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The current study is the first to demonstrate that structural deficits in the Anterior 

Cingulate Cortex (ACC) of the human brain may play a role in reading ability.  Recent 

imaging work has indicated that the ACC is activated by tasks involving modulation of 

the fronto-temporal networks during language processing tasks and may be involved in 

anticipatory reactions and response preparation during reading.  This study investigated 

the relationship between ACC volumetric measurements and reading ability in a sample 

of 68 individuals nested within 24 families with and without reading disorders. This 

sample allowed for examination of the effect of the volume of the ACC on reading, while 

controlling for normally occurring fluctuations in the size of the ACC due to heredity and 

shared environment. 

Forty-five linear models were conducted in SPSS on all 68 participants using the 

brain measurements (ACC, ACC with Paracingulate (PaC), and Putamen, separately) as 

well as control variables (gender, FSIQ, family membership) as predictors of the 

outcomes variables related to reading achievement (GORT Passage, rate, and accuracy) 

and reading processes (CTOPP phonological awareness and rapid naming).  The use of 
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family membership as a random effect predictor together with the specific brain volume 

as a predictor allowed for the effect of family on reading outcomes to be accounted for 

while, explicitly accounting for any relationships that may exist between family and brain 

volume.  Additional sets of measurements, with PaC, were included in the final analyses 

to address the inconsistent inclusion of this tertiary structure in earlier research. Finally, a 

control region (putamen) was included to rule out whole brain effects and improve the 

specificity of the findings.  

The most significant findings were that the results varied systematically with 

inclusion or exclusion of the PaC. Measurements including the PaC were statistically 

significant for reading achievement for the left side of the ACC as expected.  However, 

for the ACC volume without PaC, it was the right side that was related to reading 

measures. Neither set of measurements of the ACC were predictive of group 

membership. The current study supported a role for the ACC in reading and suggests a 

standardized method for inclusion of the PaC in the volumetric analysis of the ACC. 
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Chapter 1: Introduction 

Little or no disagreement exists with regard to the premise that learning to read, or 

the acquisition of reading skills, requires complex sets of interactions between the child’s 

environment and a large number of complex neurological processes (Pennington, 1991). 

It is known that the neurological systems that support reading skills consist of a wide 

range of brain regions including; at least, those which are involved with visual, auditory, 

motor, and premotor functions, and both the prefrontal and dorsal parietal cortex (Binder, 

Medler, Desai et al., 2005).   

Disruption in reading acquisition is one of the most prevalent problems affecting 

children and adults, with 5-17% of the population estimated to meet accepted criteria for 

a reading disorder (Shaywitz, 1998). Understanding the complex factors involved in 

attaining literacy skills and the underlying causes of failure to properly acquire these 

skills has been identified as a high priority by both researchers and clinical practitioners 

(Pugh et al., 2001; Shaywitz et al., 2002). In this regard, research indicates that speech 

and language processing deficits are primary and enduring consequences of dyslexia, 

particularly in respect to phonological skills and tasks that require the rapid retrieval of 

words (Levelt, Paulesu, Fazio et al., 2001). Studies examining long-term outcomes for 

children with learning deficits suggest that early identification of and intervention with 

reading deficits promote better academic and vocational outcomes (McNulty, 2003; 

Scott, Scherman, & Phillips, 1992).  Further, there is evidence that deficits in both brain 

function and phonological skills tend to persist over long periods of time (Bruck, 1992; 

Simos, Fletcher, Bergman et al, 2002; Wilson & Lesaux, 2001; Temple et al., 2003).  
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Even with adequate resources and remediation, however, individuals with 

dyslexia have difficulty with long-term academic and vocational success (McNulty, 

2003). Gottfredson, Finucci, and Childs (1983) conducted a follow-up study of nearly 

600 graduates from a school for boys with dyslexia between 1940 and 1977.  These 

researchers found that even with additional social and educational resources, individuals 

with dyslexia were less likely to achieve vocational success than their parents and their 

peers with similar or equivalent socioeconomic means and levels of intelligence. These, 

among other findings, strongly support the need to continue to work to understand the 

neurobiological processes that underlie dyslexia in order to guide and inform more 

successful and effective interventions. There is consensus among researchers that many 

of the behavioral deficits observed in dyslexia have underlying neurobiological correlates 

(Demonet, Taylor, & Chaix, 2004; Shaywitz, Shaywitz, Blachman et al., 2004; Temple, 

Deutsch, Poldrack, et al., 2003).  The existence of neurobiological correlates renders 

research in this area not only feasible but also imperative. 

Further, advances in neuroimaging technology have contributed to greater 

understanding of dyslexia, reading skills, and reading skills deficits (Pugh et al., 1997).   

As an example, it has been noted that a preponderance of research has linked deficits in 

the left hemisphere frontal-temporal-parietal and frontal-temporal-occipital neural 

networks to problems with acquiring reading skills (Aylward et al., 2003; Shaywitz et al., 

1998; Temple et al., 2001; Turkeltaub et al., 2002, 2003).  Still other studies have linked 

various brain regions to language related processes, including the Anterior Cingulate 

Cortex (ACC) (Stamatakis et al., 2005; Binder et al., 2005). The specific interpretation of 

the function or role of the ACC in relation to language generation remains unclear.  Thus, 
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its role and function in the acquisition of reading skills remains similarly unclear.  Barch 

and colleagues (2000) suggest that the ACC’s role in the activation of language 

generation serves as an evaluative function by monitoring the degree of response 

competition/conflict.  It has been theorized, also, that the ACC modulates the fronto-

temporal network during language processing (Stamatakis et al., 2005; Binder et al., 

2005). A study found increased levels of ACC activation during a reading task following 

a remediation program for dyslexia (Temple et al., 2003). Temple and colleagues suggest 

that this activation may be a compensatory mechanism related to attentional processes 

(Temple et al., 2003).  At the present time, whether the ACC plays a role in reading and 

reading related skills is unclear.    

The Current Study 

 The current lack of clarity regarding the relationship between the ACC and its 

function in language or reading skills provided the motivation behind the current study.  

Thus, the current study examined the relationship of the volume of the anterior cingulate 

cortex (ACC) to measures of reading ability and reading processes.   Functional studies 

have suggested that the ACC plays a role in monitoring the fronto-temporal language 

systems (Stamatkis et al., 2005) and language generation.  It has also been suggested that 

a deficit in the supervisory attention system may play a part in the development of 

reading deficits.  To date, however, no structural study has been conducted to investigate 

possible anatomical vulnerabilities in the ACC of individuals with reading disabilities.   

  The present study included 68 participants within 24 families. The sample 

contained parents and siblings from families with a child that met criteria for dyslexia and 

families without a history of dyslexia (labeled hereafter RD for “reading disabled” and 
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non-RD for “non-reading disabled). The sample was free of family history of ADHD and 

of other neurological or psychiatric difficulties. Examination of the differences among 

family members who were able or less able readers rather than differences among 

independently sampled observations, allowed for some of the variance due to family 

membership to be removed. If, for example, a strong reader appeared in a family of 

otherwise RD readers this study is able to detect whether the strong reader’s ACC differs 

volumetrically from that of other family members.  The use of a family sample allowed 

examination of the effect of the volume of the ACC on reading, while controlling for 

normally occurring fluctuations in the size of the ACC due to heredity.  Throughout the 

majority of the study, reading ability was used as continuous variables, rather than as a 

dichotomous RD or non-RD category, providing for a study design that allowed for 

investigation of the role of the ACC across a range of reading abilities.   
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Chapter 2: Literature Review 

 

Dyslexia has been defined as a developmental disorder that is neurogenetic in 

nature, characterized by a significant deficit in acquiring reading skills as reflected in 

reading achievement scores that are unexpectedly low, despite the intelligence, 

motivation, education, and sociocultural opportunity required for successful reading 

(Demonet et al., 2004; Berninger, Abbot, Thomson et al., 2001; Eckert, 2004).  Dyslexia 

is often characterized, also, by difficulty in learning to recognize letters and to pronounce 

words out of context, together with persistent difficulties in fluent oral reading and 

spelling (Berninger, 2000).  Most individuals with dyslexia demonstrate delays of 

approximately18-24 months in reading achievement relative to their expected level 

(Lishman, 2003).  

  Dyslexia is one of the most common learning disorders (LD) impacting school-

age children, with 80% of all LD-diagnosed children meeting criteria for a learning 

disorder in reading (Fine et al., 2007).  The prevalence of reading disorders in the 

population is estimated to be between 5% and 17% (Shaywitz, 1998).  Demonet and 

colleagues suggest that this variability in prevalence may be an artifact of vague and 

inconsistent definitions of the disorder.  Inconsistencies related to the diagnostic criteria 

do, in fact, exist.  This is especially true with regard to the diagnostic requirement related 

to the level of required discrepancy between Full Scale IQ (intelligence quotient) and 

performance on reading tests (Demonet et al., 2004). In addition, many studies have 

defined dyslexia as a disorder of reading only, while both the DSM-IV (American 

Psychiatric Association, 1994) and the ICD-10 (World Health Organization, 1992) define 

dyslexia as a disorder that includes deficits in both reading and spelling.   
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Although dyslexia is most typically reported in boys, Shaywitz and colleagues 

(1990) argue that the gender ratio discrepancy is a result of referral bias (Shaywitz, 

Shaywitz, Fletcher et al., 1990).  More recently it has been reported that differences in the 

sex ratio depended on several factors, including both IQ and severity of the reading 

deficit (Oslen, 2002).  It has, also, been noted that the prevalence of dyslexia differs 

across languages (Demonet et al., 2004), and it has been suggested that this difference in 

rates may be a consequence of language limitations or idiosyncratic constraints of the 

various languages (Paulesu, Demonet, Fazio et al., 2001). Cultural, educational and home 

environmental factors, such as exposure to print and quality of instruction, interact 

reciprocally with developing language systems (Molfese & Molfese, 2002).  Adding 

further to the complexity of dyslexia is the fact that its clinical features vary not only with 

the severity of the identified deficits but it also has a high rate of co-morbidity with other 

disorders such as Attention Deficit Hyperactivity Disorder (ADHD), arithmetic and mild 

oral language deficits, and visual and motor integration disorders (Demonet et al., 2004).  

Despite this level of complexity, however, Frith and colleagues (1999) have found that 

dyslexia has a universal basis in the brain with the same core set of underlying 

neurocognitive deficits.  

Frith argues that reading difficulties, alone, cannot be considered a sufficient 

criterion for dyslexia (Frith, 1999).  Children with poor reading and spelling skills can be 

considered either “garden-variety” poor readers, the products significantly of their 

environment or as persons with dyslexia in whom neurobiological and heritable deficits 

are exhibited (Shayowitz et al., Stanovich 1998; Joseph, 2005).  The “garden variety” 

poor readers tend to have below-average intelligence and problems with spoken, 
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receptive, and written language, together with deficits in academic areas not defined 

exclusively by reading ability (Joseph, 2005).  Individuals with dyslexia manifest deficits 

in reading and spelling that can not be explained by low IQ, poor educational quality, or 

lack of societal resources (Joseph, 2005).   

The preponderance of evidence and consensus among researchers is that dyslexia 

is characterized by difficulties in language processing (Eckert, 2004).  Primary and 

enduring difficulties in language processing appear at the level of phonological 

processing of speech sounds, specifically phonological awareness (Levelt, Paulesu, Fazio 

et al., 2001).  In addition to these deficits in phonological awareness, research has elicited 

disruptions in two additional variables: orthographic processes and rapid automatized 

naming (RAN) of familial visual symbols (Berninger et al., 2001; Blomer, Mitterer & 

Paffen, 2004; Wolf, Bowers, & Biddle, 2000).   A significant body of research has 

established that there are underlying neurobiological correlates to these language 

impairments observed in dyslexia (Oslen, 2002). 

 Functional imaging research on reading and dyslexia supports the notion that 

there exist two important reading-related networks for processing orthographic and 

phonological information (Pugh, Mencl, Jenner et al., 2000).  Oral language tasks 

(phonology) primarily activate the auditory cortex, inferior parietal cortex, insula, inferior 

frontal gyrus, and the cerebellum (Eckert, 2004), while written language tasks 

(orthography) involve the activation of the medial occipital cortex, the fusiform gyrus, 

the inferior parietal cortex, the cerebellum, the inferior frontal gyrus, and the superior 

temporal gyrus (Eckert, 2004). Nicolson and Fawcett (1995) note also that disruptions in 
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automatizing skills have been linked to deficits within the cerebellum (Nicolson & 

Fawcett, 1995). 

 The remainder of the current chapter will further discuss the three predominant 

deficits in language processing that have been noted in dyslexia.  These deficits are those 

involved with phonological processing, those involved with orthographic processing, and 

those related to rapid automatized naming (RAN) of familiar visual symbols.  Following 

the review of the deficits in language processing, attention will be devoted to the 

discussion of the proposed underlying neurobiological correlates of dyslexia.  The brain 

regions which have been implicated are the anterior cortex, the temporo-parietal cortex, 

the occipito-temporal region, the cerebellum, and the planum temporale, and the 

magnocellular pathways in the thalamus and additional microstructural abnormalities in 

the brain.   Because the current study utilizes a family sample, the genetic basis of 

dyslexia will be reviewed.  Finally, the chapter will focus on the brain region of particular 

interest for this study, the anterior cingulated cortex, usually referred to hereinafter as the 

ACC.    

Phonological Processing 

Individuals with dyslexia experience problems with tasks that utilize phonological 

skills, with such problems typically becoming apparent in childhood.  These individuals 

experience problems that include such activities as non-word reading (Muter, 2004). 

Phonological processing, per se, refers to the ability to use the phonological information 

(i.e., the sounds) of one’s language in processing written and oral language (Wagner & 

Torgesen, 1987).   Phonological awareness, then, is “an oral language skill that manifests 

itself in the ability to notice, to think about, or manipulate the individual sounds in a 
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word,” (Shaywitz, Fletcher, Holahan, et al., 1999, p 1351).  This awareness allows the 

reader to become aware that words can be broken down into phonologic segments and to 

connect the letter strings (the orthography) to the corresponding units of speech 

(phonological constituents) that the letters represent (Shaywitz et al., 1999; Snow, Burns, 

& Griffin, 1998). Phonemes are the smallest sublexical entities that distinguish otherwise 

identical words, e.g., bet versus pet (Serniclaes, Sprenger-Charolles, Carre et al., 2001; 

Demonet et al., 2004).  In addition, there is specific higher order neural processing that 

result in coding /b/ or /p/ phonemes as stable representations (Demonet et al., 2004).   

The phonological deficit hypothesis has been supported by previous research. 

Study results have determined the existence of delays in sensitivity to rhyme, alliteration, 

and phonemic segmentation as precursors to the development of dyslexia (e.g., Bradley 

& Bryant, 1983; Lundbery & Hoien, 1989; Olson, Wise & Rack, 1989). Individuals with 

dyslexia demonstrate impairment in language skills that require phonological awareness 

such as rhyming, syllable counting, and the sounding out pseudo-words (Wagner, & 

Torgenson, 1987; Wagner, Torgensen, Rashotte, et al., 1997).  Considerable research has 

established with some consensus, that phonological processing deficits are usually the 

most significant correlates of the reading disability (Fletcher, Shaywitz, Shankweiler et 

al., 1994; Shaywitz et al., 1999; Stanovich & Siegel, 1994). Remediation of difficulties in 

phonological processing improves oral language ability, and phonological processing has 

also been shown to be associated with improvements in reading ability (Shaywitz, 1998; 

Snow et al., 1998).    

Functional imaging studies have identified the possible neurobiological 

underpinnings for phonological impairments.  Several studies have yielded evidence for 
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deficits in a frontal-temporal-parietal (Georgiewa, Rzanny, Gaser et al., 2002; Richards et 

al., 2002; Shaywitz et al., 1998; Temple, Poldrack, Salidis et al., 2001; Turkeltaub, 

Gareau, Flowers et al., 2003) and a cerebellar network (Nicolson, Fawcett, Berry et al., 

1999; Turkeltaub, Eden, Jones et al., 2002) during phonological processing tasks.  

Persistence of Phonological Processing Deficits 

Longitudinal studies demonstrated that deficits in phonological processing persist 

for individuals with dyslexia from childhood to adolescence (Shaywitz el at., 1999) and 

into adulthood (Felton, Naylor & Wood, 1990).   Adults with childhood diagnoses of 

dyslexia continued to perform poorly on measures of rapid naming, phonological 

awareness, and non-word reading to a degree that exceeded that of a control group 

(Felton, Naylor & Wood, 1990).   This finding of persistence through the life cycle has 

been supported by studies demonstrating that adults with a childhood history of dyslexia 

continue to have deficits in phonological processing (Bruck, 1992; Snowling et al., 1997; 

Wilson & Lesaux, 2001) together with a deficit in verbal short-term memory (Pennington 

et al., 1990). Bruck (1992) found that college students with dyslexia continued to show 

problematic word recognition skills that were not commensurate with their reading levels.  

These deficits were reflected in poor sound-spelling relationships and poor phonological 

skills (Bruck 1992).  

A recent study by Wilson & Lesaux (2001) demonstrated that college students 

with a childhood history of dyslexia preformed significantly more poorly than a control 

group on measures of phonological processing.   The researchers found that, despite age 

appropriate performances on standardized reading and spelling measures, the group with 

dyslexia continued to perform more poorly on phonological processing skills (Wilson & 
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Lesaux, 2001). On the whole, it appears that deficits in phonological processing persist, 

despite age-appropriate reading ability (Bruck, 1992; Wilson & Lesaux, 2001) and that 

this is especially true under attention demanding conditions that require speed and 

accuracy (Wilson & Lesaux, 2001).  The ability of the individual to develop and use both 

phonologic and orthographic factors allows for novel words to be decoded.  Thus, both 

processes are inherent in and essential for effective reading (Snowling, 2004).    

While the preponderance of evidence indicates that a disruption in phonological 

processing is a primary and enduring deficit, there are features of dyslexia that suggest 

that this deficit alone is not sufficient to explain the range of problems demonstrated by 

readers with dyslexia.  It has been observed, for example, that children with dyslexia 

show selective impairment across various grammatical dimensions (Koster, Been, 

Krikhaar et al., 2005).   Koster and colleagues (2005) found that at risk children begin to 

show deficits in spoken language as early as 17 and 23 months of age.  These children 

demonstrated difficulty with verbs and closed-class words, such as prepositions, 

determiners, and pronouns (Koster, et al., 2005). In addition, significant problems in 

orthographic processing and rapid naming have been found in children with dyslexia 

(Berninger et al., 2001; Wolf & Bowers, 2000a).   

Orthographic Processing 

Orthographic processes are related to the ability to code functional spelling units 

and written words into short-term memory, learn relationships between letters and 

phonemes as well as develop long-term representations of specific written words 

(Berninger et al., 2001).  Orthographic awareness refers to the ability to visually perceive 

the sequences and patterns of individual letters within words (Shaywitz et al., 1999), and 
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orthographic awareness is considered to be essential during reading.  An individual who 

is having difficulty distinguishing between two letters (e.g., b, d) is likely to have great 

difficulty when trying to decode text.  Examples of tasks that assess orthographic 

decoding are those that test the individual’s sensitivity to spelling patterns for words 

compared with a homophonic non-word (i.e. pain, payne) and in the choice between 

homophones (i.e. bear, bare) to fit the content (Olsen, 2004). Research has demonstrated 

that orthography contributed uniquely to word reading skills for second grade students 

and to decoding words for fourth graders (Joseph, 2005).  Children with delays and/or 

impaired orthographic memory for the orientation of letters (and numbers) were found to 

be more impaired in reading tasks than similar children without such deficits in visual–

orthographic skills (Badian, 2005). Additional findings supported that orthographic 

awareness was significantly related to reading accuracy, reading rate, and writing skills 

for children with dyslexia and their parents (Berninger et al., 2001). 

Written language tasks (orthography) have been found to activate the medial 

occipital cortex, the fusiform gyrus, the inferior parietal cortex, the cerebellum, the 

inferior frontal gyrus, and the superior temporal gyrus (Eckert, 2004).  Imaging research 

has determined, further, that reductions in the occipital-temporal-cerebellar network 

activation are correlated to orthographic impairments on tasks in individuals with 

dyslexia (Aylward, Richards, Berninger et al., 2003; Brunswick, McCrory, Price et al., 

1999; McCrory, Mechelli, Frith et al., 2000; Turkeltaub et al., 2002, 2003).  These 

reductions in activation may, however, be related to a reduction in processing speed of 

orthographic information.   Research using electrophysiological and behavioral measures 

has suggested that individuals with dyslexia have asynchromatic processing rates 
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between visual-orthographic and auditory-phonological information, suggesting a 

mismatch in the ability to process visual and auditory information (Breznitz, 2002).  

Breznitz and Berman (2003) propose, also, that an underlying cause of dyslexia may be a 

neurological based reduction in the speed of processing the connection between the 

phonological and orthographical features of language.   

Rapid Automatized Naming  

 Rapid automatized naming (RAN) has also been implicated in dyslexia (Wolf & 

Bowers, 2000a, 2000b) and may be more predictive of reading deficits in languages with 

more transparent structures (Henry, Ganschow & Miles, 2000).  Rapid automatized 

naming requires the coordination of orthographic alphanumeric symbols and lexical 

spoken name codes (Wolf & Bowers, 2000a).  It has been hypothesized that children with 

reading disabilities tend to experience a failure to develop the ability to automate the 

names of colors, letters, numbers, and objects (Semrud-Clikeman, Guy, Griffin et al, 

2000), and research has indicated that individuals with dyslexia are slower to access and 

retrieve verbal labels for stimuli (Wolf & Bowers, 2000a).  This deficit in the building of 

basic reading skills may underlie difficulties seen in reading disabled children and led to 

the laborious sounding out of all words and the resulting problems with reading 

comprehension (Semrud-Clikeman et al., 2000).   

It has been shown that poor readers are slower on RAN tasks and make more 

errors than do members of control groups, although not all children with dyslexia have 

deficits on RAN tasks (Semrud-Clikeman et al., 2000; Wolf & Bowers, 2000a). Wolf’s 

double deficit hypothesis proposes that individuals with core deficits in both 

phonological skills and RAN are more likely to have severe reading disabilities.  This 
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hypothesis has been supported by others (Bell, McCallum & Cox, 2003; Wolf, 1999; 

Wolf & Bowers, 2000b). It has also been suggested that attention plays a significant role 

in rapid naming skills.  There is growing evidence to support deficits in rapid naming of 

objects and colors in children with ADHD, although, children with RD or comorbid RD 

and ADHD tend to perform more poorly on measures of rapid naming than those with  

ADHD alone (Ghelani, Sidhu, Jain et al., 2004).  

As with phonological and orthographic processing, research has implicated 

underlying neurobiological correlates for deficits in rapid naming skills. Several 

structural MRI studies found significant correlations between measures of rapid naming 

and right cerebellar anterior lobe volume in individuals with dyslexia.  Results of these 

studies demonstrated that smaller volumes were predictive of poorer performances on 

RAN tasks for both children and adults (Eckert, Leonard, Richards et al., 2003, Leonard 

et al., 2001).  Functional imaging research, utilizing PET, found reduced activation in the 

same occipitotemporal regions for both reading and rapid naming tasks in young adults 

with dyslexia (McCrory, Mechelli, Frith, & Price, 2005).  A study using 

Electroencephalography (EEG) coherence, a measure of functional connectivity between 

brain areas, found significant correlations between EEG coherence and rapid naming of 

letters. In this study, children demonstrated delays in rapid naming and phonological 

skills that correlated with EEG coherence measures in the frontal-cerebellar systems. 

Interestingly, the topographical representation of activation differed between rapid 

naming and phonological processing; suggesting the involvement of different neural 

mechanisms (Arns, Peters, Breteler, et al., 2007).  Overall, there is consistent support 



15 

 

linking deficits in phonological, orthographic and rapid naming skills to disruptions in 

underlying neurobiological systems. 

Neurobiology of Dyslexia  

Reading is a complex task that involves a number of distributed neurobiological 

systems (Gaillard, Balsamo, Ibrahim et al., 2003).  Early imaging studies of reading 

disabilities have yielded inconsistent results; however, more recent neuroanatomical 

studies, including both functional neuroimaging and brain lesions, have provided insight 

into the brain circuitry involved with reading (Eckert, 2004). Functional neuroimaging 

studies have established an association between reading skill deficits and frontal-

temporal-parietal and frontal-temporal-occipital neural networks (Aylward et al., 2003; 

Shaywitz et al., 1998; Temple et al., 2001; Turkeltaub et al., 2002, 2003) which receive 

important input from the cerebellum (Nicolson et al., 1999; McCrory, Frith, Brunswick et 

al., 2000) and subcortical systems (Shaywitz, Shaywitz, Pugh et al., 2002; Eckert, 2004).   

A recent examination of the impact of localized brain lesions on reading skills has 

provided further insight into the neurobiology of reading deficits.  In case reports of pure 

dyslexia acquired in adulthood, the lesions commonly occurred in the left temporo-

occipital junction, the left temporo-parietal junction, the left parieto-occipital junction, 

and the left occipital lobe (Daigneault & Braun, 2002). Daigneaut and colleagues (2002) 

found that focal lesions in the left hemisphere can be sufficient to cause a highly selective 

and profound reading impairment.  Daigneault & Braun (2002) suggest that these 

findings support the positing of a dedicated brain circuit or "module" for reading.

 Converging research has suggested that there are three major systems involved in 

reading that reside primarily in the left hemisphere (Pugh, Menel, Jenner et al., 2000; 



16 

 

Shaywitz et al., 2002).  The brain circuits implicated in reading include one anterior 

system and two posterior systems. The anterior system is located in the left inferior 

frontal region and consists of the Broca’s area and the inferior frontal gyrus. There is a 

posterior circuit that is located superiorly and it is called the dorsal temporo-parietal 

system.  This circuit consists of the angular gyrus, superamariginal gyrus and posterior 

portions of the superior temporal gyrus.  The second posterior circuit is located inferiorly, 

and it is called the ventral occipito-temporal system. The second posterior system 

includes the portion of the middle temporal gyrus and middle occipital gyrus (Pugh, 

Mencl, Jenner et al, 2001; Shaywitz, Shaywitz, et al., 1998, 2002).   

Research findings suggest that abnormalities in the fronto-parietal and cerebellar 

networks may underlie deficits in phonology (Temple, 2002) and that occipital-temporal-

frontal-cerebellar networks may account for deficits in orthography (Eckert, 2004).  It has 

been suggested that the location of anomalies (frontal or parietal) may be related to the 

type of deficits demonstrated by the individual with dyslexia (Robichon, Levrier, 

Farnarier et al., 2000).  Understanding the specificity of the neurobiology of dyslexia can 

help clarify diagnosis and expected symptoms in addition to providing guidance for 

remediation/intervention.  

Anterior Cortex 

The anterior system is centered in and around Broca’s Area in the inferior frontal 

gyrus (Pugh et al., 2001). It is involved in articulation, silent reading and object naming 

(Brunswick et al 1999; Shaywitz et al., 1998).  The anterior system demonstrates 

increases in levels of activation when reading pseudo-words versus real words (Pugh et 
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al., 2001).  It is more sensitive to pronunciation regularity and is proposed to be involved 

in fine-grained articulatory recoding (Pugh et al., 2001).  

  Functional imaging studies have indicated that this region is involved in dyslexia, 

and it appears that reading disordered readers may rely more heavily on this region than 

able readers (Brunswick et al., 1999; Shaywitz et al., 1999), perhaps as compensation for 

deficits in the posterior regions (Pugh et al., 2001). Shaywitz and colleagues (2002) 

imaging research demonstrated that the anterior regions displayed more activation in 

reading impaired children during a reading task than in reading able children.  That study 

also provided support for the notion that older children with dyslexia engaged the left and 

right inferior frontal gyrus.  This finding is consistent with the results found for adults 

with dyslexia in other studies (Brunswick et al 1999; Shaywitz et al 1998).  The 

researchers suggest that older children and adults with dyslexia may activate frontal 

systems bilaterally to compensate for the disruption in left posterior regions (Shaywitz et 

al., 2002).  

 Shaywitz and colleagues (2002) theorize that this region may help the individual 

with dyslexia develop an awareness of the sound structure of the word by relying on cues 

from the articulation system, i.e., the lips, tongue and vocal cords.  Remediation research 

has demonstrated that with successful intervention, brain activation tends to move from a 

dominant left frontal activation pattern to greater activation in the posterior regions, as is 

seen in normal reading children (Temple et al., 2003). Converging evidence demonstrates 

that the anterior system plays an important role in reading acquisition and is likely to help 

compensate for deficits in the posterior regions in dyslexia (Shaywitiz et al., 1998, 2002; 

Temple et al., 2003).  
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Temporo-parietal Cortex 

Anatomical studies of the temporo-parietal cortex have implicated this structure in 

reading, although these outcomes have not been entirely clear.  Leonard et al. (1996) 

reported that a higher degree of asymmetry between the temporal lobes, with the left 

hemisphere being larger than the right, was associated with better reading performance in 

both normal and impaired reading children.   A more recent study has failed to replicate 

this finding; however, reading measures were correlated with cerebral volume (Leonard 

et al., 2001).  Studies have reported that the temporo-parietal brain regions are smaller in 

those with dyslexia (Duara, Kushch, Gross-Gleen et al., 1991; Kushch, Gross-Glenn, & 

Jallad, 1993), while other studies have not found such differences in those with or 

without reading difficulties (Vellutino et al., 2004).   

Studies of brain function during reading and phonological processing tasks have 

provided more convincing and consistent support for the role of the temporo-parietal 

cortex in reading.  Functional measurements using positron emission tomography (PET) 

and fMRI show differences in activity level between adults with dyslexia and normal 

controls in left temporo-parietal brain regions (Brunswick et al., 1999; Paulesu et al., 

1996, 2001; Rumsey, Donohue, Brady et al., 1997; Shaywitz et al., 1998). A recent study 

reported that adults with dyslexia generally have reduced left temporo-parietal responses 

and an increase in activity in the homologous regions in the right hemisphere (Shaywitz 

et al., 1998; Temple, 2002).  This reduction in activity level appears to correspond to the 

behavioral deficits noted in reading skills (Shaywitz et al., 1998; Temple, 2002).   

Recent functional magnetic resonance imaging (fMRI) studies have identified 

similar differences in children (Temple et al., 2001; Shaywitz et al., 2002). Children with 
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dyslexia demonstrate a significant reduction in activation in the left temporo-parietal 

cortex compared to normal-reading children when they performed a phonological task 

(Temple et al., 2001; Shaywitz et al, 2002).  The finding of a significant correlation 

between activation levels in the left temporo-parietal cortex and performance on reading 

measures in children (Shaywitz et al., 2002) further supports the importance of this 

region in reading.  Reduced neural response in this region has been a consistent finding 

demonstrated in a number of studies across different methodologies and reading related 

tasks, such as letter rhyme or pseudo-word processing (Brunswick et al., 1999; Paulesu, 

Frith, Snowling et al., 1996; Rumsey et al., 1997; Shaywitz et al, 1998; Temple et al., 

2002, 2003).  The theory that neural pathways in the left temporo-parietal cortex are 

essential in the development of skilled reading has been well supported in the imaging 

literature (Simos, Breier, Fletcher et al., 2000). 

Several sources of evidence indicate that visual orthography is mapped onto 

phonological knowledge in the left temporo-parietal cortex, and that this mapping is 

impoverished in many children with dyslexia (Temple et al., 2003). Temple et al., (2003) 

reported that the fMRI scans of individuals with dyslexia have a more “normal” pattern 

of activity after an intensive eight week course of therapy.  After remediation the level of 

activation in the left temporo-parietal cortex reflected a relationship to the level of 

improvement in oral language ability and word blending, a measure of phonological 

awareness (Temple et al., 2003).    

Another study determined that after remediation, children with dyslexia 

demonstrate dramatic changes in regional activation profiles, with activation now in the 

left superior temporal gyrus exceeding activation on the right (Simos et al., 2002).  For all 
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children that showed significant gains in reading skills there was a strong correlation 

between improved performance on a rhyming task and the increased activation in the left 

superior temporal gyrus (Simos et al., 2002).  The change, however, in left temporo-

parietal activation is not identical to the level of activation seen in normal controls, 

suggesting the remediation may not completely ameliorate functional disruptions in 

readers with dyslexia (Simos et al, 2002; Temple et al., 2003).  

Occipito-temporal 

Functional imaging studies have demonstrated that the occipito-temporal region is 

activated during word and pseudo-word reading tasks (Brunswick et al., 1999; Shaywitz 

et al., 1998; Pugh et al., 2000). Pugh and colleagues (2001, 2002) propose that for the 

experienced reader this region recognizes printed words in a fast automatic fashion (Pugh 

et al., 2001, 2002; Shaywitz et al., 2002). Previous studies have also found abnormal 

activation in this region during word processing in individuals with dyslexia.  

A consistent finding for impaired readers is a reduction in left occipito-temporal 

activation accompanied by compensatory activation in the right homologous region (e.g., 

Rumsey et al., 1997; Brunswick et al., 1999; Paulesu et al., 2001; Shaywitz et al., 2002).  

McCrory and colleagues (2005) found reduced activation in the left occipito-temporal 

area, relative to controls, during both word reading and picture naming.  They suggested 

that this abnormal neural activation is likely to reflect a more general impairment in 

distinguishing and retrieving phonology from visual input (McCrory et al., 2005).  

Therefore, it has been suggested, the same neural deficit in the occipital-temporal region 

may be the underpinning for both the reading and naming deficits demonstrated by 

individuals with developmental dyslexia (McCrory et al., 2005).  McCrory and 
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colleagues (2005) hypothesized that abnormal activation in this region is not specific to 

orthographic decoding.  Instead, the researchers suggest it may reflect a more general 

impairment in integrating phonology and visual information, pointing to a common 

neurological basis for deficits in word reading and picture naming in developmental 

dyslexia (McCrory et al., 2005).   

Cerebellum  

The cerebellar deficit hypothesis expands on neurological evidence of the 

cerebellum’s role in cognition (Ito, 1993).  The theoretical basis for the role of the 

cerebellum in the development of dyslexia comes from the conceptualization of dyslexia 

as a learning disorder in which failure to automatize reading and writing skills are 

prominent symptoms and relates these difficulties to neural deficits in the cerebellum 

(Fawcett & Nicolson, 1999; Nicolson, Fawcett, & Dean, 2001).  Indirect evidence 

implicating the cerebellum is the presence of “soft cerebellar signs” which include 

delayed motor milestones such as crawling, walking and learning to ride a bicycle and a 

characteristic clumsiness observed in some individuals with dyslexia (Fawcett, Nicolson, 

& Dean, 1995; Fawcett & Nicolson, 1999; Demonet., et al., 2004).  Additionally, there 

have been similarities between impairments observed in both dyslexia and patients with 

‘mild’ cerebellar damage (Nicolson & Fawcett, 1995). Impairment of automatization and 

time-evaluation deficits observed in dyslexia have been linked to cerebellar dysfunction 

(Nicolson, Fawcett & Dean, 1995) and it has been suggested that this association could 

also account for disorders of handwriting and articulatory skills, which then may possibly 

affect phonological awareness. (Nicolson et al., 1999)   
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There is also evidence of functional (Nicolson, Fawcett, & Dean, 2001) and 

neuroanotomical cerebellar differences (Finch, Nicolson, & Fawcett, 2002; Rae, Harasty, 

Dzendrowskyj et al., 2002) in individuals with dyslexia.  Research utilizing magnetic 

resonance spectroscopy (MRS) has indicated that there are biochemical abnormalities 

suggestive of altered patterns of cell density in the right cerebellum, but not left, for 

individuals with dyslexia (Rae, Lee, Dixon et al., 1998).  A follow up MRI study 

conducted by Rea and colleagues (2002) found that individuals with dyslexia 

demonstrated cerebellar symmetry while reading able individuals displayed significant 

asymmetry (right > left). The degree of cerebellar symmetry was correlated with the 

severity of phonological decoding deficit suggesting that cerebellar dysfunction 

contributes to reading disorders (Rea et al., 2002). 

As previously noted, children with dyslexia sometimes have balance and motor-

coordination disorders especially under attention-demanding circumstances (Nicolson et 

al., 2001 & 1999). Demonet and colleagues (2004) have found that cerebellar soft signs 

were significantly related to reading ability. The researchers suggest that cerebellar 

deficits affect the speed and fluency of information processing which can contribute to 

reading impairments independent of other “reading” related factors (Demonet et al., 

2004). A recent study examined the relationships between a range of cognitive skills 

associated with dyslexia and soft signs of cerebellar dysfunction in a normal population 

of primary school age children (Brooks & Stirling, 2005).  The measures of cerebellar 

function used in this study were posture control, assessment of complex movements and a 

measure of muscle tone. This study demonstrated that the cerebellar functioning played a 

graded role at both normal and traditionally dyslexic levels of reading ability. The study 



23 

 

found that both posture and performance on complex movements were correlated 

significantly with measures of dyslexic tendency; however, hypotonia did not correlate 

significantly with dyslexic tendencies (Brooke and Stirling, 2005; Demonet et al., 2004).   

Evidence continues to accumulate in support of the Cerebellar Deficit Hypothesis as 

multiple studies have indicated a strong relationship between cerebellar deficit and 

reading dysfunction (Leggio, Caterina, Petrosini, & Molinari, 2000).  

The Magnocellular Theory 

The magnocellular deficit theory links the sensory deficits observed in individuals 

with dyslexia to a dysfunction in the magnocellular system (Lovegrove, Bowling, 

Blackwood, et al., 1980; Stein & Walsh, 1997).  The magnocellular theory began with the 

observations of impaired visual processing in individuals with dyslexia. These observed 

impairments in visual processing theoretically correspond to disruptions in the 

magnocellular pathway (Livingstone, Rosen, Drislanem et al., 1991).  The magnocellular 

pathway is a one of two distinct pathways in the visual system, with cell bodies residing 

in the layers of the lateral geniculate nucleus of the thalamus. The magnocellular system 

consists of large neurons that have high conduction velocity and demonstrate a high 

degree of sensitivity to movement and rapid changes in the visual field (Vellutino, 

Fletcher, Snowling et al., 2004).  The magnocellular system has been found to play an 

important role in directing visual attention, control of eye movements, and visual search, 

all of which have been proposed to play a role in reading ability (Lovegrove, 1993; Stien 

& Walsh, 1997). 

The magnocellular theory suggests that the magnocellular pathway is selectively 

disrupted in certain individuals with dyslexia, leading to deficiencies in visual processing 
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(Stein & Walsh, 1997). It has been hypothesized that magnocellular pathway abnormality 

leads to difficulties in most types of rapid visual processing (Stien & Walsh, 1997; Tallal, 

Merzenich, Miller et al., 1993).  Support comes from anatomical studies that found 

abnormalities of the magnocellular layers in the lateral geniculate nucleus in individuals 

with dyslexia (Livingstone et al., 1991) and abnormalities in both the visual and auditory 

magnocellular pathways to the thalamus (Fawcett, Nicolson, & Maclagan, 2001).   These 

abnormalities in the magnocellular pathways are believed to underlie the difficulties with 

sensory processing found in some children with dyslexia.  Studies have found that 

children with dyslexia are less sensitive to visual flicker (Lovegrove, 1993) and require 

longer to process auditory information (Tallal et al., 1993). Individuals with dyslexia 

have shown poor thresholds for stimuli with low contrast, low spatial, or high temporal 

frequencies (Lovegrove et al., 1980) and poor sensitivity to visual motion (Talcott et al., 

1998).  Talcott and colleagues (2000) suggested there is a link between these visual 

processes and reading abilities by showing a correlation between motion sensitivity and 

orthographic performance in children (Talcott, Witton, McClean, et al., 2000). Additional 

deficits in perception have been adduced as providing support for the magnocellular 

hypothesis. Research has indicated that some individuals with dyslexia have difficulties 

in subtle speech perception/discrimination, such that some are less consistent or slower in 

identifying categories of speech sounds (Mody, Studdert-Kennedy, & Brady, 1997).  In 

addition, some individuals with dyslexia have demonstrated a reduced sensitivity to rapid 

sound transition (Tallal, Miller, & Fitch, 1995) and impaired perception of touch, which 

has all been integrated into the magnocellular hypothesis of dyslexia (Grant, Zangaladze, 

& Thiagarajah, 1999).   
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Talcott and colleagues (1998) suggest that visual magnocellular pathway 

abnormalities may lead to disruptions in the persistence of retinal images, visual stability, 

or eye movements, which, in turn, results in difficulty with reading. While reading does 

not require the tracking of a visual stimulus it does rely on the stability of images of 

letters and words on the retina (Stein, 2000). It has been suggested the magnocellular 

system is essential for maintaining positional stability of an image on the retina during 

saccades, normal eye movements (Livingstone et al., 1991). Stein (2000) argues that 

deficits in the magnocellular pathway make it difficult for individuals with dyslexia to 

compensate for the movement of visual images on the retina due to a saccade.  However, 

Skottum (2000) reports that these deficits in sensory processing could not alone account 

for the range of difficulties seen in dyslexia.   

Studies in which efforts were made to replicate findings of visual deficits in 

dyslexia (Skottum, 2000) have been inconsistent in terms of their outcomes.  Skottum 

(2000) reviewed twenty-two studies involving contrast sensitivity and concluded that, of 

these, only four studies provided support for the magnocellular deficit hypothesis, while 

eleven provided evidence against and seven were inconclusive.  In addition, there are 

inconsistencies between predicted visual impairments based on the magnocellular system 

and actual visual impairments described in individuals with dyslexia (Farrag, Khedr, 

Abel-Naser et al., 2002; Skottun, 2000). Overall, it is likely that deficits in the 

magnocellular pathways occur only in certain subtypes of dyslexia and are not core 

deficits of the disorder (Fawcett et al., 2001).  
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Planum Temporale  

Various studies, using a range of techniques (e.g., CT, MRI, postmortem 

dissections), have found that in 70-80% of the normal population there is an asymmetry 

of the planum temporale, such that the left side is larger in adults (Morgan & Hynd, 1998; 

Zeffiro & Eden, 2000).  The left hemisphere asymmetry of the planum temporale (PT) 

has suggested that it may be an important structure in the lateralization of language to the 

left hemisphere (Galaburda et al., 1992).  Galaburda and colleagues (1985) examined 

postmortem brains of individuals with dyslexia and found that these brains were 

characterized by symmetrical plana temporale.  Semrud-Clikeman (1991) and colleagues 

found that the reversal of asymmetry of the planum temporale (right larger than left) was 

associated with poorer verbal comprehension in both children with dyslexia and normal 

reading children.  Additional research on the planum temporale has suggested that 

atypical planum temporale symmetry is not a defining characteristic of dyslexia (Best & 

Demb, 1999; Eckert, Leonard, Richards et al., 2003; Heiervang et al., 2000; Leonard et 

al., 2001; Rumsey et al., 1997), but that it may reflect more generalized language 

impairment (Eckert & Leonard, 2000).   

Corpus Callosum 

 Researchers have observed similarities between individuals with dyslexia and 

individuals with agnesis of the corpus callosum, a condition in which the corpus callosum 

fails to develop properly (Mather, 2001).  Because reading deficits have been associated 

with dissociation of brain systems involved in reading (Shaywitz et al., 1998) or 

disruption of the transfer of information between the two hemispheres (Mather, 2001), 

there is theoretical evidence to support a role for the corpus callosum in reading deficits. 
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However, results from studies investigating the size of the corpus callosum in dyslexia 

have been mixed in terms of their conclusions in this regard (Beaton, 2004).  Three 

studies have reported proportionally larger callosal segments, while one reported a 

smaller genu, and three additional studies did not find any size differences between 

dyslexic and normal readers (Beaton, 2004).  A study by Von Plessen and colleagues 

(2002), however, found that the posterior section of the callosum, the isthmus, was on 

average, shorter in boys with dyslexia than in controls, despite no differences in overall 

callosal area. A recent study by Fine (2007) found that better readers within families had 

larger corpus callosum areas in the midsagittal slice.  Past research has indicated a 

possible role for the corpus callosum, but it is an area that requires further research to 

fully understand its potential contribution.    

Microstructural Abnormalities  

The cerebral substrate underlying reading dysfunction has not been well 

investigated and remains somewhat unclear. Galaburda and colleagues have reported 

cortical dysplasias (interruption of neurogenesis and/or neuronal migration) and ectopias 

(clusters of misplaced cells) at autopsy in several subjects with dyslexia.  Post mortem 

studies found cellular anomalies (ectopias and dysplasia) in the left perisylvian region 

and sometimes in the language cortex itself (Galaburda et al., 1985; Galaburda, 1992).  

Galaburda and colleagues (1985) have suggested that these anomalies may reflect 

problems during neonatal cell migration and reduced cell death during fetal development, 

which may result in structural asymmetries.  Given the nature of the dysfunction it has 

been difficult to determine if these abnormalities are common.   
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A recent study examining white and gray matter has suggested differences in 

individuals with dyslexia versus controls. An MRI study found a 12% reduction in 

volume, primarily in grey matter, of the left temporal lobe in a group of men with 

dyslexia (Eliez, Rumsey, Giedd et al., 2000). Diffusion tensor imaging (DTI) a recent 

advance in neuroimaging, has provided a way to assess the white matter structures in the 

brain by measuring the diffusion of water molecules in brain tissue.  DTI assesses the 

integrity of axonal membranes and myelin sheaths, and the coherence of axonal 

orientation (Deutsch, Dougherty, Bammer, et al., 2005).  DTI provides a fractional 

anisotropy (FA) value which is a measure of microstructural features within a voxel and 

reflects the orientation-dependence of diffusion. A high FA value within a voxel or series 

of voxels suggests the presence of highly directional diffusion which is seen in white 

matter fiber tracts (Deutsch et al., 2005).  

Using DTI, Klingberg et al. (2000) found microstructural abnormalities of the 

temporo-parietal white matter in adults with reading difficulties. The white matter that 

was primarily affected involved the axons that run in the anteroposterior orientation 

within the temporo-parietal regions (Klingberg et al., 2000).  They found reliable 

differences in fractional anisotropy (FA) in the temporo-parietal region bilaterally, with 

more extreme differences in the left hemisphere.  Further, FA values in the left temporo-

parietal lobe were correlated with reading performance for both poor and normal readers. 

Klingberg and colleagues observed significant correlations between reading scores and 

the severity of the changes in the left white matter tracts that contained the connections 

between posterior and anterior language areas. A recent study extended these findings to 

children (Deutch et al., 2005). Deutch and colleagues (2005) found that normal and poor 
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readers differ in both FA and CI (cohesion index), indicators of white matter structure, in 

the left temporo-parietal region of the brain. These same white matter indicators 

correlated with multiple aspects of reading performance, including measures of word 

reading, spelling, and rapid naming (Deutch et al. 2005).  Deutch and colleagues (2005) 

suggest that the presence of these white matter differences at early ages may be one cause 

of poor reading, rather than a consequence of poor reading over a lifetime.  

These studies suggested that axons in this area are important for efficient 

connectivity between temporo-parietal and frontal regions and that the white matter 

microstructure and/or the macrostructural properties of major fiber tracts are important 

for reading and spelling (Deutch et al. 2005; Klingberg et al., 2000). However, all such 

findings are the result of very small numbers of cases as of this writing. 

The genetic basis of dyslexia 

The genetic basis of dyslexia is complex, as there is significant interplay between 

heritability and the environment in the expression of the disorder; and it is etiologically 

heterogeneous in nature (Oslen, 2004; Pennington, 1991).  There is significant support 

for the premise that dyslexia is familial, with approximately 35-40% of first-degree 

relatives being affected, and heritability being about 50% (Pennington, 1991).  The 

Colorado Family Reading study (CFRS), a longitudinal study beginning in the early 

1970s, tested reading and cognitive abilities of 125 children with dyslexia, their parents, 

and siblings.  These measures were compared with 125 matched control families. 

Reading performance of relatives of the children with dyslexia was substantially lower 

than that of controls (DeFries, Singer, Foch & Lewitter, 1978).    
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The familial risk for dyslexia was also measured in the CFRS and it was found 

that sons of affected fathers had a 40% risk and sons of affected mothers had a 35% risk 

for dyslexia.  These risk levels are significantly higher than those found in the population. 

For daughters of affected parents of either sex, the risk was 17 to 18%, also significantly 

higher than the levels found for girls in the population (Vogler, DeFries & Decker, 1985).  

More recent twin studies reported concordance rates for monozygotic twins as 68% 

compared to 38% for dizygotic twins (DeFries and Alercon, 1996).  In a recent 

investigation from the Colorado Twins Study, phonological decoding (.79) and 

orthographic coding (0.6-0.7) were found to have similar and relatively high heritability 

levels (Gayan & Olsen, 2001) with both shared and independent genetic effects acting on 

each measure (Gayan & Olsen, 2003). Gayan and Olson (2003) reported that genetic 

factors account for about 69 to 87% of individual differences on IQ, phoneme awareness, 

word recognition, phonological decoding, and orthographic coding, with the remaining 

variance attributable to environmental factors.  

  Previous theories have suggested that inheritance for reading disorder is 

autosomal dominant (Finucci, Guthrie, Childs et al., 1976); however, it has become 

obvious that this is a much too simplistic view as additional studies have also suggested 

polygenic transmission, recessive transmission, and autosomal dominant transmission 

(Pennington, 1991). There are additional factors that contribute to the complexity of 

genotype-phenotype correlations such as findings of genetic heterogeneity (distinct loci 

in different families), incomplete penetration; phenocopies (non-hereditary variation); or 

oligogenicity (allelic variants at multiple loci contributing to increased risk) (Fisher & 

DeFries, 2002).  
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Linkage analyses have further verified this complexity and various studies have 

reported that several regions on chromosomes 1, 2, 3, 6, 15, and 18 may contain genes 

affecting reading disability (Demenot et al., 2004).  Although no gene specific to dyslexia 

has been identified, several genetic loci seem to influence reading. The most convincing 

evidence to date supports links between dyslexia and markers on chromosomes 15, 6, and 

2 (e.g., Grigorenko, Wood, Mayer et al., 1997 & 2000; Nöthen, Schulte-Korne & Grimm, 

1999;  Fagerheim, Raeymaeker & Tonnessen, 1999; Petryshen Kaplan, Hughes et al., 

2000).  The most consistent finding, however, has been with chromosome 6 (Olsen, 

2004).  Recent linkage analyses studies have provided evidence that a gene or genes on 

the short arm of chromosome 6 may account for a significant percentage of reading 

disabilities (Olsen, 2004).  In addition, results from several studies have provided strong 

evidence for linkage of deficits in phoneme awareness, phonological decoding and 

orthographic coding to genetic markers in chromosome 6 (Gayan, Smith, Cherny et al., 

1999; Grigorenko et al., 1997; 2000).   

Grigorenko and colleagues (2000) propose that the absence of consensus on the 

definition and nature of dyslexia can account for variability of inclusion criteria across 

studies and may account for mixed results that have been seen across studies. There is 

also evidence that certain characteristics of people with dyslexia might affect apparent 

heritability.  DeFries and colleagues (1997) found evidence that age appears to affect 

heritability of reading skills. Their research suggests that heritability factors decrease 

with age for word recognition but increase with age for spelling (DeFries, Alarcon, & 

Olson, 1997).   In addition, there is evidence that dyslexic readers with high IQ scores 

tend to have a stronger genetic etiology than those with relatively low IQ scores 
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(Wadsworth, Olson, Pennington & DeFries, 2000).  Olsen (2004) suggests that for 

individuals with both reading deficits and lower IQ, it may be shared family environment 

that limits the development of both reading and general cognitive skills.  Despite 

inconsistent findings, there is consensus within the field that reading disorders are related 

to genetics and shared family environment (Olsen, 2004).  

Attention and Dyslexia 

One non-language process that may play a role in reading is attention (Posner & 

McCandliss, 1999).  It has also been suggested that the executive system may play a role 

(Swanson, 1993, 2000), as both attention and executive processes may serve critical 

functions in working memory systems (Thomson, Chenaulta, Abbotta et al., 2005) that 

are important during reading.  Attentional difficulties may also contribute to difficulty 

learning to read, as acquisition of early reading skills relies on the attentional system for 

the phonological processing of novel words (Miller, Sanchez, & Hynd, 2003).   

The co-morbidity of dyslexia and ADHD is relatively high, ranging from 20% to 

40% depending on the study (Olsen, 2004) and co-occur more frequently than expected 

by chance (Shanahan, Pennington, Yerys, et al., 2006).  Research ranging from 

behavioral to molecular genetic studies have supported that a component of their 

comorbidity is a shared genetic etiology (Willcutt, Pennington,& DeFries, 2000).  The 

theory of shared genetics has received additional support from the Colorodo Twins 

Study, particularly for the dyslexia and the attention deficit symptoms (Willcutt, 

Pennington, Smith et al., 2002).  The findings from a family aggregation study also 

support this connection, as quantitative, continuous measures of reading along with 

ratings of attention and of hyperactivity indicated that reading, attention, and 
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hyperactivity are probably genetic in origin (Hsu, Wijsman, Berninger, Thomson, & 

Raskind, 2002).  

For the children and adolescents with dyslexia who were still demonstrating 

deficits in the reading process, structural equation modeling (SEM) showed that the link 

between attention and the orthographic word form is direct, suggesting that attention 

directly affects orthography (Thomson et al., 2005).   SEM also demonstrated that the 

link between attention and reading and writing achievement is orthographic coding for a 

word into temporary memory and rapid automatic naming of orthographic stimuli 

(Thomson et al., 2005).  In addition, a program for dyslexia remediation that combined 

attention training and written language instruction resulted in improved orthographic 

coding for children with dyslexia.  These findings support the suggestion that attention 

factors play a role during orthographic coding (Thomson et al., 2005).   

Further support comes from the fMRI portion of the study, which showed that the 

ACC demonstrated increased activation when the task was to attend to both the 

orthographic and phonological components of the word but not when the task was to 

attend only to the phonologic word form.  Given the role of the ACC in attention and 

executive functions, Thomson and colleagues (2005) claim this provides additional 

converging evidence that attention plays a role in determining the level of skill 

manifested by a child with dyslexia in mapping orthography onto phonology but not in 

their processing of the phonological word form alone.   

Even in the absence of an attention disorder, individual differences in ability to 

self-regulate attention may influence how well a child can learn the letter-sound 

correspondences underlying the decoding of unknown words (Thomson et al., 2005). It 
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has been suggested that for the coding the orthographic word form into temporary 

memory and transforming orthographic symbols into phonological codes there are 

demands placed on the supervisory attention system (Thomson et al., 2005). As has been 

noted, attention training and brain imaging studies indicate that attention may play a role 

in how children learn to analyze and represent the orthographic word form (Thomson et 

al., 2005).  This allows for the possibility that deficits in the supervisory attention system, 

a role executed by the ACC may play a part in the development of dyslexia.  

Anterior Cingulate Cortex 

The anterior cingulate cortex (ACC) has neural connections with the amygdala, 

periaqueductal grey and autonomic brainstem nuclei, and with motor systems, such as the 

primary motor cortex and the striatum (Devinsky, Morrell, & Vogt, 1995; Dum & Strick, 

1993).  The ACC is functionally heterogeneous and it was initially believed primarily to 

be a chief component of the limbic system. More recent evidence has implicated the ACC 

in circuits that underlie functions such as attention, learning, language, and motor 

behavior (Yücel, Wood, et al. 2003). Animal research has demonstrated that electrical 

stimulation of the ACC results in visceral, somatic, and behavioral responses (Parent, 

1996). The evidence from human research suggest that the ACC plays an important role 

in many higher cognitive functions, including emotion, attention, and working memory 

(Devinsky et al., 1995; Dum & Strick, 1993; Casey, Trainor, Giedd et al., 1997; Murtha, 

Chertkow, Beauregard, Dixon, & Evans, 1996).  It has also been determined to play a 

role in learning and language generation (Crosson, Sadek, Bobholz et al., 1999; Yücel et 

al., 2003).    
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There are at least three major functional subdivisions of the ACC (affective, 

cognitive and motor components), each of which has different patterns of underlying 

connectivity and cytoarchitectonic properties (Parent, 1996; Yücel et al., 2003). It has 

been suggested that the rostral ACC is activated in emotional processes, while the caudal 

ACC is involved with non-emotional cognitive processes. The caudal ACC has 

connections to the spinal cord and red nucleus and has been implicated in premotor 

functioning, response selection, and information processing (Devinsky et al., 1995; 

Parent, 1996).  The rostral ACC has extensive connections to the amygdala, a structure in 

a network thought to be involved in the regulation of mood, and to the periaqueductal 

gray, autonomic brainstem motor nuclei, lateral prefrontal cortex, insula, and basal 

frontal cortex (Devinsky et al., 1995; Parent, 1996).  It has, also, been suggested that the 

subgenual ACC may be implicated in the deregulation of emotion in mood disorders as it 

projects to the amygdala, lateral hypothalamus, medial thalamic nuclei, nucleus 

accumbens, ventral tegmental areas, raphe, locus ceruleus, and substantia nigra 

(Zimmerman et al., 2006). 

Anterior Cingulate Cortex and Function 

The ACC has been linked with decision making, response selection and response 

monitoring processes (Badgaiyan & Posner, 1998; Miller, 2002).  Previous research has 

suggested that the ACC is part of an executive attention system and is activated when a 

supervisory mechanism is needed to recruit further cognitive control (MacDonald et al., 

2000) or to monitor/resolve a cognitive conflict (Bush,Whalen, Rosen et al., 1998; Carter, 

Braver, Barch et al., 1998; Kerns, Cohen, MacDonald et al., 2004; Braver, Barch, Gray et 

al., 2001).  Research suggests that the ACC is involved in selective attention and provides 
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task management (Smith & Jonides, 1999).  Support for the ACC's supervisory role 

comes from the observation that the ACC is activated in types of situations in which 

automatic processes might fail and a supervisory mechanism is needed. The types of 

relevant behaviors or situations include those (1) involving planning or decision making; 

(2) involving error correction; (3) in which the response is novel and not well learned; (4) 

in which the response is judged to be difficult or dangerous; and (5) that require 

overcoming habitual responses (Posner and Petersen, 1990).  

The functional neuroimaging research on normal controls has shown that the 

ACC is activated by numerous cognitive/attentional tasks, including stroop and stroop-

like cognitive interference tasks, divided attention tasks, working memory tasks, and 

response selection/generation tasks (Bush et al 1998; Pardo, Pardo, Janer et al., 1990). 

Bush and colleagues hypothesized that the ACC has a primary role in stimulus selection 

that involves competing input and/or response selection by means of facilitating the 

correct responses and/or inhibiting the incorrect actions (Bush et al., 1999).  Recent 

research has supported a major role for the ACC in performance monitoring/evaluation 

and in error processing (MacDonald et al., 2000) together with inhibitory control. 

Anterior Cingulate Cortex and Psychiatric Disorders 

Neurobiological abnormalities of the ACC have been implicated in several 

psychiatric and developmental disorders, such as schizophrenia, obsessive-compulsive 

disorder (OCD), depression, post-traumatic stress disorder, bipolar disorder, autism, 

Attention-Deficit/Hyperactivity Disorder (ADHD), and stuttering (e.g., De Nil, Kroll, 

Kapur et al., 2000; Kaur, Sassi, Axelson et al., 2005; Pliszka, Glahn, Semrud-Clikeman et 
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al, 2006; Semrud-Clikeman, Pliszka, Liotti et. al.,2006; Yamasue, Kasai, Iwanami et al., 

2003; Yücel et al., 2003). 

Kaur and colleagues (2005) found decreased ACC volumes in children and 

adolescents with bipolar disorder. The researchers suggested that because these findings 

related to such an early point in the development of the disease, the ACC may be playing 

a key role in the pathophysiology of the illness (Kaur et al., 2005).  Research on trauma 

survivors found that those with Post Traumatic Stress Disorder (PTSD) had smaller left 

ACC gray-matter volume than those without PTSD (Yamasue et al., 2003).  In addition, 

gray-matter volume reduction was significantly associated with the severity of symptoms 

in the patients with PTSD. Yamasue and colleagues (2003) hypothesize that a preexisting 

smaller ACC may place individuals at higher vulnerability for developing PTSD after 

exposure to a traumatic event.   

Because of the role of the ACC, Yücel and colleagues (2003) suggest that the 

nature of the symptoms and behavior deficits in psychiatric disorders may be related to 

the subregion involved (rostral versus dorsal versus caudal; limbic versus paralimbic) and 

the direction (increased, decreased, disorganized), side (left, right, bilateral), nature 

(cellular, neurochemical, structural, connectivity, metabolic) and extent (single versus 

multiple subregions, side and nature) of the disturbance.  Yücel and colleagues (2003) 

propose that the functional heterogeneity of the ACC underlies the different cognitive 

processes that are operating in different directions to create the various symptoms seen 

across psychiatric disorders.  They suggest that the symptoms and deficits observed in 

schizophrenia may be the result of decreased input of information into the affective and 

cognitive subregions of the ACC. They propose this would cause poor integration 
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between attentional and affective and/or motivational states. This reduced input and 

integration of information may result in disturbed goal-directed behavior, which would be 

manifested as the behaviors or symptoms seen in schizophrenia (Yücel et al., 2003). 

Sander and colleagues (2002) also suggest that a dysfunction in the ACC’s performance 

may reflect some symptoms seen in schizophrenia, such as disorganized language and 

social dysfunction. Conversely, Yücel and colleagues (2003) propose that OCD may be 

related to increased input into these regions leading to excessive goal-directed behaviors, 

such as uncontrollable thoughts and anticipatory anxiety.  Therefore, different symptoms 

can be accounted for by deregulation of input in the ACC.   These researchers further 

proposed that the role of the ACC is to monitor signal mismatches between behavior and 

goals, and to detect response competition or “conflict” and indicate that need to recruit 

strategic processes to reduce conflict and maintain performance.  

There exists an abundance of functional evidence that suggests that the ACC 

plays a role in attention difficulties, as the ACC is activated under various tasks that 

require attention and executive functions (e.g., Braver et al., 2001; Bush et al., 1998; 

Kerns et al., 2004; MacDonald et al., 2000; Smith & Jonides, 1999).  An early positron 

emission tomography (PET) study found that even after global normalization of glucose 

metabolism the ACC was one of only four regions that still demonstrated regional 

hypoactivity in ADHD (Zametkin, Nordahl, Gross et al., 1990).   An fMRI study with 

adults with ADHD indicated reduced ACC activity relative to healthy controls on a 

stroop task
 
(Bush et al., 1999).  In addition, an event-related fMRI found that control 

children showed increased activation of the ACC in response to failed inhibitions 

compared to successful inhibitions on a Stop Signal Task, while ACC activity in children 
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with ADHD did not show such a differentiation (Pliszka et al., 2006).   The impairment 

in error processing has support from a previous electrophysiological study demonstrating 

impaired Error-Related Negativity (ERN) in ADHD relative to control children
 
(Liotti, 

Pliszka, Perez et al., 2005).   

Recent structural evidence has supported the functional finding that the ACC is 

impaired in children with ADHD (Pliszka et al., 2006b).  The researchers found that 

children with ADHD, who had not received stimulant medication treatment, had 

significantly smaller ACC volume on the right (Pliszka et al., 2006b).    Bush and 

colleagues (1999) suggest that converging evidence demonstrates that the ACC plays a 

primary role in 1) stimulus selection when there are competing stimuli and/or 2) response 

selection via the facilitation of correct responses and/or the inhibition of incorrect actions. 

Impairments of these functions could produce the core clinical features of ADHD, 

especially impaired attention and impulsivity/ inhibition of inappropriate responses.  As a 

result, Bush and colleagues hypothesized that deficits in the ACC might increase 

inattention and impulsivity and play a significant role in the development of ADHD 

(Bush et al., 1999).  

Anterior Cingulate and Language Generation 

There is evidence that the ACC is activated during language generation tasks, 

such as verbal fluency, verb generation, and stem completion (Barch et al., 2000; Crosson 

et al., 1999).  The specific functional interpretation of the role of the ACC in relation to 

language generation is somewhat unclear.  The most common interpretation of ACC 

activation during these types of tasks is related to the selection of responses among 

competing complex contingencies, such that ACC activity may reflect its role in an 
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anterior attentional system (Raichle, Fiez, Videnn et al., 1994).   Barch and colleagues 

(2000) suggest that the ACC activation in language generation serves to play an 

evaluative role by monitoring the degree of crosstalk or competition of responses and aid 

in recruitment of additional resources when required.  Stamatakis and colleagues (2005) 

propose that the ACC monitors morpho-phonological processes which are occurring in 

the fronto-temporal language systems.  Their study found that the greater engagement of 

the fronto-temporal language system in a task the more significant the activation of the 

ACC.  Accordingly, they proposed that the ACC is working to modulate the fronto-

temporal network during language processing (Stamatakis et al., 2005).  Binder et al. 

(2005) suggest that rather than playing an exclusive role in one type of reading pathway, 

the ACC, anterior insula, and dorsal parietal regions appear to be activated by the level of 

task difficulty rather than specificity of the task.  Therefore, activation of ACC during 

language generation may be related to the demands of language tasks (Binder et al., 

2005). 

The ACC has been found to demonstrate increased levels of activation under 

conditions that are more demanding relative to anticipatory reactions and response 

preparation during reading tasks.  Nil and colleagues (2000) found that individuals who 

stutter have increased levels of ACC activation when reading.  They hypothesize that this 

may be due to the ACC’s selectively focusing attention while scanning for words that 

may have the potential for stuttering or may be the result of covert articulatory practice 

during silent reading.  Following treatment for stuttering all participants that 

demonstrated a significant decrease in stuttering showed a clear decrease in ACC levels 

of activation during silent reading (De Nil & Kroll, 2001). De Nil and colleagues 



41 

 

hypothesized that the reduced level of ACC activation during silent reading tasks may be 

related to a reduced anticipatory need to scan the words for stuttering potential or may 

reflect a decreased tendency silently to rehearse the articulation of the words during 

reading (De Nil & Kroll, 2001).  

Paus, Petrides, Evans, & Meyer (1993) observed increased activation in the ACC 

during manual and oculomotor tasks, which required no overt speech output but 

prompted covert speech.  This activation was especially evident during difficult 

components of these tasks.  Paus (1993) suggested that the ACC may be involved in 

anticipatory reactions and response preparation during reading.  Function(s) of the ACC 

may be required when the subject is confronted with complex stimuli requiring a choice 

between various alternative response selections (Paus et al., 1998).  The ACC activation 

during reading may relate to increased anticipation under challenging circumstances and 

silent articulation of words (Paus et al., 1998).  It has been hypothesized that the ACC 

may be part of an inner articulation loop which becomes activated especially during less 

automated tasks (Paus et al., 1993).   

The ACC has shown additional structural and functional changes with 

intervention (De Nil & Kroll, 2001; Semrud-Clikeman et al., 2006; Temple et al, 2003).  

Semrud-Clikeman and colleagues (2006) found that children with ADHD with a history 

of stimulant medication treatment had right ACC volumes that were more comparable to 

non-ADHD-diagnosed control children, and they showed larger right ACC volume 

compared to treatment naïve children with ADHD.  Further, functional changes in the 

ACC have been found after children received treatment that involved attention training 

(Bush, Luu, & Posner, 2000; Thomson et al., 2005).   
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An fMRI study on remediation of dyslexia revealed that the ACC showed 

increased activity after remediation for dyslexia (Temple et al., 2003). Temple and 

colleagues (2003) noted that attentional control was specifically addressed in their 

remediation; therefore, this finding may reflect improvement in attention ability after 

remediation and/or be a compensatory reaction (Temple et al., 2003).  Semrud-Clikeman 

(2006) suggests that these findings related to changes in structure provide evidence that 

the ACC is impacted by treatment and it appears to demonstrate plasticity in 

function/structure when the child is able to make connections between rules and 

behavior.  The researchers speculate that because the ACC has also been implicated in 

error detection and correction (MacDonald et al., 2002) and may be a pathway for the 

cognitive and emotional regulation of behavior (Yücel et al., 2003), it is possible that the 

ACC may change with exposure to learning to use rules to guide behavior (Semrud-

Clikeman et al., 2006).  The ACC is a complex region involved in the monitoring and 

integration of brain function.  Disruptions in the ACC’s function, structure (overall 

volume, asymmetry, and subregions) and morphology (presence or absence of 

Paracingulate sulcus) have been implicated in various psychiatric and neuropsychological 

disorders (Yücel et al., 2003); however, the extent of its involvement in dyslexia is 

currently unclear.  

Paracingulate Cortex 

 The paracingulate cortex (PaC) is a paralimbic portion of the ACC which is 

present when there is a paracingulate sulcus (PCS).  The PCS is a tertiary sulcus that is 

present in 30–60% of individuals (Paus et al., 1996; Yücel et al., 2001).  When present, 

the PCS runs dorsal and parallel to the cingulate sulcus (CS) to form the superior border 
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of the paracingulate gyrus of the PaC.   Evidence from MRI (Paus et al., 1996) and post-

mortem (Vogt et al., 1995) studies suggests that the presence of PCS produces a relative 

expansion of paralimbic ACC so that it occupies the surface of the paracingulate gyrus 

rather than the dorsal bank of the CS when the PCS is absent.  

Although the PaC is cytoarchitectonically distinct from limbic ACC, it occupies a 

large portion of what has been termed the ‘cognitive’ division of the ACC (Devinsky et 

al., 1995; Bush et al., 2000) and has reciprocal connections with pre-frontal regions 

(Rifkin et al., 2005).  In particular, Paus (1996) has suggested a role for the PaC in 

language because it has been demonstrated that the PaC is involved in vocalization in 

monkeys (Devinsky et al., 1995) and that it is more pronounced in human than non-

human primates (Vogt et al., 1995).  When the PaC is present the activation during 

language generation moves from the ACC proper to the PaC (Fornito et al., 2004) and 

functional imaging research has indicated that the left PaC is activated in word generation 

tasks in humans (Herholz et al., 1996; Crosson et al., 1999).  The presence of the PaC has 

been problematic for research conducted on the ACC.   The morphology of the PaC has 

been found to impact the volume of the ACC; however, there has not been consistent 

consensus if the PaC should be included or excluded in the measurement of the ACC 

(Rifkin et al., 2005; Yücel et al., 2002).   

Summary 

Dyslexia is one of the most prevalent problems facing school age children, 

manifesting itself in a prevalence rate of 5%-17% (Shaywitz, 1998). The primary and 

enduring consequence of dyslexia is a deficit in speech/language processing, particularly 

in phonological skills, and more particularly in phonological awareness, and tasks that 
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require the rapid retrieval of words (Eckert, 2004; Levelt et al., 2001). It is characterized 

by difficulties in learning to recognize letters, difficulties pronouncing words out of 

context, and often persistent problems in fluent oral reading and spelling (Berninger, 

2000).  Evidence from different sources has demonstrated that there is a genetic 

component to dyslexia and that there are neurobiological underpinnings to the deficits 

observed in reading related skills.  (Demonet, et al., 1996; Shaywitz, 1998; Fine et al., 

2007).  

Three major brain systems, all of which reside primarily in the left hemisphere 

and include an anterior and two posterior systems, have been implicated in reading (Pugh 

et al., 2001; Shaywitz et al., 2002). Research indicates that a disruption in function in the 

fronto-parietal and cerebellar networks may underlie deficits in phonology (Temple, 

2002), while occipital-temporal-frontal-cerebellar networks may account for deficits in 

orthography (Eckert, 2004).  Individuals with dyslexia demonstrate reduced levels of 

activation in both left hemisphere posterior systems. These individuals also display 

increased compensatory activation in the left anterior system and right homologous 

posterior regions (Pugh et al., 2001; Shaywitz et al., 2002). It has also been proposed that 

reduced activation of a supervisory attention system may contribute to difficulties in 

reading skills (Thomson et al., 2005), as these skills require the proper integration of 

various brain regions. 

The anterior cingulate cortex (ACC) enacts a major role in performance 

monitoring/evaluation and in inhibitory control (MacDonald et al., 2000). It has been 

proposed that the role of the ACC is a supervisory one and that it also recruits additional 

cognitive resources when required by the task (Yucel, 2001). Barch and colleagues 



45 

 

(2000) propose that the level of ACC activation in language generation reflects the level 

of ongoing monitoring of the degree of response competition/conflict. Functional studies 

have indicated that the ACC’s degree of activation is significantly and positively related 

to the level of activation demonstrated by the fronto-temporal language systems during 

language generation (Stamatkis et al., 2005).   
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Chapter 3: Statement of the problem 

There is structural evidence that the Anterior Cingulate Cortex (ACC) has 

volumetric differences in developmental and psychiatric disorders and it has been 

suggested that deficits observed in the ACC play a direct role in symptom expression 

(Yücel et al., 2003). The ACC serves an evaluative role in monitoring cognitive 

resources, conflict, and error inhibition (Yücel et al., 2003).  It has also been implicated 

in playing a role in monitoring mismatches between behavior and goals as well as 

recruiting additional cognitive resources (Sanders et al., 2000). Given that reading skills 

require the integration of various brain regions, monitoring of resources, and error 

inhibition, a role for the ACC is proposed.  This has been supported by functional 

imaging work as deficits in the supervisory attention system appear to play a part in the 

development of dyslexia (Thomson et al., 2005).  The ACC has been found to be 

activated in language processing tasks and is believed to be modulating the fronto-

temporal networks during these tasks (Thomson et al., 2005). The purpose of the current 

study was to determine if structural changes (i.e. volumetric) in the ACC were related to 

reading achievement and reading processes.  

Current Study 

The primary purpose of this study was to test for variations in the volume of the 

ACC related to reading in a family-based sample of 68 individuals contained within 24 

family groups.  Given that previous work has implicated the ACC in the expression of 

symptoms in ADHD, family history of ADHD was used as exclusionary diagnosis to rule 

out any possible confounding effects. By treating the dependent variables for oral reading 
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achievement and phonological processing ability as continuous variables, the impact of 

ACC volume could be examined across a range of reading skill level. Analyses were also 

conducted on dichotomous RD versus non-RD groups to evaluate potential differences in 

ACC volumes across diagnostic categories.  A parallel analysis was conducted on a 

second set of measurements of the ACC, which included the PaC, to address inconsistent 

inclusion/exclusion of this tertiary region in previous studies.  Finally, all analyses were 

conducted on second structure, the putamen, to help determine if the study findings were 

specific to the ACC or the result of a more global impact of dyslexia on the brain.  

Rationale for Use of the Putamen 

 There were three main reasons that the putamen was chosen as a control brain 

region.  First and of greatest importance, a review of the literature prior to the current 

study did not find support for the involvement of the putamen in reading disorders either 

in structural or functional studies.  Secondly, neuropsychological disorders in which the 

putamen has been implicated include OCD and ADHD (Max et. al., Peterson et. al., 

2000, Wellington et al., 2006).  The present sample was free from both of these disorders, 

reducing or eliminating the risk of confounding influences on the putamen.  Finally, the 

putamen is a well-defined structure with minimal discrepancy in the literature related to 

its boundaries.   

A Familial Study  

Participants for the current study included parents and children within families, 

with and without a history of reading disorder (RD). Several of the families included one 

or more members with RD, while the “control” families had no members with RD. As 

previously stated, reading disorders have a strong heritable component and the ACC has 
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demonstrated plasticity in response to treatment/intervention; therefore, the ACC may be 

influenced by shared environmental factors within a family.  Because these participants 

are contained with families, this design helped to control for such shared environmental 

variables.  Thus, by using the family relationships for the statistical analyses, it was 

possible to assess the portion of the variance in RD that can be attributed to genetic and 

shared familial influences. 

Study Questions 

 The current study examined the following questions: 

Question 1:  Is the anterior cingulate volume related to reading achievement? 

Hypothesis 1a:  Measure of oral reading achievement would vary with left 

anterior cingulate volume. 

Hypothesis 1b:  Measure of Oral reading achievement would not vary with left 

putamen volume. 

Rationale: Reading is a very complex skill requiring the integration and 

monitoring of various brain regions and responses, which is the role of the ACC.  In 

addition, research has found a link between attention and reading via aspects of 

orthographic coding (Thomson et al., 2005). It was hypothesized that individuals would 

demonstrate poorer reading skills with smaller left ACC volumes.  It was expected that 

the deficits would be found on the left side given the findings of lateralization of reading 

and language processes to the left hemisphere. 

Question 2:  Is the anterior cingulate volume related to reading processes? 

 

Hypothesis 2a and b:  Reading processes, such as phonological awareness and 

rapid naming, would vary with left anterior cingulate volume. 
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Hypothesis 2c:  Reading processes, such as rapid naming and phonological 

awareness, would not vary with putamen volume. 

Rationale:   Reading processes, such as rapid naming, have been suggested to 

have an attentional component, and therefore are likely to be affected by the volume of 

the ACC.  Phonological awareness, however, is somewhat more complicated as there are 

mixed results from neuroimaging studies. Thomson and colleagues (2005) found that 

found that the anterior cingulate was not activated when participants attend only to the 

phonologic word form, but it was activated when participants were mapping orthography 

onto phonology.  A more recent fMRI study indicated that the ACC is activated during 

tasks that utilize phonological awareness, such as rhyming task (Bitan, Burman, Chou et 

al., 2007).   

Question 3: Do readers diagnosed as RD and non-RD have differing total, left, & 

right volumes, and differing asymmetries, of the anterior cingulate? 

Hypothesis 3a: There would be differences in the left anterior cingulate volume 

between RD and non-RD reader groups. It was hypothesized that there would be 

differences in ACC asymmetry between RD and non-RD readers, with a more leftward 

asymmetry for reading able individuals.  

Hypothesis 3b: There would not be differences in the left putamen volume 

between RD and non-RD reader groups, or differences in putamen asymmetry. 

Rationale:  Recent research has found structural abnormalities in the ACC in 

psychiatric disorders, including ADHD, and suggests this deficit plays a role in the 

expression of the disorder.  Individuals with reading disorders have shown links between 

attention deficits and orthographical reading process.  This suggests that an underlying 

deficit in the ACC would be lateralized to the left hemisphere as observed in other 
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reading related disruptions in brain functioning.  It was hypothesized that there would 

differences in asymmetry.  Previous research found a non-significant trend for the 

rightward bias in ACC volume in OCD patients (Ruffkin et al., 2005; Szeszko et al. 

1999).  The asymmetry measure is important given that research has shown differences in 

asymmetry of a brain region may contribute to expression of disorders (Max, Fox, 

Lancaster et al., 2002; Semrud-Clikeman et al., 1991; Wellington et al., 2006) as if may 

reflect abnormalities in the underlying neurotransmitter systems (Hynd et al., 1993) and 

may affect the ability to regulate behavior.  Subtle differences provide insight into 

neurobiology of disorders.    
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Chapter 4: Method 

Project Approval 

  The current study utilized data collected earlier under procedures which were in 

compliance with the ethical issues and standards of research delineated by the American 

Psychological Association (American Psychological Association, 2002). Permission was 

obtained prior to data collection by Dr. George Hynd while at the University of Georgia 

in the Department of Educational Psychology. The project was funded by the National 

Institute of Health Grant: NIH #RO1-268890-07. Consent forms used during the data 

acquisition phase are included in the Appendix. 

Permission to use the data for the current study was obtained prior to data analysis 

from the Departmental Review Committee in the Department of Psychology and the 

Institutional Review Board of The University of Texas at Austin under the project title: 

“Neuroimaging in Dyslexia,” protocol number: 2004-08-0047 on 8/27/2004.  The project 

received renewal approvals on August 17, 2005 and September 8, 2006. Exempt status 

was granted, because no personally identifying information existed in the data set used 

for the study.  

Participants 

Families with and without reading disorders were referred to the Center for 

Clinical and Developmental Neuropsychology at the University of Georgia to participate 

in a study on brain morphology and neurolinguistic ability in developmental reading 

disorder.  Both biological parents were required to participate in testing, and whenever 

possible, siblings were included in the study.  In an attempt to increase diversity of the 
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participant pool, African American families were included when at least one biological 

parent was able to take part in the study. 

Participants were recruited/referred through schools, local organizations, and 

advertisements. In exchange for their participation, parents received a comprehensive 

neuropsychological report, while children were given a t-shirt. The initial data set 

comprised more than 300 participants and consisted of seventy families with 96 children.  

All participants underwent neuropsychological testing and Magnetic Resonance Imaging 

(MRI) of the brain. Children with a history of psychiatric disorders, neurological 

disorders, severe pre- or peri- natal complications, and traumatic brain injury were not 

included in the study; however, co-morbid ADHD individuals were not excluded.   

Procedures 

Participant Selection 

In the current study, only families that reported no history of ADHD were 

selected from the original sample.  The experimental group consisted of families with a 

child with the diagnosis of dyslexia and no co-morbid ADHD, while the controls 

consisted of families with normally developed reading skills and ability. 

Although reading disorders and ADHD are theorized to be distinct disorders, 

previous research suggests that the ACC is implicated in ADHD (Bush et al., 1999).  In a 

recent study still underway by Semrud-Clikeman and colleagues in a personal 

communication to this author suggested that the ACC was affected in children with 

reading disorders.  Because of those findings and the high co-morbidity (20%-40%) 

between these RD and ADHD, it was important to rule out participants with ADHD for 

two reasons: (1) recent findings suggest that the high co-morbidity is due to shared 

genetic factors and (2) recent research has suggested that co-morbidity may impact the 
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neurobiology of disorders. Therefore, it was deemed methodologically important to rule 

out ADHD as a possible confounding factor with regard to the volume of the ACC. Thus, 

in order better to identify differences specific to reading disorder, participants with 

ADHD were excluded from the current study.   

Participant Characteristics 

The current study sample consisted of 68 participants within 24 families.  The 

sample consisted of 44 adults (20 male and 24 female) with 31 considered reading able, 5 

meeting criteria for reading disability and 8 considered reading compensated (i.e., no 

longer meeting criteria for reading disability [RD]).   The sample consisted of 24 children 

(15 male and 9 female) with 10 considered reading able and 14 meeting criteria for 

reading disabled. The children’s ages ranged from 6 to nearly 17 years old, with the mean 

age at 10.4 years (SD +2.0). The mean age of the adults was 40.1 years and ranged from 

31 to 49 years (SD + 4.2).  Six participants (2 children and 4 adults) were African 

American, while the remaining participants were Caucasian.    

All of the individuals in a family have the same inter- family variables; in effect, 

therefore, they were controlled for statistically in a model that focused on variance within 

families, the models used for this study.  The variables related to between- family 

differences were controlled for by using family membership as a random factor variable 

in the linear model. These variables included race, parent education, parent occupation 

and income. Table 1a and 1b display participant variables for adults and children by 

reading diagnosis; including age, gender, race, social economic status (SES), and parent 

education.  Family SES was determined by the Hynd Laboratory based on the mother's 
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and father’s education, occupation and combined income and was rated on a scale of 1 

through 4, with 1 being the highest level of SES. 

Table 1a: Participant Characteristics for Adults by Reading Group 

Adults Age (y) Gender 
Female  Male 

Race 
Caucasian      AA 

SES Education 

Reading Able 
N=31 

40.3 
(4.1) 

19 12 28  
 

3 2.0 
(.68) 

15.8 
(2.3) 

RD  
N=5 

38.8 
(6.6) 

2 3 4 
 

1 2.8 
(1.1) 

13.6 
(2.6) 

RD Comp 
N=8 

40.6 
(3.6) 

3 5 8 0 2.1 
(.83) 

14.8 
(2.9) 

Total 
N=44 

40.1 
(4.2) 

24 20 38 4 2.1 
(.78) 

15.3 
(2.5) 

 
Table 1b:  Participant Characteristics for Children by Reading Group 

Children Age 
(y) 

Gender 
Female  Male 

Race 
Caucasian      AA 

SES Education 
Paternal      Maternal 

Reading Able 
N=10 

10.6 
(2.4) 

5 5 10 
 

0 1.5 
(.70) 

17.3 
(1.9) 

16.4  
(2.1) 

RD 
N=14 

12,8 
(1.8) 

4 10 12 
 

2 2.5 
(.65) 

14.5 
(2.6) 

14.6  
(2.0) 

Total 
 N=24 

10.4 
(2.0) 

9 15 22 2 2.1 
(.83) 

15.7 
(2.7) 

15.4  
(2.2) 

Reading Disorder Criteria  

Participants were determined to be either reading disordered or non-reading 

disordered at the time of data collection according to criteria used by the State of Georgia 

for learning disability in reading. To receive a diagnosis of reading disordered, 

participants must demonstrate a standard score of 85 or below (16
th

 percentile) on a 

measure of reading achievement.  Additionally, to be considered reading disordered the 

individual must demonstrate a minimum of a 20-point standard score discrepancy 

between measures of intelligence and reading achievement, with intelligence scores 

greater than academic achievement in reading.  Full Scale IQ scores were obtained 

utilizing the Wechsler Abbreviated Scale of Intelligence (WASI), and reading was 

assessed using the Passage score obtained from the Gray Oral Reading Test, Third 
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Edition (GORT-3).  The Passage score on the GORT-3 consists of a combination of 

GORT Rate and Accuracy scores.  

Neuropsychological Variables of Interest 

 

The original data collection was achieved through the use of a test battery 

designed to assess intelligence, academic achievement, receptive and expressive 

language, phonological processing, memory, visual-spatial ability, orthographic skills, 

executive functioning, handedness, exposure to print, and social-emotional functioning. 

Neuropsychological variables for the present study included measures for IQ measures, 

and measures of reading rate, phonologic and orthographic processing, auditory memory, 

and handedness. 

Independent/Control Variables 

The Wechsler Abbreviated Scale of Intelligence (WASI: Psychological 

Corporation, 1999) Full Scale IQ (FSIQ) was used to assess intellectual functioning. 

The subtests of the WASI include Vocabulary and Similarities, two measures of 

language-based ability. Also included were Block Design and Matrices, which assess 

language-reduced cognitive ability. Together, these four subtests comprised an estimate 

of the Full Scale IQ. The IQ variable was used as a control variable because cognitive 

ability is related to reading in general, and it is also a strong predictor of how well RD 

readers compensate for their disability (Shaywitz et al., 2003). Therefore, the WASI 

FSIQ was used as a control variable in the analyses of the data collected in this study. 

 Dependent Variables 

Some of the RD participants in this study, particularly the adults, were expected 

to be at least partially compensated readers. It has been suggested that compensated RD 
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readers use rote memory as a strategy to increase their sight-word knowledge (Snowling, 

2000); therefore, single word reading accuracy may not be the best measure of their 

disability. The Gray Oral Reading Test, Third Edition (GORT-3: Wiederholt & Bryant, 

1992) assesses both rate and accuracy in paragraph reading, and these two variables were 

used as dependent measures of reading skill in this study. Although the GORT also 

includes a measure of comprehension, it was not included as a variable because the 

missed words are orally supplied to the examinee resulting in comprehension scores 

based in part on listening comprehension. Alternate form and stability reliability for both 

the Rate and Accuracy subtests are reported as 0.80 or above in the standardization 

sample. The intercorrelation between the two subtests is .86. 

Reading disorder is widely regarded as resulting from a core deficit in 

phonological processing (S. E. Shaywitz, 1998). In addition, speed of naming, or 

orthographic processing, has also been identified as a factor in at least a subset of 

individuals with reading disorders (Semrud-Clikeman et al., 2000; Snowling, 2000). The 

Comprehensive Test of Phonological Processing (CTOPP: Wagner, Torgesen, & 

Rashotte, 1999) was used in this study as a measure of these processes underlying 

reading: phonological, orthographic, and memory processes. The CTOPP index scores 

for Phonological Awareness and Rapid Naming were used as dependent variables for the 

model. Reliability over time was estimated by the test-retest method, and ranged from .70 

to .97 for individual subtests and .78 to .95 for composite scores in the standardization 

sample (Wagner et al., 1999). 
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Additional Individual Variables  

 

Gender and handedness were included in this study as control variables.  Gender 

was found significantly to impact the dependent variables and was used as a control 

variable throughout the study.   The Edinburgh Handedness Inventory was used to assess 

handedness. Participants pantomimed ten motor activities such as writing, eating, and 

brushing teeth, while the hand used was noted by the examiner. Degree of handedness is 

calculated as a percentile of right-handedness, with a score of 100 indicating all tasks 

demonstrated by the right hand.  The degree of handedness was found not to be a 

significant variable for this study and was dropped as a control variable. 

Magnetic Resonance Acquisition 

Image acquisition took place at a local hospital near the University of Georgia. 

Three-dimensional MRI images of the brain were obtained using a 1.5 Tessla GE Sigma 

scanner (TE=min full; Flip angle = 30; Field of view = 24; Frequency and phase = 256; 

frequency direction = S/I). Gapless slices 1.5 millimeters thick were collected in the 

sagittal plane. 

Initial MRI image processing was carried out in Dr. George Hynd’s laboratory 

where raw image data were compiled using MATLAB (The Mathworks Inc.) on a Linux 

operating system. The images were converted to individual sequential Tagged Image 

Format (TIF) images using the free software program MRIcro (Rorden, 

http://www.psychology.nottingham.ac.uk/staff/cr1/mricro.html) and compiled into a 

single TIF image with SCION imaging software (http://www.scioncorp.com). 
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MRI Image Preprocessing 

 

The current study used the AFNI software program, version 2.56b (Cox, 1996) to 

complete the volumetric analysis of the MRI images. This software was specifically 

designed for MRI and fMRI data, and includes utilities for identifying regions of interest 

(ROI) and for performing statistical analyses on data within those regions. Upon 

importing the MRI image into the AFNI program, the image voxels, or the cubic units 

used to identify volumetric units of the brain, were set to 1x1x1 millimeters. Voxels, thus, 

refer to brain units, not to image units.  

Density adjustment  

 

 The AFNI plug-in module “3DUniformize” was used to adjust the density of the 

scans. This program corrects for image intensity non-uniformity. 

Alignment  

 

Although care was taken during image acquisition to position participants’ heads 

relatively uniformly, some variation in head position occurred. A procedure to adjust 

each participant’s MRI scan to similar positioning relative to all of the other subjects was 

used to ensure equivalent views of the brain when viewing image slices. The procedure 

used for this study was AC-PC alignment, which was based on the identification of the 

anterior and posterior commisures of the brain. The AFNI software includes an 

interactive procedure to carry out AC-PC alignment. In this procedure, the superior edge 

and the posterior margin of the anterior commisure are first located and marked. Then the 

inferior edge of the posterior commisure is marked. Finally, two more points in the 
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midsagittal fissure are marked. AFNI then rotates the three-dimensional brain along the 

x-y-z axis using these markers, thus aligning it to a uniform orientation across subjects. 

Volumetric analysis  

 

The AFNI plug-in module “DrawDataset” was used to identify the boundaries of 

the anterior cingulate, the region of interest for this study. The DrawDataset module was 

used to create an overlay in which all voxels were initially set to a value of “0.” The areas 

containing the anterior cingulate were manually identified and “drawn” onto the overlay 

using the mouse on a PC computer. Identified areas had voxels set to “+1.” The values 

were summed across slices to calculate volume in cubic millimeters.   This procedure was 

repeated for the ACC with PaC and the putamen.   

Boundaries of the Anterior Cingulate 

The anterior cingulate is found bilaterally in the medial wall of the frontal lobes. 

It surrounds the rostrum of the corpus callosum.  The superior border is the cingulate 

sulcus and the inferior border is the callosal sulcus.  A vertical line perpendicular to the 

anterior commisure-posterior commissure line and passing though the anterior 

commissure was used as the posterior boundary.   These boundaries were previously used 

by Semrud-Clikeman and colleagues (2006) and adapted from Riffkin, Yücel, Maruff et 

al., (2005).  

In some of the individual participants in this study there is a double cingulate 

sulcus called the Paracingulate suclus (Yücel et al., 2001).  The PCS is a tertiary sulcus 

present in only 30–60% of individuals (Yücel et al., 2001); and when it is present it runs 

dorsa and parallel to the cingulate sulcus (CS) forming the superior border of the 

paracingulate gyrus.   Previous research has shown that paracingulate sulcus morphology 
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significantly influences ACC volume (Yücel et al., 2001), but past studies have been 

inconsistent in their inclusion/exclusion of this structure as part of the ACC volume 

(Goldstein et al., 2002; Yücel et al., 2001 & 2002).   

 Two measurements for the ACC, therefore, were obtained in the current study.  

Guidelines for inclusion of the paracingulate sulcus/gyrus in measurement were adapted 

from Yücel and colleagues (2001, 2002, 2005) and the ACC Manual Tracing Protocol 

from UNC Fragile X & Autism lab.   

 

 

 
Figure 4.1:  Boundaries of ACC in black solid line and PaC in black broken line  

Putamen Boundaries  

Guidelines for anatomical boundaries of the putamen were taken from Mai et al., 

(1997) and DeArmond et al., (1989).  The putamen is the largest and most lateral region 

of the corpus striatum.  It is bounded laterally by the external capsule and medially by the 

lateral medullary lamina of the globus pallidus and more medially by the external globus 

pallidus.  The anterior commissure was used as a landmark to help determine the medial 
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and ventral putamen boundaries.  Care was taken to exclude the accumbens nuclei as it 

lies between the caudate and putamen in the coronal sections.  

Whole-brain volume Analysis  

Whole-brain volume was calculated after the non-brain structures, such as 

meninges and cranial bone, are removed from the images. The AFNI plug- in module 

“3DIntracranial” was used to remove non-brain structures. Whole-brain volume was then 

calculated by summing the remaining voxels. 

MRI Variables of Interest  

 

The volumes for the anterior cingulate were obtained using the methods described 

above, without correction for whole brain size due to age.  The majority of previous MRI 

studies have adjusted for size and age differences by “normalizing” into Talaraich space, 

a process by which each MRI brain image is projected onto a standardized template.  The 

normalizing process can comprise translating, rotating, and scaling and at times may 

warp the brain to match the standard template image. This procedure appears to be 

inappropriate for the current study because both children and adults are included, causing 

the projection of the child brain into Talaraich space to risk difficulties with distortion, 

especially when comparing both adult and child brains.   The current study, therefore, 

used statistical methods to control for whole brain size differences.   . 

 To control for the effects of age and whole-brain volume on the anterior cingulate 

volume this study employed an “adjusted” anterior cingulate volume.  The adjusted 

anterior cingulate volumes were the residuals of a regression of raw anterior cingulate 

volume on age and whole-brain volume.  These residuals provided each participant’s 

anterior cingulate volume with effects of age with whole brain size removed. The residual 
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values were then used in the analyses of the ACC, ACC w/PaC and putamen, and were 

referred to as adjusted volume.  

The asymmetry measure has been found to be important in past research disorders 

(Max et al., 2002; Semrud-Clikeman et al., 1991; Wellington et al., 2006); therefore, a 

measure of asymmetry was included in the current study.  The asymmetry measure was 

analyzed using an asymmetry coefficient (R-L)/0.5(R+L), which has been used in 

previous studies (Castellanos et al., 1996; Semrud-Clikeman et al., 2000).   This was 

repeated for the ACC w/PaC and putamen volumetric measurements. 

Measurement Reliability  

 

A measurement of reliability was conducted on the anterior cingulate and 

putamen volumes to check for consistent measurement across subjects. For all of the 

measurements the researcher was blind to the diagnosis of the subjects.  A random 

number list was generated by Excel, and random numbers were assigned to each 

participant.  Each MRI file was renamed by a research assistant to match the random 

number assigned.  The ACC and putamen volumes were unblinded and matched to the 

neuropsychological and demographic data after all volumetric measurement were 

completed to avoid any bias.    

Approximately one third of subjects’ images (30) were re- measured and 

compared to the initial measurement to establish an estimate of measurement reliability. 

A reliability analysis, interclass coefficient, was calculated in SPSS to provide an 

estimate of rater reliability.  The reliability coefficient for the ACC was 0.91 and for the 

putamen 0.89, both of which coefficients are within the acceptable limits based on 

previous studies (Wellington et al., 2006).  



63 

 

Sample Size and Effect Size  

 

Past research on the volume of the ACC in psychiatric disorders demonstrates a 

range in effect sizes from small (0.20) to moderate (0.40) (Yucel et al., 2001; 2005) The 

effect sizes in the present study were consistent with previous studies with effect sizes 

ranging form the small (0.193) to strong (0.63), and most fall within the moderate range 

(0.37 to 0.522). 

Non-independent Sample 

 

Linear statistical analysis generally assumes that the research sample represents 

independent observations reflecting the distribution of traits in the population. The 

violation of the independence assumption is considered to be more serious than are those 

of other assumptions such as normality and homogeneity of variance (Kenny & Judd, 

1986). 

 Violation of the independence assumption occurs when conditional probability 

exists, i.e., when the value of one observation is likely to be linked in some way to 

another observation. The research sample for this study consists of family members that 

can be expected to share both genetic and environmental influences affecting variable 

values.  Thus, the data in the study consists of non- independent observations nested 

within families. To both account for and take advantage of the family relationships 

among the study participants, the data was analyzed to examine the variance occurring 

within families.  
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Statistical Analyses of Hypotheses  

Variance Due to Family Membership 

 

 An analysis of the non-independence of groups due to family membership in the 

sample was conducted.  Intraclass correlations (ICC type 1) were used to estimate the 

degree of resemblance among family members (Donner & Koval, 1980). By computing 

the ICC an estimate of how much variance in Full Scale IQ, reading achievement, and the 

measures of reading processes was attributed to family differences as opposed to 

individual differences was obtained. 

Reading achievement and anterior cingulate volume 

 

 The current study examined whether the total, right, and left volume of the 

anterior cingulate contributed to reading achievement within a family sample.  Linear 

models were run in SPSS on ACC volumes to examine the variance in reading 

achievement. ACC and ACC w/PaC volumetric analyses were conducted in a separate 

series of models.   The right and left volume measurements were analyzed together in a 

linear model; total and asymmetry coefficients, however, were run in separate models.  

The dependent variables were identified as the GORT scores for reading achievement.  

To control for family membership this variable was entered as a random factor and 

gender was entered as a fixed factor.  The specific brain volume(s) and FSIQ were 

entered into the analysis as covariates.  Linear models were conducted on the putamen 

volumetric measurements in the same manner as that described for the ACC.  
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Reading processes and anterior cingulate volume  

 

 To analyze the data for reading processes and brain volumes (ACC, ACC w/ PaC, 

and putamen) models similar to those described for Hypothesis 1 were used.  The 

dependent variables were replaced with CTOPP Phonological Awareness and CTOPP 

Rapid Naming, respectively.   Family membership, gender, and FSIQ were entered as 

previously described. 

Reading Disorder and No Reading Disorder Outcomes 

 

A logistic regression with dichotomous group membership as the dependent 

variable was used to examine the influence of adjusted ACC volume on the diagnostic 

status, RD (reading disability) or No RD (no reading disability), of the participants.  For 

this regression all 68 participants were used. The reading compensated individuals were 

collapsed into either the RD or no RD category, based on the criteria previously stated. 

The FSIQ was removed as a control variable, because it was captured in the diagnosis of 

RD in the form of an unusual discrepancy between IQ and reading achievement. Gender 

continued to be included as a control variable because it was considered to be a possible 

influence on the development of the anterior cingulate.   The logistic regression was also 

conducted with the adjusted ACC w/PaC and putamen volumes.  The brain volumes were 

centered around the family mean. 
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Chapter 5: Results  
 

Overview 

 This chapter will focus on a discussion of the results obtained in the current study. 

It will begin with a presentation of the descriptive statistics of variables utilized in the 

study by reading diagnosis. These include control variables, age (used to normalize brain 

regions) and FSIQ (used in the linear models) as well as the outcome variables (for linear 

models) associated with reading achievement (passage, rate, and accuracy) and reading 

processes (phonological awareness and rapid naming). Since the current study was 

conducted on data grouped by families, the variance of the outcome variables accounted 

for by family membership was calculated and will be discussed.   Next, the volumetric 

data will be discussed and presented. This includes the total brain volumes (used to 

normalize brain regions) for the participants by reading diagnosis as well as the 

measurements for the regions of interests (raw, adjusted). Finally, the statistical results 

testing the hypotheses of the current study will be discussed.  This will begin with a 

description of the results from the linear models that used the regions of interest (ACC, 

ACC w/ PaC, and putamen) as predictors of the outcome variables (reading achievement 

and processes).  This section will end with a discussion on the examination of differences 

in brain region volume across reading able and reading disabled groups, which was 

investigated by logistic regressions completed on the entire data set.  
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Descriptive Statistics  

The following tables (Tables 2a and 2b) include the means and standard 

deviations for Age (in months), FSIQ, GORT Passage score, GORT Reading Rate, and 

Accuracy standard scores, together with CTOPP scores for phonological awareness and 

rapid naming for adults and children by diagnosis.  In order to determine if there were 

significant difference between variables that would be later used as control variables in 

the linear models, separate one-way ANOVAs were conducted on age and FSIQ.  In the 

sample of adults, the one-way ANOVA conducted for age across reading diagnosis (able, 

n = 31; disordered, n= 5; compensated, n= 8) indicated that this variable was not 

significantly different across groups (F (2, 41) = .297, p= .745).  The one-way ANOVA 

conducted for FSIQ indicated that this variable was not significantly different across the 

three relevant groups for adults (F (2, 41) = 2408, p= .103).   Similarly for children, the 

one-way ANOVA conducted for age across reading diagnosis (able, n = 10; disordered, 

n= 14) indicated that this variable was not significantly different (F (1, 22) = .210, p= 

.651).  The one-way ANOVA conducted for FSIQ indicated that this variable was not 

significantly different across the groups for children (F (2, 41) = .306, p= .586).   

 MANOVAs were conducted on the reading achievement and reading processes 

variables for both adults (able, disordered, and compensated) and children (able, 

disordered) by reading groups. These MANOVAs were completed as a manipulation 

check, for the linear models, to determine whether the measurements of reading ability 

and reading processes were statistically different across reading groups for both adults 

and children. As expected, based on the criteria for reading disorders, the MANOVA 

conducted on the measures of reading ability, GORT Passage score (F (2, 42) = 33.267, p 
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= .000, eta-square = .624, power = 1.0), Rate (F (2, 42) = 29.975, p = .000, eta-square = 

.588, power = 1.0) and Accuracy (F (2, 42) = 25.951, p = .000, eta-square = .572, power 

= 1.0), were statistically different across the groups (able, disordered, compensated) in 

the sample of adults. To determine which reading groups were significantly different 

from each other Bonferroni post hoc analyses were conducted.  The results indicated that 

there were no significant differences between the reading able and reading compensated 

groups for passage (p =.639), accuracy (p = 1.00), and rate (p =.145). Both the reading 

able and compensated groups, however, were significantly different from reading 

disabled group across all three reading achievement scores (p =.000). Also as expected, 

the MANOVA conducted on these variables, GORT Passage score (F (1, 22) = 14.485, p 

= .001, eta-square = .397, power = .95), Rate (F (1, 22) = 9.970, p = .005, eta-square = 

.312, power = .86) and Accuracy (F (1, 22) = 15.470, p = .001, eta-square = .413, power 

= .96) were all statistically different between reading groups (able, disordered) for 

children.   

The separate MANOVAs for adults and children conducted on the measures of 

reading processed (phonological awareness and rapid naming) did not yield the expected 

results. For both adults (F (2, 41) = 1.111, p = .339, eta-square = .051, power = .23) and 

children (F (1, 22) = .003 p = .967, eta-square = .000, power = .05), phonological 

awareness was not statistically significant across groups.   In this sample those considered 

“reading able” or better readers did not perform better on phonological awareness tasks.  

In the sample of adults, the normal readers performed below expected level, as their mean 

was in the low average range (83.36 + 14.13).  In the sample of children both groups 

preformed within the Average to Low Average range, which may be related to 
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remediation effects.  Rapid naming was significantly different for adults (F (2, 41) = 

3.697, p = .033, eta-square = .153, power = .65). Counter to expected results, the 

bonferroni post hoc analyses indicated that there were no significant differences between 

the reading able and reading disabled groups for rapid naming (p =.078); however, the 

reading able group was significantly different from the reading compensated group (p 

=.027).  The reading disabled and reading compensated groups were not significantly 

different for rapid naming (p =.998). Rapid naming was not significantly different across 

reading groups for children (F (1, 22) = 2.721, p = .113, eta-square = .110, power = .35), 

an effect which might, again, be due to remediation.   

It is important to note, that in the current sample, performance on phonological 

awareness tasks was not reflective of the normal population. This fact may be important 

in the interpretation and understanding of phonological awareness data in the current 

analysis. 

Table 2a:  Descriptive Statistics for Experimental Variables for Adults 

Adults Age 
(m) 

FSIQ Passage  Rate  Accuracy Phon Aw Rap Nam 

Reading Able 
N=31 

482.32 
(48.54) 

111.71 
(10.07) 

115.97 
(11.06) 

113.87 
(11.01) 

117.41 
(12.03) 

83.36 
(14.13) 

106.97 
(16.11) 

RD  
N=5 

465.60 
(78.87) 

100.60 
(8.99) 

73.60 
(9.48) 

76.40 
(9.74) 

74.80 
(11.41) 

75.20 
(12.07) 

93.40 
(13.81) 

RD Comp 
N=8 

487.50 
(42.99) 

108.13 
(14.09) 

110.63 
(9.43) 

105.63 
(6.23) 

115.00 
(12.25) 

86.50 
(11.45) 

92.88 
(13.41) 

Total 
N=44 

481.36 
(50.60) 

109.80 
(11.12) 

110.18 
(16.97) 

108.11 
(15.55) 

112.14 
(17.92) 

83.00 
(13.55) 

102.86 
(16.41) 

 
Table 2b:  Descriptive Statistics for Experimental Variables for Children 

Children Age 
(m) 

FSIQ Passage Rate Accuracy  Phon Aw Rap Nam 

Reading Able 
N=10 

127.50 
(29.34) 

106.80 
(15.36) 

95.50 
(9.85) 

91.50 
(9.44) 

98.00 
(11.11) 

89.80 
(13.36) 

98.20 
(12.51) 

RD 
N=14 

122.79 
(21.19) 

103.50 
(13.70) 

76.79 
(13.10) 

76.43 
(12.77) 

78.57 
(12.47) 

89.57 
(13.01) 

88.14 
(16.09) 

Total 
 N=24 

124.75 
(24.42) 

104.88 
(14.19) 

84.58 
(14.96) 

82.71 
(13.59) 

86.67 
(15.23) 

89.67 
(12.87) 

92.33 
(15.27) 
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Variance Attributed to Family Membership 

An analysis of the non-independence of groups accounted for by family 

membership in the sample was conducted in order to determine whether further analysis 

required controlling for family membership. Intraclass correlations (ICC type 1) were 

used to estimate the degree of resemblance among family members and to estimate 

variance in Full Scale IQ and reading achievement. The measures of reading processes 

were attributed to family differences rather than to individual differences (refer to Table 

3). ICCs were found to range from small to large, with FSIQ (ICC = .42) reflecting the 

strongest correlation. The ICCs for passage score and reading accuracy score were 

moderate in size. (ICC = .19), suggesting that 19% of the differences in passage score and 

reading accuracy scores are due to family effects.  Given that some of the outcome 

variables were moderately correlated to family membership, this variable was modeled as 

a random factor in all linear models examining reading outcomes to brain region voxel 

volumes.  

Table 3: ICC for experimental variables.  

Variable  ICC 

FSIQ  .42 

Passage score  .19 

Reading Rate  .09 

Reading Accuracy  .19 

Phonological Awareness  .04 

Rapid Naming  .07 

 

Volumetric Statistics 

  The following section discusses the brain measurements that were obtained in the 

current study.  It provides a brief description of how they were used and the additional 

adjustments that were conducted on the brain volumes.  These measurements include raw 

voxel measurements for the whole brain and specific brain regions of interest, as well the 
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measurements adjusted for age and whole brain volume.  Refer to the appendix for 

Tables 4-11. 

Raw Brain Measurements:  The following tables (Tables 4-7) display means and 

standard deviations for raw score voxel measurements for children and adults across 

reading diagnoses.   Table 4 displays total brain volume measurements, which were used 

to statistically normalize ACC and putamen volumetric measurements for total brain size. 

Table 5a displays volumetric measurements for Anterior Cingulate Cortex measurements 

(ACC) adults by reading group, while table 5b displays ACC with the Paracingulate 

(ACC w/PaC) included in the measurement for the same set of participants.  Table 6a and 

6b display ACC measurements and ACC w/Pac measurements respectively for the 

sample of children by reading group.  Table 7a and 7b displays putamen volumes for 

adults and children, respectively by reading group.  Volumes for all brain regions are 

displayed in right, left and total voxel measurements.   The measurements are given in 

voxel units.  (The conversion factor for voxel units to cubic millimeters [mm
3
] is 1.8). 

Adjusted ACC and Putamen Measurements:  In order to control for the effects of 

age and whole brain size, the brain regions of interest were “adjusted” through statistical 

procedures. The adjusted ACC and putamen measurements were obtained by subjecting 

the raw scores for brain regions to a regression by age and whole-brain volume.  The 

resulting residuals were then, for each participant’s brain region volume, with the effects 

of age and whole brain size removed, used in the analysis.  The results of the Tables 8-10 

display means and standard deviations for ACC and putamen voxel measurements for 

adult and children after adjustment for total brain volume and age.   Table 8a displays 

adjusted measurements for Anterior Cingulate Cortex measurements (ACC) adults, while 
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Table 8b displays adjusted ACC with Paracingulate (ACC w/PaC) measurements for the 

same set of participants.  Table 9a and 9b display adjusted ACC measurements and ACC 

w/Pac measurements, respectively for the sample of children.  Tables 10a and 10b 

display putamen volumes for adults and children, respectively by reading group.  ACC, 

ACC w/PaC and putamen volumes are displayed in right, left and total voxel 

measurements and grouped by reading diagnosis.    

ACC and Putamen Asymmetry Coefficients:  Asymmetry coefficients were 

calculated according to the following formula:   [Right – Left]/ [0.5(Right + Left)].  This 

formula was developed for and has been previously used in imaging research 

(Castellanos et al., 1996; Semrud-Clikeman et al., 2000; Wellington et al., 2006).   Tables 

11a and 11b display the asymmetry coefficients for the ACC, ACC w/PaC, and those 

associated with the putamen.  Coefficients are reported for adults (table 11a) and children 

(table 11b) grouped by reading diagnosis. 

Statistical Analysis 

General Linear Modeling on Adjusted Volumetric Data 

 Forty-five separate linear models were conducted in SPSS on all 68 participants 

with brain measurements as predictor variables and reading scores as outcome variables.  

These analyses examined the relationship between reading achievement and reading 

processes scores to brain region volumetric measurements while accounting for possible 

family effects. Controlling for variance related to family membership was achieved by 

using family as a random effect predictor in SPSS GLM along with the specific brain 

volume (ACC, ACC w/PaC, or putamen) as a covariate. This model allowed for the 

effect of family on reading outcomes to be accounted for within the context of explicitly 

accounting for any relationships that may exist between family and brain volume. In 
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addition, FSIQ and gender were controlled statistically, as gender was entered into the 

model as a fixed factor predictor and FSIQ as a covariate. Family membership, gender, 

and FSIQ were entered into the model to control for their effects on outcome variables; 

however, these variables, per se, will not be addressed in this results section.    

 Linear models were developed for each brain region (ACC, ACC w/PaC and 

putamen) accounting for the right/left, and total adjusted volumetric measurements and 

asymmetry coefficients for each independent variable. For all three brain regions 

measurements for total volume and asymmetry coefficients were calculated by models 

from which right/left measurements were kept separate.  

Five outcome or dependent variables, including GORT scores for reading 

achievement (passage, reading rate, and reading accuracy) together with the CTOPP 

scores for reading processes (phonological awareness and rapid naming) were measured.  

Graphs for the linear models were created by developing a prediction equation from the 

parameter estimates.  These parameter estimates were acquired by re-running the linear 

model in question with family as a random effect factor and only the significant predictor 

(s).  Given that the current study was not interested in the family effect, the family 

coefficients were not included in the predictor equation. The constant (b0) for linear 

model and regression coefficients for the specific brain region (X1) and any additional 

significant predictor, such as FSIQ or gender (X2) were entered into the follow equation: 

Y' = b0 + b1X1 + b2 X2 

The specific brain region and its regression coefficient were always as entered in 

the b1X1 terms. The predicted outcome (Y’) was plotted as a function of the brain region 

along the x-axis with separate lines to indicate different levels of X2.    For the linear 
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models in which FSIQ was a significant predictor, graphs include three lines for three 

levels of IQ:  mean (108), plus one standard deviation (120) and minus one standard 

deviation (96).  For the linear models in which gender was a significant predictor separate 

lines were predicted for males and females.    

Hypothesis One: Brain Volume and Reading Achievement  

 

 Hypothesis One comprises two related parts, here labeled 1a and 1b.  Hypothesis 

1a stated that the left ACC volume and asymmetry coefficient would be predictive of 

reading achievement.  Hypothesis 1b stated that putamen volumes and asymmetry 

coefficients would not be predictive of reading achievement.  As previously stated, 

because there appear to be inconsistencies regarding the “true boundaries” of the ACC 

when the PaC is present, the analyses were conducted on two measures of the Anterior 

Cingulate. 

 ACC and Reading Achievement 

The separate linear models conducted using right ACC, left ACC, control 

variables (gender, FSIQ, family membership) as predictors of the three outcome variables 

of reading achievement (passage, rate, and accuracy) did not support the hypothesis that 

left ACC would vary with reading achievement.  The left ACC was not found to be 

significantly predictive of passage score (F (1, 40) = 1.667, p = .204, eta-squared = .040, 

power = .24, β = 1.901E-03), reading rate (F (1, 40) = .847, p = .356, eta-squared = .021, 

β = 1.317E-03) or reading accuracy (F (1, 40) = 1.570, p = .217, eta-squared = .038, β = 

1.955E-03).  The results, however, of these models indicated that right volume was 

predictive of reading achievement.  Although the model conducted for passage score only 

approached significance (F (1, 40) = 3.293, p = .077, eta-squared = .076, power = .43, β = 
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3.212E-03), the subsequent separate models indicated that reading rate but not reading 

accuracy (F (1, 40) = .847, p = .363, eta-squared = .021, β = 1.726E-03) was significantly 

related to right ACC volume (F (1, 40) = 5.186, p = .028, eta-squared = .115, power = 

.60) The right ACC (B = 3.858E-03) positively predicted reading rate and, based on the 

unstandardized regression coefficient, for every one point increase in voxel volume in the 

right ACC there was a 3.858E-03 point increase in reading rate score (refer to Figure 

5.1).  While, at first glance, this would appear to indicate a very small change in reading 

rate, it is important to remember that a voxel is the smallest unit of brain volume 

measurement. 
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Figure 5.1 Graph of Predicted Reading Rate values based on regression model for right 

ACC and gender (p = .028). 

 

The separate linear models conducted using total ACC and control variables 

(gender, FSIQ, family membership) as predictors of the three outcome variables of 

reading achievement (passage, rate, and accuracy) paralleled the findings for the right 

ACC; and overall volume was significant in predicting passage score (F (1, 41) = 5.243, 

p = .027, eta-squared = .113, power = .61, β = 2.447E-03). Separate models demonstrated 
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that this result was predominantly related to the reading rate score (F (1, 41) = 5.274, p = 

.027, eta-squared = .114, power = .61, β = 2.376E-03) rather than to reading accuracy (F 

(1, 41) = 2.716, p = .107, eta-squared = .062, β = 1.859E-03). Based on the regression 

coefficient there was a positive effect of total ACC volume, such that for every 1 point 

increase in voxel volume in the right ACC there was a 2.376E-03 point increase in 

reading rate score (refer to figures 5.2 and 5.3). 

Finally, the premise that the relationship between the right and left ACC would be 

predictive of reading achievement was not supported. Separate linear models conducted 

using the asymmetry coefficient and control variables (gender, FSIQ, family 

membership) as predictors of passage (F (1, 41) = .655, p = .423, eta-squared = .016, 

power = .12, β = 21.617), reading rating (F (1, 41) = 1.425, p = .240, eta-squared = .034, 

β = 30.58) and reading accuracy (F (1, 41) = .166, p = .685, eta-squared = .004, β = 

11.245) were not significant.    

Overall it can be concluded that the linear models conducted on the ACC volumes 

did not support Hypothesis One, as it was the right ACC, not the left ACC, which was 

predictive of reading performance, and particularly to the rate of reading. Refer to 

appendix for Tables 12a-c, 13a-c, and 14a-c. 
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Figure 5.2 Graph of Predicted passage values based on regression model for total ACC 

volume and FSIQ.  Diamond markers represents model including the mean FSIQ.  Triangle and 

square markers represents models with +/- 1 SD respectively for FSIQ (p = .027).  
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Figure 5.3: Graph of Predicted Rate values based on regression model for total ACC volume 

and FSIQ.  Diamond markers represents model including the mean FSIQ.  Triangle and square 

markers represents models with +/- 1 SD respectively for FSIQ (p = .027).  
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ACC with PaC and Reading Achievement 

The separate linear models conducted using right ACC w/ PaC, left ACC w/ PaC, 

and control variables (gender, FSIQ, family membership) as predictors of the three 

outcome variables of reading achievement (passage, rate, and accuracy) did support the 

hypothesis that left ACC w/ PaC would vary with reading achievement while the right 

side would not. The left ACC w/ PaC was found to be significantly predictive of passage 

score (F (1, 40) = 6.505, p = .015, eta-squared = .140, power =.70, β = 4.119E-03) while 

the right side was not significant (F (1, 40) = .088, p = .768, eta-square = .002, β = -

6.427E-04). Based on the regression coefficient there was a positive effect of the left 

ACC w/PaC volume, such that for every 1 point increase in voxel volume in the left ACC 

w/ PaC there is was 4.119E-03 change in passage score (refer to figure 5.4).   

The subsequent separate models found that reading accuracy (F (1, 40) = 8.577, p 

= .006, eta-squared = .177, power = .82, β = 4.702E-03) was predominately driving this 

finding, although reading rate (F (1, 40) = 3.307, p = .076, eta-squared = .076, β = 

2.961E-03) approached significance. Based on the unstandardized regression coefficient 

the left ACC w/PaC had a positive direction such that for every one point increase in 

voxel volume in the left ACC w/PaC there was a 4.702E-03 point increase in reading 

accuracy (refer to figure 5.5).  This was one of the largest effects in the current study.   
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Figure 5.4 Graph of Predicted passage values based on regression model for left ACC w/ 

PaC volume and FSIQ.  Triangle markers represents model including the mean FSIQ.  Square and 

diamond markers represents models with +/- 1 SD respectively for FSIQ (p = .015).  
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Figure 5.5: Graph of Predicted accuracy values based on regression model for left ACC 

w/PaC volume and gender (p = .006) 
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The subsequent linear models conducted using total ACC w/ PaC, and control 

variables (gender, FSIQ, family membership) as predictors of the three outcome variables 

of reading achievement (passage, rate, accuracy) indicated that the overall volume of the 

ACC w/PaC paralleled the findings for the left side.  The overall volume was significant 

in predicting passage score (F (1, 41) = 5.97 p = .019, eta-squared = .126, power = .66, β 

= 2.1186E-03). Separate models demonstrated that this result was predominantly related 

to the reading accuracy score (F (1, 41) = 5.274, p = .027, eta-squared = .114, power = 

.82, β = 2.634E-03), although reading rate approached significant (F (1, 41) = 3.511, p = 

.068, eta-square = .060, β = 1.671E-03). Based on the regression coefficient there was a 

positive effect of total ACC volume, such that for every 1 point increase in voxel volume 

in the ACC w/PaC there was a 2.186E-03 change in passage score and a 2.634E-03 in 

reading accuracy score (Refer to figures 5.6 and 5.7).  
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Figure 5.6: Graph of Predicted passage values based on regression model for total ACC w/ 

PaC volume and FSIQ.  Diamond markers represents model including the mean FSIQ.  Triangle and 

square markers represents models with +/- 1 SD respectively for FSIQ (p = .019).  
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Figure 5.7: Graph of Predicted reading accuracy values based on regression model for total  

ACC w/ PaC volume and FSIQ.  Diamond markers represents model including the mean FSIQ.  

Triangle and square markers represents models with +/- 1 SD respectively for FSIQ (p = .027).  

 

The relationship between left ACC w/PaC and reading achievement appears to be 

very strong, as the relationship between the right and left ACC volumes was predictive of 

reading achievement. Separate linear models conducted using the asymmetry coefficient 

and control variables (gender, FSIQ, family membership) as predictors for passage (F (1, 

41) = .425, p = .025, eta-squared = .117, power = .62, β = -123.175) and reading accuracy 

scores (F (1, 41) = 6.713, p = .013, eta-squared = .141, power = .72, β = -138.887) were 

significantly impacted by the asymmetry coefficient.   Given that the direction of change 

was negative, the regression coefficient indicated that individuals with a larger leftward 

asymmetry, performed better on measures of reading achievement (refer to figure 5.8). 

Overall, the linear models conducted on the ACC w/PaC volumes did support Hypothesis 

One as the left ACC was determined to be positively related to reading performance, 

particularly accuracy of reading. Refer to appendix for Tables 15a-c, 16a-c, and 17a-c. 
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Figure 5.8: Graph of Predicted reading accuracy values based on regression model for ACC 

w/ PaC asymmetry coefficient and FSIQ.  Diamond markers represents model including the mean 

FSIQ.  Square and triangle markers represents models with +/- 1 SD respectively for FSIQ (p = .013).  

  

Putamen and Reading Achievement 

The separate linear models conducted using right and left putamen as well as 

control variables (gender, FSIQ, family membership) as predictors of the three outcome 

variables of reading achievement (passage, rate, and accuracy) did not support the 

hypothesis that putamen would not influence reading achievement.  Although the left 

putamen was not found to be significantly predictive of passage score (F (1, 40) = .088, p 

= .271, eta-squared = .030, power = .62, β = -5.801E-03), the right putamen volume was 

significantly predictive of passage score (F (1, 40) = 4.670, p = .037, eta-squared = .105, 

power = .56, β = 1.31E-02).  Based on the unstandardized regression coefficient for every 

one point increase in voxel volume in the right putamen there was a 1.31E-02 point 

increase in reading rate score (refer to Figure 5.9). 
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Figure 5.9: Graph of Predicted passage values based on regression model for right putamen 

and FSIQ.  Triangle markers represents model including the mean FSIQ.  Square and diamond 

markers represents models with +/- 1 SD respectively for FSIQ (p = .037).  

 

The subsequent separate models found that reading rate but not reading accuracy 

(F (1, 40) = 2.619, p = .113, eta-squared = .021, β = 9.705E-03) was responsible for this 

finding as reading rate was predicted by right putamen volume (F (1, 40) = 6.168, p = 

.017, eta-squared = .134, power = .68, β = 1.341E-02).  Based on the unstandardized 

regression coefficient for every one point increase in voxel volume in the right putamen 

there was a 1.23E-02 point increase in reading rate score (refer to Figure 5.10). For the 

separate linear models conducted using total putamen volume (F (1, 41) = 0.890, p = 

.351, eta-square = .021, β = -3.116E-03) and asymmetry coefficient (F (1, 38) = 1.277, p 

= .265, eta-square = .03, β = -3.02) as predictors determined that these variables did not 

significantly influence reading achievement. Refer to appendix for Tables 18a-c, 19a-c, 

20a-c. 
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Figure 5.10: Graph of Predicted reading rate values based on regression model for right 

putamen and FSIQ.  Line with diamond markers represents model including the mean FSIQ.  

Triangle and square markers represents models with +/- 1 SD respectively for FSIQ (p = .017).  

Hypothesis Two: Volume and Reading Process  

 

Hypothesis Two comprises three separate but closely related premises, labeled 

here 2a, 2b, and 2c.  Separate linear models were conducted to examine the relationship 

between ACC and ACC w/ PaC volumes on reading processes, such as phonological 

awareness and rapid naming.  Hypothesis 2a stated that left ACC volume would influence 

phonological awareness.  Hypothesis 2b stated that the left ACC volume would influence 

rapid naming, and hypothesis 2c stated that putamen volume would not be related to 

reading processes (phonological awareness or rapid naming). 

Phonological Awareness 

Hypothesis 2a was not supported by the linear models conducted using ACC 

volumetric measurements and control variables (gender, FSIQ, family membership) as 

predictors of the outcome variable, phonological awareness.  A linear model conducted 
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using the left (F (1, 40) = .277, p = .602, eta-square = .007, β = -6.289E-04), and right (F 

(1, 40) = 3.319, p = .076, eta-square = .077, β = -2.616E-03) ACC volumes did not 

significantly predict phonological awareness.  The two separate linear models conducted 

for total ACC volume (F (1, 41) = 2.772, p = .104, eta-square = .063, β = -1.458E-03) 

and the asymmetry coefficient (F (1, 41) = .550, p = .462, eta-square = .013, β = 15.808) 

as predictors for phonological awareness did not yield statistically significant outcomes.   

Overall, it can be concluded that ACC volumetric measurements were not significantly 

related to phonological awareness. Refer to appendix for Tables 21a-c.  

Hypothesis 2a, however, was partially supported by the subsequent linear models 

conducted using the ACC w/PaC volumetric measurements and control variables (gender, 

FSIQ, family membership) as predictors of the outcome variable, phonological 

awareness.  The linear model conducted using the left (F (1, 40) = 2.998, p = .091, eta-

square = .070, β = -2.343E-03), and right (F (1, 40) = 2.410, p = .128, eta-square = .057, 

β = -1.716E-03) ACC w/PaC volumes as predictors did not significantly impact 

phonological awareness scores.  However, the separate linear model conducted using 

ACC w/ PaC asymmetry coefficient (F (1, 41) = 5.125, p = .029, eta-square = .111, 

power = .599, β = 95.721) was significant, suggesting the relationship of the right to left 

volume of the ACC w/PaC had a predictive impact on phonological awareness. The 

regression coefficient was positive indicating that those with larger right than left ACC 

w/PaC volume were more likely to perform better on the phonological awareness task 

(refer to figure 5.11).  This finding was contradictory to the findings the ACC w/PaC and 

reading achievement.  Given that the phonological awareness scores did not differentiate 

the reading able from the reading disabled group, interpretation of this result should be 
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made with caution. The separate linear model conducted for total ACC w/ PaC volume (F 

(1, 41) = .106, p = .747, eta-square = .003, β = -2.484E-04) was not significant.  Overall, 

only the ACC w/PaC asymmetry coefficient predicted phonological awareness. Refer to 

appendix for Tables 22a-c. 
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Figure 5.11: Graph of Predicted phonological awareness values based on regression model 

for ACC w/ PaC asymmetry coefficient (p = .029). 

 

Hypothesis 2c was supported by the linear models conducted using the putamen 

measurements and control variables (gender, FSIQ, family membership) as predictors of 

the outcome variable, phonological awareness.  The analysis found that the left (F (1, 40) 

= 1.712, p = .198, eta-squared = .041, β = -5.672E-03), and right (F (1, 40) = 1.134, p = 

.293, eta-squared = .028, β = -5.064E-03) putamen volumes were not significantly 

predictive of phonological awareness.  The two separate linear models conducted for total 

putamen volume (F (1, 41) = .578, p = .452, eta-squared = .014, β = -2.009E-03) and the 

asymmetry coefficient (F (1, 41) = 1.882, p = .178, eta-squared = .014, β = 2.902) as 

predictor variables, did not yield statistically significant outcomes.   Overall, putamen 
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volumetric measurements were not significantly predictive of phonological awareness. 

Refer to appendix for Tables 23a-c. 

Rapid Naming 

Hypothesis 2b was partially supported by the linear models conducted using ACC 

measurement and control variables (gender, FSIQ, family membership) as predictors of 

the outcome variable, rapid naming.  The analysis indicated that left (F (1, 40) = 2.371, p 

= .131, eta-square = .056, β = 2.240E-03), and right (F (1, 40) = 1.357, p = .251, eta-

square = .033, β = 2.038E-03) volumes did not significantly predict rapid naming scores.  

The separate linear model conducted using the total ACC volume did significantly predict 

rapid naming (F (1, 41) = 4.197, p = .047, eta-square = .093, power = .52, β = 2.156E-

03).  

 The separate linear model conducted using the ACC asymmetry coefficient (F (1, 

41) = .278, p = .601, eta-square = .007, β = -13.768) as a predictor of rapid naming was 

not significant. Overall, only total ACC volume was significantly predictive of rapid 

naming, such that with every one point increase in voxel volume in the total ACC there 

was a 2.156E-03 increase in rapid naming score (refer to figure 5.12). Refer to appendix 

for Tables 24a-c. 
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Figure 5.12: Graph of predicted rapid naming values based on regression model for total 

ACC (p = .047). 

 

Hypothesis 2b was not supported by the linear models conducted using the 

measurements of the ACC w/PaC and control variables as predictors of the outcome 

variable, rapid naming. The linear model conducted using left (F (1, 40) = .014, p = .907, 

eta-square = .000, β = -1.978E-04), and right (F (1, 40) = 1.677, p = .203, eta-square = 

.040, β = 2.916E-03) volumes did not significantly predict rapid naming scores.  The two 

separate linear models conducted using total ACC w/PaC volume (F (1, 41) = 1.346, p = 

.253, eta-square = .032, β = 1.066E-03) and the asymmetry coefficient (F (1, 41) = .104, 

p = .748, eta-square = .003, β = -17.681) as predictors, were not significant. Refer to 

appendix for Tables 25a-c.   

Hypothesis 2c was supported by the linear models conducted using putamen 

measurements and control variables as predictors of the outcome variable, rapid naming.  

The analysis indicated that the left (F (1, 40) = .008, p = .930, eta-squared = .000, β = 

4.721E-04), and right (F (1, 40) = .423, p = .519, eta-squared = .010, β = 3.792E-03) 

putamen volumes were not significantly predictive of rapid naming.  The two separate 
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linear models conducted using total putamen volume (F (1, 41) = 1.002, p = .323, eta-

squared = .024, β = -3.215E-03) and the asymmetry coefficient (F (1, 41) = .091, p = 

.891, eta-squared = 000, β = -.366) as predictors, were not significant.   Overall, putamen 

volumetric measurements were not significantly related to rapid naming. Refer to 

appendix for Tables 26a-c.   

Logistic Regressions 

 Three logistic regressions were run for each brain region, ACC, ACC w/PaC, and 

putamen, for a total of nine regressions, in order to determine whether volumetric brain 

measurements were predictive of membership across diagnostic categories of reading 

able to reading disabled. The left and right volume measures were analyzed in the same 

regression, while the total and asymmetry coefficients were analyzed in two separate 

regressions. The regression was conducted on all 68 participants and on brain volumes 

centered about the family mean. The reading compensated individuals were collapsed 

into the reading able category based on the criteria for RD previously stated.  

 Anterior Cingulate Cortex: None of the four ACC measurements were predictive 

of reading diagnosis (left: p = .372; right: p = .181; total volume: p = .114; asymmetry: p 

= .728.  

Anterior Cingulate Cortex w/ PaC:  None of the four ACC w/ PaC measurements 

were predictive of reading diagnosis (left: p = .074; right: p =. 866; total volume: p = 

.066; asymmetry: p = .096.   Although, ACC w/PaC measurements were not found to be 

predictive of group membership based on reading diagnosis, the total ACC w/ PaC 

volume did demonstrate a trend towards significance (p =.066).   
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Putamen:  None of the four putamen measurements were predictive of reading 

diagnosis (left: p = .839; right: p =.133; total volume: p = .761; asymmetry: p = .761.   

The logistic regressions were less sensitive to subtle differences in the Anterior 

cingulate cortex (both including and excluding the PaC) and putamen measurements than 

are the linear models described above because the dichotomous variable RD/No RD has 

less variance. This attenuation of variance may have prevented the observance of 

significant effects, especially due to the wide range of ages and reading ability that were 

captured by the dichotomous variable.  

Exploratory Analyses 

The ACC with Pac volumetric measurements, particularly the left, were the most 

predictive variables of reading achievement scores. This raises the question, would the 

volume of the PaC alone be predictive of reading achievement.  In order to address this 

question linear models were conducted using only the PaC volumetric measurements 

(left/right and total) and control variables (gender, FSIQ, family membership) as 

predictors of the outcome variables related to reading achievement (passage, rate, 

accuray).  The models were conducted in the same manner as the previous linear models: 

right and left volumes were entered into the same model, while the total PaC volume was 

analyzed in a separate model.  Given that a portion of the participant did not have a PaC, 

their volumetric measurement was entered as zero.  The linear models indicated that the 

left PaC volume was not predictive of passage (F (1, 40) = .314, p = .578), reading accuracy 

(F (1, 40) = .419, p = .521), or reading rate (F (1, 40) = .239, p = .628). The linear models 

indicated that the total PaC volume was not predictive of passage (p = .857), reading 
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accuracy (p = .351), or reading rate (p = .822).  Overall, although the left ACC w/ PaC is 

predictive of reading achievement, the PaC volume alone is not. 
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Chapter 6: Discussion  
 

Summary 

This study was conceived in response to the growing body of literature indicating 

linkages between brain structures and specific behavioral functions, particularly in the 

area of dyslexia. Recent studies have provided evidence that the anterior cingulate cortex 

(ACC) is an integral component of neurobiological networks involved in such executive 

functions as language, attention, motivation, emotion, memory, learning, and motor 

behaviors (Devinsky et al., 1995, Yücel et al., 2001), many of which are required for 

reading.  It has been shown that the ACC may be involved in anticipatory reactions and 

response preparation during reading and related tasks (Paus et al., 1998) and in 

modulation of the fronto-temporal networks during language processing tasks (Thomson 

et al., 2005).  The results of imaging studies on the ACC indicated that further 

exploration of these structure-function relationships was warranted in relation to the 

ACC’s role in reading.   

The current study is the first to demonstrate that structural deficits in the ACC 

may play a role in reading ability.  It is in this regard that the work presented here 

contributes to the research and literature of neuroscience and behavior. In this study the 

relationship between size of the ACC, as reflected in volumetric measurement (i.e. 

reduced volume and/or asymmetry differences), to reading ability and reading processes 

was investigated. The sample consisted of 68 individuals (44 adults and 24 children) 

contained within 24 families, including individuals with and without reading disorders.  

The utilization of a family sample allowed for the examination of the effect of the volume 
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of the ACC on reading, while controlling for normally occurring fluctuations in the size 

of the ACC due to heredity and shared environment within a family. 

Paracingulate 

Previous research has shown that a paracingulate sulcus (PCS), with resulting 

paracingulate cortex (PaC) morphology variation, significantly influences ACC volume 

(Yücel et al., 2001).  Past studies, however, have been inconsistent with regard to their 

inclusion or exclusion of this structure in the ACC volume (Goldstein et al., 2002; Yücel 

et al., 2001 & 2005).   This procedure was important to the current study; because 

previous research has suggested that the PaC does play a role in language (Paus et al., 

1996) and it is activated in functional imaging studies of word generation (Yücel et al., 

2001). Individuals are more likely to manifest a leftward asymmetry of the PaC and it has 

been suggested that this leftward asymmetry is associated with the language processing 

(Paus et al., 1996; Yücel et al., 2001).  Those earlier findings were found to be consistent 

with findings of the current study in that 68% of the sample in this study had at least a 

left PaC, while 60% had at least a right PaC.  

The PaC’s presence is considered to be typical in 30–60% of individuals (Paus et 

al., 1996; Yücel et al., 2001).  In this sample, however, 78% of the participants had the 

PaC present in at least one hemisphere.  The presence of a PaC among participants in this 

study exceeded the normal population distribution.  Given that the presence or absence of 

the PaC is influenced by genetics, (Yücel et al., 2001, 2005), the higher rate found in this 

study may reflect sample-specific family characteristics.   

 There is no consensus on the inclusion of the PaC in the measurement of the 

ACC and the inconsistency of inclusion/exclusion has yielded inconsistent results across 
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various neuropsychological disorders (Rifken et al., 2005).   Therefore, in the present 

study, two sets of measurements were collected for the ACC: one which included the PaC 

measurements and one which excluded the PaC.  This procedure proved to be an 

important methodological consideration, as different results were obtained on the 

analyses conducted on each set of measurements.  Finally, a control region, the putamen, 

discussed elsewhere, was included in the analyses to rule out possible whole brain effects 

and improve the specificity of the findings of the study. 

Summary of Analyses 

The first two hypotheses posited that systematic variation in volumetric 

differences in the left ACC would be predictive of measures of reading achievement and 

processes.  The existence of such a relationship was supported for the ACC with PaC 

volumes for reading achievement measures, particularly reading accuracy.  For the 

volumetric measurements of the ACC without the PaC included, however, it was the right 

ACC volume that significantly predicted reading related measures, particularly reading 

rate.  The third hypothesis stated that volumetric measurements of the ACC would vary 

systematically with “reading able” and “reading disordered” group membership; 

however, this was not supported in the current study.   

Reading achievement and ACC volume 

  The first hypothesis in this study predicted that measures of reading achievement 

would be directly related to left ACC volumes.  As has been noted, the hypothesis was 

supported for ACC volumetric measurements, which included the PaC.  After controlling 

for gender, IQ, and family membership, the left ACC with PaC volume significantly 
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contributed to scores in GORT passage, a composite score reflecting both reading rate 

and accuracy.  When examined individually, the left ACC with PaC was significantly 

related to reading accuracy, but not reading rate scores.  Findings based on the total ACC 

with PaC volume paralleled the findings for the left side.  The total volume significantly 

influenced the GORT passage score, particularly through reading accuracy and not 

reading rate.  The right ACC with PaC volume did not, as predicted, contribute 

significantly to reading achievement measures. This finding is consistent with other 

research findings that suggest that circuits or systems involved in reading primarily reside 

in the left hemisphere (Pugh, Menel, Jenner et al., 2000; Shaywitz et al., 2002).     

The hypothesis that reading achievement would be significantly influenced by the 

left ACC volume was not supported for the analysis of the ACC excluding the PaC.  The 

left ACC did not contribute to reading achievement scores.  The right ACC and total 

ACC volumes were, however, determined to be significantly associated with passage 

score.  This relationship, in turn, appeared to be most influenced by the reading rate 

scores.  While the significance of the results for the right side of the ACC were 

unexpected, previous research has suggested that disruptions in the right ACC result in 

deficits in the performance of tasks that require attentional and executive functions 

(Crespo-Facorro et al., 1999).  Disrupted functional activity of the right ACC has been 

linked to deficits in attention in individuals with schizophrenia (Crespo-Facorro et al., 

1999), and a reduction in right ACC volume has been found in children with ADHD 

(Semrud-Clikeman et al., 2006). These previous studies and current findings may 

implicate an attentional circuit that supports reading skills or compensates for language 

related deficits. This theory has received support from recent fMRI studies demonstrating 
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right ACC activation in visual and auditory divided attention tasks (Vohn, Fimm, Weber, 

et al., 2007), as well as in attentive processing of speech (Christensen, Antonucci, 

Lockwood et al., 2008) 

The Putamen  

The role for the basal ganglia, which includes the putamen, in reading has only 

recently been addressed (Schotnmartz et al., 2000).  Studies utilizing PET technologies 

demonstrated that the basal ganglia is activated in language studies that included the 

motor output, such as writing text, but not in reading text (Schotnmartz et al., 2000).   

Prior to the completion of the current study, a review of the literature did not find any 

relationship between the structure differences in the putamen and reading disorder.  

Therefore, it was hypothesized that the volumetric measurements of the putamen would 

not be significantly predictive of measures of reading achievement.  This hypothesis was 

not supported in the current study. Paralleling the analyses conducted on the ACC 

measurements, the right putamen volume significantly predicted GORT passage score. 

The findings indicated that individuals with a larger right putamen performed better with 

regard to reading rate, but not accuracy.   

While this finding was unexpected, there exists research demonstrating that 

structural deficits in the putamen occur in children with ADHD (Max et al., 2002).  In 

addition, a more recent study revealed differences in putamen asymmetry in individuals 

with reading disorders versus normal readers (Casanova, Christensen, Giedd, et al., 

2005). The results from the Casanova et al., 2005 study indicated that normal readers had 

a right larger than left putamen, while the reading disabled group had a larger left than 

right putamen.  The same reversal in putamen asymmetry was found in children with 



97 

 

ADHD Combined Type versus a control group (Wellington et al., 2006).  These previous 

and current findings suggest a role of the putamen in reading rate, possibly through 

factors related to attention. 

The finding that the larger right putamen and right ACC (with PaC excluded) 

volumes positively affected reading achievement suggests that an important relationship 

may exist between the structural integrity of attention-related circuits and reading. The 

reading rate score may be affected by an individual’s ability to concentrate and to focus 

attention; it may, therefore, be conjectured that the ACC and the putamen are involved in 

the attention deficits that have been noted in children with reading disorders, even at a 

sub-clinical level.  The converse may also be true, i.e., that the more intact or well 

developed the attention circuit the better an individual is able to compensate. 

Reading processes and ACC volume  

The second hypothesis in the current study predicted that the measurements of 

reading processes, such as phonological awareness and rapid naming, would be affected 

by ACC volumetric measurements, particularly the left side.  The results provided only 

limited support for this hypothesis, as the significant results were not specific to the left 

ACC with or without the PaC.  None of the volumetric measurements for the ACC (with 

PaC excluded) or the left, right, and total ACC with PaC were significant predictors of 

phonological awareness. The asymmetry coefficient for ACC with PaC, however, did 

significantly contribute to phonological awareness.   The asymmetry coefficient is a 

measurement of the relationship of the right to left volume of the brain region of interest 

and is calculated by the equation [Right – Left]/ [0.5(Right + Left)].   Past 

imaging research has demonstrated that differences in asymmetry of a brain region may 
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contribute to expression of disorders (Casanova, et al., 2005; Max, et., 2002; Semrud-

Clikeman et al., 1991; Wellington et al., 2006).  It has been suggested that changes in the 

asymmetry or symmetry of brain regions may reflect abnormalities in the underlying 

neurotransmitter systems (Hynd et al., 1993) and result in disruptions in behavior.  The 

current findings for the ACC with PaC asymmetry coefficient suggested that the greater 

the leftward asymmetry (larger left than right), the less likely the individual would be to 

perform well on phonological awareness measures.  It is noted that this finding is directly 

opposite to that for reading achievement results. 

Similar findings were obtained for corpus callosum volume when similar analyses 

were conducted on the same data set upon which this study is based (Fine et al., 2007).  

In both studies (Fine et al., 2007 and the current study) the phonological awareness score 

did not distinguish well between reading groups, and the CTOPP Phonological 

Awareness composite score was below what was expected for normally developing 

readers.  Regression analyses of the GORT passage scores and CTOPP phonological 

awareness scores demonstrated that no relationship existed between these two measures.  

Therefore, in this sample, better readers are not necessarily better at phonological 

processing.  Given that remediation often includes training of phonological processing 

skills, these groups may appear to perform similarly in consequence of a practice effect 

for the reading disordered rather than as a result of natural ability.  These practice effects 

are often more noticeable when the task to assess phonological awareness is not 

administered under timed conditions, as was the case for this data set.  In the current 

study, the degree of remediation for phonological awareness the participants had received 

was not controlled.  It is suggested that this issue be addressed in future studies.   
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Rapid naming scores were predicted to be influenced by left ACC volumes. The 

rationale for this position was derived from the premise that individuals would 

demonstrate better rapid naming skills based on a larger left ACC volume because of the 

known role of the ACC in attention and known lateral localization of language to the left 

side.  Although a specific left side influence of the ACC measurements on rapid naming 

was not supported, the total volume of the ACC was found to contribute significantly to 

rapid naming scores.  The ACC with PaC included measurements did not contribute 

significantly to rapid naming performance score variation. Consideration of this finding, 

however, requires recognition that rapid naming measures did not differ significantly 

between groups of reading able and RD children and adults.  Rapid naming was only 

significantly different between the reading able and reading compensated groups for 

adults.  The finding related to the total ACC may be an artifact of more global attentional 

functioning, however, rather than specific to such language abilities as rapid naming, 

which has an attentional component.  This suggestion is discussed further in the 

implications section of the chapter.  

The volumetric measurements of putamen were not predicted to contribute 

significantly to reading process.  This premise was supported, as these measurements 

were not statistically significant for phonological awareness or for rapid naming.  The 

current results imply that the putamen plays little or no role in phonological awareness 

and rapid naming.  Rapid naming, however, has previously been demonstrated to be 

impaired in children with ADHD as well as RD.  Since measures of phonological 

awareness sand rapid naming for reading able and reading disabled group were not 

reflective of the normal population the relationship between putamen volume and rapid 
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naming may warrant further investigation given the findings that the putamen is affected 

in both RD and ADHD. 

Relationship between Reading Ability and Reading Processes 

The analyses conducted on the ACC with PaC measurements were significantly 

predictive of reading accuracy and phonological awareness, while the linear models 

conducted with ACC measurement without PaC were better predictors of reading rate and 

rapid naming.  A recent study explored the specificity of the association between reading 

processes (rapid naming and phonological processing) with measures of reading ability 

(reading accuracy and reading comprehension) (Savage and Frederickson, 2005).  A 

regression analyses determined that phonological processing abilities predicted reading 

accuracy but not reading rate. That study also revealed that rapid naming, particularly of 

digits, predicted both accuracy and rate; however, rapid alphanumeric naming was a 

highly specific predictor of reading rate (Savage and Frederickson, 2005). In addition, 

research has demonstrated that poor reading performance in ADHD is linked to rapid 

naming and the associated executive functions rather than to the linguistic functions of 

phonological processing (Bental and Tirosh, 2007).  Taken together with the current 

findings, imply a more refined understanding of the role played by the ACC, possibly 

with the left ACC with PaC playing a more specific role in language related skills, and 

the right ACC and putamen are more involved in attentional processes. 

Reading Disordered and Reading Able Outcomes  

The hypothesis that the differences in the ACC volumes (left, right, or total) 

would predict diagnostic category, i.e., reading disordered versus reading able, was not 
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supported in the current study for either ACC or ACC with PaC volume measurements.  

This result is not entirely unexpected, as it was not predicted that the ACC would be the 

primary site of deficit in individuals with reading disorders.  In addition, it is likely that 

logistic regressions were less sensitive to subtle differences in the ACC, given that the 

dichotomous variable RD/No RD has less variance, especially given to the wide range of 

ages and reading abilities.   

Implications  

 The current study is one of the first to implicate structural differences in the ACC 

as a significant correlate to reading achievement and reading processes.  Although the 

purpose of the current study was to investigate the possible role of the ACC in reading, 

its most significant finding is related to varying results based on the inclusion or 

exclusion of the PaC.  The PaC is considered to be important for language related skills 

(Paus et al, 1996) and it is often considered a part of the ACC (Yücel et al., 2001).  As 

discussed previously, significant inter-individual variations exist in the presence or 

absence of the paracingulate sulcus/gyrus and resulting PaC (Paus et al, 1996; Yücel et 

al., 2001).  Accordingly, the current results have important implications for research 

conducted on the ACC. 

Methodological Implications 

The structural variability and complexity related to inter-individual variation in 

the location, extent, and complexity of the sulci or gyri within the ACC/PaC complex 

makes the identification and selection of boundaries difficult (Riffken et al., 2005; Yücel 

et al., 2001).  There is little consistency across studies in the measurement of the ACC as 
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to the inclusion or exclusion of the PaC (Fornito et al., 2004; Riffken et al., 2005, Yücel 

et al., 2001, and 2002).  The lack of reliable measurements of the ACC/PaC complex 

among studies is problematic (Yücel et al., 2001) and the majority of volumetric studies 

of the ACC do not indicate whether the PaC was included or excluded (Yücel et al., 

2002). The inconsistency in defining the ACC in previous research has led to conflicting 

structural findings and relationships across several disorders, such schizophrenia (Yücel 

et al., 2002).    

The impact of this issue is illustrated in the current study, as inclusion or 

exclusion of the PaC yielded very different results regarding the influence of the ACC 

volume on reading achievement and processes.  The inclusion of the PaC implicated the 

left side of the ACC in reading, predominantly with regard to reading accuracy, while 

excluding this region resulted in significant differences for the right side of the ACC, 

most markedly with regard to reading rate.  These findings argue strongly for 

methodological consistency across studies and, more specifically, for completing two 

measurements of the ACC, i.e., measurements which include and measurements which 

exclude the PaC. Methodological considerations for the measurement of ACC are likely 

to determine, in large part, what is discovered through further study of the region.   

Theoretical Implications 

Current findings for the ACC with the PaC excluded support the theory that the 

anatomical deficits may be related to a right side attentional circuit/mechanism, while 

inclusion of the PaC in the ACC measurement may be related to executive functions that 

tend to be more language specific.  This theory has been previously suggested (Paus et 

al., 1996) and imaging studies have demonstrated ACC activation in the hemisphere that 
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was occupied with a task, such that the left ACC mediated cognitive control when 

subjects processed verbal stimuli (Stephan et al., 2003) and language generation tasks 

(Paus et al., 1996; Yücel et al., 2001).   

Leftward PCS asymmetry is the most common pattern of ACC-paracingulate 

folding seen in healthy populations (Paus et al., 1996; Yücel et al., 2001), and the left-

ward asymmetry has been associated with a performance advantage on language tasks 

(Herholz et al., 1996; Crosson et al., 1999 Fornito et al., 2004; Fornito, Whittle, Wood et 

al., 2006; Fornito, Wood, Whittle et al., 2008; Yücel, et al., 2005).  The types of tasks 

that result in ACC activation include verbal fluency, verb generation and stem 

completion (Barch et al., 2000; Crosson et al., 1999; Yucel, et al., 2005).  When the PaC 

is present, it has been noted, that the activation during language tasks migrates from the 

ACC proper to the PaC (Fornito et al., 2004).  The specific functional interpretation of 

the role of the ACC in relation to language generation is somewhat unclear, although it 

has been suggested to play an evaluative role by monitoring multiple responses during 

language related tasks (Barch et al., 2000) and/or modulating the fronto-temporal 

network during language processing (Stamatakis et al., 2005; Binder et al., 2005).  

However, the theory that only the left ACC is involved in language and reading skills is 

likely to be overly simplistic.   It has been suggested that leftward PCS asymmetry is 

associated with better performance across both verbal and spatial executive tasks (Fornito 

et al., 2004), despite spatial tasks being considered right hemisphere processes.  

Although, the ACC in the task-dominant hemisphere has been implicated in 

cognitive control and monitoring for conflict, when errors occur, the contralateral ACC is 

activated to initiate error-related processing (Yeung et al., 2004). Recent functional 
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imaging studies have indicated that even for verbal stimuli, specific demands of the task 

may rely on bilateral ACC activation (Lütcke & Frahm, 2008).  It is possible that these 

“specific demands” are more attention related, as the theory that the right ACC is part of 

an attentional system has been supported by previous research (Paus et al., 1996).  People 

with schizophrenia show disruptions in attentional processing and decreased levels of 

activation in the right ACC under novel conditions (Paus et al., 1996) and they may be 

unable or possess a compromised ability to activate a right attentional circuit (Crespo-

Facorro et al., 1999; Paus et al., 1996).  Additionally, medication naive ADHD children 

have smaller right ACC volumes than normal and medication treated children (Semrud-

Clikeman et al., 2006).  This past research along with the current findings provide at least 

tentative support for the premise that there exists a right hemisphere attentional circuit, 

given that larger right putamen and ACC (with PaC excluded) volumes were significantly 

related to reading rating.   

The results of the current study and previous research suggest that the left ACC, 

including PaC measurements, may be related to the role of executive function related 

associated with language processes (Fornito et al., 2004; Paus et al., 1996) and reading 

related processes.  Additionally, past studies and the current findings suggest that the 

right ACC without PaC and the right putamen may exert a global effect on language and 

reading processes via attentional mechanisms (Crespo-Facorro et al., 1999; Paus et al., 

1996). 

Clinical implications 

 Finally, the clinical implication from this study include the suggestion that 

remediation that provides attentional training and experience with tasks that activate the 
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ACC are likely to be beneficial in reading remediation.  This implication has support 

from previous research demonstrating that reading remediation elicits functional changes 

in the ACC (Temple et al., 2003; Thomson et al., 2005).  In addition to functional 

changes following intervention, studies have shown that the ACC has also undergone 

volumetric changes following medication treatment in children with ADHD (Semrud-

Clikeman et al., 2006). Semrud-Clikeman and colleagues suggest that these findings 

provide evidence that the ACC is impacted by treatment and that it appears to 

demonstrate plasticity both in function and structure when a child is able to make 

connections between rules and behavior. The ACC has been implicated in error detection 

and correction (MacDonald et al., 2002) and it may be a pathway for the cognitive and 

emotional regulation of behavior (Yücel et al., 2003).  Therefore, the ACC may change 

with exposure to learning to use rules to guide behavior (Semrud-Clikeman et al., 2006).  

Given the apparent plasticity of this region, along with the volumetric findings of the 

current study, it may be useful to develop interventions for reading disorder that provide 

remediation/training of skills that target the ACC.  

Limitations 

 A limitation for this study is sample size. Although a sample size of 68 is 

relatively large compared to other MRI studies, the familial component of the current 

sample size resulted in relatively small samples of children and adults in each group 

(reading disabled versus reading able).  Further, the group of reading compensated adults 

was very small, making it difficult to determine whether, in fact, there are effects of 

reading remediation on the ACC.  Another limitation related to the familial nature of the 
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sample was the loss of degrees of freedom in order to control for family membership, 

resulting in a diminution of the overall statistical power for the linear models.  

The relatively small sample size was further complicated by the previous research 

suggesting that gender influences ACC morphology and, also, measures of reading 

ability.  This finding was confirmed in the current study, as controlling for gender 

reduced the level of significance found across the analyses conducted.  This issue may be 

more problematic in the current sample, as although the adult sample was relatively well 

balanced between males (45.5%) and females (54.5%), for the children’s sample there 

were more males (62.5%) than females (37.5%).     

 The present study is also limited in that it examined only structural differences of 

the ACC and the putamen.  Because functional data were not available, structural 

differences in volume cannot be directly linked to brain activity.  Previous MRI studies 

have shown a substantial correlation between larger brain size and greater general 

cognitive performance (Willerman et al., 1991; Andreason, et al., 1993; Wickett et al. 

1996; Schoenemann et al., 2000), suggesting a correlation between structure and 

function.  When specifically addressing research on dyslexia, structural and functional 

deficits have been found in regions that grossly overlap; however, precise structure-

function relations are not well known as very few studies have compared both structural 

and functional MRI differences (Hoeft et al., 2007).  Hoeft and colleagues (2007) were 

able to demonstrate a correlation between reduced functional activation with a reduction 

in gray matter volume in the left parietal region (Hoeft et al., 2007).  In sum, while 

structure has been linked to function in previous research, it cannot be stated with 



107 

 

certainty that current findings related to the left ACC with PaC volume are related to 

reading process rather than a more generalized effect of overall executive functioning.   

Future Research  

Future research studies and investigators would benefit from assessing a larger 

sample size of children, both with a pure reading disorder and those who are reading able.  

It would also be beneficial to examine or control for the impact of remediation, as the 

ACC has been demonstrated to increase and decrease in size over the life course of 

neuropsychological disorders.  Because there were significant findings for the right ACC 

as well putamen volume on reading rate, future research on reading should also examine 

how the disorder impacts global brain structure and function.   The putamen has 

previously been implicated in ADHD (Max et al., 2002; Wellington et al., 2006) and 

reading disorders (Casanova et al., 2005). The high rate of co-morbidity between ADHD 

and reading disorder and frequently sub-clinical weaknesses in attention for individuals 

with dyslexia suggest that the putamen and ACC may be regions in which the disorders 

share common links.   Additional research combining both structural and functional 

elements may shed light on these interactions in children with ADHD and reading 

disability exclusively and with a co-morbid sample.   

 In addition, as has been previously stated, structural work paired with functional 

studies would yield a more direct connection between structure and reading abilities 

versus non-specific global effects in executive functions.  The use of functional data may 

be helpful to determine whether the effects noted on the right ACC (without PaC) are, 

indeed, related to attentional factors.  The use of functional data may also contribute to 
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better examination and evaluation of the nature of the relationship between the left ACC 

with PaC and reading related skills, specifically.   

The ACC has been implicated in several disorders, including bipolar disorder, 

ADHD, OCD, schizophrenia, PTSD, stuttering (Yamasue et al.,2003; Riffken et al., 

2005, MacLullich et., 2006; Semrud-Clikeman et al., 2006; Yücel et al.,2001, 2003, 

2005), and now reading disorder.  While these findings suggest a non-specific global 

dysfunction in the ACC, ACC is considered to have at least three major functional 

subdivisions (affective, cognitive and motor components) with different underlying 

connectivity and cytoarchitecture (Parent, 1996; Yücel et al., 2003); and there is evidence 

supporting specific patterns of deficits related to symptom pattern (Turen & Swick, 

1999).   The next step in research on the role of the ACC in psychiatric and 

developmental disorders is to conduct more specific structural/functional measurements 

on the ACC by attempting to reduce it further to its subgenual, rostral and caudal 

sections.  Recent research determined that the relationship between the subgenual and 

rostral subregion volumes of the ACC and measures of cognitive performance were 

significantly different between patients with bipolar disorder and healthy subjects, despite 

comparable overall ACC volumes (Zimmerman et al., 2006).   

The findings that variations in morphology (Yucel et al., 2001, 2002) and 

subregional volumes (Zimmerman et al., 2006) of the ACC impact cognitive functioning 

illustrate the complexity of this structure.  This extreme complexity is supported by the 

current results, and suggests that this brain region warrants further investigation relative 

to its morphology, its subregions, and its functional properties as each relates to reading 

disorders. Advances in the field will result from investigations of the specificity of the 
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structure and function of the region, as well as the complexity of the disorder and its 

impact on global brain structure and function.  
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Appendices 

    

(1) Tables 4-11 Volumetric Measurements 

(2) Tables 12-26:  Results of Linear Models 

(3) Consent forms 

Consent forms used for the data collection phase under the supervision Dr. 

George Hynd, Center for Clinical and Developmental Neuropsychology, 

University of Georgia, Athens, GA. 

a. Parent Neuropsychological Battery Consent 

b. Child Neuropsychological Battery Consent 

c. Parent MRI Consent 

d. Child MRI Consent 

 

(4) Institutional Review Board Approval from the University of Texas at Austin for 

current study
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(1) TABLES 4-11: Volumetric Measures of Brain Regions 

 

Table 4: Total Brain Volume Measurements for children and adults 

 
Adults 

 
Mean 

 
Std. Dev 

 
Children 

 
Mean 

 
Std. Dev 

Reading Able 
n = 31 

1346248.68 118189.07 Reading Able 
n = 10 

1414272.80  162235.25 

Reading 
Disabled 
n = 5 

1322223.40  90376.23 Reading 
Disabled 
n = 14 

1465180.64  140801.83 

Adult RD Comp 
n = 8 

1368688.63 168616.38    

Total 
N=44 

1347598.52 123663.64 Total 
N = 24 

1443969.04  148869.25 

 

Table 5a: Raw ACC Volumetric Measurements for Adults  

Adults Left ACC  Right ACC    Total ACC  

Reading Able 
n=31 

5644.16  +  1317 6236.39  +1550   11880.55  +  1983  

Reading Disabled 
n=5 

5579.80  +  1780 6362.80  +  1002   11942.60  +  2603  

Adult RD Comp 
n=8 

5982.38  +  2161 7475.75  + 1651   13458.13  + 2615 

Total N=44 5698.34  +  1511 6476.09  + 1564   12174.43  + 2205 

 
Table 5b: Raw ACC w/PaC Volumetric Measurements for Adults  

Adults  Left ACC w PC  Right ACC w PC   Total ACC w PC 
 

Reading Able 
n=31 

7735.74  + 1727 7840.871 + 1624   15576.60  + 2927 

Reading Disabled 
n=5 

7620.00  + 926 7356.20  + 704   14976.20  + 909 

Adult RD Comp 
n=8 

8153.75  + 1655 7475.75  + 1651   15629.50  + 3263 

Total  N=44 7798.59  + 1816 7719.41  + 1538   15518.00  + 2798 

 
Table 6a: Raw ACC Volumetric Measurements for Children 

Children Left ACC  Right ACC    Total ACC 

Reading Able 
n=10 

5838.20  +  1571 7676.10  +  2092   13514.30  +  1905  

Reading Disabled 
n=14 

6973.07  +  2018 7604.64  +  1587   14477.71  +  2562  

Total N=24 6441.88  +  1881 7634.41  + 1771   14076.29  + 2317 
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Table 6b: Raw ACC w/PaC Volumetric Measurements for Children 

Children  Left ACC w PC 
  

Right ACC w PC 
  

Total ACC w PC 
 

Reading Able 
n= 10 

9624.00  +  2360 9244.70  +  1791   18858.70  +  3437  

Reading Disabled 
n= 14 

10194.93  +  1588 9043.14  +  1387   19238.07  +  2385  

Total  N=24 9952.87  +  1921 9127.13  +  1534   19080.00  + 2806 

 

Table 7a: Raw Putamen Volumetric Measurements for Adults 

Adult Left Putamen Right Putamen Total Putamen 

Reading Able 
N=31 

4773.58 + 552.76 4683.10 + 515.87 9328.42 + 1321.33 

Reading Disabled   
N=5 

4975.40 + 657.19 5115.20 + 613.59 10090.60 + 1229.50 

Adult RD Comp 
N=8 

4742.12 + 913.59 4846.50 + 730.91 9588.63 + 1625.95 

Total N=44 4790.80 + 627.56 4761.91 + 572.70 9462.341 + 1360.46 

 

Table 7b: Raw Putamen Volumetric Measurements for Children 

Children Left Putamen Right Putamen Total Putamen  

Reading Able 
N=10 

5383.10 + 402.81 5498.60 + 433.15 10881.70 + 746.20 

Reading Disabled 
N=14 

5621.93 + 950.77 5445.929 + 930.82 10746.929 + 2321.83 

Total N=24 5522.42 + 767.39 5467.88 + 75.90 10803.08 + 1808.18 

 

Table 8a: Adjusted ACC Volumetric Measurements for Adults  

Adults Left ACC  Right ACC Total ACC 

Reading Able 
N=31 

260.71 + 1039.69 350.04 + 1245.51 590.524 + 1432.76 

Reading Disabled   
N=5 

586.09 + 1912.68 -31.864 + 725.02 554.221+ 2134.46 

Adult RD Comp 
N=8 

225.633+ 1612.36 -352.04 + 818.70 -126.41 + 1920.59 

Total N=44 291.309+ 1236.63 178.99 + 1148.49 456.05 + 1591.77 

 
Table 8b: Adjusted ACC w/PaC Volumetric Measurements for Adults  

Adults Left ACC w PC Right ACC w PC Total ACC 

Reading Able 
N=31 

-547.81 + 1438.76 -163.83 +1432.98 -711.65 + 2368.13 

Reading Disabled  
N=5 

-476.469 + 535.23 -504.78 + 1130.72 -981.25 + 1270.64 

RD Compensated 
N=8 

-304.55 + 1698.84 -663.19 + 1127.41 -967.74 + 2562.73  

Total  N=44 -495.474 + 1396.27 -293.37 + 1342.09 -788.84 + 2268.58 



113 

 

 

Table 9a: Adjusted ACC Volumetric Measurements for Children 

Children  Left ACC Right ACC Total ACC 

Reading Able 
N=10 

-103.13 + 1517.79 576.737 + 1838.27 473.609 + 2088.52 

Reading Disabled 
N=14 

962.039 + 2008.42 171.023 + 1213.53 1133.062 + 2450.63 

Total N=24 518.219 +1862.56 340.070 + 1482.03 858.290 + 2282.89 

 
Table 9b: Adjusted ACC w/PaC Volumetric Measurements for Children 

Children  Left ACC w/PaC Right ACC w/PaC Total ACC w/PaC 

Reading Able 
N=10 

-56.75 + 1320.39 -273.70 + 1162.92 -361.81 + 1671.81 

Reading Disabled 
N=14 

-807.81 + 1594.82 -367.05 + 982.94 -1174.86 + 2038.98 

Total N=24 -494.87 + 1504.29 -328.16 + 1038.03 -836.09 +  1900.31 

 

Table 10a: Adjusted Putamen Volumetric Measurements for Adults 

 
Table 10b: Adjusted Putamen Volumetric Measurements for Children 

Children   Left Putamen  Right Putamen  Total  Putamen 

Reading Able 
N=10 

260.85 + 487.23 427.38 + 428.45 807.98 + 840.01 

Reading Disabled  
N=14 

385.53 + 911.91 280.97 + 853. 10 457.84 + 2192.71 

Total N=24 333.58 + 752.90 341.98 + 699.02 603.74 + 1739.18  

 

 

 

 

 

 

 

 

 

Adults   Left Putamen  Right Putamen Total Putamen 

Reading Able 
N=31 

134.28 + 588.27 225.20 + 511.52 359.48 + 1036.46 

Reading Disabled   
N=5 

111.51 + 671.15 -25.217 + 437.58 86.30 + 1089.72 

 RD Compensated  
N=8 

175.32 + 716.85 3.11 + 624.02 178.44 + 1307.35 

Total N=44 139.15 + 606.09 156.36 + 524.76 295.52 + 1071.81 
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Table 11a: ACC and Putamen Asymmetry Coefficient for Adults  

Adults ACC Asymmetry 
coefficient  

ACC Asymmetry 
coefficient w/  PC 

Putamen Asymmetry 
coefficient  

Reading Able 
N=31 

.023 + .091 .081 + .044 
 

.186 + .017 

Reading Disabled   
N=5 

-.041 + .027 -.043 + .099 -.289 + .024 

RD Compensated  
N=8 

-.063 + .039 .021 + .041 -.274 + .024 

Total N=44 .032 + .091 .017 + .052 -.048 +.882 

 
Table 11b: ACC and Putamen Asymmetry Coefficient for Children 

Children  ACC Asymmetry  
Coefficient  

ACC Asymmetry 
coefficient w/  PC 

Putamen Asymmetry 
coefficient  

Reading Able 
N=10 

.065 + .033 -.067 + 0.019 -.021 +  .023 

Reading Disabled  
N=14 

-.028 + .026 .029 + 0.012 .033 +  .031 

Total N=24 .0434 + .991 .020 +  0.052 .100 + .100 

 

(2) TABLES 12-26: Results from Linear Models on Brain Regions and Reading Outcomes 

 

Tables 12-14: Linear Models for Reading Achievement and ACC Volumes  
Table 12a: Linear Model for Passage Score with Right and Left ACC volumes 

 B df Mean 
Square 

F P Eta 
Squared 

Observed 
Power 

FAMILY  23 399.668 1.586 .099 .477 .863 
FSIQ .637 1 1396.116 5.539 .024 .122 .632 
GENDER -9.341 1 997.882 3.959 .053 .090 .493 

Left ACC 1.901E-03 1 420.153 1.667 .204 .040 .243 
Right ACC 3.212E-03 1 829.916 3.293 .077 .076 .425 

 
Table 12b: Linear Model for Reading Rate with Right and Left ACC volumes  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 301.627 1.306 .224 .429 .767 
FSIQ .723 1 1396.116 5.539 .008 .163 .777 
GENDER -9.578 1 997.882 3.959 .039 .102 .548 

Left ACC 1.317E-03 1 201.672 .874 .356 .021 .149 
Right ACC 3.858E-03 1 1197.300 5.186 .028 .115 .604 
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Table 12c: Linear Model for Reading Accuracy with Right and Left ACC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 438.469 1.550 .110 .471 .853 
FSIQ .648 1 1443.435 5.103 .029 .113 .597 
GENDER -9.490 1 1030.011 3.641 .064 .083 .461 

Left ACC 1.955E-03 1 444.240 1.570 .217 .038 .231 
Right ACC 1.726E-03 1 239.621 .847 .363 .021 .146 

 
Table 13a: Linear Model for Passage Score with total ACC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 398.494 1.609 .090 .474 .873 
FSIQ .679 1 1729.052 6.980 .012 .145 .732 
GENDER -8.604 1 923.353 3.727 .060 .083 .470 

Total ACC 2.447E-03 1 1298.665 5.243 .027 .113 .609 

 
Table 13b: Linear Model for Reading Rate with total ACC volumes  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 299.567 1.291 .233 .420 .764 
FSIQ .805 1 2426.827 10.456 .002 .203 .884 
GENDER -8.150 1 828.439 3.569 .066 .080 .454 

Total ACC 2.376E-03 1 1223.938 5.274 .027 .114 .611 

 
Table 13c: Linear Model for Reading Accuracy with total ACC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 441.989 1.601 .093 .473 .871 
FSIQ .640 1 1536.758 5.567 .023 .120 .635 
GENDER -9.619 1 1153.889 4.180 .047 .093 .515 

Total ACC 1.859E-03 1 749.670 2.716 .107 .062 .363 

 
Table 14a: Linear Model for Passage Score with ACC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 408.660 1.486 .132 .455 .837 

FSIQ .585 1 1188.570 4.322 .044 .095 .528 

GENDER -9.448 1 1112.659 4.046 .051 .090 .502 

Asym Co. 21.617 1 180.218 .655 .423 .016 .124 

 
Table 14b: Linear Model for Reading Rate with ACC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 313.925 1.240 .268 .410 .742 
FSIQ .685 1 1631.574 6.445 .015 .136 .698 
GENDER -9.077 1 1026.906 4.057 .051 .090 .503 

Asym Co. 30.580 1 360.639 1.425 .240 .034 .214 
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Table 14c: Linear Model for Reading Accuracy with ACC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 434.727 1.483 .133 .454 .836 
FSIQ .584 1 1183.664 4.038 .051 .090 .501 
GENDER -10.202 1 1297.248 4.426 .042 .097 .538 

Asym Co. 11.245 1 48.762 .166 .685 .004 .068 

 

Tables 15-17: Linear Models for Reading Achievement and ACC w/ PaC Volumes  
Table 15a: Linear Model for Passage Score with Right and Left ACC w/PaC volumes 

  B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 419.785 1.764 .057 .504 .906 
FSIQ .525 1 1005.069 4.224 .046 .096 .518 
GENDER -8.642 1 858.509 3.608 .065 .083 .458 

Left ACC w/ Pac  4.119E-03 1 1547.923 6.505 .015 .140 .702 
Right ACC w/Pac -6.427E-04 1 20.968 .088 .768 .002 .060 

 
Table 15b: Linear Model for Reading Rate with Right and Left ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 310.158 1.282 .240 .424 .756 
FSIQ .685 1 1709.988 7.069 .011 .150 .737 

GENDER -8.162 1 765.726 3.166 .083 .073 .412 

Left ACC w/ Pac  2.961E-03 1 799.865 3.307 .076 .076 .427 
Right ACC w/Pac -2.156E-04 1 2.360 .010 .922 .000 .051 

 
Table 15c: Linear Model for Reading Accuracy with Right and Left ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 459.733 1.955 .031 .529 .939 
FSIQ .476 1 823.727 3.503 .069 .094 .510 

GENDER -9.200 1 972.971 4.138 .049 .083 .458 

Left ACC w/ Pac  4.702E-03 1 2016.680 8.577 .006 .177 .815 
Right ACC w/Pac -3.914E-04 1 7.774 .033 .857 .001 .054 

 
Table 16a: Linear Model for Passage Score with total ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 396.292 1.624 .086 .477 .877 
FSIQ .574 1 1221.667 5.006 .031 .109 .589 
GENDER -7.194 1 625.780 2.564 .117 .059 .346 

Total ACC w/ PaC 2.186E-03 1 1448.916 5.937 .019 .126 .662 

 
 
 
 
 
 
 



117 

 

Table 16b: Linear Model for Reading Rate Score with total ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 295.937 1.227 .278 .408 .736 
FSIQ .718 1 1909.781 7.915 .007 .162 .784 
GENDER -7.196 1 626.105 2.595 .115 .060 .350 

Total ACC w/ PaC 1.671E-03 1 847.066 3.511 .068 .079 .448 

 
Table 16c: Linear Model for Reading Accuracy Score with total ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 436.912 1.798 .050 .502 .915 
FSIQ .718 1 1032.299 4.248 .046 .094 .521 
GENDER -7.196 1 707.883 2.913 .095 .066 .385 

Total ACC w/ PaC 1.671E-03 1 2103.824 8.658 .005 .174 .819 

 
Table 17a: Linear Model for Passage Score with ACC w/PaC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 421.309 1.707 .066 .489 .897 
FSIQ .585 1 1273.664 5.162 .028 .112 .602 
GENDER -9.890 1 1218.764 4.939 .032 .108 .583 

Asym Co. -123.175 1 1338.485 5.425 .025 .117 .623 

 
Table 17b: Linear Model for Reading Rate with ACC w/PaC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 308.036 1.258 .255 .414 .750 
FSIQ .729 1 1975.613 8.068 .007 .164 .792 

GENDER -9.229 1 1061.253 4.334 .044 .096 .529 

Asym Co. -89.064 1 699.798 2.858 .099 .065 .379 

 
Table 17c: Linear Model for Reading Accuracy with ACC w/PaC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 463.413 1.833 .044 .507 .922 
FSIQ .546 1 1108.584 4.385 .042 .097 .534 
GENDER -10.847 1 1466.068 5.799 .021 .124 .652 

Asym Co. -138.887 1 1701.716 6.731 .013 .141 .717 

 

Tables 18-20: Linear Models for Reading Achievement and Putamen Volumes  
Table 18a: Linear Model for Passage Score with Right and Left putamen volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 396.903 1.581 .100 .476 .862 
FSIQ .687 1 1741.450 6.938 .012 .148 .729 
GENDER -9.040 1 950.919 3.789 .059 .087 .476 

Right Putamen  1.233E-02 1 1172.065 4.670 .037 .105 .559 
Left Putamen -5.801E-03 1 312.300 1.244 .271 .030 .193 
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Table 18b: Linear Model for Reading Rate with Right and Left putamen volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 297.503 1.323 .214 .432 .773 
FSIQ .822 1 2487.938 11.061 .002 .217 .901 
GENDER -8.418 1 824.462 3.665 .063 .084 .464 

Right Putamen  1.341E-02 1 1387.270 6.168 .017 .134 .679 
Left Putamen -5.936E-03 1 326.959 1.454 .235 .035 .218 

 
Table 18c: Linear Model for Reading Accuracy with Right and Left putamen volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 440.112 1.587 .098 .477 .863 
FSIQ .655 1 1583.074 5.707 .022 .125 .645 
GENDER -9.702 1 1095.276 3.948 .054 .090 .492 

Right Putamen  9.705E-03 1 726.376 2.619 .113 .061 .352 
Left Putamen -3.896E-03 1 1583.074 5.707 .480 .013 .107 

 
Table 19a: Linear Model for Passage Score with total putamen volume 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 396.859 1.451 .146 .449 .825 
FSIQ .684 1 1722.469 6.299 .016 .133 .688 
GENDER -8.076 1 765.961 2.801 .102 .064 .373 

Total Putamen -3.116E-03 1 243.279 .890 .351 .021 .151 

 
Table 19b: Linear Model for Reading Rate with total putamen volume 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 302.537 1.194 .303 .401 .721 
FSIQ .818 1 2463.259 9.726 .003 .192 .861 
GENDER -7.369 1 637.665 2.518 .120 .058 .341 

Total Putamen -3.766E-03 1 355.279 1.403 .243 .033 .212 

 
Table 19c: Linear Model for Reading Accuracy with total putamen volume 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 447.134 1.551 .108 .465 .857 
FSIQ .652 1 1568.833 5.441 .025 .117 .625 
GENDER -8.943 1 939.269 3.257 .078 .074 .422 

Total Putamen -3.124E-03 1 244.464 .848 .363 .020 .147 

 
Table 20a: Linear Model for Passage Score with total putamen asymmetry coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 414.252 1.529 .116 .462 .850 
FSIQ .640 1 1540.639 5.686 .022 .122 .644 
GENDER -10.582 1 1311.627 4.841 .033 .106 .575 

Asym Co. -3.020 1 345.892 1.277 .265 .030 .197 
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Table 20b: Linear Model for Reading Rate with total putamen asymmetry coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 315.334 1.248 .262 .412 .746 
FSIQ .766 1 2206.775 8.733 .005 .176 .823 
GENDER -10.176 1 1212.842 4.800 .034 .105 .571 

Asym Co. -3.164 1 379.584 1.502 .227 .035 .224 

 
Table 20c: Linear Model for Reading Accuracy with total putamen asymmetry coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 449.682 1.550 .109 .465 .856 
FSIQ .611 1 1403.629 4.837 .034 .106 .574 
GENDER -11.042 1 1427.970 4.921 .032 .107 .582 

Asym Co. -2.119 1 170.351 .587 .448 .014 .116 

 

Tables 21 a-c: Linear Models for Phonological Processing and ACC Volumes  
Table 21a: Linear Model for Phonological Awareness with left and right ACC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 172.358 1.038 .447 .374 .636 
FSIQ .335 1 385.858 2.324 .135 .055 .319 
GENDER -2.298 1 60.381 .364 .550 .009 .091 

Left ACC -6.289E-04 1 45.973 .277 .602 .007 .081 
Right ACC -2.617E-03 1 551.158 3.319 .076 .077 .428 

 
Table 21b: Linear Model for Phonological Awareness with total ACC volume 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 175.754 1.058 .426 .372 .651 
FSIQ .271 1 274.937 1.654 .206 .039 .241 
GENDER -3.415 1 145.454 .875 .355 .021 .150 

Total ACC -1.458E-03 1 460.631 2.772 .104 .063 .369 

 
Table 21c: Linear Model for Phonological Awareness with ACC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 165.090 .943 .549 .346 .585 
FSIQ .335 1 391.047 2.234 .143 .052 .309 
GENDER -2.880 1 103.366 .590 .447 .014 .117 

Asym Co. 15.808 1 96.367 .550 .462 .013 .112 
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Tables 22 a-c: Linear Models for Phonological Processing and ACC w/Pac Volumes   
Table 22a: Linear Model for Phonological Awareness with left and right ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 176.492 1.056 .428 .378 .646 
FSIQ .351 1 448.051 2.682 .109 .063 .359 
GENDER -1.716 1 33.837 .203 .655 .005 .072 

Left ACC w/ Pac  -2.343E-03 1 500.957 2.998 .091 .070 .394 
Right ACC w/Pac 2.817E-03 1 402.684 2.410 .128 .057 .329 

 
Table 22b: Linear Model for Phonological Awareness with total ACC w/PaC volume 

 B Df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 175.204 .990 .497 .357 .613 
FSIQ .298 1 329.211 1.860 .180 .043 .266 
GENDER -3.285 1 130.527 .738 .395 .018 .134 

Total ACC w/ PaC -2.484E-04 1 18.706 .106 .747 .003 .062 

 
Table 22c: Linear Model for Phonological Awareness with ACC w/PaC Asymmetry Coefficient   

 B Df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 157.268 .997 .489 .359 .617 
FSIQ .338 1 425.055 2.695 .108 .062 .361 
GENDER -2.525 1 79.468 .504 .482 .012 .107 

Asym Co. 95.721 1 808.320 5.125 .029 .111 .599 

 

Tables 23 a-c: Linear Models for Phonological Processing and Putamen Volumes  
Table 23a: Linear Model for Phonological Awareness with Right and Left Putamen volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 169.912 .974 .514 .359 .599 
FSIQ .311 1 357.244 2.049 .160 .049 .287 
GENDER -1.932 1 43.447 .249 .620 .006 .078 

Right Putamen  -5.064E-03 1 197.740 1.134 .293 .028 .180 
Left Putamen 5.672E-03 1 298.507 1.712 .198 .041 .248 

 
Table 23b: Linear Model for Phonological Awareness with total Putamen volume 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 178.985 1.023 .462 .365 .632 
FSIQ .313 1 360.824 2.062 .159 .048 .289 
GENDER -2.328 1 63.669 .364 .550 .009 .091 

Total Putamen -2.009E-03 1 101.103 .578 .452 .014 .115 

  
Table 23c: Linear Model for Phonological Awareness with Putamen Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 170.666 1.006 .480 .361 .622 
FSIQ .297 1 330.479 1.948 .170 .045 .276 
GENDER -1.734 1 35.230 .208 .651 .005 .073 

Asym Co. 2.902 1 319.297 1.882 .178 .044 .268 
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Tables 24 a-c: Linear Models for Rapid Naming and ACC Volumes  
Table 24a: Linear Model for Rapid Naming with left and right ACC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 273.091 1.110 .377 .390 .674 
FSIQ .442 1 671.142 2.728 .106 .064 .364 

GENDER 1.753 1 35.132 .143 .708 .004 .066 

Left ACC 2.240E-03 1 583.434 2.371 .131 .056 .324 
Right ACC 2.038E-03 1 333.997 1.357 .251 .033 .206 

 
Table 24b: Linear Model for Rapid Naming with total ACC volume  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 274.131 1.142 .347 .390 .695 
FSIQ .435 1 709.631 2.956 .093 .067 .389 
GENDER 1.639 1 33.491 .140 .711 .003 .065 

Total ACC 2.156E-03 1 1007.700 4.197 .047 .093 .516 

 
Table 24c: Linear Model for Rapid Naming with ACC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 275.504 1.048 .436 .370 .646 
FSIQ .447 1 694.852 2.643 .112 .061 .355 
GENDER 1.263 1 19.885 .076 .785 .002 .058 

Asym Co. 13.768 1 73.105 .278 .601 .007 .081 

 

Tables 25 a-c: Linear Models for Rapid Naming and ACC w/PaC Volumes  
Table 25a: Linear Model for Rapid Naming with left and right ACC w/PaC volumes 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 273.113 1.061 .424 .379 .648 
FSIQ .403 1 592.151 2.300 .137 .054 .316 
GENDER 3.038 1 106.076 .412 .525 .010 .096 

Left ACC w/ Pac  -1.978E-04 1 3.570 .014 .907 .000 .052 

Right ACC w/Pac 2.916E-03 1 431.632 1.677 .203 .040 .244 

 
Table 25b: Linear Model for Rapid Naming with total ACC w/PaC volume 

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 273.557 1.068 .416 .375 .656 
FSIQ .371 1 511.371 1.996 .165 .046 .281 
GENDER 2.091 1 52.849 .206 .652 .005 .073 

Total ACC w/ PaC 1.066E-03 1 344.903 1.346 .253 .032 .205 
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Table 25c: Linear Model for Rapid Naming with ACC w/PaC Asymmetry Coefficient  

 B df Mean 
Square 

F p Eta 
Squared 

Observed 
Power 

FAMILY  23 269.408 1.021 .464 .364 .630 
FSIQ .416 1 644.229 2.440 .126 .056 .332 
GENDER 1.207 1 18.153 .069 .794 .002 .058 

Asym Co. -17.681 1 27.578 .104 .748 .003 .061 

 

Tables 26 a-c: Linear Models for Rapid Naming and Putamen Volumes  
Table 26a: Linear Model for Rapid Naming with Right and Left Putamen volumes 

 B df Mean 
Square 

F P Eta 
Squared 

Observed 
Power 

FAMILY  23 761.178 2.904 .096 .067 .384 
FSIQ .446 1 731.924 2.793 .102 .065 .371 
GENDER 1.978 1 45.520 .174 .679 .004 .069 

Right Putamen  3.792E-03 1 110.867 .423 .519 .010 .097 
Left Putamen 4.721E-04 1 2.068 .008 .930 .000 .051 

 
Table 26b: Linear Model for Rapid Naming with total Putamen volumes 

 B df Mean 
Square 

F P Eta 
Squared 

Observed 
Power 

FAMILY  23 255.981 .991 .496 .357 .613 
FSIQ .444 1 728.151 2.819 .101 .064 .374 
GENDER 2.274 1 60.753 .235 .630 .006 .076 

Total Putamen -3.215E-03 1 258.901 1.002 .323 .024 .165 

 
Table 26c: Linear Model for Rapid Naming with Putamen Asymmetry Coefficient  

 B df Mean 
Square 

F P Eta 
Squared 

Observed 
Power 

FAMILY  23 266.664 1.008 .478 .361 .623 
FSIQ .406 1 620.531 2.346 .133 .054 .322 
GENDER .942 1 10.396 .039 .844 .001 .054 

Asym Co. -.366 1 5.074 .019 .891 .000 .052 
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(3)  Consent Forms 

CENTER FOR CLINICAL AND DEVELOPMENTAL NEUROPSYCHOLOGY 

 

 

PARENT CONSENT FORM 

 

 

I, ______________________________, agree to be administered a comprehensive 

neuropsychological examination at the Center for Clinical and Developmental 

Neuropsychology (CCDN) at the University of Georgia under the licensed supervision of 

Dr. George Hynd, who can be contacted at 706-542-4562. I understand this participation 

is entirely voluntary; I can withdraw my consent at any time without penalty and have the 

results of the participation, to the extent it can be identified as mine, removed from the 

research records, but not clinic records. 

 

(1) The purpose for the clinic is two- fold: 

a.  The CCDN provides a clinical-diagnostic service to physicians, 

psychologists, agencies, school systems, and parents for children. The 

extensive battery of tests and standardized procedures are used for 

research purposes. Results from parent evaluations typically do not result 

in a written report, but clinicians will individually and privately 

communicate results about my performance by phone or in person at my 

request. 

 

b.  The second purpose of this clinic is to conduct research regarding the 

neuropsychological basis of behavioral and learning disorders in most 

adults and children. All test protocols will be stored in a locked file 

cabinet and will only be marked with my initials and subject number. Data 

from my assessment will be entered in to a database by my subject number 

and will not be personally identifiable. At no point will my name, place of 

residence, or level of performance be disclosed to others. In the event that 

the results of this research project is presented at a research meeting or in a 

published journal article, my identity will be disguised with a pseudonym 

and other personally identifiable information will not be disclosed. 

 

(2)  The clinic procedure is as follows: (1) Coming to the Center for Clinical and 

Developmental Neuropsychology in Aderhold Hall at 8:30 am on the schedule 

date; (2) completing tests until lunch; (3) completing more standardized 

psychological procedures in the afternoon. These tests will include measures of 

intelligence, academic achievement, memory, language ability, ability to organize 

information, and recent psychological distress (e.g., anxiety).  
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(3)  Participation involves no physical, psychological, social, or legal risks. 

Participants may be stressed by evaluation procedures due to family history of 

learning problems. The clinicians are doctoral students in the school psychology 

program who have been trained to help individuals cope with stress related to the 

assessment process. If I experience ongoing stress due to the assessment process, 

I may contact the clinicians at the CCDN office at (706) 542-4506. (4) Dr. Hynd 

or the examiners will answer any further questions about this research procedure 

either now or at any time later. Dr. Hynd can be contacted at 706-542- 4562 and 

the examiners can be contacted at 706-542-4506. 

 

 

 

My signature below indicates that the clinicians have answered all of my questions to my 

satisfaction and that I consent to volunteer for this study. I have been given a copy of this 

form. 

 

 

 

 

 

 

 

 

 

________________________________    __________________  

Participant        Date 

 

 

 

 

 

________________________________ 

George W. Hynd, Ed.D. 

Supervising Neuropsychologist and Director 

Center for Clinical and Developmental 

Neuropsychology 

(706) 542-4562 

 

 

Research at the University of Georgia that involves human participants is carried out 

under the oversight of the Institutional Review Board. For questions or problems about 

your rights, please call or write: Chris A. Joseph, Ph.D., Human Subjects Office, 

University of Georgia, 606A Boyd Graduate Studies Research Center, Athens, GA 

30602-7411; Telephone: (706) 542-6514; E-Mail Address: IRB@uga.edu 
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CENTER FOR CLINICAL AND DEVELOPMENTAL NEUROPSYCHOLOGY 

 

 

CONSENT FORM FOR CHILD SUBJECTS 

 

 

I, ______________________________, given my consent for my child, to be 

administered a comprehensive neuropsychological examination at the Center for Clinical 

and Developmental Neuropsychology (CCDN) at the University of Georgia under the 

licensed supervision of Dr. George Hynd, who can be contacted at 706-542-4562. I 

understand this participation is entirely voluntary; I can withdraw my consent at any time 

without penalty and have the results of the participation, to the extent it can be identified 

as my child’s, removed from the research records, but not clinic records. 

 

 

(1) The purpose for the clinic is two- fold:    

a.  The CCDN provides a clinical-diagnostic service to physicians 

psychologists, agencies, school systems, and parents for children. The 

extensive battery of tests and standardized procedures are used to reach 

diagnostic decisions and will be summarized in a neuropsychological 

report about my child. This report will be sent to me by mail. If I desire 

additional feedback about my child’s performance, I am encouraged to 

contact the CCDN staff to request a feedback session. 

 

b. The second purpose of this clinic is to conduct research regarding the 

neuropsychological basis of behavioral and learning disorders in most 

adults and children. All test protocols will be stored in a locked file 

cabinet and will only be marked with my initials and subject number. Data 

from my child’s assessment will be entered in to a database by his/her 

subject number and will not be personally identifiable. At no point will my 

child’s name, place of residence, or level of performance be disclosed to 

others. In the event that the results of this research project is presented at a 

research meeting or in a published journal article, my child’s identity will 

be disguised with a pseudonym and other personally identifiable 

information will not be disclosed. 

 

(2) The clinic procedure is as follows: (1) Coming to the Center for Clinical and 

Developmental Neuropsychology in Aderhold Hall at 8:30 am on the scheduled 

date; (2) completing tests until lunch; (3) completing more standardized 

psychological procedures in the afternoon. These tests will include measures of 

intelligence, academic achievement, memory, language ability, ability to organize 

information, and recent psychological distress (e.g., anxiety). 
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(3)  Participation involves no physical, psychological, social, or legal risks. My child 

may be stressed by evaluation procedures due to ongoing learning problems. The 

clinicians are doctoral students in the school psychology program who have been 

trained to help individuals cope with stress related to the assessment process. If 

my child experiences ongoing stress due to the assessment process, I may contact 

the clinicians at the CCDN office at (706) 542-4506. 

 

(4) Dr. Hynd or the examiners will answer any further questions about this research 

procedure either now or at any time later. Dr. Hynd can be contacted at 706-542- 

4562 and the examiners can be contacted at 706-542-4506. My signature below 

indicates that the clinicians have answered all of my questions to my satisfaction 

and that I consent to volunteer for this study. I have been given a copy of this 

form. 

 

 

 

 

 

 

 

 

________________________________   _________________ 

Participant        Date 

 

 

 

 

 

 

 

 

 

________________________________ 

George W. Hynd, Ed.D. 

Supervising Neuropsychologist and Director 

Center for Clinical and Developmental 

Neuropsychology 

(706) 542-4562 

 

 

Research at the University of Georgia that involves human participants is carried out 

under the oversight of the Institutional Review Board. For questions or problems about 

your rights, please call or write: Chris A. Joseph, Ph.D., Human Subjects Office, 

University of Georgia, 606A Boyd Graduate Studies Research Center, Athens, GA 

30602-7411; Telephone: (706) 542-6514; E-Mail Address: IRB@uga.edu 
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- MRI STUDY - 

 

PARENT CONSENT FORM 

 

 

I,__________________________________ , agree to have a magnetic resonance image 

(MRI) scan of the head at Health Sounth Diagnostic Center of Athens, as coordinated by 

Dr. George W. Hynd (706-542-4265), Director and Supervising Psychologist of the 

Center for Clinical and Developmental Neuropsychology at the University of Georgia. I 

understand that this participation is entirely voluntary; I can withdraw my consent at any 

time without penalty and have the results of the participation, to the extent that it can be 

identified as mine, removed from research records, but not clinic records. I understand 

that I will not be charged for the MRI Scan or any related testing. 

 

(1) The purpose of this clinic procedure is related to the following research objective: 

a. The MRI scan is traditionally "read" by a knowledgeable neurologist. One 

purpose of this clinic procedure is to determine if meaningful data can be 

obtained using brain measurement procedures available on computer 

software. Dyslexic (children with severe reading difficulties) and 

nondyslexic children and their parents are being used since some evidence 

suggests there may be subtle differences in brain structures between these 

individuals that are difficult to visualize in traditional clinical evaluation. 

 

(2) Since the objective of this clinic procedure relates to research issues, I understand 

that at some later date the data from my evaluation results may be included in a 

research project report. I also understand that in no fashion will these results be 

used in any individually identifiable manner. Thus, I am assured that should these 

results be used in later research, my confidentiality is protected. 

 

(3)  The procedure is as follows: (1) coming to Health South Diagnostic Center of 

Athens on Prince Avenue on the scheduled date, (2) answering a few questions 

about my medical history, (3) having to lie down on a table with my head resting 

on a holder, and (4) having my head scanned (about 25-40 minutes are required) 

using standard MRI procedures. 

 

(4) The discomforts or stresses that may be faced during a MRI scan are (1) lying 

still on a padded table for a 25-40 minute period of time, (2) having the head 

fitted onto a holder, and (3) having the table moved into a confined space. 

 

(5)  Participation involves no physical, psychological, social, or legal risks. However, 

if I have any metal in my head other than dental work (e.g. aneuryism clips, metal 

shavings behind eye, etc.) I will not be allowed to participate. 

 

(6) The results of this procedure will be confidential and will not be released in an 

individually identifiable form without my prior consent unless required by law. 
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All data used for research purposes will be coded by consecutive number and 

names will not be recorded or reported. 

 

(7) The primary investigator, Dr. Hynd, will answer any further questions about this 

clinic procedure or research, either now or at any later time. He can be reached at 

706-542-4562. 

 

 

 

My signature below indicates that the clinicians have answered all of my questions to my 

satisfaction and that I consent to volunteer for this study. I have been given a copy of this 

form. 

 

 

 

____________________________    ________________________ 

George W. Hynd, Ed.D.      Participant 

Psychologist and Director      (or parent/guardian) 

Center for Clinical and Developmental 

Neuropsychology       

__________________ 

Date 

 

 

 

Research at the University of Georgia that involves human participants is carried out 

under the oversight of the Institutional Review Board. For questions about or problems 

with your rights, please call or write: Chris A. Joseph, Ph.D., Human Subjects Office, 

University of Georgia, 606A Boyd Graduate Studies Research Center, Athens, GA 

30602-7411; Telephone: (706) 542-6514; E-Mail Address: IRB@uga.edu 
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– MRI STUDY – 
 

CONSENT FORM FOR CHILD SUBJECTS 

 

 

I, _________________________________, agree for my child,____________________, 

to have a magnetic resonance image (MRI) scan of the head at Health South Diagnostic 

Center of Athens, as coordinated by Dr. George W. Hynd (706-542-4265), Director and 

Supervising Psychologist of the Center for Clinical and Developmental Neuropsychology 

at the University of Georgia. I understand that this participation is entirely voluntary; I 

can withdraw my consent at any time without penalty and have the results of the 

participation, to the extent that it can be identified as my child’s, removed from research 

records, but not clinic records. I understand that I will not be charged for the MRI scan or 

any related testing. 

 

(1) The purpose of this clinic procedure is related to the following research objective: 

a. The MRI scan is traditionally "read" by a knowledgeable neurologist. One 

purpose of this clinic procedure is to determine if meaningful data can be 

obtained using brain measurement procedures available on computer 

software. Dyslexic (children with severe reading difficulties) and 

nondyslexic children and their parents are being used since some evidence 

suggests there may be subtle differences in brain structures between these 

individuals that are difficult to visualize in traditional clinical evaluation. 

 

(2) Since the objective of this clinic procedure relate to research issues, I understand 

that at some later date the data from my child’s evaluation results may be 

included in a research project report. I also understand that in no fashion will 

these results be used in any individually identifiable manner. Thus, I am assured 

that should these results be used in later research, my child’s confidentiality is 

protected. 

 

(3) The procedure is as follows: (1) coming to Health South Diagnostic Center of 

Athens on Prince Avenue on the scheduled date, (2) answering a few questio ns 

about my child’s medical history, (3) having to lie down on a table with his/her 

head resting on a holder, and (4) having his/her head scanned (about 25-40 

minutes are required) using standard MRI procedures. 

 

(4) The discomforts or stresses that may be faced during a MRI scan are (1) lying 

still on a padded table for a 25-40 minute period of time, (2) having the head 

fitted onto a holder, and (3) having the table moved into a confined space. 

 

(5)  Participation involves no physical, psychological, social, or legal risks. However, 

if my child has any metal in his/her head other than dental work (e.g. aneuryism 

clips, metal shavings behind eye, etc.), he/she will not be allowed to participate. 
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(6) The results of this procedure will be confidential and will not be released in an 

individually identifiable form without my prior consent unless required by law. 

All data used for research purposes will be coded by consecutive number and 

names will not be recorded or reported. 

 

(7)  The primary investigator, Dr. Hynd, will answer any further questions about this 

clinic procedure or research, either now or at any later time. He can be reached at 

706-542-4562. 

 

 

 

 

 

 

My signature below indicates that the clinicians have answered all of my questions to my 

satisfaction and that I consent to my child’s participation in this study. I have been given 

a copy of this form. 

 

 

 

 

 

 

 

 

 

 

 

____________________________    ________________________ 

George W. Hynd, Ed.D.      Participant 

Psychologist and Director      (or parent/guardian) 

Center for Clinical and Developmental 

Neuropsychology       

__________________ 

Date 

 

 

 

 

Research at the University of Georgia that involves human participants is carried out 

under the oversight of the Institutional Review Board. For questions about or problems 

with your rights, please call or write: Chris A. Joseph, Ph.D., Human Subjects Office, 

University of Georgia, 606A Boyd Graduate Studies Research Center, Athens, GA 

30602-7411; Telephone: (706) 542-6514; E-Mail Address: IRB@uga.edu 
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(4) IRB Approval Forms 

 



132 

 



133 

 

References 

 

Adlard, A, & Hazan, V. (1998). Speech perception in children with specific reading 

difficulties (dyslexia).  Quarterly Journal of Experimental Psychology A: Human 

Experimental Psychology, 51A,1, 153-177. 

Anterior Cingulate Gyrus; Rostral and Caudal Portions Manual Tracing Protocol. 

University of North Carolina,  NeuroImage Analysis Lab, 2006.  

 Aylward, EH., Richards, TL., Berninger, VW., Nagy, WE., Field, KM., Grimme, AC., 

Richards, AL., Thomson, JB., & Cramer, SC. (2003). Instructional treatment 

associated with changes in brain activation in children with dyslexia. Neurology, 

61: 212-219.  

Arns, M., Peters, S., Breteler, R., Verhoeven, L. (2007). Different brain activation 

patterns in dyslexic children: Evidence from EEG power and coherence patterns 

for the double-deficit theory of dyslexia. Journal of Integrative Neuroscience, 6, 

1, 175–190. 

Badgaiyan, R.D., Posner, M.I. (1998). Mapping the cingulate cortex in response selection 

and monitoring. NeuroImage, 7, 255–260. 

Badian, NA. (2005) Does a visual–orthographic deficit contribute to Reading Disability? 

Annals of Dyslexia, 55, 1, 2-52. 

Barch, D.M., Braver, T.S., Sabb, F.W., & Noll, D.C. (2000) Anterior cingulate and the 

monitoring response conflict: Evidence from an fMRI study of overt verb 

generation. Journal of Cognitive Neuroscience 12, 2, 298-309. 

Beaton, AA. (2004). The neurobiology of dyslexia. In M. Turner & J. Rack (Eds.),The 

Study of Dyslexia. (pp. 35–75). New York: Kluwer Academic/Plenum Publishers.  

Bell, SM., McCallum, RS., & Cox, EA. (2003). Toward a research-based assessment of 

dyslexia: Using cognitive measures to identify reading disabilities. Journal of 

Learning Disabilities, 36, 505-516.   

Bental, B., and Tirosh, E. (2007) The relationship between attention, executive functions 

and reading domain abilities in attention deficit hyperactivity disorder and reading 



134 

 

disorder: a comparative study. Journal of Child Psychology and Psychiatry 48, 5, 

455–463. 

Berninger, V., Abbot, R., Thomson, J., & Raskin, W. (2001). Language phenotype for 

reading and writing disability: a family approach. Scientific Studies of Reading, 

12, 1, 59-106.  

Best, M., & Demb, JB. (1999) Normal planum temporale asymmetry in dyslexics with a 

magnocellular pathway deficit. Neuroreport, 10,  607-612. 

Binder, J.R., Medler, D.A., Desai, R., Conant, L.L., & Liebenthal, E. (2005). Some 

neurophysiological constraints on models of word naming. NeuroImage, 27, 677 

– 693. 

Bitan, T., Burman, DD., Chou, T., Lu, D., Cone, NE., Cao, F., Bigio,JD., and Booth, JR. 

(2007). The Interaction Between Orthographic and Phonological Information in 

Children:An fMRI Study. Human Brain Mapping, 28, 880–891. 

Blomer, L., Mitterer, H., & Paffen, C. (2004). In search of the auditory, phonetic, and/or 

phonological problems in dyslexia: Context effects in speech perception. Journal 

of Speech, Language, and Hearing Research, 4, 1030-1047. 

Bradley, L., & Bryant, PE (1983). Categorizing sounds and learning to read: A causal 

connection. Nature, 301, 419-421.  

Braver, TS., Barch, DM., Gray, JR., Molfese, DL., Snyder, A. (2001). Anterior cingulate 

cortex and response conflict: effects of frequency, inhibition and errors. Cerebral 

Cortex, 11, 9, 825-836.  

Breznitz, Z. (2002). Asynchrony of visual-orthographic and auditory-phonological word 

recognition processes: An underlying factor in dyslexia. Reading and Writing: An 

International Quarterly, 15, 15-42. 

Breznitz, Z., & Berman, L. (2003). The underlying factors of word reading rate. 

Educational Psychology Review, 15 (3), 247-265.  

Brookes, RL., & John Stirling  (2005) The Cerebellar Deficit Hypothesis and dyslexic 

tendencies in a non-clinical Sample. Dyslexia, 11, 174–185. 



135 

 

Bruck, M., (1992). Persistence of dyslexics’ phonological awareness deficits. 

Developmental Psychology, 28, 874-886. 

Brunswick, N., McCrory, E., Price, C. J., Frith, C. D. & Frith, U. (1999). Explicit and 

implicit processing of words and pseudowords by adult developmental dyslexics: 

A search for Wernicke’s Wortschatz? Brain 122, 1901–1917. 

Bush, G., Frazier, J.A., Rauch, S.L.,  Seidman, L.J., Whalen, P.J., Jenike, M.A., Rosen, 

B.R., & Biederman, J. (1999). Anterior Cingulate Cortex Dysfunction in 

Attention Deficit/Hyperactivity Disorder revealed by fMRI and the counting 

Stroop. Biological Psychiatry, 45,1542–1552. 

Bush, G., Luu, P. & Posner, M. I. (2000). Cognitive and emotional influences in anterior 

cingulate cortex. Trends in Cognitive Science. 4, 215–222. 

Bush, G., Whalen, P.J., Rosen, B.R., Jenike, M.A., Mclnerney, S.C., & Rauch,S.L. 

(1998). The counting Stroop: an interference task specialized for functional 

neuroimaging: validation study with functional MRI. Human Brain Mapping 6, 

270– 282. 

Carter, C.S., Braver, T.S., Barch, D.M., Botvinick, M.M., Noll, D., & Cohen, J.D. (1998). 

Anterior cingulate cortex, error detection, and the online monitoring of 

performance. Science, 280, 747– 749.  

Casanova, MF.,  Christensen, JD.,   Giedd, J.,  Rumsey, JM.,  Garver, DL., Postel, GC. 

(2005) Magnetic resonance imaging study of brain asymmetries in dyslexic 

patients. .Journal of Child Neurology,  20.  842-847. 

Casey, B., Trainor, R., Giedd, J., Vauss, Y., Vaituzis, C., Hamburger, S., et al. (1997). 

The role of the anterior cingulate in automatic and controlled processes: A 

developmental neuroanatomical study. Developmental Psychobiology, 30, 61–69. 

Christensen, TA., Antonucci, SM., Lockwood, JL., Kittleson, M., Plante, E. (2008). 

Cortical and subcortical contributions to the attentive processing of speech. 

Neuroreport, 19, 1101-1105. 

Cox, R. W. (1996). MCW AFNI user manual. Milwaukee: Medical College of Wisconsin. 



136 

 

Crosson, B, Sadek, J.R., Bobholz, J.A., Gokcay, D., Mohr, C.M., Leonard, C.M., Maron, 

L., Auerbach, E.J., Browd, S.R., Freeman, A.J., & Briggs, R.W. (1999). Activity 

in the paracingulate and cingulate sulci during word generation: An fMRI ftudy of 

functional anatomy. Cerebral Cortex, 9, 307-316. 

Daigneault, S & Braun, CM (2002) Pure severe dyslexia after a perinatal focal lesion: 

evidence of a specific module for acquisition of reading. Journal of 

Developmental & Behavioral Pediatrics, 23, 256- 266. 

DeFries JC., & Alarcon M. (1996). Genetic of specific reading disability. Mental 

Retardation and Developmental Disabilities Research Reviews,2, 39-47. 

DeFries, JC., Alarcon, M.,  & Olson, RK. (1997). Genetics and dyslexia: Developmental 

differences in the etiologies of reading and spelling deficits.  In C. Hume & M. 

Snowling (Eds.), Dyslexia: Biology, cognition, and intervention (pp 20-37). 

London: Whurr.  

DeFries JC, Singer SM, Foch TT, & Lewitter FI. (1978). Familial nature of reading 

disability. British Journal of Psychiatry, 132, 361-67. 

Demonet, J.F., Taylor, M.J., & Chaix, Y. (2004) Developmental Dyslexia (Seminar) The 

Lancet, 363, 1451-1460 

De Nil, L.F., Kroll, R. M., Kapur, S., & Houle, S. (2000). A positron emission 

tomography study of silent and oral reading of single words in stuttering and 

nonstuttering adults. Journal of Speech, Language, and Hearing Research, 43, 

1038–1053 

De Nil, L.F., & Kroll, R. M. (2001). Searching for the neural basis of stuttering treatment 

outcome: recent neuroimaging studies.  Clinical Linguistics & Phonetics, 15, 163-

168.  

Deutsch, GK., Dougherty, RF., Bammer, R.,  Siok, WT., Gabrieli, JDE.,  &  Wandell, 

B.(2005). Children’s reading performance is correlated with white matter 

structure measured by diffusion tensor imaging. Cortex, 41, 354-363. 

Devinsky, O., Morrell, MJ., & Vogt, BA. (1995). Contributions of anterior cingulate 

cortex to behavior. Brain, 118, 279–306. 



137 

 

Duara, B., Kushch, A., Gross-Gleen, K., Barker, W. W., Jallad, B., Pascal, S., et al. 

(1991). Neuroanatomic differences between dyslexic and normal readers on 

magnetic resonance imaging scans. Archives of Neurology, 48, 410-416. 

Dum, R., & Strick, P. (1993). Cingulate motor areas. In Vogt & Gabriel (Eds.), 

Neurobiology of cingulate cortex and limbic thalamus (pp. 415–441). Boston: 

Berkhauser.  

Eckert, M., (2004). Neuroanatomical markers for dyslexia: A review of dyslexia 

structural imaging studies.  The Neuroscientist 10, 362-371. 

Eckert, MA., & Leonard, CM. (2000).Structural imaging in dyslexia: The planum 

temporale. Mental Retardation Developmental Disabilities Research and 

Reviews, 6, 198-206.  

Eckert, MA., Leonard, CM., Richards, TL., Aylward, EH., Thomson, J., & Berninger, 

VW. (2003). Anatomical correlates of dyslexia: Frontal and cerebellar findings. 

Brain, 126, 482-494. 

Eliez S., Rumsey JM., Giedd JN., Schmitt JE., Patwardhan AJ., & Reiss, AL. (2000). 

Morphological alteration of temporal lobe gray matter in dyslexia: an MRI study. 

Journal of Child Psychology and Psychiatry, 41, 637-44. 

Fagerheim T., Raeymaekers P., Tonnessen FE., Pedersen M., Tranebjaerg L., & Lubs 

HA. (1999). A new gene (DYX3) for dyslexia is located on chromosome 2. 

Journal of Medical Genetics, 36, 664-669. 

Farrag, AF. Khedr, EM., Abel-Naser, W. (2002). Impaired parvocellular pathway in 

dyslexic children.  European Journal of Neurology, 9, 359-363. 

Fawcett AJ & Nicolson RI. (1999). Performance of dyslexic children on cerebellar and 

cognitive tests. Journal of Motor Behavior, 31, 68-78.  

Fawcett, AJ., Nicolson, RI., & Maclagan, F. (2001). Cerebellar Tests Differentiate 

Between Groups of Poor Readers With and Without IQ Discrepancy. Journal of 

Learning Disabilities, 34, 119-135.  

Felton, RH., Naylor, CE., & Wood, FB. (1990) Neuropsychological profile of adult 

dyslexics. Brain and Language, 39, 485-497. 



138 

 

Finch, AJ.,  Nicolson, RI., & Fawcett, AJ. (2002) Evidence for a neuroanatomical 

difference within the olivo-cerbellar pathway of adults with dyslexia. Cortex, 38, 

529-539. 

Fine, JG., Semrud-Clikeman, M., Keith, TZ., Stapleton, LM., Hynd GW. (2007). Reading 

and the corpus callosum: an MRI family study of volume and area. 

Neuropsychology, 21, 235-41. 

Finucci, JM., Guthrie, JT., Childs, AL., Abbey, H., & Childs, B. (1976). The genetics of 

specific reading disability. Annals of Human Genetics, 40, 1-23.  

Fisher SE, & DeFries JC. (2002). Developmental dyslexia: Genetic dissection of a 

complex cognitive trait. Nature Neuroscience, 3, 767-80. 

Fletcher, JM., Shaywitz, SE., Shankweiler, DP., Katz, L., Liberman, I. Y., Fowler, A., & 

Shaywitz, B. A. (1994). Cognitive profiles of reading disability: comparisons of 

discrepancy and low achievement definitions. Journal of Educational Psychology, 

86, 24-53. 

Fornito, A., Whittle, S., Wood, SJ., Velakoulis, D., Pantelis, C., Yucel, M. (2006).The 

influence of sulcal variability on morphometry of the human anterior cingulate 

and paracingulate cortex. Neuroimage, 33, 843–854. 

Fornito, A., Wood, S., Whittle, S., Fuller, J., Adamson, C., Saling, MM., Velakoulis, D.,  

and Pantelis, C., Yücel, M. (2008). Variability of the Paracingulate Sulcus and 

Morphometry of the Medial Frontal Cortex: Associations with Cortical Thickness, 

Surface Area, Volume, and Sulcal Depth. Human Brain Mapping, 29, 222–236. 

Fornito, A., Yücel, M., Wood, S., Stuart, G.W.,  Buchanan, J.,  Proffitt, T.,  Anderson, V., 

Velakoulis, D.,  and Pantelis, C. (2004) Individual differences in anterior 

cingulate/paracingulate morphology are related to executive functions in healthy 

males. Cerebral Cortex. 14, 424–431. 

Frith, U. (1997). Brain, mind and behaviour in dyslexia. In: Hulme, C & Snowling, M., 

(eds). Dyslexia: biology, cognition and intervention. London: Whurr Publishers, 

1-19.  

Frith, U. (1999) Paradoxes in the definition of dyslexia. Dyslexia, 5, 192–214. 



139 

 

Gaillard, WD., Balsamo, LM., Ibrahim, Z., Sachs, BC., & Xu, B. (2003). fMRI identifies 

regional specialization of neural networks for reading in young children. 

Neurology, 60, 94-100. 

Galaburda, AM. (1992). Neurology of developmental dyslexia. Current Opinions 

Neurology and  Neurosurgery, 5, 71-6. 

Galaburda, A. M., Sherman, G. P., Rosen, G. D., Aboitiz, F., & Geschwind, N. (1985). 

Developmental dyslexia: Four consecutive patients with cortical anomalies. 

Annals of Neurology, 18, 222-233. 

Gayan, J., & Olson, RK. (2001). Genetic and environmental influences on orthographic 

and phonological skills in children with reading disabilities. Developmental 

Neuropsychology, 20, 487-511.  

Gayan, J., & Olson, RK. (2003). Genetic and environmental influences on individual 

differences in printed word recognition. Journal of Experimental Child 

Psychology, 84, 97-123.  

Gayan, J., Smith, SD., Cherny, SS., Cardon, LR., Fulker, DW., Brower, AM., Olson, 

RK., Pennington, BR., & DeFries, JC. (1999). Quantitative-trait locus for specific 

language and reading deficits on chromosome 6p. American Journal of Human 

Genetics, 64, 157-164.  

Georgiewa, P., Rzanny, R., Gaser, C., Gerhard, UJ., Vieweg, U., Freesmeyer, D., 

Mentzel, HJ., Kaiser, WA., & Blanz, B. (2002). Phonological processing in 

dyslexic children: A study combining functional imaging and event related 

potentials. Neuroscience Letters, 318, 5-8. 

Ghelani, K., Sidhu, R.,  Jain, U., & Tannock, R. (2004) Reading comprehension and 

reading related abilities in adolescents with reading disabilities and Attention-

Deficit/Hyperactivity Disorder. Dyslexia, 10, 364–384.  

Gottfredson, LS., Finucci, JM., & Childs, B. (1983). The adult occupational success of 

dyslexic boys: A large-scale,long-term follow-up. Center for Social Organization 

of Schools, Johns Hopkins University, Report No. 334. 



140 

 

 Grant, AC., Zangaladze, A., Thiagarajah, MC. (1999). Tactile perception in 

developmental dyslexia: A psychophysical study using gratings.   

Neuropsychologia, 3, 1201-1211.  

Grigorenko, EL., Wood, FB., Meyer, MS., Hart, LA., Speed, WC., Shuster, A., & Pauls, 

DL. (1997). Susceptibility loci for distinct components of developmental dyslexia 

on chromosomes 6 and 15. American Journal of Human Genetics, 60, 27-39.  

Grigorenko, EL., Wood, FB., Meyer, MS., & Pauls, DL. (2000) Chromosome 6p 

influences on different dyslexia-related cognitive processes: further confirmation. 

American Journal of Human Genetics, 66, 715-723. 

Grigorenko, EL., Wood, FB., Meyer, MS., Paulus, JED., Hart, LA., & Pauls, DL. (2001). 

Linkage studies suggest a possible locus for developmental dyslexia on 

chromosome 1p. American Journal of Medical Genetics, 105, 120-129. 

Heath, SM., Hogben, JH., & Clark, CD. (1999). Auditory temporal processing in disabled 

readers with and without oral language delay.  Journal of Child Psychology and 

Psychiatry, 40, 637-647.   

Heiervang, E., Hugdahl, K., Steinmetz, H., Inge Smeivoll, A., Stevenson, J., Lund, A., 

Ersland, L., & Lundervold, A.(2000). Planum temporale, planum parietale and 

dichotic listening in dyslexia. Neuropsychologia, 38, 1704-1713. 

Henry, M., Ganschow, L., & Miles, TR. (2002). The issue of definition: Some problems. 

Perspective: The International Dyslexia Association, 26, 38-43.  

Hill, NI., Bailey, PJ., & Griffiths, YM. (1999). Frequency acuity and binaural masking 

release in dyslexic listeners.   Journal of the Acoustical Society of America, 106, 

L53-L58. 

Hoeft, F., Meyler, A.,  Hernandez, A.,  Juel, C.,  Taylor-Hill, H., Martindale, JL., 

McMillon, G., Kolchugina, G.,  Black, JM., Faizi, A.,  Deutsch, GK.,  Wai Ting 

Siok, WT.,  Reiss, AL., Whitfield-Gabrieli, S, and Gabrieli, JD. (2007) Functional 

and morphometric brain dissociation between dyslexia and reading ability. PNAS, 

104, 4234–4239. 



141 

 

Hsu, L., Wijsman, E., Berninger, V., Thomson, J., & Raskind, W. (2002). Familial 

aggregation of dyslexia phenotypes. II. Paired correlated measures. American 

Journal of Medical Genetics (Neuropsychiatric Genetics), 114, 471–478. 

Ito, M. (1993). Movement and thought: Identical control mechanisms by the cerebellum. 

Trends in Neuroscience, 16, 448–450. 

Kaur, S., Sassi, RB, Axelson, D., Nicoletti, M.,  Brambilla, P., Monkul, ES., Hatch, JP., 

Keshavan, MS., Ryan, N., Birmaher, B., & Soares, JC. (2005). Cingulate cortex 

anatomical abnormalities in children and adolescents with bipolar disorder. 

American Journal of Psychiatry 162, 1637-1643.  

Kerns, JG., Cohen, JD., MacDonald III, AW., Cho, RY., Stenger, VA., & Carter, CS. 

(2004). Anterior Cingulate Conflict Monitoring and Adjustments in Control 

Science, 303, 1023-1026. 

Klingberg T, Hedehus M, Temple E, Salz T, Gabrieli JD, Moseley ME, & Poldrack RA. 

(2000). Microstructure of temporo-parietal white matter as a basis for reading 

ability: evidence from diffusion tensor magnetic resonance imaging. Neuron, 25, 

493-500.  

Koster, C., Been, PH., Krikhaar, EM., Zwart, F., Diepstra, HD., & Leeuwen, TH. (2005). 

Differences at 17 Months: Productive Language Patterns in Infant at Familial 

Risk for Dyslexia and Typically Developing Infants. Journal of Speech, 

Language, and Hearing Research, 48, 426-438. 

Kupferman, I. (1991). Localization of Higher Cognitive and Affective Functions: The 

Association Cortices. In ER Kandel, JH Schwartz, & TM Jessell (Eds). Principles 

of Neural Science, 3
rd
 Edition (pp 832) New York: McGraw-Hill. 

 Kushch, A., Gross-Glenn, K., & Jallad, B. (1993). Temporal lobe surface area 

measurements on MRI in normal and dyslexic readers.  Neuropsychologia, 31, 

811-821. 

Leggio, MG., Caterina, SM., Petrosini, L., & Molinari, M. (2000). Phonological grouping 

is specifically affected in cerebellar patients: A verbal fluency study. Journal of 

Neurology, Neurosurgery and Psychiatry, 69, 102–106. 



142 

 

Leonard, CM., Eckert, MA., Lombardino, LJ., Oakland Tkranzler, J., Mohr, CM., King, 

WM., & Freeman, A. (2001). Anatomical risk factors for phonological dyslexia. 

Cerebral Cortex, 11, 148-157. 

Leonard, CM., Lombardino, LJ., Mercado, L., Browd, S., Breler, J., Agee, O., (1996) 

Cerebral asymmetry and cognitive development in children: A magnetic 

resonance imaging study. Psychological Science, 7, 79-85.  

Levelt, WJM., Paulesu, E., Demonet, J-F, Fazio, F., Cappa, SF., Cossu, G., Frith, CD., & 

Frith, U. (2001). Defining dyslexia. Science, 292, 1300-1301 

Liotti M, Pliszka SR, Perez R, Kothman D, & Woldorff MG. (2005). Abnormal brain 

activity related to performance monitoring and error detection in children with 

ADHD. Cortex, 41, 1-12. 

Lishman, WA. (2003). Developmental dyslexia. Journal of  Neurology, Neurosurgery 

and Psychiatry, 74, 1603-1607. 

Livingstone, MS., Rosen, GD., Drislanem FW., & Galaburda, AM. (1991). Physiological 

and anatomical evidence for a magnocellular defect in developmental dyslexia. 

Proceedings of the National Academy of Sciences of the USA, 88, 7943-7947.  

Lovegrove, WJ., Bowling, A., Badcock, D., & Blackwood, M. (1980). Specific reading 

disability: Differences in contrast sensitivity as a function of spatial frequency. 

Science,  210,  439-440. 

Lovegrove, W. (1993). Weakness in the transient visual system: A causal factor in 

dyslexia? Annals of the New York Academy of Sciences, 682, 57-69. 

Lundberg, I., & Hoien, T. (1989). Phonemic deficits: A core symptom of developmental 

dyslexia? Irish Journal of Psychology, 10, 579-592.  

Lütcke, H., & Frahm, J.  (2008) Lateralized anterior cingulate function during error 

processing and conflict monitoring as revealed by high-resolution fMRI. Cerebral 

Cortex, 18, 508-515. 

MacDonald AW, Cohen JD, Stenger VA, & Carter CS. (2000). Dissociating the role of 

the dorsolateral prefrontal and anterior cingulate cortex in cognitive control. 

Science, 288, 1835-1838. 



143 

 

Mason, C., & Kandel, ER. (1991). Central Visual Pathways. In ER Kandel, JH Schwartz, 

& TM Jessell (Eds). Principles of Neural Science, 3
rd
 Edition (pp 423) New York: 

McGraw-Hill. 

Mather, D. S. (2001). Does dyslexia develop from learning the alphabet in the wrong 

hemisphere? A cognitive neuroscience analysis. Brain and Language, 76, 282-

316. 

Max, JE., Fox, PT., Lancaster, JL., Kochunov, P., Mathews, K., Manes, FF., Robertson, 

BA., Arndt, S., Robin, DA., Lansing, AE. (2002). Putamen lesions and the 

development of attention-deficit/hyperactivity symptomatology. Journal of the 

American Academy of Child and Adolescent Psychiatry, 41, 563-571. 

McArthur, GM. & Hogben, JH. (2001). Auditory backward recognition masking in 

children with a specific language impairment and children with a specific reading 

disability.  Journal of the Acoustical Society of America, 109, 1092-1100. 

McCrory, E., Frith, U., Brunswick, N., & Price, C. (2000). Abnormal functional 

activation during a simple word repetition task: A PET study of adult dyslexics. 

Journal of Cognitive Neuroscience, 12, 753-762. 

McCrory, EJ., Mechelli, A, Frith, U,  & Price, CJ. (2005). More than words: a common 

neural basis for reading and naming deficits in developmental dyslexia? Brain, 

128, 261–267.  

McNulty, MA. (2003). Dyslexia and the life course. Journal of Learning Disabilities, 36, 

363-382. 

Miller, CJ., Sanchez, J., & Hynd, GW. (2003). Neurological correlates of reading 

disabilities. In H. L. Swanson, K. R. Harris & S. Graham (Eds.), Handbook of 

learning disabilities. New York: The Guilford Press. 

Miller, G. (2002). Neuroscience. The good, the bad, and the anterior cingulate. Science, 

295, 2193-2194. 

Mody, M., Studdert-Kennedy, M., & Brady, S. (1997). Speech perception deficits in poor 

readers: Auditory processing or phonological coding? Journal of Experimental 

Child Psychology, 64, 199-231. 



144 

 

 Molfese, VJ., & Molfese, DL. (2002). Evnironmental and social influences on reading 

skillls as indexed by brain and behavioral responses. Annals of Dyslexia, 52, 121-

137. 

Murtha, S., Chertkow, H., Beauregard, M., Dixon, R., & Evans, A. (1996). Anticipation 

causes increased blood flow to the anterior cingulate cortex. Human Brain 

Mapping, 4, 103–112. 

Muter, V. (2004). Phonological skills, learning to read, and Dyslexia. In M. Turner & J. 

Rack (Eds.), The Study of Dyslexia. (pp. 91-121). New York: Kluwer 

Academic/Plenum Publishers.  

Nicolson, R. I., Fawcett, A. J., & Dean, P. (1995). Time estimation deficits in 

developmental dyslexia: Evidence for cerebellar involvement. Proceedings of the 

Royal Society, 259, 43–47. 

Nicolson RI, Fawcett AJ, Berry EL, Jenkins IH, Dean P, & Brooks DJ. (1999). 

Association of abnormal cerebellar activation with motor learning difficulties in 

dyslexic adults. Lancet, 353, 1662-67. 

Nicolson RI, Fawcett AJ, & Dean P. (2001) Developmental dyslexia: the cerebellar 

deficit hypothesis. Trends Neuroscience, 24, 508-511. 

Nöthen, MM.,  Schulte-Körne, G., Grimm, T., Cichon, S., Vogt IR.,  Müller-Myhsok, B., 

Propping, P., &  Remschmidt, H. (1999).  Genetic linkage analysis with dyslexia: 

evidence for linkage of spelling disability to chromosome 15. European Child & 

Adolescent Psychiatry, 8, 56-59.  

Olson, RK. (2002). Nature and nurture. Dyslexia, 8, 143-159. 

Olson, RK. (2004). Genetic and environmental causes of reading disabilities: Results 

from the Colorado Learning Disabilities Research Center. In M. Turner & J. Rack 

(Eds.), The Study of Dyslexia. (pp. 23–33). New York: Kluwer Academic/Plenum 

Publishers.  

Olson, RK., Wise, BW., & Rack, JP., (1989). Dyslexia: Deficits, genetic etiology and 

computer-based remediation. Irish Journal of Psychology, 10, 594-608. 



145 

 

Pardo, J., Pardo, P., Janer, K., & Raichle, M. (1990). The anterior cingulate cortex 

mediates processing selection in the Stroop attentional conflict paradigm. 

Proceedings of the National Academy of Sciences USA, 87, 256–259. 

Parent, A. (1996). Limbic System. In P. Coryell (Ed.), Carpenter’s human neuroanatomy 

(9th ed., pp. 747-748). Baltimore: Williams & Williams. 

Paulesu E, Demonet J-F, Fazio F, McCrory, E., Chanoine, V., Brunswick, N., Cappa, SF., 

Cossu, G., Habib, M., Frith, CD., & Frith, U. (2001) Dyslexia: Cultural diversity 

and biological unity. Science, 291, 2165-7. 

 Paulesu, E., Frith, U., Snowling, M., Gallagher, A., Morton, J., Frackowiak, RS. & Frith, 

CD. (1996). Is developmental dyslexia a disconnection syndrome? Evidence from 

PET scanning.  Brain, 119, 143–157. 

Paus, T., Petrides, M., Evans, A. C., & Meyer, E. (1993).Role of the human anterior 

cingulate cortex in the control of oculomotor, manual, and speech responses: A 

positron emission tomography study. Journal of Neurophysiology,70, 453–469. 

Paus T, Otaky N, Caramanos Z, MacDonald D, Zijdenbos A, D’Avirro D, et al (1996): In 

vivo morphometry of the intrasulcal gray matter in the human cingulate, 

paracingulate, and superior-rostral sulci: Hemispheric asymmetries, gender 

differences and probability maps. Journal of Comparative Neurology, 376, 664–

673. 

Pennington, BR. (1991). Dyslexia and Other Developmental Language Disorders. In 

Diagnosing Learning Disorders (pp 45-81). New York: The Guilford Press.  

Pennington, BF., Van Orden, GC., Smith, SD., Green, PA., & Haith, MM. (1990) 

Phonological processing skills and deficits in adult dyslexics. Child Development, 

61, 1753-1778.  

Petryshen, TL., Kaplan, BJ., Hughes, M., & Field, LL. (2000). Evidence for the 

chromosome 2p 15-p16 dyslexia susceptibility locus (DYX3) in a large Canadian 

data set. American Journal of Medical Genetics, Part B: Neuropsychiatric 

Genetics 96, 472.  



146 

 

Pliszka, SR., Glahn, DC., Semrud-Clikeman, M., Franklin, C., Perez III, R., Xiong, J., & 

Liotti,, M. (2006a). Neuroimaging of inhibitory control areas in children with 

Attention Deficit Hyperactivity Disorder who were treatment Naive or in long-

term treatment. American Journal of Psychiatry, 163, 1052-1060. 

Posner, M., & McCandliss, B. (1999). Brain circuitry during reading. In R. Klein, & P. 

McMullen (Eds.), Converging methods for understanding reading and dyslexia 

(pp. 305–337). Cambridge, MA: MIT Press. 

Posner, MI., & Petersen, SE. (1990). The attention system of the human brain. Annual 

Review of Neuroscience, 13, 25–42. 

Psychological Corporation. (1999). Weschsler Abbreviated Scale of Intelligence. San 

Antonio, TX: Harcourt Assessment, Inc. 

Pugh, KR., Mencl, WE., Jenner, AR., Katz, L., Lee, JR., Shaywitz, SE., & Shaywitz, BA. 

(2000). Functional neuroimaging studies of reading and reading disability 

(developmental dyslexia). Mental Retardation and Developmental Disabilities 

Research Reviews, 6, 207-13. 

Pugh, KR., Mencl, WE., Jenner, AR., Katz, L., Frost, SJ., Lee, JR., Shaywitz, SE., & 

Shaywitz, B.A. (2001) Neurobiological studies of reading and reading disability. 

Journal of Communication Disorders, 34, 479-492. 

Pugh, K R., Mencl, WE., Jenner, AR., Lee, JR., Katz, L., Frost, SJ., Lee, JR., Shaywitz, 

SE., & Shaywitz, BA.  (2002). Neuroimaging studies of reading development and 

reading disability. Learning Disabilities Research & Practice, 16, 240-249. 

Rae, C., Harasty, JA., Dzendrowsky, TE., Talcott, JB., Simpson, JM., Blarmire, AM., 

Dixon, RM., Lee, MA., Thompson, CH., Styles, P., Richardson, AJ., & Stein, JF. 

(2002). Cerebellar morphology in developmental dyslexia. Neuropsychologia, 40, 

1285–1292. 

Rae, C., Lee, MA., Dixon, RM., Blamire, AM., Thompson, CH., Styles, P., Talcott, J., 

Richardson, AJ., Stein, JF. (1998). Metabolic abnormalities in developmental 

dyslexia detected by magnetic resonance spectroscopy. Lancet, 351, 1849–52. 



147 

 

Raichle, M., Fiez, J.A., Videnn, TO., Macleod, MA., Pardo, JV., Fox, PT. & Petersen, 

SE., (1994). Practice related changes in human brain functional anatomy during 

non-motor learning. Cerebral Cortex, 4, 8-26. 

Richards, TL., Berninger, VW.,  Aylaward, EH.,  Richards, AL., Thomson, JB., Nagy, 

WE., Carlisle, JF., Dager, SR., & Abbott, RD. (2002). Reproducibility of proton 

MR spectroscopic imaging (PEPSI): Comparison of dyslexic and normal-reading 

children and effects of treatment on brain lactate levels during language tasks. 

American Journal of Neuroradiology, 23, 1678-1685. 

Riffkin, J., Yucel, M., Maruff, P., Wood, SF., Soulsby, B., Olver, J., Kyrios, M., 

Velakoulis, D., Pantelis, C. (2005). A manual and automated MRI study of 

anterior cingulated and orbito-frontal cortices, and caudate nucleus in obsessive-

compulsive disorder: Comparison with healthy controls and patients with 

schizophrenia. Psychiatric Research: Neuroimaging, 138, 99-113. 

Robichon, R., Levrier, O., Farnarier, P., & Habib, M. (2000). Developmental Dyslexia: 

atypical cortical asymmetries and functional significance. European Journal of 

Neurology, 7, 1, 35-46.  

Rorden, C. MRIcro. 

Rumsey, JM., Donohue, BC., Brady, DR., Nace, K., Giedd, JN., & Andreason, PA. 

(1997). Magnetic resonance imaging study of planum temporale asymmetry in 

men with developmental dyslexia. Archives of Neurology, 54, 1481-1489. 

Sanders, GS., Gallup, GC., Heinsen, H, Hof, PR., & Schitz, C. (2002) Cognitive deficits, 

schizophrenia, and the anterior cingulate. Trends in Cognitive Science, 6, 190-

192. 

Savage, R., and Frederickson, N. (2005). Evidence of a highly specific relationship 

between rapid automatic naming of digits and text-reading speed. Brain and 

Language 93, 152–159. 

Scott, ME., Scherman, A., & Phillips, H. (1992). Helping individuals with dyslexia 

succeed in adulthood: Emerging keys for effective parenting, education, and 



148 

 

development of positive self-image concept. Journal of Instructional Psychology, 

19, 197-204.  

Schotnmartz B, Larisch R, Vosborg H, Mullor-Gartnor HM. (2000) Striatal dopamine 

release in reading and writing measured with [123I]iodobenzamide single photon 

emission computed tomography in right handed human subjects, Neuroscience 

letters, 292,37-40. 

Semrud-Clikeman, M., Guy, K., Griffin, JD., & Hynd, GW. (2000). Rapid naming 

deficits in children and adolescents with Reading Disabilities and Attention 

Deficit Hyperactivity Disorder. Brain and Language 74, 70–83. 

Semrud-Clikeman, M., Hynd, G., Novey, E. S., & Eliopulos, D. (1991). Dyslexia and 

brain morphology: Relationships between neuroanatomical variation and 

neurolinguistic tasks. Learning and Individual Differences, 3, 225-242. 

Semrud-Clikeman, M., Plizska, S., Liotti, M., Higgins, K., & Lancaster, J.L. (2006). 

Neuroimaging in children with ADHD, treated and treatment naïve. Neurology, 

67, 1023-1027. 

Serniclaes, W., Sprenger-Charolles, L., Carre, R., & Demonet, JF. (2001). Perceptual 

discrimination of speech sounds in developmental dyslexia. Journal of Speech, 

Language and Hearing Research, 44, 384-99. 

Shanahan, MA., Pennington, BF., Yerys, BE., Scott, A., Boada, R., Willcutt, EG., Olson, 

RK., DeFries, JC. (2006). Processing speed deficits in attention 

Deficit/HyperactivityDisorder and Reading Disability. Journal of Abnormal Child 

Psychology, 34, 585–602. 

Shaywitz, BA., Shaywitz, SE., Pugh, K.R., Mencl, WE., Fulbright, RK., Skudlarski, P., 

Constable, RT., Marchione, KE., Fletcher, JM., Lyon, GR., & Gores, JC. (2002). 

Disruption of posterior brain systems for reading in children with developmental 

dyslexia. Biological Psychiatry, 52, 101-110. 

Shaywitz, SE. (1998) Dyslexia. New England Journal of Medicine, 338, 307-12. 

Shaywitz, SE. (2003). Overcoming dyslexia: A new and complete science-based program 

for reading problems at any level. New York: Alfred A. Knoph. 



149 

 

Shaywitz, SF., Fletcher, JM., Holahan, JM., Shneider, AE., Marchione, KE., Stuebing, 

KK., Francis, DJ., Pugh, KR., & Shaywitz, BA. (1999). Persistence of Dyslexia: 

The Connecticut Longitudinal Study at Adolescence. Pediatrics, 104, 1351-1359. 

Shaywitz, SE., Shaywitz, BA., Fletcher, JM., & Escobar, MD. (1990). Prevalence of 

reading disability in boys and girls: results of the Connecticut study. Journal of 

American Medical Association, 264, 998-1002. 

Shaywitz, SE., Shaywitz, BA., Pugh, KR., Fulbright, RK., Constable, RT., Mencl, WE., 

Shankweiler, DP., Liberman, AM., Skudlarski, P., Fletcher, JM., Leonard, K., 

Marchione, KE., Lacadie, CL., Gatenby, C., & Gore, JC. (1998) Functional 

disruption in the organization of the brain for reading in dyslexia. Proceeding of 

the National Academy of Science, 95, 2636-2641. 

Simos, PG., Breier, JI., Fletcher JM., Foorman, BR., Bergman E., Fishbeck, K., & 

Papanicolaou, AC. (2000). Brain activation profiles in dyslexic children during 

non-word reading: A magnetic source imaging study. Neuroscience Letters, 290, 

61-65. 

Simos, PG., Fletcher, JM., Bergman, E., Breier, JI., Foorman, BR., Castillo, EM., 

Fitzgerald, M., & Papanicolaou, AC. (2002). Dyslexia-specific brain activation 

profile becomes normal following successful remedial training. Neurology, 58, 

1203-1213. 

Skottun, BC. (2000). The magnocellular deficit theory of dyslexia: the evidence from 

contrast sensitivity. Vision Research, 40, 111-127. 

Smith, EE., & Jonides, J. (1999) Storage and executive processes in the frontal lobes 

Science, 283, 5408, 1657-1663. 

Snow, CE., Burns, MS., & Griffin, P. (1998) Preventing Reading Difficulties in Young 

Children (Natl. Acad. Press, Washington, DC). 

Snowling, MJ.. (2004). The Science of Dyslexia: A review of contemporary approaches. 

In M. Turner & J. Rack (Eds.). The Study of Dyslexia. (pp. 77-90). New York: 

Kluwer Academic/Plenum Publishers.  



150 

 

Snowling, MJ., Nation, K., Moxham, P., Gallagher, A. & Frith, U. (1997) Phonological 

processing deficits in dyslexic students: a preliminary account. Journal of 

Research in Reading, 20, 31-34 

 Stamatakis, E.A., Marslen-Wilson, E.A., Tyler, L.K. & Fletcher, P.C. (2005) Cingulate 

control of fronto-temporal integration reflects linguistic demands: A three-way 

interaction in functional connectivity. NeuroImage, 28, 115–121  

Stanovich, KE., & Siegel, LS. (1994). Phenotypic performance profile of children with 

reading disabilities: a regression-based test of the phonological core variable-

differences model. Journal of Educational Psychology, 86, 24-53.  

Stein J. (2001) The magnocellular theory of developmental dyslexia. Dyslexia, 7, 12-36. 

Stein, JF., &Walsh, V. (1997). To see but not to read: the magnocellular theory of 

dyslexia. Trends in Neuroscience, 20, 147-51.  

Stephan, KE., Marshall, JC., Friston, KJ., Rowe, JB., Ritzl, A., Zilles, K., Fink, GR. 

(2003). Lateralized cognitive processes and lateralized task control in the human 

brain. Science. 301, 384--386. 

Swanson, HL. (1993). Executive processing in learning disability subgroups. Journal of 

Experimental Child Psychology, 56, 87–114. 

Swanson, HL. (2000). Working memory, short-term memory, speech rate, word 

recognition and reading comprehension in learning disabled readers: Does the 

executive system have a role? Intelligence, 28, 1–30. 

Talcott, JB., Hansen, PC., Willis-Owen, C., McKinnell, IW., Richardson, AJ., & Stein, 

JF, (1998).  Visual magnocellular impairment in adult developmental dyslexics. 

Neuro-Ophthalmology, 20, 187-201.  

Talcott, JB., Witton, C., McClean, M., Hansen, PC., Rees, A., Green, GGR. & Stein, JF. 

(2000). Visual and auditory transient sensitivity determines word decoding skills. 

Proceedings of the National Academy Science, 97, 2952-2958. 

Tallal, P., Merzenich, M., Miller, S., & Jenkins, W. (1998) Language learning 

impairments: Integrating basic science, technology and remediation, Experimental 

Brain Research, 123, 210-219.   



151 

 

Tallal, P., Miller, S., & Fitch, RH. (1995). Neurobiological basis of speech: A case for the 

preeminence of temporal processing. Irish Journal of Psychology, 16, 3, 194-219. 

Temple, E. (2002). Brain mechanisms in normal and dyslexic readers. Current  Opinions 

Neurobiology 12, 178–183. 

Temple, E., Deutsch, G.K., Poldrack, R.A., Miller, S.L, Tallal, P., Merzenich, M.M., & 

Gabrieli, J.D.E. (2003). Neural deficits in children with dyslexia ameliorated by 

behavioral remediation: Evidence from functional MRI. Proceedings of the 

National Academy of Science, 100, 5, 2860–2865. 

Temple, E., Poldrack, R.A., Salidis, J., Deutsch, GK., Tallal, P., Merzenich, MM. & 

Gabrieli, JD. (2001). Disrupted neural responses to phonological and orthographic 

processing in dyslexic children: An fMRI study. NeuroReport 12, 2, 299-307. 

The Mathworks Inc. MATLAB. Natick, MA: The Mathworks, Inc. 

Thomson, JB., Chenaulta, B., Abbotta, RD., Raskind, WH., Richard, T., Aylward, E., 

Berninger,VW.  (2005). Converging evidence for attentional influences on 

the orthographic word form in child dyslexics. Journal of Neurolinguistics,18, 

93–126. 

Turkeltaub, PE., Eden, GF., Jones, KM., & Zeffiro, TA., (2002) Metaanalysis of the 

functional neuroanatomy of single-word reading: Method and validation. 

Neuroimage, 16, 765-780. 

Turkeltaub, PE., Gareau, L., Flowers, DL., Zeffiro, TA., & Eden, GF. (2003). 

Development of neural mechanisms for reading. Nature Neuroscience, 6, 767-

773. 

Vellutino, F. R. (1979). Dyslexia: Theory and research. Cambridge, MA: MIT Press. 

Vellutino, F. R., Fletcher, J. M., Snowling, M. J., & Scanlon, D. M. (2004). Specific 

reading disability (dyslexia): what have we learned in the past four decades? 

Journal of Child Psychiatry, 45(1), 2-40.   

Vogler, GP., DeFries, JC., & Decker, SN. (1985).Family history as an indicator of risk 

for reading disability. Journal of Learning Disabilities, 18, 419-421. 



152 

 

Vohn, R., Fimm, B., Weber, J., Schnitker, R., Thron, A.,  Spijkers, W., Willmes, K.,  and  

Sturm, W. (2007). Management of attentional resources in within-modal and 

cross-modal divided attention tasks: An fMRI study.  Human Brain Mapping, 28, 

1267-1275. 

von Plessen, K.,  Lundervold, A.,  Duta, N. (2002) Less developed corpus callosum in 

dyslexic subjects: A structural MRI study.    Neuropsychologia, 40, 7, 1035-1044. 

Wadsworth, SJ., Olson, KR.,  Pennington, BF.,  & DeFries, JC. (2000). Differential 

genetic etiology of reading disabilities as a function of IQ. Journal of Learning 

Disabilities, 33, 192-199.  

Wagner, RK. & Torgenson, JK. (1987). The nature of phonological processing and its 

causal role in the acquisition of reading.  Psychological Bulletin. 101, 192–212. 

Wagner, R. K., Torgesen, J. K., & Rashotte, C. A. (1999). Comprehensive Test of 

Phonological Processing. Austin, TX: Pro-Ed. 

Wagner, R K., Torgensen, JK., Rashotte, CA., Hecht, SA., Barker, TA., Burgess, SR., 

Donahue, J. & Garon, T. (1997). Changing relations between phonological 

processing abilities and word-level reading as children develop from beginning to 

skilled readers: A 5-year longitudinal study. Developmental  Psychology 33, 3, 

468–479. 

Wellington, T., Semrud-Clikeman, M., Murphy, J., Gregory, A., & Lancaster, J. (2006). 

Putamen differences in groups of children with psychopathy and ADHD and 

those without. Journal of Attention Disorders, 10, 171-180. 

Willcutt, EG., Pennington, BF., Smith, SD., Cardon, LR., Gayan, J., Knopik, VS., Olson, 

RK., DeFries, JC. (2002). Quantitative trait locus for reading disability on 

chromosome 6p is pleiotropic for attention-deficit/hyperactivity disorder. 

American Journal of Medical Genetics, 114, 260–268. 

Willcutt, E. G., & Pennington, B. F. (2000). Comorbidity of reading disability and 

attention-deficit/hyperactivity disorder: Differences by gender and subtype. 

Journal of Learning Disabilities, 33, 179–191. 



153 

 

Wilson, AM., & Lesaux, NK. (2001). Persistence of phonological processing deficits in 

college students with dyslexia who have age-appropriate reading skills. Journal of 

Learning Disabilities, 34, 5, 394-400. 

Wiederholt, JL., & Bryant, BR. (1992). Gray Oral Reading Test (3rd ed.). Austin, TX: 

Pro-Ed. 

Wolf, M. (1999). What time may tell: Towards a new conceptualization of developmental 

dyslexia. Annals of Dyslexia, 49, 3-28.  

Wolf, M. & Bowers, PG., (2000a). Naming speed deficits in developmental reading 

disabilities: An introduction to the special series on the double-deficit hypothesis. 

Journal of Learning Disabilities, 33, 322-324.  

Wolf, M. & Bowers, P. (2000b). The question of naming-speed deficits in developmental 

reading disability: An introduction to the Double-Deficit Hypothesis. Journal of 

Learning Disabilities, 33, 322-324. 

Wolf, M., Bowers, P. G., & Biddle, D. (2000). Naming-speed processes, timing, and 

reading: A conceptual review. Journal of Learning Disabilities, 33, 387-407. 

Yücel, M., Stuart, G., Maruff, P., Velakoulis, D., Crowe, S., Savage, G., and Pantelis, C. 

(2001). Hemispheric asymmetries as well as gender and age related differences in 

the gross morphology of the anterior cingulate cortex in normal volunteers: A 

neuroimaging study. Cerebral Cortex, 11, 17-25. 

Yücel, M., Wood, SJ., Fornito, A., Riffkin, J., Velakoulis, D., Pantelis, C. (2003). 

Anterior Cingulate dysfunction: Implications for psychiatric Disorders? Journal 

of Psychiatry Neuroscience, 28, 350-354.  

Yücel, M., Pantelis, C., Stuart, GW., Maruff, P., Wood, SJ., Savage, G., Smith, DJ., 

Crowe, SF., & Velakoulis, D. (2002). Paracingulate morphological differences in 

males with established schizophrenia and first-episode psychoses: an MRI 

morphometric study. Biological Psychiatry, 52, 15-23. 

Yamasue, H., Kasai, K.,  Iwanami, A.,  Ohtani, T., Yamada, H.,  Abe, O., Kuroki, P., 

Fukuda, R., Tochigi, N., Furukawa, S.,  Sadamatsu, M., Sasaki, T., Aoki, S., 

Ohtomo, K., Asukai, N., & Kato, N. (2003). Voxel-based analysis of MRI reveals 



154 

 

anterior cingulate gray-matter volume reduction in posttraumatic stress disorder 

due to terrorism. Proceedings of National Academy of Science, 100, 9039–9043. 

Zametkin AJ, Nordahl TE, Gross M, King AC, Semple WE, Rumsey J, Hamburger, S., 

Cohen, RM. (1990). Cerebral glucose metabolism in adults with hyperactivity of 

childhood onset. New England Journal of Medicine, 323, 1361–1366.  

Zeffiro, T., & Eden, G. (2000). The neural basis of developmental dyslexia. Annals of 

Dyslexia, 50, 3-30. 

 



155 

 

Vita 

 

Tasha McMahon Wellington was born in Manly, Australia on August 19, 1970, 

the daughter of Adele McMahon and Michael Edward McMahon.  She completed her 

Bachelor of Science degree in Physiology and her Bachelor of Arts degree in Psychology 

at the University of California at Davis in 1994.  After working as a shuttle support 

scientist for NASA and a research assistant at UCLA for a year, she entered University of 

California at Los Angeles, in September 1995.  She received the degree of Master of 

Science in Physiological Science from UCLA in December, 1998.  In August, 1999, she 

entered Clinical Psychology Graduate Program at The University of Texas, Austin.  She 

taught Introduction to Psychology at the University of Texas at Austin and Virginia 

College as an Assistant Instructor.  

 

Permanent address: 1711 Fairweather Way, Cedar Park, Texas, 78613 

This dissertation was typed by the author. 

 

 

 


