have significant difficulty, however, in naming the letters, often calling a b a d or reading saw as was. The problem is a linguistic one, not a visual one.


As noted earlier, dyslexia represents a specific difficulty with reading, not with thinking skills. Comprehending spoken language is often at a very high level, as it was for Alex, as are other higher-level reasoning skills. Dyslexia is a localized problem.


Understanding that dyslexia reflects a problem in a specific component of the language system and not a general weakness in intelligence or a primary visual impairment represented a major step forward. Further advances have clarified the nature of the language impairment. Dyslexia does not reflect an overall defect in language but rather a localized weakness within a specific component of the language system: the phonologic module. The word phonologic is derived from the Greek word phone, meaning sound (as in phonograph and telephone). The phonologic module is the language factory, the functional part of the brain where the sounds of language are put together to form words and where words are broken down back into these elemental sounds.


Over the past two decades a model of dyslexia has emerged that is based on phonological processing—processing the distinctive sounds of language. The phonological model is consistent both with how dyslexia manifests itself and with what neuroscientists know about brain organization and function. Over the past three decades, researchers at the Yale Center for Dyslexia & Creativity and elsewhere have had the opportunity to test and refine this model through reading and, more recently, brain imaging studies. We and other dyslexia researchers have found that the phonological model provides a cogent explanation of why some very smart people have trouble learning to read.


THE PHONOLOGICAL MODEL 


To understand how the phonologic model works, you first have to understand how language is processed in the brain. Think of the language system as a graded series of modules or components, each devoted to a particular aspect of language. The operations within the system are rapid and automatic, and we are unaware of them. They are also mandatory. For example, if we are seated at a table in a dining room, we must hear what the person at the next table is saying if she is speaking loudly enough. It is nearly impossible to tune language out. That is why it is so difficult to study when others nearby are speaking.


Scientists have been able to pinpoint the precise location of the glitch within the language system (Figure 4). At the upper levels of the language hierarchy are components involved with, for example, semantics (vocabulary or word meaning), syntax (grammatical structure), and discourse (connected sentences). At the lowest level of the hierarchy is the phonological module, which is dedicated to processing the distinctive sound elements of language. Dyslexia involves a weakness within the language system, specifically at the level of the phonologic module.


The Language System:
Reading and Speaking
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Figure 4. Pinpointing the Core Weakness in Dyslexia
Research pinpoints the weakness at the lowest level of the language system.


The phoneme1 is the fundamental element of the language system, the essential building block of all spoken and written words. Different combinations of just forty-four phonemes produce the tens of thousands of words in the English language. The word cat, for example, consists of three phonemes: k, aah, and t. Before words can be identified, understood, stored in memory, or retrieved from it, they must first be broken down into phonemes by the neural machinery of the brain. Just as proteins must first be broken down into their underlying amino acids before they can be digested, words must first be broken down into their underlying phonemes before they can be processed by the language system. Language is a code, and the only code that can be recognized by the language system and activate its machinery is the phonologic code.


This is critical for both speaking and reading. Let’s first consider speaking (Figure 5). If I want to say the word bat, I will go into my internal dictionary or lexicon deep within my brain and first retrieve and then serially order the appropriate phonemes—b, aah, and t—and then I am ready to say the word bat.


In children with dyslexia, the phonemes are less well developed. Think of such a phoneme as a child’s carved letter block whose face is so worn that the letter is no longer prominent. As a consequence, such children when speaking may have a hard time selecting the appropriate phoneme and may instead retrieve a phoneme that is similar in sound. Think of Alex’s experience in retrieving the word lotion when the word he was reaching for was ocean. Alex knew exactly what he wanted to say but could not retrieve the exact word, so instead he picked a close but incorrect phoneme. Alternately, a dyslexic might order the phonemes incorrectly, and the result might be, just as Alex said, emeny instead of enemy. Such sound-based confusions are quite common in the spoken language of dyslexics. For example, a child looking at his perspiring mother as she struggled in a traffic jam remarked, “You know, Mom, it’s not the heat, it’s the humanity.” (The intended word, of course, was humidity.) On another occasion a politician greeting his supporters said, “Welcome to this lovely recession.” Of course he meant to say reception. In each instance the confusion was a phonologic one (that is, based on the sound of the word) and did not reflect a lack of understanding of the meaning of the word in question. Unfortunately, such phonologic slips roll off the tongues of dyslexics fairly regularly and are often (incorrectly) attributed to a lack of understanding. In the next chapter I review what science has taught us about why some very smart people have trouble retrieving words as they speak.
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Figure 5. Speaking: Making Words
A speaker retrieves and then orders the phonemes to make a word.


Reading is the converse of speaking. In reading we begin with the intact printed word on the page—the blocks representing phonemes are all lined up correctly. The reader’s job is to convert the letters to their sounds and to appreciate that the words are composed of smaller segments or phonemes (Figure 6).


Dyslexic children and adults have difficulty in developing an awareness that spoken and written words are composed of these phonemes or building blocks. Think of the little boy who got his first pair of glasses and then said, “I never knew that building was made of red bricks. I always thought its wall was just one big smudge of red paint.” In the same way, while most of us can detect the underlying sounds or phonemes in a word—for example b, aah, and t in bat—children who are dyslexic perceive a word as an amorphous blur, without an appreciation of its underlying segmental nature. They fail to appreciate the internal sound structure of words.
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Figure 6. Reading: Turning Letters into Sounds
To read, a child converts the letters into sounds or phonemes.


The phonologic model tells us the exact steps that must be taken if a child is to go from the puzzlement of seeing letters as abstract squiggly shapes to the satisfaction of recognizing and identifying these letter groups as words. Overall, the child must come to know that the letters he sees on the page represent, or map onto, the sounds he hears when the same word is spoken.


The process of acquiring this knowledge is orderly and follows a logical sequence. First, a child becomes aware that words he hears are not just whole envelopes of sound. Just as the little boy noted the bricks in the wall, the beginning reader starts to notice that words are made up of smaller segments—that words have parts. Next the child becomes aware of the nature of these segments, that they represent sounds. He realizes, for example, that in the word cat there are three segments of sound, k, aah, and t. Then the child begins to link letters he sees on paper to what he hears in spoken language. He begins to realize that the letters are related to sounds he hears in words and that the printed word has the same number and the same sequence of phonemes (sounds) as the spoken word. Finally he comes to understand that the printed word and the spoken word are related. He knows that the printed word has an underlying structure and that it is the same structure he hears in the spoken word. He understands that both spoken and written words can be pulled apart based on the same sounds, but in print letters represent these sounds. Once the child has made this linkage, he has mastered what is referred to as the alphabetic principle. He is ready to read.


Now I will consider the fundamental difficulty that is at the heart of dyslexia and why so many children have problems mastering the alphabetic principle. Later I will focus on how to teach these children most effectively to overcome their difficulties in reading.
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EVERYONE SPEAKS, 
BUT NOT EVERYONE READS 



Prospective readers must master the alphabetic principle in order to learn to read, yet as many as one in five children are unable to do so. Why should developing an awareness that spoken words are made of smaller segments—phonemes—present such a formidable challenge? The answer lies, surprisingly, in the very same mechanism that makes speaking so easy.


As linguists Noah Chomsky and Steven Pinker of the Massachusetts Institute of Technology have convincingly argued, spoken language is innate.1 It is instinctive. Language does not have to be taught—all that is necessary is for humans to be exposed to their mother tongue. Through neural circuitry deep within our brains, a specialized phonological module automatically assembles the phonemes into words for the speaker and disassembles the spoken word back into its underlying phonemes for the listener. Thus spoken language, which takes place at a preconscious level, is effortless.


Some linguists, like Pinker, argue that language can be traced back as many as one million years. John DeFrancis, professor emeritus of Chinese at the University of Hawaii, suggests that speech emerged some fifty thousand years ago as the dominant mode of communication among Homo sapiens. Every human society has a spoken language, and man is the only species that communicates by speaking (although many other species communicate using a variety of signals—grunts, screeches, electric shocks, odors, whistles, and calls). If a baby is neurologically healthy, there is almost no way she can avoid learning to speak.


Language is open-ended. It is generative. Using phonemes we can create an indefinite number of words, and with these words an infinite number of ideas. We can tell jokes, we can muse, we can tell a story, we can imagine, we can describe. We can speak in the present or reflect wistfully about the past or project hopefully into the future.


In contrast, animal communication systems are closed and the signals fixed. They are holistic; they do not come apart and cannot be added to or rearranged to form a new message. With animals there are a limited number of signals, and each signal is yoked to a specific meaning. There is no possibility for novelty or for infinite variation.


THE PARTICULATE PRINCIPLE 


In 1989, linguist William Abler offered a brilliant insight into the language system—what he called the particulate principle of self-diversifying systems. Although this sounds like jargon, the principle itself is elegant in its simplicity. Using biological inheritance as a model, Abler suggested that chemical compounds and human language adhere to the same principles as do combinations of DNA in forming a seemingly endless number of proteins. He reasoned that these natural processes share two basic features. Each has as its core element a “particle,” and each is characterized by a hierarchical structure. The particles serve as the building blocks that give rise to open-ended hierarchical systems. For chemicals, it is atoms; for genetics, it is the nucleotides in DNA; and for language, it is the phonemes. At the next level of the hierarchy, the particles are now larger: Atoms combine to form molecules, nucleotides join to form proteins, and phonemes come together to form words.


By using a small number of phonemes, a speaker has the ability to create a seemingly infinite number of words and then sentences and paragraphs. To appreciate the vast number of combinations possible, consider that Shakespeare used 29,066 different words in his complete works (884,647 words in total).
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Figure 7. The Advantage of Particles Not Blending
When elements blend as they combine, as in the two circles shown, the result is a mixture of the two, something in between. In contrast, when two phonemes (particles) combine, as shown here with the two geometric shapes, they do not blend. Instead they combine to form something entirely new. Endless combinations are possible, which can produce an endless number of words.


What allows the particulate principle to operate so effectively is the special nature of the particles. Whether they are atoms of sodium, strands (nucleotides) of DNA, or phonemes, they don’t change; they maintain their original identity. This means that they are able to combine with each other to form entirely new and larger units, be they compounds, proteins, or words—and yet the particles themselves are not changed in the process. (The advantage of particles over elements that do not retain their identity is shown in Figure 7. If two elements combine and blend together, the result is a mixture—somewhere in between the original two; however, when two particles combine while still maintaining their original properties, the new item formed is unique.) Forming words by combining—but not blending—phonemes brings with it the extraordinary potential to form an infinite number of words, limited only by the number of combinations. As phonemes combine to form words and words join together to form phrases and sentences, at each succeeding level of the hierarchy a larger and an entirely novel structure is created.


A speaker can generate phonemes very quickly, with rates averaging ten to fifteen phonemes per second. In fact the pace outstrips the capacity of the listener’s acoustic machinery, which cannot pick up or process a series of incoming sounds that quickly. On the other hand, if the speaker uttered each phoneme very slowly, spoken language would be interminable. A further complication is that the listener has to receive the phonemes at a sufficiently fast pace so that several can be held in short-term memory at the same time and integrated to form the intended words and phrases. Phonemes can be held in the temporary memory storage bin for only one or two seconds, or about five to seven unrelated words, before each, like a bubble, vanishes.
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Figure 8. Coarticulation: Overlapping Several Phonemes into One Burst of Sound
To say a word, a speaker first retrieves each phoneme and then coarticulates or overlaps one over the other. As shown in this illustration, the three phonemes forming the word cat are overlapped into one packet of sound.


Evolution has solved this problem through coarticulation: the ability to overlap several phonemes—while maintaining the integrity of each—into one bubble of sound (Figure 8). As a result of coarticulation, bursts of sounds come at a pace compatible with the auditory system’s capacity to process them, and the phonemes arrive at a rapid enough pace to meet the constraints of the short-term memory system.


Critical to the entire process is the fundamental difference between sounds—the sounds of language and the sounds of noise—and the innate ability of the phonologic module to distinguish speech from nonspeech sounds. Phonemes are presented to the sense organ, the ear and its receptors, disguised in their outer packaging as an ordinary burst of sound. For example, if I were to say the word cat, this would appear on an oscilloscope as one pulse of sound—and that is what it is to the listener’s ear. However, camouflaged within the packet of sound are three pieces of language: the phonemes, k, aah, and t. Once the sound is safely past the hearing machinery, the language system takes over, immediately recognizing the three phonemes as particles of language and processing them accordingly. Here the language system is different from other systems, like vision and hearing. The eye receives visual stimuli and the ear acoustic stimuli, but the ear is only a way station for language. Nature has provided a mechanism to allow sound, like a barge towing a valuable cargo, to guide the phonetic particles past the ear and into the safe haven of cerebral neural circuits specialized for receiving language. When the ear receives the parcel of sound, the specialized phonologic module in the brain immediately activates and recovers the phonemes contained within each pulse of sound, automatically translating the sound into particles of language. The listener receives the exact message sent by the speaker.


What makes human speech possible as a means of communication is the coarticulation referred to earlier. In producing a word, the human speech apparatus—the larynx, palate, tongue, and lips—automatically coarticulates, that is, compresses and merges the phonemes together. As a result of coarticulation, several phonemes are folded into a single pulse or bubble of sound, without any overt clue to the underlying segmental nature of speech. Consequently, spoken language appears to be seamless. It is as if coarticulation has lacquered over any fissures or gaps between the individual phonemes so that what is presented to the listener is a smooth, seamless stream of speech.


READING IS MORE DIFFICULT THAN SPEAKING 


The effortless and seamless nature of spoken language has everything to do with why reading is so hard for dyslexic children. Although speaking and reading both rely on the same particle, the phoneme, there is a fundamental difference: Speaking is natural and reading is not. Herein lies the difficulty. Reading is an acquired act, an invention that must be learned at a conscious level. It is the very naturalness of speaking that makes reading so hard.


Just as our lungs breathe in and out for us and the chambers of our hearts contract rhythmically, highly refined neural circuitry within our brains allows us to speak and to listen without conscious thought or effort. For spoken language the phoneme comes all ready to go. This is the gift that evolution has delivered to humans. Not so for reading. While reading, too, relies on the phonologic code, the key to unraveling it is not so readily apparent and can be accessed only with effort on the part of the beginning reader.


Profound differences distinguish reading from speaking. Not only are reading and writing relatively recent human accomplishments (man has had a written language for only about five thousand years), reading is still relatively rare in the world. Reading is not built into our genes; there is no reading module wired into the human brain. In order to read, we have to take advantage of what nature has provided: a biological module for language. For the object of the reader’s attention (print) to gain entry into the language module, a truly extraordinary transformation must occur. The reader must somehow convert the print on a page into a linguistic code—the phonetic code, the only code recognized and accepted by the language system. However, unlike the particles of spoken language, the letters of the alphabet have no inherent linguistic connotation. Unless the reader-to-be can convert the printed characters on the page into the phonetic code, these letters remain just a bunch of lines and circles totally devoid of linguistic meaning. This essential distinction between written and spoken language was best captured by linguist Leonard Bloomfield: “Writing is not language, but merely a way of recording language by visible marks.” The written symbols have no meaning of their own but rather stand as surrogates for speech, or, to be more exact, for the sounds of speech.


Beginning readers throughout the world must learn how to decipher print—how to convert an array of meaningless symbols on paper so that they are accepted by a powerful language machinery that recognizes only the phonetic code. I remember observing a visiting student as she tried to use her euros to obtain a Coke from a vending machine at Yale. Although she literally had a pocketful of euros, her currency was essentially worthless in a machine that accepted only American coins. So it is with reading. The most eloquent of written prose is rendered meaningless if it cannot be transformed into the phonetic code recognized by that reader’s language module.


BREAKING THE CODE 


The very first discovery a child makes on his way to reading is the realization that spoken words have parts. Suddenly the child appreciates that the word he hears comes apart into smaller pieces of sound; he has developed phonemic awareness. It’s a remarkable discovery. There is little reason for a child to notice this. Since spoken language is built into our genes and takes place automatically, its segmental nature is not part of our consciousness. Furthermore, as a result of coarticulation, spoken language is seamless, further obscuring its underlying segmental nature. But once a child becomes aware of the segmental nature of spoken language, he has the basic elements—the particles of spoken language, phonemes, and their sounds—to which he can now attach the appropriate written letters. Letters linked to phonemes are no longer meaningless marks on paper but have been transformed into something truly spectacular: language. Translated into the phonetic code, printed words are now accepted by the neural circuitry already in place for processing spoken language. Decoded into phonemes, words are processed automatically by the language system. The reading code is deciphered.


Seventy to 80 percent of American children learn how to transform printed symbols into a phonetic code without much difficulty. For the remainder, however, written symbols remain a mystery. These children are dyslexic. They, like Alex, cannot readily convert the alphabetic characters into a linguistic code.


Typically, a young child develops phonemic awareness if he is to become a reader. That is to say, he must understand that spoken words are made up of smaller units of speech sounds: phonemes. And it is these very same phonemes to which the letters of the alphabet must attach if the written word is to be brought into the language system. All readers—dyslexic readers included—must take the same steps. The difference is simply in the effort involved and the time it takes to master the alphabetic principle.


Children vary greatly in their ease of developing phonemic awareness. For some children the process is speedy and apparently effortless; exactly how these children develop phonemic awareness is currently not known. Exposure to a rich language environment, one in which children are given lots of opportunity to hear and to play with spoken words—for example, to hear rhymes and to practice rhyming songs—surely facilitates this awareness.


In dyslexic children a glitch within the language system, at the level of the phonological module, impairs the child’s phonemic awareness and therefore his ability to segment the spoken word into its underlying sounds. As a result of this deficit, children have difficulty breaking the reading code.


The reading process consists of two major components: decoding, which results in word identification, and comprehension (Figure 9a). When, as in Figure 9b, we consider the language module and the components of reading side by side, it becomes clear how a bright child like Alex could have trouble reading single words and yet comprehend what he is reading at a much higher level.
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Figure 9. The Paradox of Dyslexia I
a. Two major components of reading: decoding and comprehension.
b. A phonological weakness interferes with decoding; higher abilities necessary for comprehension are intact.


A phonologic weakness at the lowest level of the language system impairs decoding. At the same time, all the cognitive equipment, the higher-order intellectual abilities necessary for comprehension—vocabulary, syntax, discourse (understanding connected text), and reasoning—are intact. All the equipment Gregory or Alex or other dyslexics require for understanding, for forming concepts, for comprehending the written text, is there, unaffected by the phonologic deficit. The richness and depth of their intellectual abilities explain why identification is so often delayed in bright dyslexic children. As one of my patients’ third-grade teacher remarked, “Madison is so smart; she knows the answers to the most difficult questions. She is the first one in our class to catch on to the most abstract concepts. I could never imagine that she had any problem at all.” Luckily, we can now effectively treat phonologic deficits, while, ironically, the complex reasoning and sophisticated thinking skills that dyslexic children often possess are almost impossible to teach. My husband, the Charles and Helen Schwab Professor in Dyslexia at Yale, theorizes that since the basic circuitry for linking letters to sounds is disrupted in dyslexic readers, they develop and come to rely on other neural systems, not only for reading but for problem-solving as well. Such individuals may see things in a different, perhaps more creative way and are able to think out of the box. (Later you will meet some of these people.)
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Figure 10. Going from Text to Meaning
A phonological weakness blocks decoding, which in turn interferes with word identification. This prevents a dyslexic reader from applying his higher-level skills to get at a word’s meaning. But even if he can’t identify the word specifically, he can apply these higher-level skills to the context around the unknown word to guess at its meaning.


As shown in Figure 10, although the language processes involved in comprehension and meaning are intact in someone like Alex, they cannot be called into play, because they generally can be accessed only after a word has been identified. Now we can understand why Alex, with a superior intelligence, excellent vocabulary, and boundless curiosity, cannot decipher even the simplest of words or read a passage aloud. When reading connected text silently, even if Alex can’t quite decipher a specific word, he puts his ability to think and to reason to work and uses the context around the word to guess at its meaning. Recall that Alex did much better when asked to read a passage to himself and answer questions than when asked to read isolated words. Best for him is when he can listen to a story, because he can use all his higher-level thinking skills to follow the narrative and answer questions about it.


The impact of the phonological weakness is most obvious in reading, but it can also affect speech in predictable ways. Evidence began accumulating more than three decades ago that the core difficulty in dyslexia is getting to the sound structure of the spoken word. Researchers showed that children between four and six years of age develop an awareness that words come apart. By age six and a half to seven years most children (about 70 percent) can count the number of sounds (phonemes) they hear in small words. By this time many children have also had at least one full year of schooling, including instruction in reading. Reading and phonemic awareness are mutually reinforcing: Phonemic awareness is necessary for reading, and reading, in turn, improves phonemic awareness still further. The 30 percent of children who still cannot separate the sounds in spoken words after a year of reading instruction likely reflect the 20 to 30 percent of schoolchildren who go on to experience dyslexia.


In the 1980s, researchers began to address that connection explicitly. British researchers Lynette Bradley and Peter Bryant found that a preschooler’s phonological aptitude correlates with his reading three years later. They (and other investigators) also found that training a young child to attend to the sounds in spoken words before he goes to school significantly improves his success in learning to read later on. In these studies, one group of preschool children received specific training in attending to the sounds of words. They learned to categorize words based on their first, middle, or last sounds. For example, using pictures, children were taught that words could share beginning sounds (pig, pan), middle sounds (hen, pet), and end sounds (hen, pin). Another group received general language training emphasizing the meaning of words. Without question, the group receiving the sound-based training showed the most improvement in reading and spelling. This study was also important in showing that the kinds of experiences a child has before he goes to school influence his ability to read years later.


In the 1990s we and other research groups demonstrated that phonological difficulties are the most significant and consistent markers of dyslexia in childhood. One type of test in particular seemed quite sensitive to dyslexia. This test asks a child to segment words into their phonemes and then delete specific phonemes from the words. For example, the child must say the word clock without the k sound (lock) or say the word sour without the s sound (our). A child’s performance on this test was most related to his ability to decode single words and was independent of his intelligence, vocabulary, and reasoning ability. When we gave this and other tests of phonemic awareness to a group of fifteen-year-olds in our Connecticut Longitudinal Study, the results were the same: Even in high school students, phonemic awareness was the best predictor of the ability to read words accurately or quickly.


If dyslexia is the result of a phonologic weakness, then other consequences of impaired phonological functioning should also be apparent—and they are. When dyslexics misname objects, the incorrect responses tend to share phonological characteristics with the correct response; misnaming is a result not of a lack of knowledge but of confusing the sounds of language. For example, as in the series of drawings in Figure 11, a girl, Amy, shown a picture of a volcano, calls it a tornado. When given the opportunity to elaborate, Amy demonstrates that she knows what the pictured object is. She can describe the attributes and activities of a volcano in great detail and point to other pictures related to volcanoes. She simply cannot summon the word volcano.


[image: Image Missing]


Figure 11. The Paradox of Dyslexia II
Amy has difficulty reading the word volcano. When shown a picture of a volcano, she retrieves tornado, a word that sounds similar. Once Amy hears the word volcano, it is clear that she knows exactly what it means.


This finding converges with other evidence in suggesting that while the phonological component of the language system is impaired in dyslexia, the higher-level components remain intact. Phonologic abilities are not related to and in fact are quite independent of intelligence. Many children with superior intelligence develop dyslexia, while other children with much lower levels of intelligence catch on to reading with relative ease.


The phonologic model crystallizes exactly what we mean by dyslexia. As shown in Figure 12, a circumscribed, encapsulated weakness is often surrounded by a Sea of Strengths: reasoning, problem-solving, understanding concepts, critical thinking, empathy, and vocabulary. The phonologic weakness masks what are often excellent thinking and comprehension skills. Dyslexics like Gregory use the “big picture” of theories, models, and ideas as a framework to help them remember specific details. It is true that when details are not unified by associated ideas or a theoretical framework—when, for example, Gregory must commit to memory long lists of unfamiliar names—dyslexics can be at a real disadvantage. Even if Gregory succeeds in memorizing such lists, he has trouble producing the names on demand, as he often must when he is questioned on rounds by an attending physician.


Rote memorization and rapid word retrieval are particularly difficult for dyslexics. On the other hand, dyslexics appear to be disproportionately represented in the upper echelons of creativity and in the people who, whether in business, finance, medicine, writing, law, or science, have broken through a boundary and have made a real difference to society. I believe that this is because a dyslexic cannot simply memorize or do things rotely; she must get far underneath the concept, understand it at a fundamental level. This need often leads to a deeper understanding and a different perspective than that achieved by many of those for whom things come easier because they just can memorize and repeat, without ever having to deeply and thoroughly understand.


[image: Image Missing]


Figure 12. Sea of Strengths Model of Dyslexia
In dyslexia an encapsulated weakness in decoding is surrounded by many strengths.


Even when the dyslexic knows the information, needing to rapidly retrieve and orally present such information often results in retrieval of a related phoneme, such as in substituting humanity for humidity. As a result, the dyslexic may appear much less capable than he is; however, given time and when not pressured to provide instant oral responses, the dyslexic can deliver an excellent oral presentation. Similarly, dyslexics like Gregory lack reading fluency and frequently need to resort to the context to help identify specific words. This strategy slows them down further and helps explain why the provision of extra time as an accommodation is so necessary if dyslexics are to show their knowledge.


As you have just read, dyslexia is primarily a problem involving the individual sounds of speech, one that impacts not only written language but spoken language as well. We now understand at a fine-grained level how difficulty getting to the sounds of spoken language explains dyslexia in all its manifestations, accounting for and predicting the full range of difficulties experienced by a dyslexic child and adult.


For example, one of the most troubling, and until very recently least understood, primary symptoms of dyslexia is difficulty with word retrieval. Dyslexia impacts spoken language so that the brightest thinker is often a surprisingly struggling speaker. For instance, the person may be thinking and wanting to utter “An octopus has eight tentacles” and instead finds himself saying out loud “An octopus has eight testicles.” Retrieving and uttering the wrong word impacts children and adults and brings with it great embarrassment and feelings of shame and unworthiness.


You can appreciate the sense of wanting to hide quickly after uttering one of the snafus featured on our Yale Center for Dyslexia & Creativity website: “The dinosaurs became distinct.” “The monster is a pigment of my imagination.” “I hope I win the constellation prize.” “He had to use a fire distinguisher.”



WHY SOME VERY SMART PEOPLE UTTER SOME VERY SILLY THINGS 



While this symptom of dyslexia has been known for decades, why and how this happens remained a puzzle until recently.


How could a person be so smart and yet not be able to express his thoughts accurately when speaking? Science has finally broken through and revealed the two-step neural mechanism responsible for the word-retrieval struggles of the dyslexic. At last scientific data explain how it can be that the brightest, most accomplished dyslexic—for example, a Pulitzer Prize–winning poet—can conjure up a wonderful poetic concept but when speaking to a group finds that he is tongue-tied and cannot utter the same poetic words he grasped so easily in his mind. The impact of word-retrieval difficulties cannot be emphasized enough. For this dyslexic poet, it has meant having to leave the stage, flushed with embarrassment, in the midst of a talk before an initially eager and enthusiastic and now disappointed audience. “I thought I knew exactly what I wanted to say. I can’t understand why the words just wouldn’t come out right. What’s wrong with me?”


As is often the case with a person who is dyslexic, the difficulty is not in thinking or higher-level reasoning but in the lower-level mechanics of uttering the word, the actual physical act of forming the utterances leading to saying a word aloud (Figure 13).


The two-step mechanism accounts for how the dyslexic can use her intact higher-order thinking abilities to develop a concept and identify the abstract semantic representation of the word that represents this concept. No problem here. However, in order to utter the word, the speaker must go into her internal lexicon (dictionary) and access and retrieve each of the individual sounds that represent the word, for it is these smallest particles of speech that are necessary to program the articulatory muscles (lips, tongue, palate) that produce the spoken word. The result is misspeaking or a long series of um’s before the sought-after word is finally retrieved.




[image: Image Missing] The first step of this mechanism—the cognitively demanding process of identifying the basic concept—is intact.


[image: Image Missing] The second step—trivial for most, but seemingly insurmountable for the dyslexic—is where the trouble lies.
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Figure 13. Word Retrieval in Typical and Dyslexic Readers




[image: Image Missing] It is this fundamental difficulty in retrieving the tiny individual sounds of spoken language that lies at the heart of dyslexia and explains the dyslexic’s major problem in word retrieval.





This mechanism brings understanding together with profound relief to men and women who are dyslexic and to dyslexic children and their parents. The explanation proffered by this mechanism confirms that these word-retrieval difficulties are not an indication of some higher-level cognitive deficit but rather reflect a lower-level mechanical error in being able to program the muscles of articulation necessary to utter a word.


As illustrated in Figure 13, an utterance begins with an idea. For example, speaking the word bat begins with conjuring up the concept, the idea of a small flying nocturnal creature, and holding in mind the word that represents it, bat. This is straightforward for both a typical reader and a person who is dyslexic. In order to put voice to the concept, to actually say the word aloud, the speaker must replace the concept with the actual sounds, the phonemes /b/ /a/ /t/ that represent the spoken word. It is straightforward for the typical reader—in a flash he goes from concept to speech. But for a child or adult who is dyslexic, instead of the phonemes being crisp and clear, they appear fuzzy and indistinct. As a result, the dyslexic must search in his messy storehouse of sounds for the right sequence of sounds to fit the word, a difficult process with an unsure result. At times, in what may seem like an eternity to the speaker, what comes out of his mouth is a series of um’s which may end with a correct, albeit somewhat delayed, utterance of the intended word. At other times a close but not quite correct word will emerge, as when a child says, “I love to visit the Oysters Museum” in place of the intended Cloisters.
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