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Difficulty in learning to read is always unexpected because the acquisition of the separate sounds 

of the language in the pre-school years happens below the threshold of conscious awareness.  In 

the process of acquiring language, children also acquire a reliable mental representation of each 

of the separate sounds of their language (Goswami, 2000).  This mastery of the phonemes 

(separate sounds) allows children to match sounds to letters when they are introduced to print in 

school.  If they have not obtained a clear mental representation of each sound, they will have 

difficulty linking phonemes to graphemes (letters) (Vellutino & Fletcher, 2007).  For example, 

voiced and unvoiced sounds may not have separated out, so /b/ could be /p/, /d/ could be /t/, /g/ 

could be /k/.  Vowels may not have separated out, so /ĕ/ could be /ĭ/, /ă/ could be /ŏ/ or /ŭ/ (Uhry, 

2011).  That means that the letters PET could be read as pet, ped, bet, bed, pit, pid, bit, bid.  Of 

these eight options, six are real words, and the child who has not separated voiced and unvoiced 

consonants and the vowels /ĕ/ and /ĭ/, has no way to tell which of the options is correct. 

Neurological imaging has revealed that the sounds of the language are processed through an area 

of the brain known as Wernicke’s area, which is located on the left side of the brain, slightly 

behind and above the left ear (Mather, Wendling, Youman, Shaywitz, & Shaywitz, 2012).  

Wernicke’s area specializes in “speech in” processes.  It sends heard language to processing 

areas for word identification and meaning, and it also segments the sounds within words for 

acquisition of the separate phonemes of a language.  All of this is done automatically, below the 

threshold of awareness.  

Neurological imaging has also revealed that an area of the brain known as Broca’s area 

specializes in “speech out” processes (Mather et al., 2012).  Broca’s area attaches sounds to the 

words you want to express when you have formulated a message in your brain.  Broca’s area is 

located on the left side of the brain, slightly above and in front of the left ear.   Wernicke’s area 

and Broca’s area are the only phonological areas of the brain, meaning that everything having to 

do with the sounds of the language has to pass through one of these two areas.  Wernicke’s area 

can segment sounds, and Broca’s area is designed to blend sounds to produce speech. 

Functional Magnetic Resonance Imaging (fMRI) scans of brains while people are reading 

different prompts have revealed a difference in activation of Wernicke’s area and Broca’s area 

for “nonimpaired” and “dyslexic” readers (Shaywitz et al., 2000).  Readers identified as dyslexic 

have an under-activation of Wernicke’s area while reading and an over-activation of Broca’s 

area. This is an example of the brain attempting to pick up a function that is not supported in a 

usual location, by shifting it to a related location.  Unfortunately, Broca’s area is inefficient at 

processing “speech in” tasks because it is designed to achieve “speech out” tasks.  Through 

scanning the brains of many nonimpaired and dyslexic readers, researchers at the Yale Center for 

Dyslexia and Creativity, led by Sally Shaywitz and Bennett Shaywitz, have established a 

“neurological signature for dyslexia” comprised of under-activation of Wernicke’s area and 

over-activation of Broca’s area. 
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In addition to phonological differences between nonimpaired and dyslexic readers, researchers 

have also found differences in the occipital-temporal region of the brain known as the “visual 

word form area” or the “letter-box” (Dehaene, 2009).  The occipital region is located at the very 

back of the brain and it processes the signals sent from the eyes.  Specific areas of the occipital 

region activate in response to different visual inputs, such as houses, faces, objects, or letters.  

Researcher Stanislas Dehaene named the print section, the “letter-box” because it handles the 

letters that come in.  Dehaene found that the letter-box is a critical transmission point for all 

information regarding print, and that it sends signals out to many parts of the brain to process 

information about word identification, meaning, sound, and associations.   

The Shaywitzes at Yale Center for Dyslexia & Creativity found that readers identified with 

characteristics of dyslexia under-activate the occipital-temporal region as well as Wernicke’s 

area during reading tasks (Shaywitz et al., 2000).  If the visual signal is not strong, readers have 

difficulty acquiring the orthographic representation of the word and difficulty transferring the 

word image from working memory into long-term orthographic memory (Torgesen, 1996).  

Orthographic awareness means subconscious knowledge of the allowable letter patterns within a 

language.  When children struggle with the ir and ri options in girl and grill, they are wavering 

between two different orthographic patterns.  When children cannot recognize and read a word 

that they just decoded a few lines above, they are demonstrating a weakness in working memory 

transfer into long-term memory.  Both of these problems can originate in under-activation of the 

occipital-temporal “letter-box” region of the brain.   

An additional brain-based component of dyslexia is the capacity for Rapid Automatized Naming, 

or RAN (Wolf, Bowers, & Biddle, 2000).  A Rapid Automatized Naming task involves naming a 

series of objects presented in line drawings, such as hand, chair, dog, book, star.  The drawings 

are arranged in random order across many lines of presentation.  A person names the items as 

rapidly as she can, and her time is compared to norms of other namers.  The task closely 

resembles reading print because it involves visual processing of an image, followed by linguistic 

processing to attach a word to the image, and verbal processing to attach sounds to the mental 

word (in Broca’s area) and produce it as speech.  Researchers are not sure if slow RAN 

represents a general slow processing speed (Kail, Hall, & Caskey, 1999) or only a slow 

processing of named images such as line drawings or print.  Low scores for RAN and 

phonological processing are two of the strongest identifiers of potential dyslexia (Wolf et al., 

2000).  Because they reveal underlying brain processing differences, RAN and phonological 

processing assessments can identify potential dyslexia as early as mid-year in Kindergarten 

(Torgesen & Bryant, 2004). 

Although we don’t know exactly how the brain-processing differences come into being for 

persons with characteristics of dyslexia, we do know that they occur in the process of brain 

development and have a strong genetic component.  Children with dyslexia are likely to have a 

relative in their parents’ generation with dyslexia, and are more likely than other children to have 

a sibling with dyslexia (Pennington, Peterson, & McGrath, 2009).  In summary, the brain-based 

sources of dyslexia include (at least) under-developed mental representations of the separate 

sounds of language (phonemes); under-activation of Wernicke’s area; over-activation of Broca’s 
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area; under-activation of the occipital-temporal letter-box region that handles the input of print 

information; and the slower processing of the naming sequence that lies between visual input and 

verbal production of speech.   
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