
Chapter 12

Language-Related and Learning Disorders

Neurodevelopmental disorders of childhood, includ-

ing language-related and learning disabilities, consti-

tute a large percentage of the childhood disorders

seen by child clinical neuropsychologists. Language

impairments and learning disabilities resulting from

phonological core deficits are featured, as are mathe-

matics difficulties resulting from nonverbal, reason-

ing, and perceptual deficits. Recently these disorders

have often been combinedwith the new term, learning

and language impaired. A large body of research

has burgeoned over the past decade. There are some

children who simply exhibit a language delay as well

as a few children with a learning disability without a

significant language delay. For that reason we will

discuss language disability somewhat separate from

learning disabilities although they are related and

should be viewed as such.

Each of these neurodevelopmental disorders

will be explored within a transactional model, where

the genetic and prenatal/postnatal history affecting

neuropsychological, cognitive, perceptual, and

memory functions will be reviewed. The manner in

which family, school, and social factors interact with

and ultimately influence the manifestation of these

disorders will also be discussed. Research and clinical

literature will be incorporated, and implications for

assessment and intervention will be addressed.

Articulation Impairment

Articulation Impairment (AI) decreases with age

and is approximately 2:1 male to female in inci-

dence (Petherham & Enderby, 2001). In the past,

children with AI were considered to have pri-

mary motor system problems, and therapies

were devised to address motor learning patterns.

Recent conceptualizations suggest that linguistic

abilities, particularly phonological processing

skills, play an important role in AI. From this

perspective, speech sound production is viewed

in light of global language functions, including

syntax, semantics, and pragmatics (Fox & Dodd,

2001).

Research has suggested that there are four

types of articulatory difficulty: articulation disor-

der, delay, consistent use of atypical error pat-

terns, and inconsistent pronunciation (Dodd,

1995). These subtypes have been found in

German speaking populations (Fox & Dodd,

2001) as well as Cantonese children (Holm &

Dodd, 2001). Further study has found that, in a

large sample of English-speaking children referred

for a speech evaluation, 57.5 percent had a

phonological delay, 20.6 percent had non-

developmental errors, 9.4 percent made inconsis-

tent errors on the same sound, and 12.5 percent

had an articulation disorder (Broomfield &

Dodd, 2004b). In this sample no child had a sig-

nificant hearing impairment, diagnosed learning

disability, or physical disability. Although

attempts have been made to determine whether

children with articulation disorders also have gen-

eral language deficits, it is unclear whether AI

should be considered a linguistic (phonological

disorder) or a neurogenic (developmental motor

apraxia) disorder.
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Neuropsychological Correlates of AI

Children with AI are more similar to typically

developing children than to children with language

disorders. There are no specific neuropsychological

correlates for children with a sole diagnosis of AI.

Children that were language impaired (LI) had

more trouble with speech perception capabilities,

whereas children with AI performed better than

control children on these measures (Snow, 2001).

AI children generally show fewer omissions, trans-

positions, and syllable additions, compared to LI

children.

In a multivariate analysis differentiating AI

from normal children, the following variables

were predictive of group membership: weight,

temporal ordering of visual graphemes (e and k),

and identifying syllables hae/ compared to /dae/

(Stark & Tallal, 1988). In a smaller group of chil-

dren with AI, weight, family history of speech

disorders, history of motor delays, difficulty iden-

tifying syllables (/bad /due/), and problems dis-

criminating light flashes were significant in differ-

entiating AI children from normal controls. In this

study, AI and LI children were all heavier and

taller than the control group. There are no clear-

cut answers as to why weight is associated with LI

and AI, but speculations suggest that heavy chil-

dren may be more socially awkward, particularly

if they are also clumsy; that low self-esteem may

be manifested in less spontaneous speech, espe-

cially if accompanied by poor expressive language

skills, or that uneven or rapid growth periods may

place challenges on speech musculature (Stark &

Tallal, 1988).

While children with AI have difficulty controlling

involuntary movements of arms as well as with rapid

fine motor coordination tasks, they are able to pro-

duce CV syllables in rapid succession when speaking

(Leonard, 1998). Compared to LI groups, children

with articulation disorders did not show difficulty on

measures of verbal auditory processing or speech

discrimination. Further, children with AI who have

mild expressive language problems appear to func-

tion more similarly to typically developing children

than to LI groups. In general, very few children with

articulation disorders are found to show similar dif-

ficulties compared to children with more serious

language impairment (Tallal & Fitch, 2005).

Language lmpairment

Language impairment and speech disorders are

considered to be communication disorders, and

are often discussed along with reading impairment

(Tallal & Gaab, 2006). Language impairment is

often difficult to untangle from learning disabilities

(or dyslexia) and studies often include participants

with both difficulties.While this section will attempt

to focus on language impairment, some of the stu-

dies will have samples that have both disorders.

The incidence of pediatric speech and language

disorders is estimated to be approximately 33 percent

of children aged 5–12 years of age (Law, Boyle,

Harris, Harkness, & Nye, 2000). The gender ratio

has been found to be approximately 3:1 for a lan-

guage disorder and 2:1 for an articulation disorder,

with males more likely to be diagnosed with either

disorder than females (Broomfield & Dodd, 2004a).

Of the children evaluated in a large clinic in England

28 percent showed a mild disability, 39 percent a

moderate disability, and 12 percent had a severe

disability (Broomfield & Dodd, 2004a). It was

found that children with a severe language disability

showed problems with receptive language disorders,

a finding not present for those with articulation dis-

orders. Children who showed global language pro-

blems were more impaired and at higher risk of later

academic difficulties than those with isolated diffi-

culty (Johnson et al., 1999; Shriberg, Tomblin, &

McSweeney, 1999).

The main risk factors that have been identified

for a language impairment include pre- and perina-

tal medical problems, otolarynological problems,

problems with early feeding due to sucking diffi-

culty, and family history (Johnson et al., 1999).

There also appears to be a genetic predisposition

to language impairment (Stromsvold, 2001) with

monozygotic twins showing a higher concordance

rate than dizygotic twins. Most of the studies

reviewed on genetics have been from clinic-referred

samples. Studies that have used samples from the

community have found a modest genetic influence

on low vocabulary skills at two years of age (Price

et al., 2000), and a stronger relation at older ages

(Eley, Dale, Bishop, Price, & Plomin, 2001; Spinath,

Ronald, Harlaar, Price, & Plomin, 2003).

Studies of large community-based twin samples

have found a relation between language performance
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and heritability (Spinath, Price, Dale, & Plomin,

2004; Viding et al., 2004). Heritability was found to

be greater for children with more severe impairments

than for those with mild impairments. It was also

found that genetic and environmental influences

appeared to be qualitatively and quantitatively

similar for boys and girls. Similar to earlier findings,

language impairment was present more often in boys

than in girls.

Neuropsychological Correlates of LI

Fitch and Tallal (2003) indicate that impairment of

spoken language and the underlying neuropsycho-

logical mechanisms may be the common thread

between production and comprehension language

difficulties, reading problems, mathematics pro-

blems, written language, and social difficulties in

children with learning disabilities. It has been

hypothesized that language disorders are a result

of impaired temporal processing of auditory infor-

mation (Tallal, 2004).

Children with specific language impairment (LI)

or developmental dysphasia have been to found to

have a number of difficulties:

� significant deficits in expressive and/or receptive

language, with normal abilities in nonverbal

areas;
� deficits in speech perception and poor vocabu-

lary skills, including naming, memory, syntax

(grammar), and semantics (word meaning), and
� impaired temporal sequence of nonverbal auditory

stimuli and poor discrimination of sounds, parti-

cularly when auditory signals are presented rapidly

(Semrud-Clikeman, 2006). Speech articulation,

syntactic, and semantic deficits may also be

present.

It is difficult to determine a causal link between

brain functions and language impairment in chil-

dren. However, several tentative hypotheses have

been offered. One is that atypical patterns of sym-

metry of the planum temporale are associated with

verbal comprehension problems, phonological pro-

cessing deficits, and expressive language difficulties

(Foster, Hynd, Morgan, & Hugdahl, 2002; Morgan

& Hynd, 1998). The other assumes that perisylvian

temporal cortical activation is present for proces-

sing auditory speech stimuli . Both the right and left

hemisphere temporal regions appear activated, and

each hemisphere may have a different role to play in

the analysis of sounds (Binder et al., 2000). A study

using fMRI technology in adults with normal lan-

guage abilities suggests that the superior temporal

lobes are involved in the decoding of acoustic sig-

nals of speech, whereas the left frontal lobes are

involved in semantic operations (Eckert, Leonard,

Possing, & Binder, 2006). Binder, Frost, Hammeke,

Rao, and Prieto (1997) suggest that language pro-

cessing is probably hierarchical in nature, involving

primary sensory levels and intermodal association

regions for higher cognitive activities. As processing

demands move from simple (unimodal) to complex

(multimodal), more brain regions are likely to be

involved. Further research into these mechanisms is

underway and will undoubtedly shed more light

onto the neurological basis of language, and further

clarify the role of selective attention, memory, cog-

nitive associations, and semantic functions on lan-

guage processes.

Other research indicates that children with LI are

less efficient on neuropsychological tasks involving

rate of motor performance (rapid alternating finger

movements); dihaptic stimulation (simultaneous per-

ception of bilateral tactile stimulation), and left-right

discrimination (Talcott et al., 2000). LI children also

had less control over involuntary movements than

control children, and although signs of involuntary

movements are observed in both groups, LI children

have movements of longer duration.

Studies have indicated that children with LI

experience difficulties with working memory and

short-term memory (Adams & Gathercole, 2000;

Balthazar, 2003; Gathercole, Tiffany, Briscoe, &

Thorn, 2005; Montgomery, 2004). Phonological

working memory and impaired language ability

are related (Marton & Schwartz, 2003; Norrelgen,

Lacerda, & Forssberg, 2002). A link has also been

found between visual-spatial working memory and

language development (Marton & Schwartz, 2003).

A possible link between visual-spatial working

memory and language impairment has been found,

but requires additional study to fully understand

how these difficulties translate into language perfor-

mance (Adams & Gathercole, 2000; Hoffman &

Gillam, 2004). To investigate these relations more
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closely, a large study of kindergarteners evaluated

the relation between working memory and language

skills (van Daal, Verhoeven, van Leeuwe, & van

Balkom, 2008). Findings indicated that phonological

working memory was predictive of semantic and

syntactic abilities, while visual memory was weakly

related to speech production skills. It was hypothe-

sized that phonological workingmemory is related to

maintaining lexical semantic information while pro-

cessing the verbal information. Baddeley’s model of

working memory (discussed in Chapter 6) was con-

firmed for language ability and disability for the

phonological loop and the central executive, but

not strongly for the visual sketch pad. These findings

are consistent with previous research showing a

strong link between phonological working memory

and language ability (Alloway & Gathercole, 2005).

In conclusion, working memory deficits particularly

in phonological coding as well as in lexical retrieval

appear to be important for our understanding of

language impairment and likely interfere with cogni-

tive processing as well as learning.

Cognitive Processing Features of LI

Children with language impairments exhibit pro-

blems with rate processing deficits; that is, children

with LI have auditory processing deficits or diffi-

culty in processing auditory signals that have short

segments or are presented rapidly in a series (Fitch &

Tallal, 2003). Some suggest that this is the basic

deficit that underlies many of the neuropsychologi-

cal and cognitive features associated with LI (Tallal,

2004). Rate processing weaknesses have been found

in rapid speech production; finger identification (two

fingers); association of consonants and vowels (ba

versus da); processing of cross-modal, nonverbal

stimuli, and simultaneous tactile stimulation (face

and hand). Auditory masking may explain some of

the auditory deficits found in LI children, where the

rapid presentation of signals runs on top of or masks

other, later occurring signals. Masking also may

account for other problems observed in both the

tactile and motor areas, where a sequence of stimuli

or movements interferes with discrete single stimuli.

Tallal (2004) concludes that there may be a com-

mon thread through interacting neural substrates for

both speech and nonverbal processing that ‘‘incorpo-

rate rapidly changing temporal cues’’ that appear to be

deficient in children with LI (p. 183) (Tallal, 1988).

Normal infants discriminate subtle temporal signals

(i.e., speech and nonverbal stimuli), that were proble-

matic for LI children 5–9 years of age. Research sug-

gests that childrenwithLI are characterized by deficits

in the ability to perceive and to produce information

in rapid time sequences. This deficit is not specific to

language, but includes other processes (e.g., motor,

tactile, memory). Stark and Tallal (1988) hypothesize

that ‘‘a basic neural timingmechanism’’ interferes with

the simultaneous processing and production of infor-

mation.While other higher level linguistic deficitsmay

also be present, the timing mechanism deficit seems to

have a significant negative impact on various proces-

sing skills. Ways to alter the functioning of this

‘‘neural timingmechanism’’ are explored in the discus-

sion on intervention implications.

Rate processing deficits appear in both children

with learning and language problems. Tallal and

Gaab (2006) have found that these rate processing

deficits and sensorimotor delays are consistently

found in children with language impairment. Infants

with a family history of learning and language pro-

blems take longer to learn how to discriminate

between two tones than those without such a history

(Benasich & Tallal, 2002). The difficulty in learning

how to discriminate between the tones was strongly

linked to later difficulties with language development

independent of the language being learned. Similarly,

Foxton et al. (2003) found that problems in the

ability to acquire phonological discrimination and

speech intonation knowledge were related to later

difficulties in language as well as in reading. Children

with LI frequently develop later reading problems,

and as many as 50 percent of young children with

impaired language also show math difficulties and

reading problems in elementary school (Tallal, 2004).

There have been links between language impairment

and reading and writing difficulties.

Social-Psychological Correlates of Ll

The psychosocial functioning of children with lan-

guage problems is often not investigated separately

from that of children with learning disabilities. In
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general, discussions of social difficulties in children

with learning disabilities have focused on the

communicative competency of children in social

situations, level of moral development, perspective

taking and empathy for others, understanding of

nonverbal cues, and problem solving abilities

(Beitchman et al., 2001). Children with LI tend to

have a higher rate of emotional and behavioral dis-

orders than would be expected, with some finding

that 80 percent of juvenile delinquents either show a

current language delay or have a history of language

impairment (Beitchman, Nair, Clegg, Ferguson, &

Patel, 1986; Hall & Moats, 1999). Children with LI

are at a higher risk to develop emotional difficulties

compared to typically developing peers (Conti-

Ramsden & Botting, 2008).

The extent to which social-emotional difficulties

are related to language impaired children without

learning disorders in general needs further explora-

tion. It does seem evident that communication and

verbal intelligence are important variables in deter-

mining social adjustment, in conjunction with other

cognitive and behavioral factors. If a child is unable

to express what he/she needs, then it is likely he/she

will turn to amore physical manner to express feelings

or to turn those feelings inward and not express them.

Implications for Assessment

There is a paucity of decent measures for language

impairments in both young and older children. It is

especially difficult to find one adequate test that

measures phonemic awareness, syntax, and seman-

tic skills, and analyzing subtests frommore than one

instrument presents psychometric measurement

problems (e.g., comparison of grade or age levels

from different tests with dissimilar reliability and

validity standards). Language pragmatics are also

often overlooked, so it is difficult to determine the

effects of LI on communication in general. Table 6.1

provides a list of commonly used measures for

assessing language. It is important to use parts of

tests in order to answer particular questions about

the child’s functioning. For this reason, the astute

clinician will be aware of all these measures and

select the most appropriate ones for the child

at hand.

Implications for Interventions

Interventions for language disorders may be (1)

preventive, by reducing the probability of reading

disorders; (2) remedial, by addressing the language

or communication deficits, or (3) compensatory in

nature (Stark, 1988). Early identification and inter-

vention at preschool age are crucial to increase the

likelihood of preventing the associated features of

severe communication disorders. However, most

intervention research has focused on children with

cognitive delays or hearing impairments, a fact that

complicates the picture when evaluating the efficacy

of such research when these disorders are not also

present.

Fast ForWord Language (FFW-L) (Scientific

Learning Corporation, 1998) is a popular interven-

tion tool that has been suggested to correct difficul-

ties in temporal processing of information thought

to be related to learning and language difficulties.

Some have found gains of 1–1½ years following six

weeks of training (Merzenich et al., 1996; Tallal &

Gaab, 2006). This program is based on Tallal’s

theory that language difficulties are due to problems

with fast processing of auditory information and

that an intense intervention that basically repro-

grams the brain to recognize sounds and blends

will improve language ability. FFW-L consists of

two-stage computer-generated lessons. In stage 1 of

the training, speech was temporally modified by

lengthening the speech signal by 50 percent; during

stage 2, fast (3–30 Hz) transitional features of

speech were enhanced by as much as 20 db. The

speech tracks were presented on CD-ROMs. The

speech sounds have a staccato quality, with conso-

nants (usually fast elements of speech sound) exag-

gerated compared to vowels (typically slower

speech sounds). Intervention outcome may be best

for children with expressive language problems who

do not have accompanying receptive language dis-

orders (Merzenich et al., 1996; Tallal et al., 1996).

Independent researchers have also evaluated

the FFW-L program to determine its effectiveness

with children who have LLI (learning and

language impairment). One study included a

group of 54 children with LLI assigned to one

of three intervention groups focusing on auditory

training: FFW-L, Earobics, or the Lindamood

Phoneme Sequencing Program (LiPS) (Pokorni,
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Worthington, & Jamison, 2004). All children

showed significant difficulties with language and

reading ability. Children were tested 4–6 weeks

prior to the intervention and 6–8 weeks after

the intervention ended. Gains were not found on

retesting for any of the interventions.

Similarly, Cohen et al. (2005) compared Fast

ForWord to commercially available home pro-

grams and no programs in three groups of children

with severe mixed receptive and expressive language

disabilities. All groups received speech and lan-

guage intervention services in addition to these

programs during the intervention period. At nine

weeks and six months after the intervention period

all groups showed significant improvement on

standardized testing, but no difference was found

among the groups. Cohen et al. (2005) suggested

that the groups did not provide any additional

support apart from the speech and language services

that were provided individually.

Gillam et al. (2008) studied 216 children aged

6–9 years in four intervention programs: Fast

ForWord Language, academic enrichment, compu-

ter-assisted language intervention, or individualized

language intervention. Each child had treatment

five days per week for six weeks for one hour

and 40 minutes each day. All groups showed

improvement on a standardized language test after

the intervention with no difference among the groups

present. These findings indicate that interventions

that provide intensive experiences with a great deal

of feedback and support improve language function-

ing. Gillam et al. (2008) concluded that the temporal

processing hypothesis of language impairment may

not fully explain the difficulties these children have

and in and of itself, is not sufficient for our under-

standing of language impairment. Thus, auditory

processing is likely a very important, albeit complex,

aspect to language development, and requires one to

include many aspects in understanding LI, not solely

temporal processing of stimuli (Johnston, 2006).

From the studies, it appears that auditory pro-

cessing deficits may result in both expressive and

receptive language deficits, while speech motor def-

icits may result in expressive problems. Further, if

auditory processing abilities are intact, these abil-

ities may facilitate the development of expressive

language and speech motor problems, while the

opposite does not appear to be the case. That is,

intact speech motor abilities have little impact

on improving language problems resulting from

auditory processing deficits. The best treatment

approach is not always evident. As discussed briefly

earlier, learning and language disabilities go hand in

hand, and many children have both disorders. The

following section discusses learning disabilities

from a neuropsychological point of view.

Learning Disabilities

Children with learning disabilities (LD) constitute

the largest and fastest growing population of special

needs children in schools. Estimates place the inci-

dence of learning disabilities (LD) in general to be at

5–8 percent of public school students (Semrud-

Clikeman, Guy, Griffin, & Hynd, 2000). While

there is a large body of research indicating that

learning disabilities are more common in males

than females with the incidence generally running

at 2:1 (Flannery, Liederman, Daly, & Schultz, 2000;

Miles, Haslum, & Wheeler, 1999), others have

found the ratio between males and females to be

relatively closer (Shaywitz et al., 1995). The study

that found equal distribution of males and females,

however, did find that when looking at the more

severe form of a reading disability, males were more

affected compared to females by at least 2:1.

Liederman, Kantrowitz, and Flannery (2005)

completed a comprehensive review of the literature

in male vulnerability for reading disability. The

findings from this review indicate that while the

literature does support a preponderance of males

with reading disabilities, more research is needed to

evaluate the incidence using more than one defini-

tion of LD, to compare genders based on their own

gender rather than across genders, and for research-

ers to report effect sizes for their findings. Siegel and

Smythe (2005) suggest that the discrepancy defini-

tion for LD (see below) may bias selection to males.

In addition, it has been found that early reading

skills (word identification, phonological processing)

often differ between the genders until fourth grade

when the differences generally disappear for most

children (Share & Silva, 2003; Siegel & Smythe,

2005). More research is needed to examine male

and female differences based on the definition of a
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learning disability, and possibly also evaluate dif-

ferences in severity over development. The defini-

tion of a learning disability continues to be an area

of contention and the issues are discussed in the next

section

Definitions

Currently, the field is replete with controversies affect-

ing how we think about, diagnose, and design educa-

tional interventions for children identified as LD.

Learning problems can arise from divergent sources

including genetic, neuropsychological, cognitive/per-

ceptual, social-psychological, and environmental (i.e.,

home and school or classroom) factors. The extent to

which we can reliably identify which factors or com-

bination of factors affects a child’s learning may be

helpful in distinguishing children with LD from other

slow learners or ‘‘garden-variety’’ poor readers. For

example, we might expect to see differences across

variables depending on whether the learning difficul-

ties result from neurobiological, cognitive-perceptual,

intellectual, or instructional opportunities and

experiences.

Learning disabilities have been defined in many

different ways over the years. Some have used the

term ‘‘dyslexia’’ to be synonymous with learning

disabilities when, in fact, dyslexia refers to problems

solely with reading. The general term ‘‘learning dis-

abilities’’ refers to problems in any one of seven

areas of learning including listening comprehen-

sion, expressive language, basic reading skills

(word identification, phonological coding), reading

comprehension, written language, mathematics cal-

culation, or mathematics reasoning. Many assume

that LD is due to a central nervous system differ-

ence that contributes to the problems in deciphering

both written and oral language (Shaywitz, 2003).

Learning disabilities is a heterogeneous grouping

that generally includes children with difficulty

learning despite adequate ability and instruction in

one of seven areas related to language, reading, and

mathematics. The definition generally assumes a

significant discrepancy between ability and achieve-

ment that is often not well-defined. Differences in

defining this discrepancy has led to various inci-

dences of LD across the country, with some states

defining the discrepancy conservatively (children

achieving below the second percentile for their

age) and others more liberally (a difference of

16 standard score points between ability and

achievement).

Many children may experience difficulties in

more than one area, and have difficulties with

attention, emotional adjustment, and/or behavioral

problems as well (Lyon, Shaywitz, & Shaywitz,

2003). The majority of children identified with a

learning disability have difficulties in reading with

many of these also experiencing difficulties with

written language. Poor phonological processing is

the most predictive of continuing reading difficulty

(Shaywitz, Mody, & Shaywitz, 2006).

When a severe learning disability is present, even

despite intensive remediation, achieving average

reading ability may be questionable (Lyon et al.,

2003). It is likely that these children show significant

problems with emotional adjustment and with

social competence and, thus, academic interven-

tions are complicated by these concomitant difficul-

ties. Comorbidity with other disorders is present

with learning disabilities similar to that with

ADHD.

One theory for the mechanism that is faulty in

learning disabilities is the double-deficit hypothesis

(Wolf & Bowers, 1999). This theory suggests that

readers be grouped by their ability on measures of

phonological coding and automatized naming

skills. There are three, suggested subtypes: phono-

logical deficit, naming speed deficit, and phonolo-

gical and naming speed deficit. The phonological

deficit subtype is those children that have difficulty

with phonological processing, but have average

ability in naming. The naming speed subtype has

difficulty in automatized naming, but not in phono-

logical coding. When phonological coding and

rapid naming are both present, it is believed that

the disorder is of a more severe nature.

Research has supported the finding of naming

speed and phonological difficulties in children with

learning problems. A sole problem with naming

speed, however, has not been found in children

with learning problems (Morris et al., 1998). Other

studies have found a strong relation between pho-

nological processing and reading ability, and aweak

or modest relationship between reading skills

and rapid naming ability (Hammill, Mather,
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Allen, & Roberts, 2002; Pennington, Cardoso-

Martins, Green, & Lefly, 2001). Rapid naming and

phonological processing also correlate with poorer

phonological coding skills strongly related to

poorer automatized naming skills (Compton,

DeFries, & Olson, 2001; Schatschneider, Carlson,

Francis, Foorman, & Fletcher, 2002).

Comprehensive reviews of research on the double-

deficit hypothesis have found that phonological

coding and double-deficit subtypes do exist, but

that the naming speed subtype has not been con-

firmed and that naming speed and phonological

processing are strongly correlated skills (McCardle,

Scarborough, & Catts, 2001; Vukovic & Siegel,

2006). This review also found that phonological

interventions improve rapid naming speed, thus

supporting the idea that these skills are not indepen-

dent. The review concludes that naming speed

deficits are not characteristic of a reading problem

and are only important when they occur in conjunc-

tion with phonological processing difficulty. Further

discussion of assessment and definition issues is

presented below.One of the areas that has challenged

the research in learning disabilities is the frequency

of other disorders that co-occur with a learning

problem.

Diagnostic Issues

One of the major issues in the field of learning dis-

abilities is the precise definition of a learning disabil-

ity and who should be served under this category.

Tied to this difficulty is the problem of appropriately

assessing a child to determine whether a significant

learning problem does exist. Previous definitions

have generally included an IQ-achievement discre-

pancy that is called ‘‘significant,’’ but is not well-

defined. As a result, different states and, in some

cases, school districts define eligibility for services

differently. Other definitions have included the idea

that the learning problem is due to a developmental

lag. These definitions will be reviewed in the follow-

ing section.

A meta-analysis of the relation between ability

and reading level was conducted to evaluate the use

of the IQ-Achievement discrepancy to define a

learning disability (Fuchs, Fuchs, Mathes, &

Lipsey, 2000a, 2000b). This meta-analysis found

that children with the poorest reading ability, com-

pared to poor readers with lower ability levels, were

most appropriately served using the discrepancy

model. Hoskyn and Swanson (2000) also conducted

a meta-analysis looking at children with reading

disability and those with reading delays and lower

ability. There was no differences between the groups

on reading and phonological processing, but the

brighter group performed stronger in vocabulary

and syntax skills. The difference between these two

meta-analysis studies is likely due to differences in

sample selection for the studies as well as the

emphasis on an ability measure. The Fuchs et al.

(2000a, 2000b) study did not restrict the study to a

certain IQ level, while the Hoskyn and Swanson

(2000) review included studies that utilized signifi-

cantly below average IQ samples. These differences

in study selection changed the findings and account

for the findings’ discrepancies.

Steubing et al. (2002) conducted a further evalua-

tion of the LD literature with regard to the IQ-

discrepancy issue. Their sample included studies

that used two groups to classify poor readers (IQ

discrepant and concordant), studies were not

included that utilized poor readers with signifi-

cantly below average ability, and additional

domains such as behavioral functioning were

included in addition to cognition and achievement

variables. In addition, effect sizes were evaluated to

determine whether the size estimates were consistent

across domains.

This analysis found few differences among the

IQ discrepant and IQ concordant groups on mea-

sures of phonological awareness, rapid naming, ver-

bal short-term memory, and vocabulary ability. The

IQ discrepant groups showed stronger effect sizes

for the Verbal IQ, Nonverbal IQ, and Full Scale

IQ measures. Some studies have shown that once

decoding skills have been attained, comprehension

skills may be slightly better for children with specific

reading disabilities than for children with generalized

cognitive deficits (Stanovich, 2005). In addition, the

IQ-discrepant group scored better on measures of

fine motor skills, concept formation, spatial ability,

planning skills, perceptual motor skills, and nonver-

bal short-term memory. These measures were not

believed to affect reading skills, but are separate

areas that would discriminate the groups.
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One of the issues that arises when IQ discrepancy

is utilized to diagnose a child with a learning dis-

ability is the difficulty that children with lower abil-

ity have to qualify for services. It is much more

difficult for a child with an IQ of 85 to qualify for

services than a child with an IQ of 110, particularly

at a younger age. Some have questioned the discre-

pancy model’s use and argue that it delays services

to those children who need help the most at an early

age. This concern is particularly apt as interventions

have not been found to be as successful if started

after second grade, compared to early intervention

(Lyon et al., 2001; Torgesen et al., 2001).

The difference between slow learners (those chil-

dren who do not read well, but read roughly com-

mensurate with their ability) and children with

severe learning problems has been evaluated to

determine whether differences in reading skills are

present as well as response to intervention.

Research on this issue has yielded mixed results.

LD and non-identified slow learners do not differ

in terms of demographics or psychoeducational test

scores, including both cognitive and affective mea-

sures (Strong, Silver, & Perini, 2008). Further, slow

learners and LD groups show similar skills on cog-

nitive tasks related to reading (Lyon et al., 2001),

including phonological awareness, and on measures

of reading achievement.

LD and garden-variety poor readers differ on cog-

nitive tasks not directly related to reading, such as

nonverbal reasoning skills and verbal-conceptual abil-

ities which, in turn, may ultimately affect intervention

efficacy (Hulslander et al., 2004). It has been suggested

that garden-variety poor readers have global deficits

across a variety of cognitive measures, whereas chil-

dren with reading disabilities have core deficits in the

phonological area and, thus, have more domain-

specific deficits (Stanovich, Siegel, & Gottardo,

1997). Further, problems in phonological awareness

are shared by the two groups and serve as causal

factors for reading problems (Stanovich, 2005).

Developmental lag theories may be more appro-

priate for children with mild reading problems than

for children with severe reading deficits or dyslexia

(Chiappe, Stringer, Siegel, & Stanovich, 2002).

There is evidence that when children who are

delayed in reading are compared to children with

the same reading level, but who are younger than

the children with reading difficulties, the differences

between the groups are smaller than when the child

is compared to same-aged peers (Stanovich, Siegel,

Gottardo, Chiappe, & Sidhu, 1997). Measures of

vocabulary development, pseudo-word decoding,

phonological processing, verbal fluency, and

picture naming tasks are similar in children with

the same reading level. Differences are found in

vocabulary level and metacognitive ability with

children who have reading difficulties scoring

higher (Goswami, 2006; Goswami & Bryant, 1990).

Chiappe et al. (2002) studied adults and children

with and without reading disabilities to determine

whether phonological problems remained through-

out the life span. The adults with LD showed poorer

performance compared to the typically performing

adults on measures of phonology. These difficulties

were present even when compared to same reading

level children, particularly on phonological proces-

sing and on naming tasks.

These findings lend preliminary support to the

developmental lag theory for children with mild

reading problems. The developmental lag theory is

not as robust for severe reading disabled and dys-

lexic groups. When matched to reading skills with

younger children, studies of children with specific

reading disabilities show mixed results. In a critical

review of studies, Stanovich, Nathan, and Vala-

Rossa (1986) concluded that, ‘‘The presently

available evidence would appear to suggest the

hypothesis that the ’garden-variety’ poor reader is

characterized by a developmental lag; whereas the

much rarer, dyslexic child displays a specific pho-

nological deficit, in conjunction with compensatory

use of other skills and knowledge sources’’ (p. 280).

Further, although mildly reading-impaired children

should not be overlooked in our schools, they may

be expected to progress in reading when given

instructional resources and will eventually develop

reading abilities similar to their other cognitive

skills. The same may not be the case for the more

severe and specific reading problems found in chil-

dren with LD.

Best practice now suggests that the technique,

Response to Intervention (RTI), is most appropri-

ate for initial work with children with reading pro-

blems before these children are identified as having

a learning disability. This technique is generally

thought to be most appropriate in the initial stages

of treatment when it is not clear how the child will
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respond to treatment. As discussed above many

children will respond to treatment, both those with

a mild learning disability and those who are consid-

ered slower learners. These children benefit from

interventions that are designed prior to identifica-

tion, and an IQ discrepancy is not required to pro-

vide such support (Semrud-Clikeman, 2006).

RTI generally consists of three tiers for interven-

tion. Often the first tier provides additional training

for teachers in teaching reading. Tier 2 is small

group reading instruction which is provided three

times per week, and tier 3 is either individual or two

group members who meet daily (O’Connor, Harty,

& Fulmer, 2005). The tier system improves reading

skills in children in early school grades (Vaughn,

Linan-Thompson, & Hickman, 2003). There is lim-

ited support for RTI for older students, particularly

in high school (Kavale, 2005). While the new IDEA

re-authorization suggests using empirically vali-

dated interventions when working with children

with RD, RTI interventions have small to moderate

effects, suggesting only modest validation. In addi-

tion, these interventions are generally for phonolo-

gical processing and phonemic awareness only, thus

limiting their applicability to all aspects of reading

(Scruggs & Mastropieri, 2002; Strauss, 2001).

Further work is needed and, based on concerns

that RTI may delay support for children with severe

RD, the technique should be evaluated for different

levels of disability. It is helpful to attempt interven-

tions before a RD or LD diagnosis is made, and

RTI can be very helpful to that end. Concern has

been expressed that the technique has not been

empirically validated beyond the early grades and

that it identifies both too many false positives and

false negatives to be used as a sole manner for

diagnosing RD/LD (Kavale, 2005).

Comorbid Disorders

When a reading disability is coupled with other

learning problems, a more severe form of the dis-

order is likely present (Semrud-Clikeman, 2007).

Most children with a language-based learning dis-

ability have difficulty with reading as well as with

written language (Lyon, 1996b). Difficulties in writ-

ten language frequently involve problems with

spelling, organization of ideas, planning of the writ-

ing process, and ability to utilize appropriate punc-

tuation and grammar (Harder, Semrud-Clikeman,

& Maegden, 2006).

Many children who experience difficulty in read-

ing also have problems in mathematics. Approxi-

mately 6 percent of children have a learning disability

in mathematics (Semrud-Clikeman, 2006). Most

often children with reading disabilities also show

difficulty with mathematics calculation while those

with reading comprehension problems also struggle

with mathematics reasoning. Very few children are

diagnosed with a sole disability in mathematics.

Problems with visual-spatial and visual-motor skills

are linked to problems with nonverbal learning

disabilities and are discussed later in this chapter.

Approximately 35 percent to 75 percent of chil-

dren with learning disabilities also have significant

problems with attention (Semrud-Clikeman et al.,

1992; Spencer, Biederman, & Mick, 2007). It is

likely that attentional and impulse difficulties

make it problematic for the child to attend to class-

room instruction particularly on tasks that are

already very difficult for the child. In addition

those children with an ADHD diagnosis have a

higher risk of having problems with phonological

processing, compared to those in the general popu-

lation (Lyon, 1996a). Children who have ADHD

(particularly with the predominately inattentive

subtype) and LD show more difficulty with their

peers in social desirability as well as significant signs

of social anxiety and low self-esteem (Kellner,

Houghton, & Graham, 2003). In contrast, children

who were diagnosed with ADHD Combined sub-

type and LD showed problems with externalizing

behaviors and with social functioning due to

impulse control and hyperactive behaviors. In addi-

tion, children with ADHD: Combined subtype also

become more resistant to interventions and require

more intensive support due to significant behavioral

difficulties (Teeter, 1998).

Children with LD also are more susceptible to

emotional difficulties (Martinez & Semrud-

Clikeman, 2004), and are more likely to show inter-

nalizing disorders such as anxiety and depression as

well as withdrawal and low self-esteem. These pro-

blems may stem from frustration with the learning

process as well as lower expectations for employ-

ment and financial success (Lyon, 1996b).
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Difficulties in emotional adjustment have been

found to extend into adulthood and to require

ongoing treatment through psychotherapy for

low self-esteem and social difficulties (Brieger &

Majovski, 2008; Gregg, Coleman, Lindstrom, &

Lee, 2007).

Genetic Factors

The search for the genetic basis of reading disabil-

ities has been helpful in determining the relationship

between environmental and genetic factors. The

Colorado Reading Project (Decker & Vandenberg,

1985; DeFries, Fulker, & LaBuda, 1987), one of the

largest studies of its type, found a strong relation-

ship between reading disabilities in identical or

monozygotic twins (MZ) and in same-sex fraternal

or dyzgotic twins (DZ). The concordance rate was

71 percent for MZ twins and 49 percent for DZ

twins, confirming a strong genetic basis for reading

disabilities in children. When the proportion of var-

iance accounted for by both genetic and environ-

mental factors was measured, the genetic factors

were found to be more important than environmen-

tal factors for explaining differences in reading

between MZ and DZ twins (DeFries & Alarcon,

1996; DeFries et al., 1997).

When gender differences and severity issues were

evaluated using a sample of MZ and DZ twins,

heritability and shared environmental influences

were not found to differ between the genders

(Hawke, Wadsworth, Olson, & DeFries, 2007;

Wadsworth & DeFries, 2005). Other researchers

have found that the heritability of LD in more

severe populations was greater for males than

females (Harlaar, Spinath, Dale, & Plomin, 2005).

One of the differences was the definition of severity.

When a more severe cutoff was utilized (the most

severe 5%, rather than 10%) amale gender bias was

found (Harlaar et al., 2005). Differences may also be

due to the various methodologies and instruments

used to measure reading skill. Harlaar et al. (2005)

administered timed tests over the phone while

Hawke et al. (2007) administered non-timed mea-

sures in-person. In addition, the earlier study used

younger children while the other study used older

children (Hawke et al., 2007). These finding indicate

that further study that controls for the age and type

of measure used is needed to determine whether

there is a genetic link to severity and gender in LD.

Continuing study in the Colorado longitudinal

twin study has followed 124 twins with a history of

reading difficulty, and 154 twins with no history

of learning problems over 5–6 years. Initial findings

of significant learning problems were present at the

follow-up testing 5–6 years later. The most stable

measure was the reading measure with a stability

correlation of 0.80. In addition the shared genetic

influences accounted for 86 percent of the phenoty-

pic relations for the twins with reading problems, and

49 percent for the twins without reading problems

(Wadsworth, DeFries, Olson, & Willcutt, 2007).

Some studies have also evaluated the shared

environment variable for families with twins. Emer-

ging evidence is present that shared environment

effects may be important during the early years of

development and schooling, particularly for phone-

mic awareness and letter identification (Byrne et al.,

2002; Harlaar et al., 2005; Petrill, Deater-Deckard,

Thompson, & DeThorne, 2006). Variables that

have been found to be important in the shared

environment and reading outcome include parental

education and cognitive ability (Christian, Morri-

son, & Bryant, 1998), and the family environment

for promoting reading and parental involvement in

schoolwork (Foy & Mann, 2003; Petrill, Deater-

Deckard, Schatschneider, & Davis, 2005; Senechal

& LeFevure, 2002). A further study of shared envir-

onment with adoptive parents of twins was con-

ducted to determine effects that are separate from

genetics. This study found that the adoptive par-

ents’ skills in pseudo-word decoding and phonolo-

gical awareness were related to the child’s reading

skills, but only for the youngest readers (Petrill,

Deater-Deckard, Schatschneider, & Davis, 2007).

It was also found that these shared environmental

influences decrease with adolescence to the point of

almost zero.

In addition to a strong genetic influence for read-

ing ability and the contribution of shared environ-

ments for younger children, there have also been

studies evaluating the various aspects of reading

and heritability of those skills. Word reading and

reading comprehension are highly correlated in

the early grades, but this correlation decreases

with mid-elementary school years when reading
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comprehension becomes paramount for success in

school (Catts, Hogan, & Adlof, 2005; Scarborough,

2005).

Orthographic aspects of reading have also been

studied to determine the behavioral genetic contri-

bution to these skills. Orthographic processing is

the ability to recall the spelling pattern of a word

that is retrieved from memory without decoding the

word (Ehri, 2005). Adept readers can use rapid and

automatized retrieval of words particularly those

with irregular spellings or pronunciations (preva-

lent is not pre’ valent) (Byrne et al., 2008). Previous

studies have found a genetic correlation between

phonological awareness and print knowledge

(Samuelsson et al., 2007), combined word and non-

word identification and spelling, rapid naming, and

reading comprehension (Byrne et al., 2007) and

language ability (Bishop, Adams, & Norbury,

2006).

Byrne et al. (2008) evaluated the contribution of

genetics to orthographic processing as well as skills

such as nonverbal reasoning. Twin pairs (225 MZ

and 214 DZ) in the second grade were compared on

measures of orthography as well as the Block

Design and vocabulary tests from the WPPSI-R.

Heritability for orthography was found to be sig-

nificant, but not shared environment variables.

Further analysis found that there is a shared genetic

influence between orthography and phonological

coding. In addition it was found that while there

was some genetic overlap between overall ability

and reading skill, reading variables were substan-

tially separate from IQ.

Reading comprehension difficulty exists sepa-

rately from word reading accuracy (Oakhill, Cain,

& Bryant, 2003). Further studies have found that

these children experience problems outside of pho-

nological and orthographic (word form) deficits,

thus suggesting that reading comprehension and

these skills are dissociable (Perfetti, Landi, & Oak-

hill, 2005; Scarborough, 2005). In addition, these

children also experience listening comprehension

difficulties, both with and without coexisting pro-

blems with phonological working memory (Catts

et al., 2005; Kovas, Oliver, Dale, Bishop, & Plomin,

2005; Nation & Norbury, 2005).

Keenan, Betjemann, Wadsworth, DeFries, and

Olson (2006) sought to evaluate the genetic involve-

ment in word recognition, listening comprehension,

and reading comprehension. The second part of the

study also evaluated the relation between IQ and

these reading skills in view of genetic and shared

environment contributions. Seventy monozygotic

twin pairs, 61 same-sex fraternal twin pairs, and 60

opposite-sex fraternal twin pairs were compared on

measures of reading and listening comprehension.

Word recognition was found to have a strong

genetic influence and was strongly related to

reading comprehension and less strongly to listen-

ing comprehension. Reading comprehension and

listening comprehension were also found to be

related in the genetic analysis apart from the rela-

tion with word reading. Environmental aspects

were equally related to all the reading aspects and

not significantly related to genetic influences. IQ

was significantly heritable with the genetic path;

IQ to listening comprehension was stronger than

listening comprehension to word reading. Word

recognition had a significant genetic influence after

IQ was controlled, which was also true for reading

comprehension. In all cases shared environmental

influences were not found to be significant for any

variable. The authors suggest that lower power may

have influenced these findings.

The finding of a relation between IQ, heritability,

and reading disability was also evaluated by Wads-

worth, Olson, Pennington, & DeFries (2000). This

study found that the genetic influences of IQ were a

more important cause of reading disability for

higher skills, and the environment had less of an

impact for those children with higher ability. Con-

versely, the children with lower ability showed less

genetic influences of IQ and more influence from

shared environment. These findings suggest that

children with lower abilities may require alternative,

earlier intervention. Response to intervention in this

group has been very successful (MacMillan,

Gresham, & Bocian, 1998).

Prenatal/Postnatal Factors

To date, prenatal factors affecting a child’s capacity

to develop phonological awareness deficits are vir-

tually unknown; however, there are several environ-

mental factors that have been found to be related to

general language deficits and reading disabilities.
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Although a biogenetic foundation for language is

virtually indisputable, postnatal factors associated

with language development typically emphasize the

influence of environmental stimulation. Infants

1–4 months of age are quite adept at discriminating

speech sounds, and can make discriminations

between ba and ga, ma and na, and preschool chil-

dren seem to utilize phonetic representations when

processing language in short-term memory

(Molfese, Molfese, & Molfese, 2007; Molfese,

Molfese, & Pratt, 2007). Studies with newborn

infants have found that children at this age may be

aware of and able to discriminate phonemes, even

though they may not be aware that phoneme units

exist (Cheour et al., 2002). It is likely that experience

plays a role in the child’s development of speech

perception and vocabulary, both of which are

related to language acquisition and reading; how-

ever, the role of the environment on these factors

has not been adequately investigated for poor read-

ers. A predictable growth spurt in phonemic aware-

ness occurs in children at about the age of six years,

which appears related to efforts in teaching children

to read (Guttorm et al., 2005). The genetic studies

suggest that while experience plays a prominent role

in the development of phonemic awareness, chil-

dren with phonological deficits appear to have

some biogenetic factor that limits their ability to

profit from exposure (Petrill et al., 2006).

Prematurity is another prenatal factor that

has been evaluated in children with learning disabil-

ities. Preterm infants who were also of low birth

weight have different responses to auditory infor-

mation and detection (Therien, Worwa, Mattia, &

deRegnier, 2004). These differences have been tied

to problems with recognition memory and, later,

reading disabilities (Curtis, Lindeke, Georgieff, &

Nelson, 2002; Rose, Feldman, & Jankowski, 2002).

It has also found that these neural circuits can dis-

criminate between term and preterm infants and

may be reversed with appropriate interventions

(Peterson et al., 2002).

Frequent ear infections may possibly relate to later

difficulties with auditory comprehension and phono-

logical coding. Children with frequent middle ear

infections do not show long-term language impair-

ment, but do show a more pronounced right ear

advantage compared to children without such a his-

tory (Asbjornsen et al., 2000; Asbjornsen et al., 2005;

Winskel, 2006). It was suggested by these authors that

early hearing difficulties relate to differences in how

auditory stimuli are processed and that the increased

right ear advantage seen in children with early and

frequent ear infections relates to compensation for

problems with hearing. Further study is needed to

more fully understand these mechanisms.

Neuroanatomical Variations
and Neuropsychological Correlates

Brain imaging has increased our knowledge of neu-

roanatomical and neurofunctional contributions to

learning and learning disabilities. Early studies

found differences in the area of the planum tempor-

ale, a structure implicated in phonological proces-

sing (Hynd, Semrud-Clikeman, Lorys, Novey, &

Eliopulos, 1990; Morgan & Hynd, 1998). The pla-

num temporale in the left hemisphere is consistently

larger in a majority of adults (Galaburda, 2005;

Geschwind & Galaburda, 1985; Steinmetz et al.,

1992) and in fetuses, newborns, and infants (Chi,

Dooling, & Gilles, 1977). The left planum tempor-

ale is thought to be the primary site for linguistic

processes and reading (Morgan & Hynd, 1998)

because of its proximity to the auditory association

region and Wernicke’s area. The expected leftward

asymmetry is rare in dyslexics, whereas symmetry in

the temporal regions is more frequent (Hynd &

Semrud-Clikeman, 1989; Kibby et al., 2004;

Shaywitz et al., 2006). A number of studies report

that the symmetrical patterns appear to be the result

of larger plana in the right hemisphere (Galaburda,

Sherman, Rosen, Aboitiz, & Geschwind, 1985;

Larsen, Hoien, Lundberg, & Odegaard, 1990).

Although others found smaller left plana, different

measurement techniques may be responsible for

these divergent findings.

Children with reading disabilities have symme-

trical or reversed asymmetry (R > L) in parietooc-

cipital regions, which is found less frequently in

normal groups (Helenius, Tarkiainen, Cornelissen,

Hansen, & Salmelin, 1999; Tarkiainen, Helenius,

Hansen, Cornelissen, & Salmelin, 1999). This region

of the brain, called the occipitotemporal system, is

involved in rapid recognition of words and has been

implicated in the orthographic route to reading and
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spelling (Pugh, Mencl, Jenner, Lee et al., 2001;

Shaywitz, 1998). In addition, in the parietal, occipi-

tal, and temporal association areas including the

angular gyrus (also called the temporoparietal sys-

tem) are areas that are activated in reading of

pseudo-words and phonological processing (Pugh,

Mencl, Jenner, Katz et al., 2001). This region is

important to translate unfamiliar words by using

phonics and step-by-step decoding.

The final area responsible for reading is in the

frontal regions of the brain. In children without

reading difficulty, this region is well connected to

the posterior region by the superior longitudinal

fasciulus (see Chapter 2). This system connects the

areas of the brain responsible for oral reading in the

frontal area to those responsible for reading under-

standing in the temporal lobe of the brain. It is

believed that this system is important to prepare

for oral word reading and is related to phonological

processing (Pugh, Mencl, Jenner, Lee et al., 2001).

As the child develops these systems also develop

interdependently. When first learning to read the

posterior regions of the brain responsible for ortho-

graphic and phonological coding are activated and

allow the child to decode and analyze the word.

Once the word has become automatized (that is

overlearned), a neural trace is formed and the pro-

nunciation, spelling, meaning, and the way the word

looks are all stored in long-term memory within the

written lexicon for that child.When the word is then

encountered the reading of the word is automatized

and fast and the posterior regions of the brain in the

occipitotemporal regions are able to fluently read

the word quickly (Shaywitz et al., 2006).

Children without reading disabilities develop

these systems simultaneously and are able to store

words in memory both phonologically and ortho-

graphically (Pugh,Mencl, Jenner, Katz et al., 2001).

As the child becomes more adept in reading the

occiptotemporal region shows increased activation,

allowing for smooth access to the word lexicon

(Shaywitz, 2003). Children with learning disabilities

experience a disconnection between these systems,

making word reading labored and effortful. Func-

tional imaging has found that children with dyslexia

show hyperactivation in the frontal system (asso-

ciated with naming and oral reading) which may be

related to trying to compensate for hypoactivity

with phonological processing subserved by the

posterior systems (Fiez, 1997; Milne, Syngeniotis,

Jackson, & Corballis, 2002).

Hoeft et al. (2007) sought to evaluate the hypoac-

tivation in the left posterior systems and the left

frontal hyperactivation in a group of adolescents

with dyslexia. There were four groups: two groups

with a diagnosis of dyslexia, one control group

matched on age to one of the dyslexic groups, and

one control group matched on reading level to the

other dyslexic group. Relative to the age-matched

group, the dyslexic group showed hypoactivation in

the left parietal regions and hyperactivation in the

left inferior regions as well as in the caudate and

thalamus. When compared to the reading matched

group, the dyslexic group showed hypoactivation in

the left parietal regions, but similar activation in the

frontal regions. The dyslexic group also had

reduced gray matter volume compared to both con-

trol groups. These researchers concluded that the

hyperactivation was a result of an attempt to com-

pensate for the reading problems. The hypoactiva-

tion regions were believed to be a true brain

abnormality that is associated with reading disabil-

ities and problems with learning to read (Hoeft

et al., 2006). To support this view, findings from

intervention studies have indicated that increased

activation in these regions occurs after intense inter-

vention, thus suggesting that these regions are a

core deficit for dyslexia (Aylward et al., 2003;

Shaywitz et al., 2004; Simos et al., 2002).

Structural Differences

Differences have been found that discriminate

between children with and without learning disabil-

ities at the molecular as well as the structural level.

Autopsied brains showmisplaced andmisaligned cells

particularly in the regions of the perisylvian area, the

left frontal region, and the language areas (Galaburda

et al., 1985;Grigorenko, 2001;Humphreys,Kaufman,

& Galaburda, 1990). Structural differences have been

found in the planum temporale (Duara et al., 1991;

Hynd et al., 1990; Rumsey et al., 1986), the corpus

callosum (Duara et al., 1991; Fine, Semrud-Clikeman,

Keith, Stapleton, & Hynd, 2006; Hynd et al., 1991;

Larsen, Hoeien, & Oedegaard, 1992), and the frontal

lobe area (Semrud-Clikeman, Hynd, Novey, &

Eliopulos, 1991).
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Semrud-Clikeman et al. (1991) found that atypi-

cal patterns of symmetry in the planum temporale

were related to word attack skills, passage compre-

hension skills, and rapid naming abilities. Thus, the

left planum was postulated as a central language

processing center. Researchers have also explored

other neuropsychological postulates and have

focused on deficient or abnormal patterns of hemi-

spheric lateralization related to attentional activation

processes as plausible explanations for the academic

deficiencies exhibited by children with LD.

Dichotic listening has also been utilized to eval-

uate children with reading disabilities and hemi-

spheric specialization for auditory processing.

Findings have indicated that typically developing

children show greater ease in focusing attention

when provided with a verbal cue while children

with LD do better when a tone cue is presented

(Obrzut, Boliek, & Asbjornsen, 2006). Other studies

have found that the usual right ear advantage for

language is not present on a dichotic listening task in

children with LD (Helland, Asbjornsen, Hushovd, &

Hugdahl, 2007). Since there was no cue to trigger

attention to the task, children with LD showed less

right ear advantage and in some cases heightened left

ear advantage due to activating both hemispheres in

order to solve the problem. Thus, the child with LD

is dividing attention between both ears and is not as

efficient as the child without LD.

Therefore, neither ear is as good as when atten-

tion is direct and auditory processing is efficiently

managed. These difficulties are related to poorer

verbal processing of auditory information, an area

of significant difficulty for children with a reading

problem (Lamm & Epstein, 1997). These findings

are consistent with functional neuroimaging studies

that have also found lower activation when proces-

sing oral information in children with LD (Heier-

vang, Stevenson, & Hugdahl, 2002; Helenius et al.,

1999; Hugdahl et al., 2003)

These studies raise questions about whether chil-

dren with learning disabilities have attentional

imbalances between the two hemispheres or

whether there are problems in interconnected atten-

tional systems. Further research is necessary to

determine the relationship between morphology

and attention control mechanisms during language

tasks in children with LD. Padlonsky (2008) found

that children with ADHD and LD who had a

history of otitis media showed a more severe form

of disability characterized by deficits in phonologi-

cal processing. The extent to which these neuropsy-

chological aspects are further related to the cogni-

tive, academic, and perceptional deficits associated

with LD also needs further exploration.

Implications for Assessment

The difficulties that are present with a definition of a

learning disability have not been resolved at this

point in time. Ongoing research, however, has eval-

uated the different problematic areas in learning

disabilities to attempt not only to understand the

problems posed for the child in learning to read

and write, but also to design interventions that are

helpful to the child.

Reading Disabilities: Phonological
Core Deficits

Phonological awareness deficits are a primary cause

of reading deficits (Shaywitz et al., 2006). As

described earlier in this chapter, children with pho-

nological reading disabilities (PRD) experience

trouble in early reading and also have associated

difficulties in speech perception, speech production,

and naming tasks. Phonological awareness is the

ability to use the phonemic segments of speech,

including the awareness and use of the sound struc-

ture of language. Related difficulties in phonologi-

cal processing include difficulty understanding how

sounds relate to one another (phonemic awareness

deficits), problems with auditory discrimination,

naming and vocabulary deficits, and problems

with working memory for sounds and sound

combinations. Reading requires learning the rela-

tionship between graphemes (written letters) and

phonemes (sound segments). Thus, children with

phonological deficits have difficulty applying the

alphabetic principle when reading unfamiliar

words (Torgesen et al., 2001). Table 12.1 sum-

marizes selected research findings.

Guidelines for classifying and treating LD may

be more clearly articulated and systematically

investigated within this transactional framework.
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Although not every child is expected to demon-

strate all of the associated features presented,

Table 12.1 suggests an interaction among the

neuropsychological, cognitive, academic, and

psychosocial problems that may accompany read-

ing disabilities resulting from phonological core

deficits.

Intellectual, Perceptual, Memory,
and Attentional Functions

Intellectual Functions

Children with phonological core deficits evidence

weaknesses on a variety of verbal measures,

Table 12.1 Summary of specific deficits associated with reading disabilities: Phonological Core Deficits (PRD)

Biogenetic Factors

– 40% variance in word
recognition is genetic

– h2g = .62 phonology/reading deficits
– h2g = .22 orthographic/
reading deficits

Environmental Factors: Prenatal and Postnatal

– Orthographic deficits related to exposure to print and learning opportunities
– Development of speech and vocabulary related to language acquisition and
reading

– Growth spurt in phonemic awareness at 6 years related to reading efforts
– Despite strong heritability of phonological awareness, deficits can be modified

Temperament

– No known correlates

Birth Complications

– No known correlates

CNS Factors

– Gray matter dysfunction
– Left temporal anomalies
– Larger plana in right hemisphere
– Symmetrical R/La temporal lobes
– Symmetrical or reversed parieto-occipital regions
– Abnormal asymmetry (R > L) in prefrontal regions
– Abnormal asymmetry in parietal regions

Neuropsychological Factors

– Rapid naming
– Abnormal hemispheric lateralization
– Attention activation of RH interferes with LH verbal processing
– Attentional control mechanisms between hemispheres
– Phonemic hearing, segmenting, and blending

Intellectual

– Verbal weaknesses
– Vocabulary
knowledge

– Verbal associations
– Word similarities
– Verbal fluency
– Receptive language
– Expressive language
– Verbal IQ
– Comprehension

Perceptual

– Phonemic
– Speech

Memory

– Digit span
– Speech sounds
– Word series
– Letter strings
– Phonetic strategies

Attentional

– Strong comorbidity of reading problems and
ADHD

– Attention to phonemes

Academic/Behavioral
– Motivational
problems

– Chronic reading
problems

– Disengaged in
learning

– Spends less time
reading

– Reading and spelling

Psychosocial
– Research is sparse
– RD in general show
internalized disorders
(e.g., depression)

Family
– Research is sparse on PRD
– Prenatal and postnatal risk factors related to
general learning and behavioral problems

– ‘‘Disorganized’’ and/or poverty,
environment more important with age

Note: PRD refers to phonological reading disabilities, while RD refers to reading disabilities in general. L and LH refer to left
hemisphere, R and RH to right hemisphere.
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including vocabulary knowledge (Berninger,

Abbott, Abbott, Graham, & Richards, 2002); audi-

tory memory and verbal associations (Shaywitz

et al., 2006); receptive vocabulary, word similarities,

and verbal fluency (Fletcher, Morris, & Lyon,

2003), and receptive and expressive language

(Wills, 2007). Measures of intelligence relate to the

child’s exposure and experience with language, a

skill that is often compromised in children with

a learning disability (Siegel & Smythe, 2005).

Stanovich (2005) refers to the Matthew effect to

describe the reading-IQ relationship, where reading

has ‘‘reciprocal causation effects’’ on other cognitive

skills. Children with reading deficits read less,

acquire less general and specific knowledge, and

may fall further and further behind in achievement

and verbal skills (Wong, Strickland, Fletcher-

Janzen, Ardila, & Reynolds, 2000).

Perceptual Functions

Difficulty in phonemic processing underlies reading

deficits in many children. The child’s ability to per-

ceive spoken words appears related to reading diffi-

culties and is less than accurate, particularly under

adverse or noisy conditions (Riccio, Cohen,

Garrison, & Smith, 2005). Deficient speech percep-

tion seems evident, but children with phoneme

awareness deficits may also have poor memory for

speech sounds as well. (Tunmer, Chapman, &

Prochnow, 2003).

Memory Functions

Research does provide evidence that children with

reading disabilities do poorly on a variety of mem-

ory functions, including deficits on digit span, recall

of letter strings, nonsense words, and word order

(Jarrold, Baddeley, Hewes, Leeke, & Phillips, 2004).

The ability to remember a series of words precedes a

reading disability diagnosis and appears to be a risk

factor rather than a consequence for reading pro-

blems (Adams & Gathercole, 2000). Poor readers

are unable to use the phonological structure of lan-

guage to hold letter strings in short-term memory

(Riccio, Garland, & Cohen, 2007). Some have sug-

gested that poor readers rely on word meaning in an

effort to remember words, and do not appear to use

visual rather than phonetic memory strategies. To

support this hypothesis, error pattern analysis sug-

gests that poor readers make errors that are consis-

tent with phonological processing and in a manner

similar to good readers, but that their error scores

are quite high (Mann, 2003). These findings indicate

that they are not using good orthographic coding to

recall the spelling and word form in order to read a

problematic word.

Academic and School Adjustment

Early reading failure has been shown to create moti-

vational problems in children. Children with

chronic reading problems often dislike going to

school, and develop secondary self-esteem problems

(Martinez & Semrud-Clikeman, 2004). Wills (2007)

further reports that remedial classes often drill in

phonics or word recognition, but may deemphasize

passage comprehension so that the child spends less

time reading. Eventually the child develops more

generalized cognitive deficits involving numerous

subject areas due to delays in reading skills.

Social-Psychological Adjustment

Research addressing the socioemotional functioning

of children with phonological core deficits is sparse.

Other research shows that children with LD who

demonstrate distinctively lower verbal abilities with

intact visual-spatial skills were rated by their parents

as having more internalizing disorders, particularly

depression (Bender, Rosenkrans, & Crane, 1999).

The extent to which this applies specifically to chil-

dren with phonological core deficits is yet to be

established. In addition, it appears that children

with basic phonological processing disorders are

prone to develop psychosocial disturbances if par-

ents and teachers have unrealistic expectations or if

acting out serves as a mechanism for avoiding school

and/or schoolwork. Others have found that children

with conduct disorders (CD) also have lower verbal

intelligence (Grigorenko, 2006). The extent to which

CD and language-based difficulties are associated

with poor achievement and learning problems

needs further study (Sundheim & Voeller, 2004).
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Children with neurological signs who also have

learning disabilities have been found to be at higher

risk for emotional disturbance (Glassberg, Hooper,

& Mattison, 1999)

Family and Home Factors

There are few studies addressing family home factors

and reading disabilities, specifically for children who

display phonological awareness deficits. The

research that has been conducted generally shows

genetic linkage to be stronger than environmental

variables (Petrill et al., 2006). Studies investigating

family and home influences on learning disabilities in

general have found that prenatal and postnatal con-

ditions are highly related to risk factors, including the

development of general behavioral or learning pro-

blems during the first 20 months of life (Pennington,

2006). Further, risk conditions were found in families

that were characterized as disorganized and/or in

poverty, and these environmental factors became

more significant as the children became older. Chil-

dren who continued to demonstrate moderate to

severe problems tended to come from families with

low economic status and with a high degree of dis-

ruption and psychopathology in the family. Socio-

economic status, home conditions, and educational

attainment of family members may act as compensa-

tory variables for children initially identified as at

risk for reading problems, but who later show nor-

mal achievement progress (Capozzi et al., 2008). It is

premature to generalize conclusions reported in stu-

dies investigating children with general learning pro-

blems to students with phonological core deficits.

However, stable and consistent home situations,

strong emotional family bonds, and child character-

istics (e.g., easy temperament) appear to be impor-

tant factors associated with the ‘‘resilient’’ child who

appears less susceptible to the adverse effects of risk

factors (Elksnin et al., 2001).

Implications for Intervention

Evidence indicates that phonologically impaired

children show normal progress in math, but con-

tinue to show severe delays in reading despite

remedial attempts in school (Torgesen, 2004).

When remedial techniques specifically address pho-

nological core deficits, the outcome is more positive

for at-risk students and children with PRD. Studies

have also shown increased reading abilities when

phonological awareness is combined with metacog-

nitive techniques (Cunningham, 2007), and when

phoneme awareness is contextualized within the

reading curriculum (Cunningham, 2005).

Early identification and remediation have been

offered in order to provide the children with early

support who may be at risk for reading difficulties

(National Reading Panel, 2000). Early remediation

has also been suggested to help prevent the Matthew

effect which is related to poorer readers reading less

than good readers, thus widening the gap between

the two groups (Torgesen, 2004). Specific training in

phonemic awareness for young children in kinder-

garten and early elementary grades has proved suc-

cessful and seems preferable to control conditions

where children are not exposed to these skills

(Bishop & Snowling, 2004). Further, children as

young as two years of age are at extreme risk for

severe reading problems when they have a family

history of dyslexia and also possess even mild syn-

tactic fluency problems in language development

(Olson, 1999; Petrill et al., 2006). Research has sug-

gested that phonological processing is a key deficit

and early intervention needs to stress these skills, as

well as develop phoneme-grapheme correspondence

(Jackson & Coltheart, 2001). A meta-analysis of stu-

dies evaluating phonological intervention found

large effects for the immediate aspect of the interven-

tion, but weaker long-term effects (Bus & van

Ijzendoorn, 1999). The long-term effects on reading,

spelling and reading comprehension after one and

one-half years following the intervention were very

small or nonsignificant. Another study found long-

term effects for children who received phonological

training in preschool did show significant improve-

ment, but again the long-term effect was small yet

significant (effect sizes ranging from 0.33 to 0.39)

(Byrne, Fielding-Barnsley, & Ashley, 2000).

Some main types of programs have purported to

do so include the Reading Recovery Program, Pho-

nological Awareness plus Synthetic Phonics (PASP)

(Torgesen, 2004), Orton-Gillingham approach,

Process Assessment of the Learner (PALS)

(Berninger, 2001), and the Lindamood Phoneme
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Sequencing Program (Lindamood & Lindamood,

1998). The Lindamood and Fast ForWord pro-

grams were discussed in the language section of

this chapter and will not be discussed further in

this section. These programs will not be reviewed

in-depth in this section, but will be described and the

interested reader is encouraged to seek out further

information as wanted. The research indicates that

early intervention is important, but it also suggests

that intervention needs to continue, particularly for

children who are at higher risk for learning pro-

blems. This suggestion is supported by a recent

study comparing children who showed significant

reading problems with those exhibiting milder diffi-

culties. Early intervention improved reading, but

did not show long-term effects when intervention

ended (Hurry & Sylva, 2007).

Reading Recovery

The Reading Recovery Program (Clay, 1993)

effectively increases reading achievement of

children in the early grades (Ohio Department of

Education, 1995), but does not show continued

progress in later grades when the children again

fall behind their peers (Venezky, 1998). The pro-

gram incorporates aspects of whole language while

also emphasizing decoding instruction. Decoding

is taught in the context of reading and writing,

where the teacher selects strategies depending on

the child’s unique reading problems. It is helpful

for early intervention with less support provided

for long-term outcome if the program does not

continue (Chapman, Tunmer, & Prochnow,

2001). Some have suggested the Reading Recovery

does not fully teach phonics, but relies on a whole

language approach, thus children who have signif-

icant problems with phonological awareness are at

a great disadvantage and are not assisted by this

approach (Reynolds & Wheldall, 2007).

The research does not support using this pro-

gram for children with significant phonological pro-

cessing deficits. It may be helpful for those children

with orthographic difficulties, an area that is dis-

cussed in the next section of this chapter. The

research also supports the idea that while early

intervention is good, it needs to be continued in

order to affect good long-term outcomes.

Orton-Gillingham

The Orton-Gillingham (OG) method is a systema-

tic and multisensory approach to reading and writ-

ing (Gillingham & Stillman, 1997). It is an inten-

sive type of instruction that needs to be

accomplished either on a one-to-one basis or in a

small group. A phonetic approach to reading, it

that stresses sound-symbol correspondence, mor-

phology, syntax, and meaning. It involves training

using visual, auditory, and kinesthetic/tactile

learning exercises which have also been called the

Language Triangle (Gillingham & Stillman, 1997).

Children are taught the components for learning

and provided many opportunities to practice until

mastery occurs; assessment of their progress is

built into the program.

A meta-analysis of the research with the OG

method evaluated 12 studies that utilized a com-

parison group (Ritchey & Goeke, 2006). Of the 12

studies reviewed five showed OG instruction was

more effective, compared to all other interven-

tions. Four studies found improved word reading,

word decoding, spelling, and reading comprehen-

sion. Two studies found improvement in vocabu-

lary skills and only one study evaluated fluency

ability. The conclusion from this review was that

there was only one study that evaluated OG in an

experimental fashion and whether this program is

experimentally validated as required by the No

Child Left Behind Law (No Child Left Behind,

2002).

Whether the OG method is feasible for more

than a few children has been challenged in the

courts, and the school districts have won in over

75 percent of the cases brought before a mediator or

a court (Rose & Zirkel, 2007). One of the issues has

been the cost of providing the OG method in a

regular school district (Torgesen et al., 2001). In

addition, response to the intervention (RTI) model

and the reauthorization of IDEA have suggested a

shift from the discrepancy model to one that

includes pre-referral interventions provided in the

regular education classroom. Given the shift to

early intervention and some funding for this inter-

vention, the OG method may become more com-

mon in regular school districts as part of RTI (Rose

& Zirkel, 2007). However, IDEA’s proposed regu-

lations require research-based interventions and the
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research supporting most of the interventions is not

clear and empirically validated.

The PASP program (Torgesen, 2004) stresses the

use of phonological awareness and decoding ability.

Similar to OG and Reading Recovery programs it

stresses systematic instruction in phonemic decod-

ing as well as in reading comprehension. Research

support has not been reported at this point in time

and requires additional empirical validation prior to

becoming a widely accepted program.

Reading comprehension is another area that

requires remediation for many children. Most chil-

dren that have difficulties with reading comprehen-

sion also have trouble with decoding skills.

Generally, problems are present in vocabulary, lis-

tening comprehension, and working memory and

likely underlie problems with reading comprehen-

sion (Leach, Scarborough, &Rescorla, 2003). Inter-

ventions often require learning how to think about

what is being read, mapping advance organizers on

the topic at hand, and utilizing strategies for reading

and learning (Vaughn & Klingner, 2004). A pro-

gram developed by Schumaker, Deshler, and

McKnight (2002) is designed to directly teach read-

ing comprehension through the use of metacogni-

tive strategies.

Although phonemic awareness is essential for

early reading success, several researchers have

found that orthographic and visual-spatial def-

icits are present in some children with severe

reading disabilities. These problems have not

been as well studied as phonological coding.

This type of learning disability will be briefly

reviewed next.

Visual/Orthographic Deficits in Reading

Although PRD seems well established, there also

appears to be a smaller group of children who

have major difficulties accessing the orthographic

or visual features of written words (Berninger &

Fuller, 1992). Chase and Tallal (1991) describe the

sequential order of reading including the logo-

graphic, alphabetic, and orthographic. During the

logographic stage, reading occurs through a visual

or graphic analysis of letters and words (lexical

system). Visual memory plays an important role

during this stage, and the child begins to develop

a sight-word vocabulary. The alphabetic stage

is characterized by the phonological decoding

(phonological system) of words using grapheme-

phoneme (letter-to-sound) conversions. To develop

into a fluent reader, the child must then proceed to

the orthographic stage, where larger morpheme

units (i.e., syllables) are used. Decoding is quicker

during this last stage and this model assumes that

later stages are dependent on skills acquired at

earlier stages. It has been suggested that orthogra-

phy is a direct route to understanding meaning of a

word while phonology first requires decoding of the

word and then the orthography/meaning (Harm &

Seidenberg, 2004; Seidenberg & McClelland, 1989).

The proposedmodel of Harm and Seidenberg (2004)

suggests that orthography and phonology are coop-

erative and not separate. Both are tied to semantics

with orthography being direct and phonology being

indirect.

Berninger (2001) describes numerous measures

of orthographic coding skills and methods for

assessing the lexical processes of reading. A

number of research tasks have been employed to

measure orthographic coding skills, including

pseudohomophone choice (e.g., raiwane), letter

verification, homonym verification, recognition

of orthographic patterns, rhyme judgments with

orthographically dissimilar words (e.g., great-

state), and brief exposure of words. Lexical impair-

ments have been found in a small proportion of

children with dyslexia, although impairment in the

phonological system seems to be a more consistent

finding across studies.

There may be a gender difference in orthographic

ability. Some evidence show that males have more

difficulty with orthographic skills compared to

women with no difference between the genders

in motor ability (Berninger, Nielsen, Abbott,

Wijsman, & Raskind, 2008a). In addition, males

had more difficulty with accuracy and rate of read-

ing passages orally both due to orthographic and

phonological problems. Further study is needed in

the area of orthography and its relation to phonol-

ogy. One of the major studies conducted has linked

orthography to difficulties with written language

(Berninger, Nielsen, Abbott, Wijsman, & Raskind,

2008b). The following section discusses written

language disorders.
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Written Language Disorders

Written language impairments are often overlooked

in discussions of learning disabilities. The preva-

lence of written language disorders is approximately

1.3–2.7 percent for handwriting deficits, 3.7 percent

to 4 percent for spelling deficits, and 1 percent to 3

percent for written expression (Berninger & Hart,

1992). The most recent estimates of difficulties in

writing have indicated that 69 percent to 77 percent

of typically developing students in fourth, eighth,

and 12th grades did not meet writing proficiency

goals as measured by the National Assessment of

Educational Progress (Graham & Perrin, 2007b).

Children with specific problems with learning

show significant difficulties in composition, spel-

ling, handwriting, and grammar at higher levels

due to the learning disability (Graham & Perrin,

2007a).

Written language disorders (WLD) can have

profound effects on the academic attainment of

older children and adolescents. In fact, young chil-

dren with learning disabilities differ from typically

developing children on writing conventions, while

older LD children show significant deficits from

typically developing children on composition skills

(Berninger et al., 2006). Further, children with LD

have difficulty writing narrative text, generating

expository, and finding ideas to write about

(Berninger et al., 2006). Men had more significant

problems in writing and spelling, compared to

women (Berninger et al., 2008a). In addition,

males had more difficulty with composition and

handwriting although they did not differ in motor

ability.

Neuropsychological Correlates of Written
Language Disorders

The extent to which written language disorders

result from right- or left-hemisphere lesions or dys-

function is still not resolved. The two hemispheres

appear to play complementary roles in writing, with

the right hemisphere (anterior, central, and poster-

ior regions) involved in the visual-spatial, emo-

tional, and affective components of language skills,

while the left hemisphere (temporalparietal and

anterior regions) is involved in linguistic, speech,

and reading processes. Studies have found that the

processing of graphics requires quick recognition of

the spatial features (Coltheart, Rastle, Perry,

Langdon, & Ziegler, 2001) with teaching of hand-

writing contributing the visual recognition of letters

(Longcamp et al., 2008). Areas found through

fMRI to be involved in writing include the left

Broca’s area and bilateral inferior parietal lobe. In

addition the fusiform gyrus in the temporal lobe

appears to have an area that is dedicated to word

forms which is important for spelling as well as for

writing (Xue & Poldrack, 2007). This region has

been implicated in processing of letter patterns, a

skill important for handwriting and spelling

(McCandliss, Cohen, & Dehaene, 2003).

The neuropsychological substrates ofWLD have

not been researched as thoroughly as reading and

speech-language disorders. Written language defi-

cits have been found to be associated with right

hemispheric lesions (Aram & Ekelman, 1988).

Orthographic mapping, a skill important for spel-

ling and writing, has been found to be present in the

right frontal gyrus and right posterior parietal gyrus

(Cohen et al., 2002). Direct intervention in spelling

and writing with dyslexic children found normal-

ization in this region following intensive treatment

using fMRI (Richards et al., 2005). These changes

were related to improvement in spelling of real and

nonwords.

Cognitive Correlates of Written Language

Writing requires motor skills as well as visual-

spatial ability. The child begins learning to write

by copying and tracing figures, and moves to inde-

pendent production of these figures as the motor

strokes become more automatized. Teaching gener-

ally moves from single letters to connecting letters

to making words through practice and repetition.

Studies have suggested that children respond very

well to visual models paired with practice rather

than through practice alone (Berninger &

Amtmann, 2003).

Hayes (1996) has revised his previous model

developed with Flower (Hayes & Flower, 1986)

which includes planning, translating and reviewing
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as key issues in writing. Problem solving and execu-

tive functioning skills have also been implicated in

writing. Children with writing difficulties may

experience problems with selective attention which

impacts the ability to plan and write coherently. In

addition, there may be problems with organization

and spelling that further impede the writing process.

Handwriting or keyboarding difficulties arising

from motor or visual-spatial challenges can also

impede writing progress and interfere with convey-

ing main ideas. Memory problems affect word

retrieval; spelling; memory for rules of grammar,

punctuation and capitalization, and dysfluent writ-

ing. Language problems may result in impoverished

vocabulary, decreased written expression, dyspho-

netic (phoneme–grapheme irregularities), spelling

patterns, and poor narration. Working memory is

also important for writing because it allows ideas to

be utilized as the child/adolescent is writing. It is

also important for recalling vocabulary, spelling,

and grammar as the writing process continues

(Hooper, Swartz,Wakely, deKruif, &Montgomery,

2002).

An important area for intact writing ability is

planning and self-regulation (Harder et al., 2006).

Planning is closely related to working memory and

the two skills interact. As one writes the ability to

plan what is to be said next and to link it to what has

been said requires working memory (Gregg &

Mather, 2002). These skills have been found to be

problematic for children with writing difficulties

and have also been the target for interventions.

Assessment of Written Language
Disorders

Written language disorders can be measured using

writing samples taken from the child’s academic

work or structured tests. Portfolio or authentic

assessment procedures typically include an analysis

of writing samples generated by the child. See

Table 6.1 for a list of commonly utilized standar-

dized measures.

Informal measures of writing are very helpful in

understanding the difficulties a particular child has in

writing. Task analysis, error pattern analysis, appli-

cation of the academic skill, dynamic assessment

(e.g., learning efficiency), and process assessment

using the child’s curriculum to determine the learning

processes used by the child are several alternative

measures that can be used informally to evaluate

the child’s writing skills (Berninger, 2001).

Interventions for Written Language
Disorders

Berninger and colleagues have published exten-

sively on interventions for handwriting and spelling

as well as for writing composition. A review of the

literature as to interventions forWLD has indicated

that a tiered model of instruction provides the best

results for both children with and without learning

disabilities who experience written language deficits

(Graham, Olinghouse, & Harris, in press). Particu-

lar areas that are important to target for interven-

tion at Tier 1 include direct teaching of the ability to

plan, revise, and edit a writing sample. In addition,

the ability to set clear goals and develop an outline,

as well as understand how to use the outline to write

a preliminary draft of the writing sample is impor-

tant, as is teaching the students how to develop an

idea and link it throughout the writing sample are

all crucial to developing appropriate writing skills

(Mason & Graham, 2008).

The second tier includes teaching the student

self-regulation which includes self-monitoring,

self-reward, and instructions as the writing pro-

cess continues. During this period of time it was

also suggested to utilize student-teacher confer-

encing and peer conferencing to discuss progress

and any areas of difficulty that were encountered

(Mason & Graham, 2008). Reading and writing

need to be taught together as they are comple-

mentary, and writing cannot be done without

also utilizing reading skills (Graves, Valles, &

Rueda, 2000).

Using computers, technology, and web-based

instruction can support basic writing skills and

direct teaching, but cannot be used in isolation

(Feretti, MacArthur, & Dowdy, 2000). The use of

this technology in isolation is often recommended

for working with children with written language

disabilities (Freeman, MacKinnon, & Miller,

2004). It is important, however, to emphasize that
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using computers and technology have not been

empirically validated for WLD (Berninger &

Hooper, 2006).

Summary

The emerging evidence in WLD is providing sup-

port to improve our diagnostic and interventional

capacity to assist children in learning how to write.

These skills are becoming more andmore crucial for

functioning in many positions and for success in

college. WLD often goes hand in hand with RD

and needs to be treated accordingly. There is evi-

dence that utilizing small groups and providing

intensive intervention can assist children with the

process of writing. Difficulties remain for adoles-

cents and college students with WLD, particularly

as writing demands increase (Harder & Semrud-

Clikeman, submitted). More work is needed to

understand early writing difficulties as well as

appropriate interventions for high school and

college students.

Learning Disabilities in Mathematics

A sole learning disability in mathematics is unusual

and often found in children with nonverbal learning

disabilities (NVLD). NVLD will be discussed in the

next section of this chapter. The prevalence of

mathematics learning disability (MLD) is approxi-

mately 5 percent to 8 percent of school-aged chil-

dren (Geary, 2004). It is unclear from these percen-

tages what proportion of these children also has a

learning disability in reading and/or ADHD. It is

also not clear howMLD andRD differ and whether

they arise from two separate substrates (Mazzocco

&Myers, 2003). MLD is similar to RD in that many

processes are involved in mathematics knowledge

and a definition that encompasses all of the com-

plexity of mathematics is not established at this

time. Consequently, the research findings are varied

due to differing definitions, cut-offs, and concep-

tualization of what a MLD is.

Geary (2004) suggests there are three subtypes

of MLD. The first is the procedural subtype.

These children’s performance skills are similar to a

developmental delay and their skills often improve

with age and grade. They show frequent careless

errors, use their fingers to count, and do not fully

understand the basic processes behind the task. The

second subtype is the semantic memory which con-

tinues throughout school. These children frequently

also have a RD, show problems with memory and

retrieval of math facts. This subtype is hypothesized

to be associated with a left hemispheric dysfunction

due to problems with retrieval of information. The

final subtype is called the visuospatial subtype. These

children experience problems with spatial represen-

tation, aligning columns, understanding the relation-

ships between number and quantity, and experien-

cing problems withmisperception. These children do

not show a RD. The deficit in this subtype is

hypothesized to be a right hemispheric dysfunction.

It should be cautioned that there is no empirical

evidence to support this; therefore these are basically

theoretical at this time. The final subtype is reminis-

cent of the nonverbal learning disability disorder

which is discussed later in this chapter.

Development of Mathematics Ability

For the typically developing child counting is an

important ability in learning mathematics. Skills

such as one-to-one correspondent counting, correct

order of numbers, and understanding how objects

can be sorted and categorized are important pre-

math skills that underlie development. Findings

withMLD children indicate that they do not under-

stand the counting process that underlies mathema-

tical skills (Hoard, Geary, & Hamson, 1999).

Arithmetic skills begin with addition which is

based on counting ability. Arithmetic facts become

memorized and then automatized with practice and

exposure. As the child becomes more adept at the

calculations, the problems are solved more effi-

ciently and more quickly with fewer errors (Geary,

2004). Children with MLD experience significant

problems in solving arithmetic calculation pro-

blems. Younger children generally use their fingers

to count to solve the problems; a strategy that

becomes less useful as the facts are automatized.

Children with MLD do not move from the finger

counting strategy to automatic processing until the
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late elementary years (Geary & Hoard, 2002). In

addition, problem solving strategies and memory

retrieval deficits for number facts are not well estab-

lished until the MLD child is much older than his/

her peers (Hanich, Jordan, Kaplan, & Dick, 2001;

Ostad, 2000). These difficulties may be related to

problems with storing facts and then retrieving

them in an efficient manner (Geary, 2004).

Neuropsychological Correlates of MLD

A review of the literature found that 231 articles

were published between 1985 and 2006 studying

MLD, compared to 1,077 for RD in the same time

period. Thus, the study of MLD is in its infancy

compared to that of RD or possibly WLD. Also

complicating the situation is the dearth of standar-

dized measures that are specifically designed to

evaluate a mathematics-based learning disability.

This consideration is important because standar-

dized tests often measure overall calculation and

reasoning skills, but do not evaluate number sense,

counting skill and other components important for

mathematical reasoning (Murphy, Mazzocco,

Hanich, & Early, 2008).

Murphy et al. (2008) evaluated three groups of

children using varying definitions of MLD. One

group hadmathematics ability in kindergartenmea-

sured at or below the 10th percentile, one group had

scores between the 11th and 25th percentile, and the

final group had scores above the 25th percentile on

the Test of Early Math Ability (TEMA-2)

(Ginsberg & Baroody, 1990). These children were

evaluated in kindergarten and again in third grade.

Measures included reading cluster from the WJ R,

visual-spatial ability, rapid automatized naming

tasks, and the Contingency Naming Test as a mea-

sure of working memory (Anderson, Anderson,

Northam, & Taylor, 2000). It was found that the

mathematics skills of the two highest scoring groups

increased at a faster rate than for the children in the

lowest performing group. The middle group did

show a lag that continued into third grade, com-

pared to the typically achieving group. These differ-

ences continued at the same rate indicating that,

while not as severe as the low performing group,

the middle group continued to lag in mathematics

ability. In addition, the low achieving group

appeared to reach a plateau that wasn’t seen in the

two higher achieving groups, suggesting that further

improvement was unlikely without intensive inter-

vention. All groups differed on the counting task

particularly in identifying errors that were made.

An assessment of related neuropsychological fac-

tors found that IQ, visual-spatial ability, and rapid

number naming predicted group membership at the

entry level. IQ and visual-spatial ability were not pre-

dictive of growth rates while rapid naming of num-

bers was particularly for the lowest achieving group.

Reading ability was related most strongly to progress

for the lowest achieving group andwas also present as

a predictor for the middle achieving group, albeit in a

weaker manner. Working memory skills were related

to mathematics difficulty as well as progress for all

groups. Poorer working memory ability was related

to efficiency in solving mathematical problems.

Executive functioning appears to be a problematic

area for children with MLD. In order to solve a

mathematical problem one not only needs the basic

facts and operations readily at hand, but must also

focus attention to the task at hand and inhibit

responding to irrelevant material (Blair, Knipe, &

Gamson, 2008;Geary, 2004). These skills, plus work-

ing memory, are important for success in mathema-

tics,but children withMLD appear to have problems

with these skills. Children with MLD show concur-

rent difficulties on tasks that measure executive func-

tioning, particularly in the areas of working memory

and inhibition (Mazzocco & Kover, 2007).

Children with MLD are less accurate, compared

to their peers, in evaluating whether answers to

specific arithmetic problems are correct or not.

This difficulty is related to the MLD child’s ability

to monitor what is being asked of him/her and

evaluating whether the correct response has been

provided. Such self-checking is an important aspect

of mastering arithmetic facts and processes

(Garrett, Mazzocco, & Baker, 2006).

Neurological Contributions
to Mathematics Skills

Mathematicians have increased parietal gray

matter bilaterally and increased volume of the
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bilateral inferior frontal lobes. These regions

have been implicated in arithmetic calculation

and visuospatial processing. Morphometric dif-

ferences have been found in the brains of accom-

plished mathematicians, musicians, and scientists

in the parietal lobes. Larger parietal regions and

more gyral formations have been linked to stron-

ger mathematical skills in adults (Spitzka, 1907;

Witelson, Kigar, & Harvey, 1999). Brain differ-

ences may be due to experience and/or genetic

disposition. Studies have found that brain differ-

ences can be associated with intense learning.

Studies of children with early and intense musi-

cal training have found morphological differ-

ences in these children compared to controls

(Gaser & Schlaug, 2003; Hutchinson, Lee, &

Gaab, 2003; Munte, Altenmuller, & Jancke,

2002). Brain structural changes have also been

linked to intensive training in undergraduate and

graduate students in medicine, with increases in

the bilateral parietal cortex as well and hippo-

campus in post-versus pre-testing (Dragnanski

et al., 2006). These increases were associated

with learning abstract material. Whether

increased volume in the parietal and hippocam-

pal regions are present at earlier ages has not

been studied. What differences may be present at

an earlier age in students who are mathemati-

cally and scientifically disposed, and how these

differences change with exposure and training,

are important questions for further study.

Long-term training in a mathematical discipline

may lead to brain changes that support mathe-

matical ability.

There are studies that link brain changes to prac-

tice and experience with mathematical concepts.

These studies have generally utilized structural

(anatomical) data. While high ability has been

linked to expertise in a field, differences in brain

structure may be due to more than solely intelli-

gence, and are specific to mathematics-based talent

(Rickard et al., 2000). Very few studies have been

conducted that involve brain activation in adults

with mathematics-based interests, and no studies

have linked developmental brain activation and

structural changes in participants with math-based

skills and interests. No studies were found that

evaluate neuroimaging in children with mathemati-

cal disabilities.

Implications for Assessment

As described in Chapter 6, there are several stan-

dardized measures that evaluate reading, mathe-

matics and written language. There are very few

specially developed tests just for mathematics. To

evaluate mathematical skills standardized tests need

to be supplemented with curriculum-based materi-

als. These materials need to evaluate the child’s

counting ability, understanding of quantity, knowl-

edge of concepts, and ability to check one’s work.

One of the main tests used to evaluate mathematics

directly include the Key Math Diagnostic Arith-

metic Test-3 (Connolly, 2007). The test is designed

for students aged four years, six months to 21 years

and meets the criteria established by the National

Council of Teachers of Mathematics in 2000. Its

measures evaluate numeration, algebra, geometry,

measurement, probability, mental computation,

basic fact knowledge, problem solving, and

estimation.

For younger children, the Test of Early

Mathematics Ability-3 (Ginsburg & Baroody,

2002) measures basic number understanding as

well as beginning comprehension of quantity

and mathematical facts. Evaluating the child’s

ability to count, to understand quantity through

a number line, and having the child rapidly name

numbers are other methods for understanding a

child who is at risk for learning problems in

mathematics. There is emerging evidence that

children who experience difficulty with pho-

neme-grapheme correspondence may also have

problems associating numbers and symbols

(Wills, 2007).

Implications for Interventions

As stated above, drilling on mathematical facts is

helpful only up to a point. Using visual cues as

well as experiential materials may be very helpful

for a child who has not mastered the concepts of

basic math (numerosity, quantity, etc.). Cuisenaire

rods are a series of color-segmented rods with

different colors representing numbers from 1 to 10.

Children are able to mix and match the colors

to understand adding (2 red rods each equal to
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5 make 10) or subtracting rods as desired. Other

visual aids such as number lines can also help

children understand how numbers relate to each

other.

Word problems can be problematic for children

who have difficulty understanding the words as well

as the processes that are required. Fuchs et al.

(2004) evaluated third-grade students to evaluate

how word problems are solved. The children were

provided with intervention to assist with under-

standing word problems and developing strategies

to solve future problems. This intervention

improved functioning in typically developing chil-

dren apart from knowledge that they would have

gained from practice (aligning columns, under-

standing particular words and symbols, etc.).

When these interventions were applied to children

who were below grade level in mathematics, they

also made improvement following intervention

(Fuchs et al., 2003a). When these strategies and

self-monitoring strategies were further evaluated in

low achieving samples of children in mathematics,

these children had more difficulty, particularly in

setting realistic goals based on their performance

(Fuchs et al., 2003b). Thus, teaching basic executive

functions may assist in helping children with MLD

to improve.

Summary

Based on this brief review of the literature on

MLD, there are many areas of inquiry that are

incomplete in our understanding of mathemati-

cally based learning disability. Neuroimaging of

children with MLD has not been published at this

point in time and it is not clear what the neurolo-

gical contributions to mathematical difficulty are.

While there is evidence that excellence in mathe-

matical ability may be related to enhanced parietal

lobe functioning, neuroanatomical and neurofunc-

tional differences in children with MLD and those

without have not been demonstrated. As the

research continues to produce results, findings as

to best practices for assessment and intervention

will assist in our understanding of this disorder

both with and without co-occurring reading

disability.

Nonverbal Learning Disabilities

In a series of studies (Rourke, 1989, 1995; Rourke &

Tsatsanis, 1996), Rourke and colleagues introduced

the concept of a syndrome, nonverbal learning

disability (NVLD), based on the presence of an

intact left hemisphere with dysfunctional right-

hemisphere systems. The interplay between basic

neuropsychological deficits and assets result in

complex social-emotional and academic difficulties.

The definition of a nonverbal learning disability

is problematic and varies among researchers and

clinicians. Children with NVLD generally show a

different pattern of strengths and weaknesses com-

pared to children with LD. In contrast to children

with LD who show difficulties in phonological pro-

cessing, children with NVLD frequently do fairly

well in single word reading and in spelling. Children

with NVLD have significant problems with mathe-

matics calculation, frequently misalign the columns

in the computations, and have problems learning

basic mathematics facts. They have particular diffi-

culty in recalling information that is complex or

novel, but do very well with rote memory or infor-

mation that can be recalled by verbal means

(Rourke, 1995). Many children with NVLD have

difficulty with fine and gross motor development

and experience problems in learning to skip, tie

shoes, and to write legibly.

Children with NVLD also have difficulties

understanding nonverbal input in social situations

and, subsequently, are socially isolated. They are

infrequently chosen in games and often socially iso-

lated. Significant problems are described in the

child’s ability to correctly perceive social relation-

ships and with social judgment. In several instances

the child experiences difficulty with relating to

peers. Many children with NVLD relate better to

adults and may cling to teachers and parents as a

way of adapting to a confusing social situation.

Many children with NVLD also have a tendency

to show attentional difficulties and may qualify for

an additional diagnosis of ADHD: predominately

inattentive. An increased incidence of mood disor-

ders has been found in older children with NVLD.

Children with NVLD have particular difficulties

understanding situations that are novel and com-

plex (Rourke & Fuerst, 1991). Particular difficulty

is present in understanding situations that involve
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cause-effect reasoning and with generating solu-

tions to problems (Semrud-Clikeman, 2001). Lan-

guage skills are generally well developed for basic

skills, but problems are also present with more

complex language, understanding figurative lan-

guage and idioms, and with incongruities frequently

seen with the understanding of humor (Semrud-

Clikeman & Glass, 2008). Difficulties with social

conversation as well as reciprocity in relating to

others can significantly affect the NVLD child’s

ability to enter into peer relations, a skill that

becomes more important with adolescence.

Rourke and colleagues (2002) characterize the

NVLD disorder as having several principal fea-

tures, including:

� bilateral tactile-perceptual deficits more pro-

nounced on the left side of the body than the

right,
� bilateral coordination problems—again more on

the left than right,
� problems with visual, spatial, and organizational

abilities,
� problems adapting to novel and complex situa-

tions—use of rote or literal interpretation of

behaviors that frequently result in inappropriate

behavior,
� difficultywith problem solving—more evidentwith

nonverbal than verbal materials and situations,
� problems with benefiting from positive and nega-

tive feedback,
� a distorted sense of time,
� well developed rote verbal memory,
� highly verbose with much repetition of pre-

viously stated ideas,
� poor speech intonation (prosody),
� problems with mathematics calculation with

relative strengths in reading and spelling, and
� problems with social judgment, social percep-

tion, and social interaction skills.

Some studies have not supported this conceptua-

lization, particularly in regard to the difficulty in

motor and perception skills (Wilkinson & Semrud-

Clikeman, 2008). Areas that have received support in

research include prosody, attention, mathematics

problems, social judgment difficulty, and challenges

with problem solving (Semrud-Clikeman & Fine,

2008). Many clinicians and researchers utilize diag-

noses that include 3–5 of the symptoms listed above.

There is little empirical evaluation of this process and

further study is needed. It is not clear which of the

symptoms are required for a diagnosis and which are

correlated. For example, some children may show

visual-spatial and mathematics problems, but do

not have difficulty with social understanding. Others

do not show verbal performance differences and yet

have social difficulty, visual-spatial problems, and

mathematics difficulty. A discriminant analysis of a

large database of children with NVLD, ADHD, LD,

and ASD found that the single most salient predictor

of groupmembership for NVLDwas social function-

ing (Fine, Semrud-Clikeman, Reynolds, & Smith,

submitted). Similar studies need to evaluate which

of the symptoms in this disorder are primary and

which are correlated in order for a better understand-

ing of what NVLD is and how to diagnose the dis-

order. See Table 12.2 for a summary of research

investigating the neuropsychological, cognitive, aca-

demic, and psychosocial features of the NVLD

syndrome.

The NVLDmodel is a culmination of 20 years of

research investigating the neurocognitive basis of

learning and social-emotional functioning in chil-

dren (Rourke & Tsatsanis, 2000), and is an exten-

sion of the Goldberg and Costa model (Goldberg &

Costa, 1981). Rourke (1989) summarizes two major

functional-anatomical differences between the

hemispheres:

1. The left hemisphere has greater cortical represen-

tation in specific sensory modalities (in temporal,

occipital, and parietal areas) and in the motor

cortex, whereas the right hemisphere has more

association cortex (temporoparietal and prefron-

tal areas) than the left.

2. The left hemisphere has more intraregional con-

nections, while the right has more interregional

connections.

These basic differences led Goldberg and Costa

(1981) to conclude that the right hemisphere has a

greater capacity for dealing with ‘‘informational

complexity.’’ Rourke (1989) further incorporates

neurodevelopmental theory and discusses the role

of the right hemisphere cognitive and emotional

adjustment in children. Rourke proposes that the

right hemisphere is more important than the left

for activating the entire cortex, processing novel

information, developing new descriptive systems,
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and processing complex information. The left hemi-

sphere is more adept than the right at applying

already learned descriptive systems that use discrete

units of information (like language), and for storing

compact codes (Rourke, 1989).

Genetic Factors

To date there are no studies addressing the genetic

basis for the NVLD syndrome. The extent to which

genetic factors play a role in this neuropsychologi-

cally based learning disorder certainly warrants

investigation. There are indications that some

genetic syndromes may have profiles that are

similar to those described for nonverbal learning

disabilities, including Turner syndrome and Velo-

cardiofacial syndrome.

Turner Syndrome

Turner Syndrome (TS) is the loss of some or all of

the X chromosome. It is rarely seen in males and has

an incidence of 1 in 3,000–5,000 live births in

females (Rovet, 2004). Females with TS lack estro-

gen and often have ovarian dysgeneration and infer-

tility. The neuropsychological profile present in TS

includes significant problems processing social

information, visuospatial information, and severe

mathematics disabilities. Performance IQ is gener-

ally 15 points lower than verbal IQ, which is gen-

erally in the average range (Rovet, 2004). Other

Table 12.2 A summary of specific deficits associated with Nonverbal Learning Disabilities (NLD)

Biogenetic Factors

– No known correlates

Environmental Factors/Prenatal/Postnatal

– NLD appear at or soon after birth
– Neurodevelopmental disorder or may be caused by

traumatic injury
– Few details on environmental impact

Temperament

– No known correlates

Birth Complications

– No known correlates

CNS Factors

– White matter dysfunction
– Intermodal integration (callosal fibers)
– Right-hemisphere involvement

Neuropsychological Factors

– Bilateral tactile deficits (pronounced on left side)
– Visual-spatial-organizational deficits
– Complex psychomotor deficits
– Oral-motor apraxia
– Concept formation and problem-solving deficits

Intellectual

– Concept formation
– Strategy generation
– Hypothesis testing
– Cause-effect relations
– Little speech prosody
– Formal operational thought

Perceptual Memory

– Visual discrimination
– Visual detail
– Visual relation

Memory

– Tactile
– Nonverbal
– Complex

information

Attentional

– Tactile
– Visual attention
– Attends to simple,
repetitive verbal material

Academic/Behavioral
– Graphomotor
– Reading comprehension
– Mechanical arithmetic
– Mathematical reasoning
– Science

Psychosocial
– Adapting
– Overreliance on rote behaviors
– Externalized disorders (conduct,
acting out)

– Social perception and judgment
– Social withdrawal or isolation
– May develop internalized disorders
(e.g., depression, anxiety)

Family
– Research is sparse
– Social interaction skills
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areas that are frequently affected include working

memory, face processing (Lawrence et al., 2003),

mental rotation, spatial reasoning, and difficulty

processing emotions (Elgar, Campbell, & Skuse,

2002; Lawrence, Kuntsi, Coleman, Campbell, &

Skuse, 2003). The mathematics, working memory,

and visuo-spatial difficulties have been found to be

present developmentally and continue throughout a

child’s life (Murphy & Mazzocco, 2008; Murphy,

Mazzocco, Gerner, & Hendry, 2006).

Structural imaging has found differences in chil-

dren and adults with TS in smaller volumes in the

areas of the occipital and parietal lobe and reduced

volume in the caudate, thalamus, and hippocampus

(Reiss, Eliez, Schmitt, Patwardhan, & Haberecht,

2000). Larger volumes compared to controls have

been found in patients with TS in the temporal

lobes, amygdala, and orbitofrontal gray matter

(Brown et al., 2002; Good et al., 2003).

The finding of anamolous development in the

amygdala is similar to research in autism (see

Chapter 10 for further information. Patients with

TS have abnormal responses to fear recognition

and other types of negative facial expressions

which may be related to the anomalous amygda-

loid and orbitofrontal regions. These structural

differences, coupled with the neuropsychological

correlates of NVLD, have lead some to speculate

that there may be similar underlying neurological

differences between these disorders. Further study

is needed to determine whether there is a common-

ality in connectivity, functionality, and neuropsycho-

logical findings that underlie both TS and NVLD.

Velocardiofacial Syndrome

Velocardiofacial syndrome can also exhibit deficits

in visual-spatial skills, social processing, and

mathematics reasoning (Swillen et al., 1999). Velo-

cardiofacial syndrome occurs with a deletion on

chromosome 22 and many of these patients show

neurological, cognitive, and behavioral deficits

(Murphy, Jones, & Owen, 1999). Imaging has

found differences in the white matter, particularly

in the parietal regions of the brain (Amelsvoort

et al., 2001; Eliez, Schmitt, White, Hu, & Reiss,

2002). Diffusion Tensor Imaging (DTI) has found

alterations in the white matter tracts in the parietal

lobes as well as in the frontotemporal regions bilat-

erally (Barnea-Gorly et al., 2003).

Agenesis of the Corpus Callosum

While not a genetic disorder per se, agenesis of the

corpus callosum (AC) occurs at some point during

gestation when the corpus callosum (a large bundle

of fibers that connect the two hemispheres) either

forms incompletely or not at all. Children with AC

range in ability from mentally retarded to having

average ability. For those children with average abil-

ity difficulty appears to be present for novel problem

solving, as well as social understanding (Brown &

Paul, 2000; Paul, Schieffer, & Brown, 2004). In addi-

tion, children with AC also have trouble understand-

ing figurative language as well as affect as expressed

by speech intonation (Brown, Symingtion, Van

Lancker-Sidtis, Dietrich, & Paul, 2005; Paul, Van

Lancker-Sidtis, Schieffer, Dietrich, & Brown, 2003).

These findings certainly suggest a similarity to

NVLD. Studies that compare children with AC,

children with NVLD, and children with other

genetic syndromes that have similar features

would be informative as to what these disorders

have in common and whether there are discriminat-

ing aspects of these issues. If there are similar

behaviors that arise from similar neurological

underpinnings but different causes, it may well be

that the disruption of connectivity in particular

regions of the brain relates to social, visual-spatial,

and mathematical difficulties. Some studies of chil-

dren with TS have contrasted their functioning in

mathematics to that of children with Fragile X and

found similarities (Murphy & Mazzocco, 2008).

Unfortunately, social functioning measures were

not also obtained in these studies. This area of

research is ripe for further investigation.

Prenatal/Postnatal Factors

The NVLD syndrome is described as a neurodeve-

lopmental disorder; that is, one that is present at or

soon after birth (Rourke, 1989). While Rourke

(1989) does assume that the neuropsychological

patterns of assets and deficits are developmental in
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nature, appearing at birth, he does acknowledge

that traumatic injury or trauma may result in a

similar pattern. Few other details are available

describing prenatal and postnatal factors associated

with the NLD syndrome.

One of the theories about NVLD is that it

involves right hemispheric dysfunction. It has been

suggested that development of the right hemisphere

can be affected by many issues including hormones

during gestation, prematurity, pregnancy and deliv-

ery complications, among others (Forrest, 2007).

During development the right hemisphere is

believed to grow first, followed by the left

hemisphere and finally connectivity between the

two hemispheres and hemispheric specialization

(Thatcher, 1996). Similarly, Luria suggests that

within the lobes hierarchical development occurs,

moving from primary centers (hardwired centers) to

more associative and highly complex areas that are

important for problem solving and insight into

behavior (Luria, 1980).

Neuropsychological Correlates

Rourke (1989) lists the neuropsychological assets of

the child with NVLD as auditory perception, simple

motor skills, rote memory, verbal and auditory

memory, attention to verbal and auditory informa-

tion, and verbal reception, storage, and associa-

tions. Neuropsychological deficits associated with

the right hemisphere NLD syndrome include tactile

and visual imperception, impaired complex psycho-

motor skills, inattention to tactile and visual infor-

mation, poor memory for tactile and visual infor-

mation, and some verbal skill deficits (i.e., prosody,

semantics, content). Scores are also below average

on subtests of the Performance Scale of theWISC-R

(Block Design, Picture Arrangement, and Object

Assembly): the Tactual Performance Test, left

hand; the Pegboard Test, both right and left

hands, and the Category test (Rourke, 2000).

Academic and School Factors

The interaction between right hemisphere weak-

nesses and left hemisphere assets is manifested in

good graphomotor skills for right-handed children

(usually later in life), word decoding skills, spelling

skills, and ‘‘verbatim memory’’ (Rourke, 1989).

Because children with NVLD rely heavily on

intact left hemisphere functions, they often develop

excellent reading, decoding, and spelling skills

(Semrud-Clikeman, 2007). Children with NVLD

tend to perform well on academic tasks that rely

on rote verbal memory.

Academic deficits include poor academic

achievement in mathematical reasoning and com-

putation. Initially the child with NVLD shows good

reading recognition, but in later grades as reading

for meaning becomes more important, the child

experiences significant problems with reading com-

prehension. These academic areas are particularly

compromised by difficulties with abstract reasoning

and deduction. Children with NVLD fail to develop

complex concept formation and problem solving

abilities needed for advanced subject matter such

as physics (Semrud-Clikeman, 2003).

Although children with NVLD start out with

slow development of early graphomotor skills,

these abilities improve with age. Academically, chil-

dren with NVLD appear to be compromised by

their extreme difficulties with understanding

cause-and-effect relationships, and problems gener-

ating age-appropriate problem solving skills. These

deficits are particularly evident during novel tasks,

and subsequent learning is negatively affected

(Semrud-Clikeman, 2007).

Visual-Spatial Ability

Visuospatial skills, visual working memory, and

imagery in children with NVLD are areas of signifi-

cant difficulty (Cornoldi, 1999). Visual imagery and

working memory have been linked to the ability to

process social information, an area that is difficult

for children with NVLD (Logie, 1995). Children

with NVLD have trouble recalling visual and spa-

tial information as well as imagery for both verbal

and visual information. Thus, difficulty is present

on tasks that require the child to learn new informa-

tion by associating it with previously learned mate-

rial. It is suggested that visual working memory is

an area of particular difficulty and support is

required to assist with these abilities.
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The ability to integrate information presented

visually may be a primary difficulty for children

with NVLD who have more difficulty on measures

of visual-motor integration and visual-spatial skills,

compared to children with ADHD or typically

developing children (Wilkinson,&Semrud-Clikeman,

2008). When the performance of children with ver-

bal LD, NVLD and typically developing children

were compared on measures of visual motor inte-

gration (Foss, 1991; Meyers & Meyers, 1995), the

children with learning disabilities performed more

poorly than typically developing children. The chil-

dren with NVLD, however, performed the most

poorly. Qualitative analysis of the findings indi-

cated that children with verbal LD were generally

able to copy the picture adequately, but missed

many details. The children with NVLD copied the

picture in a piecemeal fashion with disconnected

details. This disjointed understanding of the whole

from the parts likely interacts with difficulties with

social perception.

An evaluation of the perception of children with

NVLD using projective measures found that they

had significant difficulties in perceiving the inkblots

in a typical manner compared to controls and chil-

dren with ADHD: PI (Corlett, 2002). The difficulty

that was present was characterized by problems

with integration. No differences were found

between the ADHD: PI and control groups, thus

attentional deficits were not at the core of the pro-

blems with visual integration. Thus, it is likely that

children with NVLD will have difficulties integrat-

ing visual input accurately and may react inappro-

priately. Although children with NVLD scored on

indices indicating interest in others, their responses

indicated they are likely to react inflexibly to a social

situation.

These studies indicate that children with

NVLD have difficulty with visual-spatial integra-

tion that may relate to the frequently encoun-

tered problems with social processing. These

difficulties in understanding novel events, proces-

sing materials quickly, and putting together

parts of a scenario to understand the underlying

meaning likely interfere with social processing.

In addition, if the infant has difficulty decipher-

ing faces and understanding facial expressions,

it is likely that the early building blocks of social

understanding are not well established and carry

over into later childhood (Semrud-Clikeman &

Hynd, 1990).

Attention

Attentional skills are problematic for children with

NVLD and many are diagnosed with ADHD: pre-

dominately inattentive type (Semrud-Clikeman,

Walkowiak, Wilkinson, & Christopher, submitted).

Attention to complex, novel information is particu-

larly difficult, and children with NVLD are more

attentive to simple, repetitive tasks than to tasks

that are verbal or auditory in nature. This atten-

tional bias makes new learning particularly difficult,

and becomes more prominent with age. Children

with NVLD often appear overactive initially, but

this apparent hyperactivity does not persist.

Executive Functioning

The skills of working memory, processing of com-

plex and novel material, and understanding of

other’s motives and feelings is related to difficulty

with executive functioning for these children.

Executive functions are those that allow a person

to view their behavior, assess its appropriateness,

and make changes if required. They differ from

cognitive functions somewhat; cognitive functions

look at what a person knows while executive func-

tions evaluate the person’s ability to carry through

with a plan of action (Damasio, Tranel, & Rizzo,

2000). Thus, a child or adolescent can know the

appropriate plan of action in a social situation, but

be unable to carry through with it in an efficient

manner. Often fluid social interaction require the

child to process information quickly and efficiently

generally using simultaneous evaluation of many

aspects of the difficulty.

Children with NVLD perform better skills on

measures of sequential processing than those of

simultaneous processing. Simultaneous and sequen-

tial processing are based on Luria’s (1980) model of

brain function that conceptualizes the brain func-

tion into three networks that function indepen-

dently and are integrated at higher levels. The

three networks are planning, arousal, and proces-

sing (simultaneous as well as sequential). Sequential
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processing is the ability to process information in a

step-by-step manner and is primarily based on left

hemispheric processing. Simultaneous processing is

a right hemispheric function and allows the indivi-

dual to process information with many facets and

form an integrated whole. The individual uses either

style depending on the task at hand. Chow and Skuy

(1999) evaluated children with NVLD and those

with verbal LD on measures of sequential and

simultaneous processing. Children with verbal LD

were more likely to use the simultaneous processing

style while children with NVLD favored the succes-

sive processing mode.

This difficulty in understanding the gestalt of a

task, or social exchange, likely interferes with the

ease of social interactions. If the child withNVLD is

attempting to understand a perceptual task using an

inefficient method (such as sequential, language-

based processing), the behaviors are likely to feel

flat and inappropriate to the fellow person in the

interaction. Difficulties with fluid reasoning, con-

cept formation, and problem solving have been

identified in children with NVLD (Schnoebelen,

Semrud-Clikeman, Guli, & Corlett, 2002). These

difficulties interact with the problems in processing

perceptual information, particularly when it

requires the processing of novel and complex social

information. The problem that children with

NVLD have in social interactions may be a combi-

nation of difficulty with attention, executive func-

tioning, and perception (Semrud-Clikeman &

Schaefer, 2000).

Social-Psychological Functioning

The difficulty children with NVLD have under-

standing complex pictures underscores the chal-

lenges present in comprehending dynamic social

exchanges. These difficulties with integration make

it problematic for the child with NVLD to under-

stand facial expressions and pair them with gestures

and language. When asked to interpret a scene

where the verbal portion of the communication

does not match the nonverbal portion, children

with NVLD inevitably use the verbal portion to

translate meaning. Thus, sarcasm or humor is not

understood by children with NVLD and they often

translate this type of communication literally

(Semrud-Clikeman & Glass, 2008). Moreover, chil-

dren with NVLD often make inferences based on

language and interpret a situation using details

without reference to the context (Worling,

Humphries, & Tannock, 1999). Thus, the child’s

interpretation may not be accurate for the context

in which the information is given and, subsequently,

his/her behavior is often inappropriate based on

misperceptions.

Borod, Andelman, Obler, Tweedy, andWelkowitz

(1992) suggest that interpretation of emotion requires

the ability to understand the relationship between

emotions which in turn requires spatial organiza-

tion—a right hemispheric integrative function.Work-

ing memory deficits present in NVLD also limit the

child’s ability to apply appropriate emotional infer-

ences to the situation at hand. It is likely that this

system becomes overloaded attempting to process the

details involved in any social exchange, thus resulting

in difficulty with social interacting that is fluid and

reciprocal.

To more fully understand the prevalence of psy-

chopathology in children with NVLD compared to

those with RD, a study contrasted typically devel-

oping children, children with NVLD, RD, a psy-

chiatric control group, and a group of children with

velocardiofacial syndrome (VCFS) to determine

what differences may be in the prevalence rate of

psychiatric disorders (Antshell & Khan, 2008).

Each parent was interviewed to determine the pre-

sence of psychopathology. The NVLD, RD, and

psychiatric control groups were found to show a

higher incidence of ADHD and substance abuse/

dependence. The psychiatric controls and children

with NVLD were also found to have a higher pre-

valence rate of familial bipolar disorder. This find-

ing was not true for the velocardiofacial group who

also had NVLD. It was concluded that the children

with VCFS and NVLD were different genetically

compared to the NVLD without VCFS. The con-

clusions from this study are interesting in that the

authors related NVLD to bipolar disorder. This

conclusion of increased bipolar disorder in the

families of children with NVLD has not been repli-

cated (McDonough-Ryan et al., 2002). Further

study is needed in these areas to more fully under-

stand the link that may exist between NVLD and

other psychiatric disorders.
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The areas of attention, executive functioning,

social understanding, and academic functioning are

domains that need to be evaluated by a neuropsychol-

ogist. Each of these regions requires varying types of

measures. The following section discusses what mea-

sures may be most helpful in this evaluation.

Neuroimaging in NVLD

The only studies completed on neuroimaging in

NVLD are case studies. In one case two adolescents

with NVLD and two controls were asked to utilize

self-talk to complete a task and then to use solely

tactile information (Tuller, Jantzen, Olvera,

Steinberg, & Kelso, 2007). Each adolescent was

asked to touch his thumb to each of his fingertips

in the same hand. Results from the fMRI found that

the two subjects with NVLD showed a widely dis-

tributed network when completing this task, com-

pared to the controls. One of the difficulties with

this study is the low number of subjects and the

difficulty in knowing whether these results truly

represent the functioning of children with NVLD

or whether they solely represent normal fluctuation

among individuals.

One study evaluated a 14-year-old boy with cere-

bral palsy who was diagnosed with nonverbal learn-

ing disabilities as well as executive function deficits

and visual-spatial delays (Gross-Tur, Ben-Bashat,

Shalev, Levav, & Sira, 2006). He had a developmen-

tal hypoplastic left cerebellum. A reduction in right

hemispheric white matter in the cerebrum as well as

in the cerebellumwas found viaDTI. The conclusion

from this study was that the disruption of the right

hemispheric circuits negatively influenced the child’s

ability to relate to others, complete visual-spatial

tasks, or plan and organize information. There

were no other specific studies that evaluated NVLD

using neuroimaging in our recent literature review.

Implications for Assessment

Comprehensive neuropsychological assessment is

necessary to identify the NVLD syndrome in chil-

dren. A developmental model of assessment, where

evaluations are repeated over time and form the

basis for remedial programs, has been recom-

mended (Rourke, 1994). Based on the above

descriptions of difficulties children with NVLD

experience it would be recommended to include

measures of attention, executive functioning, and

academic performance. Many of the measures listed

in Chapter 6 are appropriate for this evaluation.

Particular recommendations would be for the sort-

ing, Stroop, and Tower tests from the Delis-Kaplan

Test of Executive Functioning, the Rey-Osterreith,

the TOVA, the WJ III Tests of fluid reasoning, and

a full evaluation of the child’s mathematical and

reading abilities.

In addition to these measures, it is also impera-

tive to evaluate the child’s social abilities. There are

few good direct measures of social functioning. One

measure that has been helpful in our work is the

Child andAdolescent Social Perception Test (CASP

(Magill-Evans, Koning, Cameron-Sadava, &

Manyk, 1996). This measure is a series of video-

taped vignettes of children, adolescents and adults

interacting. The videotape shows the action with the

words masked so that what the child hears is the

intonation, but not the words. After each of 10

vignettes, the child is asked questions about what

happened and what the people were feeling. Two

standard scores are provided, one for nonverbal

cues and one for emotion recognition. The psycho-

metric properties of the measure are acceptable, but

further research is needed to determine whether the

scores can discriminate among groups of children

with disabilities.

Fine, Semrud-Clikeman, Butcher, andWalkowiak

(2008) evaluated the use of the CASP with children

with attention problems and those with social

competence problems with and without attentional

issues. While attention played a part in the perfor-

mance on this measure, the CASP identified chil-

dren with social difficulties even with attentional

aspects removed. While the CASP is helpful and

one of the few things available, the vignettes are a

bit dated and its use for younger children may be

questionable. It can be ordered by contacting

Dr. Magill-Evans at the University of Alberta in

Edmonton, Canada.

Other measures that have recently become avail-

able include the Social Communication Question-

naire (SCQ) (Rutter, Bailey, Berument, Lord, &
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Pickeles, 2003). The SCQ is completed by the parent

and provides a total score that indicates the child’s

likelihood for autism. While it is a screener for aut-

ism and shows severity of difficulty, it is a measure

that can also be used with children with NVLD to

pinpoint problem areas. The authors report that the

SCQ is not affected by age, gender, language skills

or performance ability. The utility of the SCQ for

diagnosis of autism has been established; its use

with NVLD would be to assist with understanding

the social areas for which the child has difficulty.

The Social Responsiveness Scale (Constantino &

Gruber, 2006) is a parent report for children aged

4–18 years. It can be completed by a parent or

teacher and evaluates the child’s functioning within

a natural social setting. The areas of reciprocal

social communication, social anxiety/avoidance,

preoccupations, social awareness and social impair-

ments are evaluated. It provides information about

the level of difficulty in each of the areas of concern.

There are five treatment subscales in addition to the

total score. These subscales are receptive, cognitive,

expression, and motivational aspects of social beha-

vior and autistic preoccupations. It differs from the

SCQ in that it doesn’t use a cutoff score, but rather

utilizes a scale that provides a measure of severity

for each of the subscales. This instrument is fairly

new and further research is needed to determine

how useful it will be for evaluating children with

NVLD. It is, however, a measure that can be helpful

in evaluating the child’s social performance in

school and home.

Evaluating the child’s functioning in all of these

domains should also provide ideas as to appropriate

interventions. The interventions often need to be

tailored to the individual child and empirical valida-

tion of these methods is not as strongly established

as for other types of learning disorders. The follow-

ing section briefly reviews one particular type of

intervention that has provided some empirical

validation.

Implications for Intervention

According to Rourke, when systems of the right

hemisphere are dysfunctional and systems of the

left hemisphere are relatively intact, the child tends

to engage in perseverative or stereotypic responses

because of the over-reliance on information that has

already been learned. This often results in difficul-

ties in developing problem solving strategies and

generating alternative solutions. Children begin to

develop compensatory skills that are primarily ver-

bal in nature, and they begin to avoid novel situa-

tions. Because of tactile deficits and slow matura-

tion of early psychomotor skills, children with

NVLD have a tendency to avoid active exploration

of the environment.

Intervention programs that incorporate early

teaching in sensory-motor integration as well as

interventions that are implemented across all

domains (i.e., academic and psychosocial) include

the child as well as the parent. Methods that

increase social awareness, teach problem solving

strategies, encourage generalization of strategies,

and improve verbal skills should be part of the

intervention plan. Methods for strengthening areas

of weakness in visual-spatial areas, interpreting

competing stimuli, teaching nonverbal behaviors,

providing structure for exploration, using concrete

aids, teaching self-evaluation, and developing life

skills are important aims for any intervention.

The social skills curriculum developed for other

children has proven to be a successful intervention

without tailoring the skills to the child with NVLD

(Palombo, 2006; Semrud-Clikeman & Schaefer,

2000). Most social skill programs begin at a level

that is likely too advanced for children with NVLD

as these programs generally assume that the child is

able to accurately interpret facial expressions and

body language. For many children with NVLD

(and for those with HFA and AS) the interventions

need to begin with labeling of emotions and under-

standing emotional labels to be effective. In addi-

tion, interventions need to be based on teaching

social perception through the use of practice, mod-

eling, and role-playing. Breaking social perception

down into discrete steps and teaching rules to allow

the child with NVLD to process the information

verbally plays on the strengths that these children

bring to the program. Pairing auditory and visual

stimuli together may also provide the type of sup-

port that is necessary for the child to fully under-

stand the complex nonverbal social communication

that is problematic for his/her interpretation

(Semrud-Clikeman, 2007).
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In order for these interventions to be helpful to

children with NVLD it is likely important that the

program begin slowly and with a great deal of

structure, and then gradually move to the more

complex activities that require the building of trust

in order to attempt them. Practicing the skills as well

as overlearning key social abilities and perceptions

is crucial not only for mastering these abilities, but

for later generalization. To encourage generaliza-

tion of the skills, it is important to involve the

parents so they can help practice the newly learned

skills at home and in school, and teach these chil-

dren how to apply the social skills appropriately.

Generally the interventions fall into one of three

types: parent interventions, social skills curriculum

(including coaching and friendship groups), and a

group-based intervention based on learning about

emotions and social applications. Parents can be

very helpful in working with NVLD children as

long as additional support is provided. Another

method that has been helpful is that of peer or

adult coaching. These interventions will be briefly

discussed below.

Parent Interventions

Parent Effectiveness Training (PET) (Gordan,

2006) is a program that assists a child to manage

his/her relations with others. PET encourages par-

ents to invite children over to play with their child in

a structured environment as well as join groups such

as 4-H, Cub/Boy Scouts or Brownies/Girl Scouts.

The structure of these programs and the emphasis

on working together can assist a child with NVLD

to enter into more structured, safe settings for social

experiences. For parents who also experience social

difficulties, family therapy may be the most appro-

priate mechanism to support the child with similar

social difficulties. A frequent clinical observation is

that parents with children with NVLD (or ASD)

may also experience difficulties with social interac-

tions. Thus, an intervention that expects them to

teach the child such skills is problematic.

While parents may not be the best vehicle for

teaching social skills, they are very helpful in pro-

viding appropriate information about development,

new programs, and the child’s progress (Semrud-

Clikeman & Schaefer, 2000). Parents supplied with

suggestions and support can provide additional

experiences for their child that is more helpful. Chil-

dren with NVLD often experience rejection and

isolation in school and in unstructured activities.

A parent who can provide support through orga-

nized activities, a calm demeanor, and a place to

decompress is likely giving the best support to the

child. Setting up situations where the child is paired

with one other child who may be more tolerant of

the child’s behaviors can also help. Trips to the

museum, movies, or a structured activity are proac-

tive for appropriate social exchanges. Situations

that don’t provide such structure are likely to be

more anxiety-producing and possibly less construc-

tive as the child seeks to entertain his/her ‘‘friend’’

(Glass, Guli, & Semrud-Clikeman, 2000; Semrud-

Clikeman & Schaefer, 2000).

Coaching

Matching the child with NVLD to a child who is

more tolerant for socialization can be helpful. While

this type of ‘‘friend making’’ can be somewhat artifi-

cial and requires a very special child to support the

child with NVLD, it can provide a safe environment

in which the child is able to perform skills that have

been taught in the clinic or in small groups. The

advantages of peer matching are that it occurs in a

naturalistic setting and the child learns from a same-

aged child. However, it is time consuming and

requires a great deal of adult support for success

both from the parent and teacher. It may be most

successful for children who are in special education

programs where there are additional paraprofes-

sionals and support rather than in a larger classroom.

Suggestions in the field have been made for

coaching interventions. These interventions occur

in the child’s environment and the adult observes

the child. Following the observation, the child

meets with his/her coach and discusses the beha-

viors seen and the situations. Corrective exercises

are provided. It is likely that this method could be

quite useful in assisting the child to learn appropri-

ate behaviors in a naturalistic setting. This type of

intervention does not have empirical validation and

can be costly. However, it may also be helpful for

children who are really struggling to relate to other

children.
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Social Competence Intervention Program

A social competence intervention program (SCIP)

designed to work with children with NVLD and

Asperger’s Disorder has been developed (Guli,

Wilkinson, & Semrud-Clikeman, 2008). SCIP is

an intervention that is multisensory in nature

and targets underlying difficulties in social percep-

tion as well as provide exercises to improve the

generation of strategies for problem solving.

Figure 12.1 illustrates the basic tenet behind this

intervention.

In SCIP, exercises were adapted from children’s

creative drama and theater classes to practice the

processes fundamental to social competence. These

activities were originally designed to help actors

develop accurate perception and response to cues,

and address various aspects of social perception

(Guli et al., 2008). These activities fall into the fol-

lowing categories: sensory games, space/movement

games, mirroring activities, communication with

sounds, physical control, ‘‘part of a whole’’ and

multiple-stimulus games.

The exercises are designed to move from learning

how to perceive various emotions to appropriate

interpretation of these emotions and then to assist-

ing with choosing the best response to the situation

at hand. In each case the training begins with easily

recognized emotions such as happy and sad, and

moves to more abstract emotions such as embar-

rassment, confusion, and frustration. The initial

session includes direct teaching of facial expression

recognition as well as voice intonation, intent of the

speaker, and interpreting body language. As the

child moves through the program, role-playing is

introduced and the child is exposed to more and

more complex situations with significant amounts

of adult guidance. The SCIP program provides new

experiences that change with time, but are built

on situations that are familiar and thus not as anxi-

ety-producing as fully novel experiences would be.

The work is constantly reviewed and supported

throughout the intervention, thus reviewing and

refreshing skills.

One of the difficulties that children with NVLD

face is limited exposure to other children to practice

skills. They are often isolated and ignored. The

intensity of the SCIP program allows the child to

experience being with other children as they work

toward a common goal; namely, understanding

social interactions. The experience of children with

SCIP has been a joining together and enjoyment of

one another within a safe environment. Activities

and role-plays are in a setting which allows the child

to experiment, laugh when something goes wrong,

and find out that he/she is not the only one strug-

gling with some issues.

Guli et al., (2008) evaluated the efficacy of the

SCIP program. A treatment group and a clinical

control group with deficits in social perception

were compared using several outcome measures

before and after participation in the SCIP program.

The outcome measures included a test of recogniz-

ing facial expressions and voice cues, parent ratings

on behavioral checklists of withdrawal and social

skills, and direct behavioral observations of peer

interactions. Following the intervention, parents

and children in the treatment group were inter-

viewed about their experiences.

Quantitative and qualitative support was

found. Improvement was found in the child’s

ability to correctly recognize facial expressions,

vocal cues, and social behavior. Approximately

three-fourths of the parents reported positive

changes in one aspect of their child’s social func-

tioning, while 82 percent reported several aspects

visual
auditory

tactile
kinesthetic

PERCEPTION

INTERPRETATION

facial expression
body language

vocal cues

RESPONSE

social interaction
contextual understanding

Fig. 12.1 Model for Social
Perception
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showed improvement. Moreover, these findings

strongly support research that stresses training in

perception and integration of nonverbal cues for

children with nonverbal learning disabilities

(Barnhill, Tapscott, Tebbgenkamp, & Smith,

2002; Bauminger, 2002).

Summary and Comments about NVLD

Emerging research underscores the need to

understand the dynamic interaction between psy-

chological and emotional problems in light of

neuropsychological assets/deficits in children

with learning disabilities. Although further

research is necessary to verify these relationships

and to determine how learning disabilities change

over the ages, an integrated neurodevelopmental

model provides the framework for such study.

Although Rourke has developed a model based

on a series of related studies spanning two decades,

sub-typology research has been criticized.

Reynolds (2003) asserts that models relying on

profile analysis must take into account the relia-

bility (i.e., stability) of profiles. The extent to

which profiles change over time and how these

changes might affect the original clinical decision

need further study. Others have pointed out weak-

nesses in using correlational methods to imply

similarity among subjects (Keith, 2006). Correla-

tional methods are also inappropriate for studies

when the linearity of variables is questionable.

Despite criticisms of subtype research, Rourke’s

NVLD model provides a foundation for further

research and contributes to our preliminary under-

standing of how neuropsychological, cognitive,

and social-emotional functioning interacts with

and influences the development of children. This

model describes a complex interaction among defi-

cient and intact neuropsychological systems, early

experiences, and learning that is associated with

social-emotional functioning. Rourke does pro-

vide a viable model for a ‘‘right-hemisphere syn-

drome’’ that can be tested empirically with children

experiencing academic disabilities (primarily in

math) and psychosocial adjustment difficulties

using standard neuropsychological and psycholo-

gical tests.

Recent research indicates that the original belief

that motor and tactile issues were primary inNVLD

have not been supported and that attention and

social-emotional functioning may be important

aspects of this disorder. The research does not clar-

ify the main aspects of NVLD or the neural under-

lays for the difficulty these children have in relating

to others in visual-spatial skills and in executive

functioning. In addition, when the diagnosis is not

clearly defined, it is difficult to compare results

across studies. Further validation of the disorder,

as well as additional study of the possible causes and

interventions, would be increase our understanding

of this disorder.

Case Study of a Child with Severe
Developmental Dyslexia

The following case describes an assessment of a

10-year-old boy who had received excellent special

education services for several years, but who con-

tinued to be unable to read beyond a primer level.

The case demonstrates the need to evaluate reading

difficulties comprehensively, and obtain a family

history. Allen is a fourth-grade boy who was

referred to the clinic for ongoing reading difficul-

ties despite having had three years of special edu-

cation services. He had been diagnosed with

ADHD and responded favorably to Ritalin. In

kindergarten, Allen was first identified as experi-

encing difficulty with readiness skills. He was very

active and had great difficulty staying in a group

and participating in activities. He started taking

Ritalin in first grade and was kept in first grade

an additional year because of significant delays in

academics. Allen was evaluated in second grade

and placed in a learning disability program. Beha-

viorally and socially he was reported not to experi-

ence any difficulties, and was well accepted by his

peers. He was also reported to be hard working and

motivated.

Allen was the product of a normal full-term

birth, labor, and delivery. Developmental mile-

stones were generally attained within normal limits

for age. At an early age Allen was noted to display

an extreme level of overactivity and inattention. He

was diagnosed with ADHD in first grade. His
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Ritalin dosage has gradually increased from 5

milligrams (mg) twice per day to a current dose

of 20 mg in the morning, 20 mg at noon, and

15 mg at 3:00 P.M. His paternal history is remark-

able for reading difficulties. His father, his steps-

ister, a paternal uncle, and a grandfather have all

experienced significant reading difficulties, which

continued throughout school and into adulthood.

Although Allen’s father’s intelligence is above

average, he is unable to read and is currently

employed as a grocery stocker. Allen’s neurologi-

cal examination and MRI were normal. He has

not had any head injuries, seizures, or serious

illnesses.

Cognitive Ability

Allen’s evaluation indicated an average ability with

strengths in vocabulary, social comprehension, per-

ceptual organization and nonverbal reasoning. Sig-

nificant weakness was present in working memory

as well as in memory for previously learned mate-

rial, abstract language ability, motor speed, and

arithmetic reasoning. The following results were

obtained on the WISC IV.

Verbal Comprehension 82

Perceptual Reasoning 99

Full Scale IQ 94

Working Memory 78

Processing Speed 75

Information 5 Picture Completion 10

Similarities 6 Coding 4

Arithmetic 5 Matrix Reasoning 10

Vocabulary 9 Block Design 8

Comprehension 10 Object Assembly 9

Digit Span 4 Symbol Search 6

Achievement Testing

Achievement testing indicated severe deficits in all

areas of reading, with math skills also depressed,

particularly in applied problems. The Woodcock

Johnson Achievement Battery-III was administered

and the following scores obtained:

Letter-Word ID 46

Reading Comprehension 64

Reading Fluency 50

Word Attack 51

Applied Problems 75

Arithmetic Calculation 83

Math Fluency 80

Spelling 50

Written Expression 65

Writing Fluency 60

Allen is a choppy and dysfluent reader. He

appeared unsure of vowel and consonant sounds

and consequently relied on a ‘‘best guess’’ strategy

for reading (e.g., using a word’s visual characteris-

tics as an aid to decoding). The Lindamood Audi-

tory Concepts test was also administered to further

evaluate Allen’s word attack skills. Allen performed

at the mid-first grade level on this test, with signifi-

cant difficulties with sound-symbol relationships

even at the individual phoneme levels. Blending

and the ability to combine sounds were delayed.

Allen experienced difficulty at the primary level

for distinguishing similar, but different sounds at

the beginning and ending of words.

Memory

Allen’s memory skills were evaluated using the Chil-

dren’s Version of the California Verbal Learning

Test.

Allen’s learning of List A fell significantly below

average over the five trials. Although the learning

curve rose steadily over the five trials, suggesting

that Allen benefited from repetition of the words,

the number of items recalled after each trial fell

below expectations compared to same-aged peers.

Allen’s recall of List B also fell below average. Both

short-term free recall and cued recall fell within

average levels for his age. These findings indicate

that Allen is able to retain information that he has
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learned. His memory skills are problematic in that

Allen has difficulty encoding new information. In

addition, he was unable to utilize memory strategies

that would assist him in encoding information;

rather he tried to recall the words using rote mem-

ory rather than grouping them into categories.

Total Recalled 85

Trial 1 Recall 60

Trial 5 Recall 80

List B 75

Short-term Free Recall 100

Short-term Cued Recall 98

Long-term Free Recall 102

Long-term Cued Recall 103

Learning slope 88

Language Ability

Language assessment indicated that Allen has diffi-

culty in both receptive and expressive language

skills. The Clinical Evaluation of Language Funda-

mentals-3 was administered, and the following

results were obtained:

Receptive Language Expressive Language

Concepts and

Directions 4

Formulated

Sentences 5

Word Classes 9 Recalling

Sentences 7

Semantic

Relationships 3

Sentence

Assembly 6

This assessment indicated pervasive language

problems in Allen’s ability to understand and use

language. On receptive language tasks, Allen’s abil-

ity to follow directions using visual cues that increase

in complexity was quite poor, and likely a reflection

of his previously identified difficulty with adequately

encoding verbally based information. Allen’s perfor-

mance on a task that tapped his understanding of

comparative, temporal, quantitative, and spatial

concepts in language also fell significantly below

average. Allen’s ability to see relationships between

words was within age expectations.

On the expressive language measures, Allen

demonstrated significant weakness on a series of

structured tasks that required him to create sen-

tences about pictures using stimulus words. He

had difficulty integrating words into a relevant sen-

tence while maintaining appropriate grammatical

structure. Consistent with his difficulties with

encoding verbally mediated information, Allen evi-

denced a significant weakness in his ability to repeat

progressively longer and syntactically complex

sentences.

Attention

The Test of Variables of Attention (TOVA) was

used to measure attentional functioning. Testing

was done off Ritalin, on 15 mg of Ritalin, and on

20 mg of Ritalin. Measures of vigilance (omissions),

impulsivity and inhibition of responding (commis-

sion), speed of information processing (reaction

times), and variability of reaction time (variability)

were obtained with the following results:

Measure 20 mg 15 mg Off Ritalin

Omissions 98 98 66

Commissions 90 90 98

Response Time 67 54 34

Variability 63 26 < 25

Results indicated that on his current 20 mg dose,

Allen demonstrated age-appropriate gross atten-

tion to task and impulse control. In contrast, reac-

tion time and sustained attention fell significantly

below expected limits for age. On a 15 mg dose of

Ritalin, Allen’s gross attention and impulse control

were identical to that observed on the higher dose.

However, his reaction time and sustained attention

were much poorer on the lower dose of Ritalin.

With the exception of his impulse control, Allen’s

performance on the TOVA off medication fell sig-

nificantly below average on all attentional para-

meters. Overall results indicated that Allen exhibits

a beneficial response to his current Ritalin dose of

20 mg. Even with the higher dose, however, his

response time and ability to sustain and deploy

attention consistently fell significantly below

average.
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Executive Functioning

Allen completed subtests from the Delis Kaplan

Test of Executive Functioning (D-KEFS). The

D-KEFS found that Allen’s executive functioning

ability fell within the average to far below average

range. Allen’s visual-spatial-motor skills consis-

tently fell in the average range. For example, on

a measure that required Allen to connect a series

of letters as quickly as possible, his performance

fell in the average range. On a similar task, his

ability to connect a series of numbers also fell in

the average range. He also performed in the aver-

age range when asked to sequence between a num-

ber and a letter in succession (1-A, 2-B, 3-C, etc).

On a measure of verbal fluency, Allen’s ability to

rapidly name as many words that began with a

certain letter, name as many animals, and as many

male names as he could in 60 seconds fell within

the average range. His ability to repeat a sequence

of numbers presented orally fell within the low

average range and his ability to repeat a series of

numbers and letters was also within the low aver-

age range. Allen struggled in a task that required

him to rapidly name colors and color word names.

His ability to name colors and read color words

fell in the average range. However, as the task

became more difficult, he struggled when he was

asked to name the color of a color word printed in

an opposing color (Saying ‘‘green’’ when looking

at the word blue printed in green ink). His perfor-

mance in this response interference task fell in the

far below average range. Allen performed in the

far below average range on a planning task that

required him to plan a set of sequential moves

using up to five rings in a predetermined starting

point after being shown the correct ending posi-

tion of the rings.

Taken together these findings indicate that Allen

shows relatively better performance on visual-spa-

tial-motor tasks than tasks that require cognitive

response interference, set switching, and planning.

This finding may mean that since he performed in

the average range on visual-motor tasks but not

purely cognitive executive measures, Allen may be

experiencing specific difficulty with tasks that

require him to hold a cognitive task ‘‘online’’ while

ignoring distracters. In addition he experiences pro-

blems in his ability to successfully plan and execute

a set of moves while remembering the directions

necessary to complete the task.

Visual-Spatial Skills

Allen’s visual-motor integration skills were assessed

using the Developmental Test of Visual-Motor

Integration. Consistent with teacher reports regard-

ing illegible writing and poor copying skills, Allen’s

reproductions on this task fell moderately below age

expectations (standard scores = 76). On the Judge-

ment of Line Orientation, Allen showed below age

level functioning. His finger dexterity as measured

by the Purdue Pegboard was within age expecta-

tions for either hand and for both hands together.

These findings indicate some difficulty with visual-

spatial integration, but not with motor skills.

Behavioral/Emotional Functioning

Personality and behavioral assessment indicated no

areas of concern. He did not score in the significant

range on any portion of the Behavior Assessment

Scale for Children II. Teacher reports indicated

concerns only in the area of academic progress.

These profiles indicated that Allen is perceived as

well adjusted, without any behavioral problems.

Summary and Recommendations

Allen is a 10-year-old boy with speech and language

problems as well as difficulty with acquiring reading

skills. He also has a history of ADHD and is cur-

rently being treated with Ritalin. This evaluation

was requested by his mother to determine current

reading skills and to offer treatment recommenda-

tions. Assessment of Allen’s academic achievement

confirms school and parental reports that he is

experiencing persistent and severe difficulties in

acquisition of beginning reading skills. Evaluation

revealed that his reading skills fell significantly

below average, and well below what was to be

expected on the basis of his intellectual profile.
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Allen’s reading skills fall approximately at a mid-

first grade level and are limited to inconsistent iden-

tification of high frequency sight words. He shows

little in the way of word attack skills and is deficient

in other phonological coding skills that have been

found to be highly related to the normal acquisition

of reading. Relative to an assessment completed

more than two years ago, Allen shows little pro-

gress. Overall, results from the present testing indi-

cate the presence of a verbally based learning dis-

ability. Testing of language functions revealed

striking weaknesses in both receptive and expressive

language skills. Although parental reports indicated

that Allen has made a stable pattern of gains since

speech therapy was initiated this year; his language

problems are of such severity that they are continu-

ing to have an impact on his ability to use and

understand language effectively. Testing of memory

and learning indicated that Allen experienced diffi-

culties in encoding and memorizing verbal informa-

tion, such as stories and lists of words. Allen’s abil-

ity to remember verbal information is constrained

by problems with encoding and inputting. He does

not have difficulty in retrieving and outputting

information from memory; that is, once informa-

tion is encoded into memory, he can retain it for

relatively long periods of time. His encoding pro-

blems also affect his ability to process verbal mate-

rial, such as instructions, adequately. It is important

to emphasize that despite his encoding difficulties,

Allen has the potential to learn and memorize new

information, but he will do so at a rate that is sig-

nificantly slower than his same-aged peers, and he

will require more than the usual amount of repeti-

tion. Allen does not appear to have significant diffi-

culty memorizing material that is visual in nature,

such as designs and pictures. Recommendations

include an intensive learning disabilities program

to work on his phonological coding difficulties

while simultaneously strengthening his sight word

vocabulary. Given Allen’s good visual-perceptual

and visual-memory abilities, it is recommended

that teaching strategies focus on a sight word

approach with the high frequency words he encoun-

ters. For Allen to become a fully functional reader,

it is crucial that he become adept at decoding

unknown words. Teaching Allen how to decode

words will not be an easy task, given that he lacks

a number of the essential phonological processing

skills necessary for effective decoding. To help Allen

develop the phonological processing skills that are

critical to becoming an effective reader, the Linda-

mood Auditory Discrimination InDepth Program is

recommended. This program, multisensory in nat-

ure, recognizes that some children have great diffi-

culty in recognizing and perceiving the association

between sequences of sounds in spoken words and

sequences of letters in written words. It provides

experience at a level prior to that of most beginning

phonic programs by teaching sound-symbol corre-

spondences through activities that allow students to

hear, see, and feel sound units of language. The

program starts with oral motor activities (e.g., noting

the position of the mouth and tongue when a certain

sound is produced), and gradually builds up towork-

ing with words. For the program to be effective for

Allen, it should be intensively incorporated into his

reading program. For many children with phonolo-

gical processing difficulties, this program has been

helpful in diminishing their decoding difficulties. The

Lindamood Program, including the associated man-

ual and step-by-step program instructions, can be

obtained through Riverside Press.

It is further recommended that Allen be provided

with a computer for rehearsing reading skills.More-

over, a language experience approach should be

incorporated into Allen’s classroom program. This

method, which will encourage Allen to use his own

words, includes writing his own book by dictating a

story to a teacher or aide who provides him with a

written transcript. Allen would then read the story

back and accumulate flashcards of unknown words

that he encounters. Taped books should also be

available for Allen. The benefits of taped books

are two-fold. They will assist with the acquisition

of information that would ordinarily be available

only through written text, and provide a way to

enhance Allen’s reading skills by allowing him to

listen to a tape as he follows along in a book. Lan-

guage therapy is also required to assist with his skill

development. Intervention that focuses on his orga-

nization of language output, pragmatics, and repair

strategies (e.g., using an alternative word or phrase

to accommodate his word finding difficulty), will be

especially helpful to him at this point. These recom-

mendations have been put into place. Allen will

return to the clinic in approximately six months to

assess his progress.
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Chapter Summary

The purpose of this chapter was to describe the

neuropsychology of language disorders and learn-

ing disabilities in children. In all these disorders, the

child’s genetic inheritance and neurological makeup

interact with the environment. A child with lan-

guage and learning disorders is born with neurolo-

gical constraints that make up the beginning points

of the child’s interaction with the world. In these

disorders, early interventions that combine phono-

logical awareness training and direct instruction of

the child in the context of reading have been most

successful. The neurobiological constraints are the

backdrop for what develops and, although they are

limiting in some manner, they are also malleable

through environmental interventions.

A transactional approach allows for a simulta-

neous understanding of the biology, neuropsychol-

ogy, and family systems of children with neurode-

velopmental disorders. Such an understanding is

imperative in order to work effectively with children

with neurobiological vulnerabilities. As one parent

of a learning disabled child reminded the first

author: ‘‘You professionals give us [the mother

and father] lots of suggestions-do you not recognize

that we also have learning disabilities? How do you

expect us to follow through when we have the same

problem?’’ The wisdom of this father’s statement

cannot be lost on us as we work with families of

children with neurodevelopmental disorders.

Families frequently share, to some degree at least,

the problems of their child. Even when they do not,

the stress, concern, frustration, and disappoint-

ment families routinely feel is often ignored when

developing treatment plans for children and ado-

lescents with disorders. These contextual variables

also need to be assessed and planned for in effective

interventions.

References

Adams, A.-M., & Gathercole, S. E. (2000). Limitations in
working memory: Implications for language develop-
ment. International Journal of Language and Communica-
tion Disorders, 35, 95–116.

Alloway, T. P., & Gathercole, S. E. (2005). Working
memory and short-term sentence recall in young

children. European Journal of Cognitive Psychology,
17, 207–220.

Amelsvoort, T. V., Daly, E. M., Robertson, D.M., Suckling,
J., Ng, V., Critchley, H. D., et al. (2001). Structural brain
abnormalities associated with deletion at chromosome
22q11: Quantitative neuroimaging study of adults with
velocardiofacial syndrome. British Journal of Psychiatry,
173, 412–419.

Anderson, P., Anderson, V., Northam, E., & Taylor, H. G.
(2000). Standardization of the contingency naming test
(CNT) for school-aged children: A measure of reactive
flexibility. Clinical Neuropsychological Assessment, 1,
247–273.

Antshell, K. M., & Khan, F. M. (2008). Is there an increased
familial prevalence of psychopathology in children with
nonverbal learning disorders? Journal of Learning Dis-
abilities, 42, 208–217.

Aram, D. M., & Ekelman, B. L. (1988). Scholastic aptitude
and achievement among children with unilateral brain
lesions. Neuropsychologia, 26, 903–916.

Asbjornsen, A., Holmefjord, A., Reisaeter, S., Moller, P.,
Klausen, O., Prytz, B., et al. (2000). Lasting auditory
attention impairment after persistent middle ear infec-
tions: A dichotic listening study. Developmental Medicine
& Child Neurology, 42, 481–486.

Asbjornsen, A., Obzrut, J. E., Boliek, C. A., Myking, E.,
Holmefjord, A., Reisaeter, S., et al. (2005). Impaired
auditory attention skills following middle-ear infections.
Child Neuropsychology, 11, 121–133.

Aylward, E. H., Richards, T. L., Berninger, V. W., Nagy, W.
E., Field, K. M., Grimme, A. C., et al. (2003). Instruc-
tional treatment associated with changes in brain activa-
tion in children with dyslexia. Neurology, 61, 212–219.

Balthazar, C. H. (2003). The word length effect in children
with language impairment. Journal of Communication
Disorders, 36, 487–505.

Barnea-Gorly, N., Menon, V., Krasnow, B., Ko, A., Reiss,
A. L., & Eliez, S. (2003). Investigation of white matter
structure in velocardiofacial syndrome: A diffusion tensor
imaging study. American Journal of Psychiatry, 160,
1863–1869.

Barnhill, G. P., Tapscott, K., Tebbgenkamp, K., & Smith, B.
(2002). The effectiveness of social skills intervention tar-
geting nonverbal communication for adolescents with
Asperger syndrome and related pervasive developmental
delays. Focus on Autism and other Developmental Disabil-
ities, 17, 112–118.

Bauminger, N. (2002). The facilitation of social-
emotional understanding and social interaction in
high-functioning children with autism: Intervention
outcomes. Journal of Autism and Developmental Dis-
orders, 32, 283–298.

Beitchman, J., Adlaf, E. M., Douglas, L., Atkinson, L.,
Young, A., Johnson, C. J., et al. (2001). Comorbidity of
psychiatric and substance use disorders in late adoles-
cence: A cluster analytic approach. American Journal of
Drug and Alcohol Abuse, 27, 421–440.

Beitchman, J., Nair, R., Clegg,M., Ferguson, B., & Patel, P. G.
(1986). Prevalence of psychiatric disorders in children with
speech and language disorders. Journal of the American
Academy of Child & Adolescent Psychiatry, 32, 585–594.

316 12 Language-Related and Learning Disorders



Benasich, A. A., & Tallal, P. (2002). Infant discrimination of
rapid auditory cues predicts later language impairment.
Behavioural Brain Research, 136(1), 31–49.

Bender, W. M., Rosenkrans, C. B., & Crane, M.-K. (1999).
Stress, depression, and suicide among students with learn-
ing disabilities: Assessing the risk. Learning Disability
Quarterly, 22, 143–156.

Berninger, V. W. (2001). Process Assessment of the Learner.
San Antonio, TX: Psychological Corporation.

Berninger, V. W., Abbott, R. D., Abbott, S. P., Graham, S.,
& Richards, T. (2002). Writing and reading: connections
between language by hand and language by eye. Journal
of Learning Disabilities, 35(1), 39–56.

Berninger, V.W., Abbott, R. D., Thomson, J. B.,Wagner, R.
K., Swanson, H. L., Wijsman, E., et al. (2006). Modeling
developmental phonological core deficits within a work-
ing-memory architecture in children and adults with
developmental dyslexia. Scientific Studies of Reading,
10, 165–198.

Berninger, V. W., & Amtmann, D. (2003). Preventing
written expression disabilities through early and
continuing assessment and intervention for handwrit-
ing and/or spelling problems: Research into practice.
In H. L. Swanson, K. R. Harris, & S. Graham (Eds.),
Handbook of Learning Disabilities (pp. 345–363). New
York: Guilford Press.

Berninger, V. W., & Fuller, F. (1992). Gender differences
in orthographic, verbal, and compositional fluency:
Implications for diagnosis of writing disabilities in
primary grade children. Journal of School Psychology,
30, 363–382.

Berninger, V. W., & Hart, T. (1992). A developmental neu-
ropsychological perspective for reading and writing
acquisition. Educational Psychologist, 27, 415–434.

Berninger, V. W., & Hooper, S. R. (2006). Special issue on
writing. Developmental Neuropsychology, 29, 1–4.

Berninger, V. W., Nielsen, K. H., Abbott, R. D., Wijsman,
E., & Raskind, W. (2008a). Gender differences in severity
of writing and reading disabilities. Journal of School Psy-
chology, 46, 151–172.

Berninger, V. W., Nielsen, K. H., Abbott, R. D., Wijsman,
E., & Raskind, W. (2008b). Writing problems in develop-
mental dyslexia: Under-recognized and under-treated.
Journal of School Psychology, 46, 1–21.

Berninger, V. W., Rutberg, J., Abbott, R. D., Garcia, N.,
Anderson-Youngstrom, M., Brooks, A., et al. (2006).
Tier 1 and Tier 2 early intervention for handwriting
and composing. Journal of School Psychology, 44, 3–30.

Binder, J. R., Frost, J. A., Hammeke, T. A., Bellgowan, P. S.
F., Springer, J. A., Kaufman, J. N., et al. (2000). Human
temporal lobe activation by speech and nonspeech
sounds. Cerebral Cortex, 10, 512–528.

Binder, J. R., Frost, J. A., Hammeke, T. A., Rao, S. M., &
Prieto, T. (1997). Human brain areas identified by func-
tional magnetic resonance imaging. Journal of Neu-
roscience, 17, 353–362.

Bishop, D. V. M., Adams, C. V., & Norbury, C. F.
(2006). Distinct genetic influences on grammar and
phonological short-term memory deficits: Evidence
from 6-year-old twins. Genes, Brain, and Behavior, 5,
158–169.

Bishop, D. V. M., & Snowling, M. J. (2004). Developmental
dyslexia and specific language impairment: Same or dif-
ferent? Psychological Bulletin, 130, 858–886.

Blair, C., Knipe, H., & Gamson, D. (2008). Is there a role for
executive functions in the development of mathematics
ability? Mind, Brain, and Education, 2, 79–88.

Borod, J. C., Andelman, F., Obler, L. K., Tweedy, J. R., &
Welkowitz, J. (1992). Right hemispheric specialization for
the identification of emotional words and sentences: Evi-
dence from stroke patients.Neuropsychologia, 30, 827–844.

Brieger, D., & Majovski, L. V. (2008). Neuropsychological
assessment and RTI in the assessment of learning disabil-
ities: Are theymutually exclusive. In E. Fletcher-Janzen &
C. R. Reynolds (Eds.),Neuropsychological perspectives on
learning disabilities in the era of RTI: Recommendations
for diagnosis and intervention. Hoboken, NJ: John Wiley
& Sons, Inc.

Broomfield, J., & Dodd, B. (2004a). Children with speech
and language disability: Caseload characteristics. Interna-
tional Journal of Language and Communication Disorders,
39, 303–324.

Broomfield, J., & Dodd, B. (2004b). The nature of referred
subtypes of primary speech disability. Child Language
Teaching and Therapy, 20, 135–151.

Brown, W. E., Kesler, S. R., Eliez, S., Warsofsky, I. S.,
Haberecht,M., Patwardhan, A., et al. (2002). Brain devel-
opment in Turner syndrome: A magnetic resonance ima-
ging study. Psychiatry Research: Neuroimaging, 116,
187–196.

Brown, W. S., & Paul, L. K. (2000). Cognitive and psycho-
social deficits in agenesis of the corpus callosum with
normal intelligence. Cognitive Neuropsychiatry, 5,
135–157.

Brown, W. S., Symingtion, M., Van Lancker-Sidtis, D.,
Dietrich, R., & Paul, L. K. (2005). Paralinguistic proces-
sing in children with callosal agenesis: Emergence of neu-
rolinguistic deficits. Brain and Language, 93, 135–139.

Bus, A., & van Ijzendoorn, M. (1999). Phonological awareness
and early reading: A meta-analysis of experimental training
studies. Journal of Educational Psychology, 91, 403–414.

Byrne, B., Coventry, W. L., Olson, R. K., Hulslander, J.,
Wadsworth, S., DeFries, J. C., et al. (2008). A behavior-
genetic analysis of orthographic learning, spelling, and
decoding. Journal of Research in Reading, 31, 8–21.

Byrne, B., Delaland, C., Fielding-Barnsley, R., Quain, P.,
Samuelsson, S., Hoien, T., et al. (2002). Longitudinal
twin study of early reading development in three
countries: Preliminary results. Annals of Dyslexia, 52,
49–74.

Byrne, B., Fielding-Barnsley, R., & Ashley, L. (2000). Effects
of preschool phoneme identity training after six years:
Outcome level distinguished from rate of response. Jour-
nal of Educational Psychology, 92, 659–667.

Byrne, B., Samuelsson, S., Wadsworth, S., Hulslander, J.,
Corley, R., DeFries, J. C., et al. (2007). Longitudinal
twin study of early literacy development: Preschool
through Grade 1. Reading and Writing, 20, 77–102.

Capozzi, F., Casini, M. P., Romani, M., De Gennaro, L.,
Nicolais, G., & Luigi, S. (2008). Psychiatric comorbidity
in learning disorder: Analysis of family variables. Child
Psychiatry and Human Development, 39, 101–110.

References 317



Catts, H. W., Hogan, T. P., & Adlof, S. M. (2005). Develop-
mental changes in reading and reading disabilities. In H.
W. Catts & A. G. Kamhi (Eds.), The connections between
language and reading disabilities (pp. 24–51). Mahwah,
NJ: Erlbaum.

Chapman, J. W., Tunmer, W. E., & Prochnow, J. E. (2001).
Does success in the reading recovery program depend on
developing proficiency in phonological processing skills?
A longitudinal study in a whole language instructional
context. Scientific Studies of Reading, 5, 141–176.

Chase, C. H., & Tallal, P. (1991). Cognitive models of devel-
opmental reading disorders. In J. E. Obzrut &G.W.Hynd
(Eds.), Neuropsychological foundations of learning disabil-
ities (pp. 199–240). San Diego, CA: Academic Press.

Cheour, M., Martynova, O., Naatanen, R., Erkkola, R.,
Sillanpaa, M., Kero, P., et al. (2002). Speech sounds
learned by sleeping newborns. Nature, 415, 599–600.

Chi, J. G., Dooling, E. C., & Gilles, F. H. (1977). Left-right
asymmetries of the temporal speech areas of the human
fetus. Archives of neurology, 34, 346–348.

Chiappe, P., Stringer, R., Siegel, L. S., & Stanovich, K. E.
(2002).Why the timing deficit hypothesis does not explain
reading disability in adults. Reading and Writing, 15,
73–107.

Chow, D., & Skuy, M. (1999). Simultaneous and successive
cognitive processing in children with nonverbal learning
disabilities. School Psychology International, 20, 219–231.

Christian, K., Morrison, F. J., & Bryant, F. B. (1998). Pre-
dicting kindergarten academic skills: Interactions among
child care, maternal education, and family literacy envir-
onments. Early Child Research Quarterly, 13, 501–521.

Clay, M. M. (1993). Reading recovery: A guidebook for tea-
chers in training. Auckland, New Zealand: Heinemann
Education.

Cohen, L., Lehericy, S., Chhochon, F., Lemer, C., Rivaud, S., &
Dehaene, S. (2002). Language-specific tuning of visual
cortex? Functional properties of the visual word form area.
Brain, 124, 1054–1069.

Cohen, W., Hodson, A., O’Hare, A., Boyle, J., Durrani, T.,
McCartney, E., et al. (2005). Effects of computer-based
intervention through acoustically modified speech (Fast
ForWord) in severe mixed receptive-expressive language
impairment: Outcomes from a randomized controlled
trial. Journal of Speech, Language, and Hearing Research,
48, 715–729.

Coltheart, M., Rastle, K., Perry, C., Langdon, R., & Ziegler,
J. (2001). DRC: A dual route cascaded model of visual
word recognition and read aloud. Psychological Review,
108, 204–256.

Compton, D. L., DeFries, J. C., & Olson, R. K. (2001). Are
RAN and phonological awareness deficits additive in
reading disabled individuals? Dyslexia, 7, 125–149.

Connolly, A. J. (2007). Key Math 3. San Antonio, TX:
Pearson Assessments.

Constantino, J. N., & Gruber, C. P. (2006). Social respon-
siveness scale. Los Angeles: Western Psychological
Services.

Conti-Ramsden, G., & Botting, N. (2008). Emotional health
in adolescents with and without a history of specific
language impairment (SLI). Journal of Child Psychology
and Psychiatry, 49, 516–525.

Corlett, M. (2002). Visual perceptual processing errors in
children with nonverbal learning disabilities. Unpublished
dissertation, University of Texas, Austin.

Cornoldi, C. (1999). Imagery deficits in nonverbal learning
disabilities. Journal of Learning Disabilities, 32, 48–60.

Cunningham, A. E. (2005). Vocabulary growth through
independent reading and reading aloud to children. In
E. H. Hiebert & M. H. Kamil (Eds.), Teaching and learn-
ing vocabulary: Bringing research to practice (pp. 45–68).
Mahwah, NJ: Lawrence Erlbaum Associates Publishers.

Cunningham, P. M. (2007). Best practices in teaching
phonological awareness and phonics. In L. B. Gambrell,
L. M. Morrow, & M. Pressley (Eds.), Best practices in
literacy instruction (pp. 159–177). New York:
Guilford.

Curtis, W. J., Lindeke, L. L., Georgieff, M. K., & Nelson, C.
A. (2002). Neurobehavioral functioning in neonatal
intensive care unit graduates in late childhood and early
adolescence. Brain, 125, 1646–1659.

Damasio, A. R., Tranel, D., &Rizzo,M. (2000). Disorders of
complex visual processing. In M. M. Mesulam (Ed.),
Principles of behavioral and cognitive neurology (2nd ed.).
Oxford: Oxford University Press.

Decker, S. N., & Vandenberg, S. G. (1985). Colorado twin
study of reading disability. In D. B. Gray & J. F.
Kavanaugh (Eds.), Behavioral measures of dyslexia
(pp. 123–135). Parkton, MD: York Press.

DeFries, J. C., & Alarcon, M. (1996). Genetics of special
reading disability.Mental Retardation and Developmental
Disabilities Research Reviews, 2, 39–47.

DeFries, J. C., Filipek, P. A., Fulker, D. W., Olson, R. K.,
Pennington, B. F., Smith, S. D., et al. (1997). Colorado
learning disabilities research center. Learning Disabilities,
8, 7–19.

DeFries, J. C., Fulker, D. W., & LaBuda, M. C. (1987).
Evidence for a genetic aetiology in reading disability of
twins. Nature, 329, 537–539.

Dodd, B. (1995). Differential diagnosis and treatment of chil-
dren with speech disorder. London: Whurr Publisher.

Dragnanski, B., Gaser, C., Kempermann, G., Kuhn, H. G.,
Winkler, J., Buchel, C., et al. (2006). Temporal and spatial
dynamics of brain structure changes during extensive
learning. Journal of Neuroscience Methods, 26,
6314–6317.

Duara, B.,Kushch,A.,Gross-Glenn,K., Barker,W.W., Jallad,
B., Pascal, S., et al. (1991). Neuroanatomic differences
between dyslexic and normal readers onmagnetic resonance
imaging scans.Archives of Neurology, 48, 410–416.

Eckert,M.A., Leonard, C.M., Possing, E. T., & Binder, J. R.
(2006). Uncoupled leftward asymmetries for planummor-
phology and functional language processing. Brain and
Language, 98, 102–111.

Ehri, L. C. (2005). Development of sight word reading:
Phases and findings. In M. J. Snowling & C. Hulme
(Eds.), The science of reading: A handbook
(pp. 135–154). Oxford: Blackwell.

Eley, T. C., Dale, P. S., Bishop, D. V. M., Price, T. S., &
Plomin, R. (2001). Longitudinal analysis of components
of cognitive delay: Examining the aetiology of verbal and
performance aspects of cognitive delay. Journal of Educa-
tional Psychology, 93, 698–707.

318 12 Language-Related and Learning Disorders



Elgar, K., Campbell, R., & Skuse, D. (2002). Are you looking
at me? Accuracy in processing line-of-sight in Turner
syndrome. Proceedings of the Royal Society of London,
269, 2415–2422.

Eliez, S., Schmitt, J. E., White, C. D., Hu, D., & Reiss, A. L.
(2002). Velocardiofacial syndrome: Are structural
changes in the temporal and mesial temporal regions
related to schizophrenia? American Journal of Psychiatry,
159, 447–453.

Elksnin, L. K., Bryan, D. P., Gartland, D., King-Sears,
M., Rosenberg, M. S., Scanlon, D. M., et al. (2001).
LD Summit: Important issues in the field of
learning disabilities. Learning Disability Quarterly,
24, 297–305.

Feretti, R. P.,MacArthur, C. A., &Dowdy, N. S. (2000). The
effects of an elaborated goal on the persuasive writing of
students with learning disabilities and their normally
achieving peers. Journal of Educational Psychology, 92,
694–702.

Fiez, J. A. (1997). Phonology, semantics, and the role of the
left inferior prefrontal cortex. Human Brain Mapping, 5,
79–83.

Fine, J. G., Semrud-Clikeman, M., Butcher, B., & Walko-
wiak, J. (2008). Brief report: Attention effect on ameasure
of social perception Journal of Attention Disorders 38,
1797–1802.

Fine, J.G., Semrud-Clikeman,M.,Keith, T. Z., Stapleton, L., &
Hynd, G. W. (2006). Reading and the corpus callosum:
AnMRI family study of volume and area.Neuropsychology,
21(2), 235–241.

Fine, J. G., Semrud-Clikeman, M., Reynolds, M. R., &
Smith, S. (submitted). Assessing social competence in
ADHD and other disorders: Indirect and direct measures.
Submitted to Journal of Learning Disabilities.

Fitch, R. H., & Tallal, P. (2003). Neural mechanisms of
language-based learning impairments: Insights from
human populations and animal models. Behavioral and
Cognitive Neuroscience Reviews, 2, 155–178.

Flannery, K., Liederman, J., Daly, L., & Schultz, J. (2000).
Male prevalence for reading disability is found in a large
sample of black and white children free from ascertain-
ment bias. Journal of the International Neuropsychological
Society, 6, 433–442.

Fletcher, J. M., Morris, M. K., & Lyon, G. R. (2003). Classi-
fication and definition of learning disabilities: An integra-
tive perspective. In H. L. Swanson, K. R. Harris, & S.
Graham (Eds.), Handbook of learning disabilities
(pp. 30–56). New York: Guilford Press.

Forrest, B. (2007). Diagnosing and treating right hemisphere
disorders. In S. J. Hunter & J. Donders (Eds.), Pediatric
neuropsychological intervention (pp. 175–192). Cam-
bridge: Cambridge University Press.

Foss, J. M. (1991). Nonverbal learning disabilities and reme-
dial interventions. Annals of Dyslexia, 41, 128–140.

Foster, L. M., Hynd, G. W., Morgan, A. E., & Hugdahl, K.
(2002). Planum temporale asymmetry and ear advantage
in dichotic listening in developmental dyslexia and
Attention-Deficit/Hyperactivity Disorder (ADHD).
Journal of the International Neuropsychological Society,
8, 22–36.

Fox, A. V., & Dodd, B. (2001). Phonologically disordered
German-speaking children. American Journal of Speech-
Language Pathology, 10, 291–303.

Foxton, J. M., Talcott, J. B., Witton, C., Brace, H.,
McIntyre, F., & Griffiths, T. D. (2003). Reading skills
are related to global, but not local, acoustic pattern
perception. Nature Neuroscience, 6, 343–344.

Foy, J. G., & Mann, V. A. (2003). Home literacy environ-
ment and phonological awareness in preschool children:
Differential effects for rhyme and phoneme awareness.
Applied Psycholinguistics, 24, 59–68.

Freeman, A. R., MacKinnon, J. R., & Miller, L. T. (2004).
Assistive technology and handwriting problems: What do
occupational therapists recommend? Canadian Journal of
Occupational Disabilities: Research and Practice, 18,
157–171.

Fuchs, D., Fuchs, L. S., Mathes, P. G., & Lipsey, M. W.
(2000a). A meta-analysis of reading differences between
underachievers with and without the disability label.
Learning Disabilities, 10, 1–4.

Fuchs, D., Fuchs, L. S., Mathes, P. G., & Lipsey, M. W.
(2000b). Reading differences between low-achieving stu-
dents with and without learning disabilities: A meta-
analysis. In R. Gersten, E. P. Schiller, & S. Vaughn
(Eds.), Contemporary special education research: Synth-
eses of the knowledge base on critical instructional issues
(pp. 81–104). Mahwah, NJ: Erlbaum.

Fuchs, L. S., Fuchs, D., Prentice, K., Burch, M.,
Hamlett, C. L., Owen, R., et al. (2003a). Explicitly teach-
ing for transfer: Effect on third-grade students’ mathe-
matical problem solving. Journal of Educational Psychol-
ogy, 95, 293–305.

Fuchs, L. S., Fuchs, D., Prentice, K., Burch, M., Hamlett, C.
L., Owen, R., et al. (2003b). Enhancing third-grade stu-
dents’ mathematical problem solving with self-regulated
learning strategies. Journal of Educational Psychology, 95,
306–315.

Fuchs, L. S., Fuchs, D., Prentice, K., Hamlett, C. L., Finelli,
R., & Courey, S. J. (2004). Enhancing mathematical pro-
blem solving among third-grade students with schema-
based instruction. Journal of Educational Psychology, 96,
635–746.

Galaburda, A. M. (2005). Neurology of learning disabilities:
What will the future bring? The answer comes from the
successes of the recent past. Learning Disabilities Quar-
terly, 28, 107–109.

Galaburda,A.M., Sherman,G. P., Rosen,G.D., Aboitiz, F., &
Geschwind, N. (1985). Developmental dyslexia: Four
consecutive patients with cortical anomalies. Annals of Neu-
rology, 18, 222–233.

Garrett, A. J., Mazzocco, M. M. M., & Baker, L. (2006).
Development of metacognitive skills of prediction and
evaluation in children with and without math disability.
Learning Disabilities Research, 21, 77–88.

Gaser, C., & Schlaug, G. (2003). Brain structures differ
between musicians and non-musicians. Journal of Neu-
roscience Methods, 23, 9240–9245.

Gathercole, S. E., Tiffany, C., Briscoe, J., & Thorn, A.
(2005). Developmental consequences of poor phonologi-
cal short-term memory functions in childhood: A

References 319



longitudinal study. Journal of Child Psychology and Psy-
chiatry and Allied Disciplines, 46, 598–611.

Geary, D. C. (2004). Mathematics and learning disabilities.
Journal of Learning Disabilities, 37, 4–15.

Geary, D. C., &Hoard,M. K. (2002). Learning disabilities in
basic mathematics: Deficits in memory and cognition. In
J. M. Royer (Ed.), Mathematical cognition (pp. 95–115).
Greenwich, CT: Information Age.

Geschwind, N., & Galaburda, A. M. (1985). Cerebral later-
alization: Biological mechanisms, associations, and
pathology: I. A hypothesis and a program for research.
Archives of Neurology, 42, 521–552.

Gillam, R. B., Loeb, D. F., Hoffman, L. M., Bohman, T.,
Champlin, C. A., Thibodeau, L., et al. (2008). The effi-
cacy of Fast ForWord language intervention for school-
age children with language impairment: A randomized
controlled trial. Journal of Speech, Language, andHearing
Research, 51, 97–119.

Gillingham, A., & Stillman, B. W. (1997). The Gillingham
manual: Remedial training for children with specific dis-
ability in reading, spelling, and writing (8th ed.). Cam-
bridge, MA: Educators Publishing Service.

Ginsberg, H. P., & Baroody, A. J. (1990). Test of early
mathematics ability (2nd ed.). Austin, TX: Pro-Ed.

Ginsburg, H. P., & Baroody, A. J. (2002). Test of Early
Mathematics Ability (3rd ed.). Austin, TX: Pro-Ed.

Glass, K. L., Guli, L. A., & Semrud-Clikeman, M. (2000).
Social competence intervention program: A pilot pro-
gram for the development of social competence. Journal
of Psychotherapy in Independent Practice Social Compe-
tence and Developmental Disorders, 1(4), 21–33.

Glassberg, L. A., Hooper, S. R., & Mattison, R. E. (1999).
Prevalence of learning disabilities at enrollment in special
education students with behavioral disorders. Behavioral
Disorders, 25, 9–21.

Goldberg, E., & Costa, L. D. (1981). Hemisphere differences
in the acquisition and use of descriptive systems. Brain
and Language, 14, 144–173.

Good, C. D., Lawrence, K., Thomas, N. S., Price, C. J.,
Ashburner, J., Friston, K. J., et al. (2003). Dosage-
sensitive X-linked locus influences the development of
amygdala and orbitofrontal cortex, and fear recognition
in humans. Brain, 126, 2431–2446.

Gordan, T. (2006). Parent effectiveness training. Solana
Beach, CA: Gordon Training International.

Goswami, U. (2006). Sensorimotor impairments in dyslexia:
Getting the beat. Developmental Science, 9(3), 257–259.

Goswami, U., & Bryant, P. E. (1990). Phonological skills and
learning to read. Hillsdale, NJ: Erlbaum.

Graham, S., Olinghouse, N. G., & Harris, K. R. (in press).
Teaching composing to students with learning disabilities:
Scientifically-supported recommendations. In G. Troia
(Ed.), Writing instruction and assessment for struggling
writers. New York: Guilford.

Graham, S., & Perrin, D. (2007a). A meta-analysis of writing
instruction for adolescent students. Journal of Educa-
tional Psychology, 99, 445–476.

Graham, S., & Perrin, D. (2007b). Writing new: Effective
strategies to improve writing of adolescents in middle and
high school. Washington, DC: Alliance for Excellence in
Education.

Graves, A., Valles, E. C., & Rueda, R. (2000). Variation in
interactive writing instruction: A study in four bilingual
special education settings. Learning Disabilities Research
and Practice, 15, 1–9.

Gregg, N., Coleman, C., Lindstrom, J., & Lee, C. (2007).
Who are most, average or high-functioning adults?Learn-
ing Disabilities Research and Practice, 22, 264–274.

Gregg, N., &Mather, N. (2002). School is fun at recess: Infor-
mal analyses of written language for students with learning
disabilities. Journal of Learning Disabilities, 35, 7–22.

Grigorenko, E. L. (2001). Developmental dyslexia: An
update on genes, brains, and environments. Journal of
Child Psychology and Psychiatry, 42(1), 91–125.

Grigorenko, E. L. (2006). Learning disabilities in juvenile
offenders. Child and Adolescent Psychiatric Clinics of
North America, 15, 353–371.

Gross-Tur, V., Ben-Bashat, D., Shalev, R. S., Levav, M., &
Sira, L. B. (2006). Evidence of a developmental cerebello-
cerebral disorder. Neuropsychologia, 44, 2569–2572.

Guli, L. A., Wilkinson, A., & Semrud-Clikeman, M. (2008).
Enhancing social competence on the autism spectrum: A
drama-based intervention for youth. Champaign, IL:
Research Press.

Guttorm, T. K., Leppanen, P. H., Poikkeus, A.-M.,
Eklund, K. M., Lyytinen, P., & Lyytinen, H. (2005).
Brain event-related potentials (ERPs) measured at
birth predict later language development in children
with and without familial risk for dyslexia. Cortex, 41,
291–303.

Hall, S. L., & Moats, L. C. (1999). Straight talk about read-
ing: How parents can make a difference during the early
years. Chicago: Contemporary Books.

Hammill, D. D., Mather, N., Allen, E. A., & Roberts, R.
(2002). Using semantics, grammar, phonology, and rapid
naming tasks to predict word identification. Journal of
Learning Disabilities, 35, 121–136.

Hanich, L. B., Jordan, N. C., Kaplan, D., & Dick, J. (2001).
Performance across different areas of mathematical cog-
nition in children with learning difficulties. Journal of
Educational Psychology, 93, 615–626.

Harder, L., & Semrud-Clikeman, M. (submitted). The rela-
tion between executive functions and written expression
in college students with Attention-Deficit/Hyperactivity
Disorder. Journal of Attention Disorders.

Harder, L., Semrud-Clikeman, M., & Maegden, J. (2006).
College-age students with ADHD and written language
difficulties. Paper presented at the International Neurop-
sychological Society.

Harlaar, N., Spinath, F.M., Dale, P. S., & Plomin, R. (2005).
Genetic influences on word recognition abilities and dis-
abilities: A study of 7 year old twins. Journal of Child
Psychology and Psychiatry, 46, 373–384.

Harm, M. W., & Seidenberg, M. S. (2004). Computing the
meaning of words in reading: Cooperative division of
labor between visual and phonological processes. Psycho-
logical Review, 111, 662–720.

Hawke, J. L., Wadsworth, S., Olson, R. K., & DeFries, J. C.
(2007). Etiology of reading difficulties as a function of
gender and severity. Reading and Writing, 20, 13–25.

Hayes, J. R. (1996). A new framework for understanding
cognition and affect in writing. In C. M. Levy &

320 12 Language-Related and Learning Disorders



S. Ransdell (Eds.), The science of writing: Theories, meth-
ods, individual differences, and applications (pp. 1–27).
Mahwah, NJ: Lawrence Erlbaum and Associates.

Hayes, J. R., & Flower, L. S. (1986).Writing research and the
writer. American Psychologist, 41, 1106–1113.

Heiervang, E., Stevenson, J., & Hugdahl, K. (2002). Audi-
tory processing in children with dyslexia. Journal of Child
Psychology and Psychiatry, 43, 931–938.

Helenius, P., Tarkiainen, A., Cornelissen, P. L., Hansen, P.
C., & Salmelin, R. (1999). Dissociation of normal feature
analysis and deficient processing of letter-strings in dys-
lexic adults. Cerebral Cortex, 9(5), 476–483.

Helland, T., Asbjornsen, A., Hushovd, A. E., & Hugdahl, K.
(2007). Dichotic listening and school performance in dys-
lexia. Dyslexia, 14, 42–53.

Hoard,M. K., Geary, D. C., &Hamson, C. O. (1999). Numer-
ical and arithmetical cognition: Performance of low- and
average-IQ children. Mathematical Cognition, 5, 65–91.

Hoeft, F., Hernandez, A., McMillon, G., Taylor-Hill, H.,
Martindale, J. L., Meyler, A., et al. (2006). Neural basis
of dyslexia: A comparison between dyslexic and nondy-
slexic children equated for reading ability. The Journal of
Neuroscience, 26, 10700–10708.

Hoeft, F., Meyler, A., Hernandez, A., Juel, C., Taylor-Hill,
H., Martindale, J. L., et al. (2007). Functional and mor-
phometric brain dissociation between dyslexia and read-
ing ability. Proceedings of the National Academy of
Science USA, 104, 4234–4239.

Hoffman, L. M., & Gillam, R. B. (2004). Verbal and spatial
information processing constraints in children with spe-
cific language impairment. Journal of Speech, Language,
and Hearing Research, 47, 114–125.

Holm, A., & Dodd, B. (2001). Comparison of cross-language
generalisation following speech therapy. Folia Phonia-
trica et Logopaedica, 53, 166–172.

Hooper, S. R., Swartz, C., Wakely, M. B., de Kruif, R. E. L.,
& Montgomery, J. W. (2002). Executive functions in ele-
mentary school children with and without problems in
written expression. Journal of Learning Disabilities, 35,
57–68.

Hoskyn, M., & Swanson, H. L. (2000). What definitions of
learning disability say and don’t say: A critical analysis.
Journal of Learning Disabilities, 33, 239–256.

Hugdahl, K., Heiervang, E., Ersland, L., Lundervold, A.,
Steinmetz, H., & Smievoll, A. I. (2003). Significant rela-
tion betweenMRmeasures of planum temporale area and
dichotic processing of syllables in dyslexic children. Neu-
ropsychologia, 41, 666–675.

Hulslander, J., Talcott, J. B., Witton, C., DeFries, J. C.,
Pennington, B. F., Wadsworth, S., et al. (2004). Sensory
processing, reading, IQ, and attention. Journal of Experi-
mental Child Psychology, 88, 272–295.

Humphreys, P., Kaufman, W. E., & Galaburda, A. M.
(1990). Developmental dyslexia in women: Neuropsycho-
logical findings in three cases. Annals of Neurology, 28,
727–738.

Hurry, J., & Sylva, K. (2007). Long-term outcomes of early
reading intervention. Journal of Research in Reading, 30,
227–248.

Hutchinson, S., Lee, L. H., & Gaab, N. (2003). Cerebellar
volume of musicians. Cerebral Cortex, 13, 943–949.

Hynd, G. W., & Semrud-Clikeman, M. (1989). Dyslexia
and brain morphology. Psychological Bulletin, 106,
447–482.

Hynd, G. W., Semrud-Clikeman, M., Lorys, A. R., Novey,
E. S., & Eliopulos, D. (1990). Brain morphology in devel-
opmental dyslexia and attention deficit disorder/hyperac-
tivity. Archives of neurology, 47, 919–926.

Hynd, G. W., Semrud-Clikeman, M., Lorys, A. R., Novey,
E. S., Eliopulos, D., & Lyytinen, H. (1991). Corpus cal-
losum morphology in attention deficit-hyperactivity dis-
order: Morphometric analysis of MRI. Journal of Learn-
ing Disabilities, 24(3), 141–146.

Jackson, N. W., & Coltheart, M. (2001). Routes to reading
success and failure. New York: Psychology Press.

Jarrold, C., Baddeley, A. D., Hewes, A. K., Leeke, T. C., &
Phillips, C. E. (2004). What links verbal short-term mem-
ory performance and vocabulary level? Evidence of
change relationships among individuals with learning dis-
ability. Journal of Memory and Language, 50, 134–148.

Johnson, C. R., Beitchman, J., Young, A., Escobar, M. D.,
Atkinson, L., Wilson, B., et al. (1999). Fourteen year
follow-up of children with and without speech/language
impairments: Speech/language stability outcomes. Jour-
nal of Speech and Hearing Research, 42, 744–760.

Johnston, J. R. (2006).Thinking about child language: Research
to practice. Eau Claire, WI: Thinking Publications.

Kavale, K. A. (2005). Identifying specific learning disability:
Is responsiveness to intervention the answer? Journal of
Learning Disabilities, 38, 553–562.

Keenan, J. M., Betjemann, R. S., Wadsworth, S., DeFries, J.
C., & Olson, R. K. (2006). Genetic and environmental
influences on reading and listening comprehension. Jour-
nal of Research in Reading, 29, 75–91.

Keith, T. Z. (2006). Multiple regression and beyond. Boston:
Pearson/Allyn & Bacon.

Kellner, R., Houghton, S., & Graham, D. (2003). Peer-
related personal experiences of children with attention-
deficit/hyperactivity disorder with and without comorbid
learning disabilities. International Journal of Disability,
Development and Education, 50, 119–136.

Kibby, M., Kroese, J. M., Morgan, A. E., Heimenz, J. R.,
Cohen, M. J., & Hynd, G. W. (2004). The relationship
between perisylvian morphology and verbal short-term
memory functioning in children with neurodevelopmental
disorders. Brain and Language, 89, 122–135.

Kovas, Y., Oliver, B., Dale, P. S., Bishop, D. V. M., &
Plomin, R. (2005). Genetic influences in different aspects
of language development: The etiology of language skills
in 4.5 year-old twins. Child Development, 76, 632–651.

Lamm,O., &Epstein, R. (1997). Dichotic listening in children:
The reflection of verbal and attentional changes with age.
Journal of Experimental Child Psychology, 65, 25–42.

Larsen, J. P., Hoeien, T., & Oedegaard, H. (1992). Magnetic
resonance imaging of the corpus callosum in developmen-
tal dyslexia. Cognitive Neuropsychology, 9(2), 123–134.

Larsen, J. P., Hoien, T., Lundberg, I., & Odegaard, H.
(1990). MRI evaluation of the size and symmetry of the
planum temporale in adolescents with developmental dys-
lexia. Brain and Language, 39, 289–301.

Law, J., Boyle, J., Harris, F., Harkness, A., &Nye, C. (2000).
Prevalence and natural history of speech and language

References 321



delay: Findings from a systematic review of the literature.
International Journal of Language and Communication
Disorders, 35, 165–188.

Lawrence, K., Campbell, R., Swettenham, J., Terstegge, J.,
Akers, R., Coleman,M., et al. (2003). Interpreting gaze in
Turner syndrome: Impaired sensitivity to intention and
emotion, but preservation of social cueing. Neuropsycho-
logia, 41, 894–905.

Lawrence, K., Kuntsi, J., Coleman, M., Campbell, R., &
Skuse, D. (2003). Face and emotion recognition deficits
in Turner syndrome: A possible role for X-linked genes in
amygdala development. Neuropsychology, 17, 39–49.

Leach, J. M., Scarborough, H. S., & Rescorla, L. A. (2003).
Late-emerging reading disabilities. Journal of Educational
Psychology, 95, 211–214.

Leonard, L. B. (1998). Children with specific language impair-
ment. Cambridge, MA: MIT Press.

Liederman, J., Kantrowitz, L., & Flannery, K. (2005). Male
vulnerability to reading disability is not likely to be a
myth: A call for new data. Journal of LearningDisabilities,
38, 109–129.

Lindamood, P. C., & Lindamood, P. D. (1998). The Linda-
mood phonemic sequencing (LIPS) for reading, spelling,
and speech. Austin, TX: Pro-Ed.

Logie, R. H. (1995). Visual-spatial working memory. Mah-
wah, NJ: Erlbaum.

Longcamp, M., Boucard, C., Gilhodes, J.-C., Anton, J.-L.,
Roth, M., Nazarian, B., et al. (2008). Learning through
hand-or typewriting influences visual recognition of new
graphic shapes: Behavioral and functional imaging evi-
dence. Journal of Cognitive Neuroscience, 20, 802–815.

Luria, A. B. (1980).Higher cortical functions in man (2nd ed.).
New York: Basic Books.

Lyon, G. R. (1996a). Learning disabilities. Special Education
for Students with Disabilities, 6, 54–76.

Lyon, G. R. (1996b). Learning disabilities. In E. Marsh & R.
Barkely (Eds.), Child Psychopathology (pp. 390–434).
New York: Guilford Press.

Lyon, G. R., Fletcher, J.M., Shaywitz, S. E., Shaywitz, B. A.,
Torgesen, J. K., Wood, F. B., et al. (2001). Rethinking
learning disabilities. In C. E. Finn, A. J. Rotherhan & C.
R. Hokanson (Eds.), Rethinking special education for a
new century (pp. 259–287). Washington, DC: Fordham
Foundation.

Lyon, G. R., Shaywitz, S. E., & Shaywitz, B. A. (2003). A
definition of dyslexia. Annals of Dyslexia, 53, 1–14.

MacMillan, D. L., Gresham, F. M., & Bocian, K. M. (1998).
Discrepancy between definitions of learning disabilities
and school practices: An empirical investigation. Journal
of Learning Disabilities, 31, 314–326.

Magill-Evans, J., Koning, C., Cameron-Sadava, A., &
Manyk, K. (1996). Manual for the child and adolescent
social perception measure: Unpublished test.

Mann, V. A. (2003). Language processes: Keys to reading
disability. In H. L. Swanson, K. R. Harris, & S. Graham
(Eds.), Handbook of learning disabilities (pp. 213–228).
New York: Guilford.

Martinez, R., & Semrud-Clikeman, M. (2004). Emotional
adjustment of young adolescents with different learning
disability subtypes. Journal of Learning Disabilities, 37,
411–420.

Marton, K., & Schwartz, R. G. (2003). Working memory
capacity and language processes in children with specific
language impairment. Journal of Speech, Language, and
Hearing Research, 46, 1138–1153.

Mason, L. H., & Graham, S. (2008). Writing instruction for
adolescents with learning disabilities: Programs for inter-
vention research.Learning Disabilities Research and Prac-
tice, 23, 103–112.

Mazzocco, M. M. M., & Kover, S. T. (2007). A longitudinal
assessment of executive function skills and their associa-
tion with math performance. Child Neuropsychology, 13,
18–45.

Mazzocco,M.M.M., &Myers, G. F. (2003). Complexities in
identifying and defining mathematics learning disability
in the primary school-age years. Annals of Dyslexia, 53,
218–253.

McCandliss, B., Cohen, L., & Dehaene, S. (2003). The visual
word form area: Expertise for reading in the fusiform
gyrus. Trends in Cognitive Science, 7, 293–302.

McCardle, P., Scarborough, H. S., & Catts, H. W. (2001).
Predicting, explaining, and preventing children’s reading
difficulties. Learning Disabilities Research & Practice,
16(4), 230–239.

McDonough-Ryan, P., Delbello, M., Shear, P. K., Ris, D.
M., Soutullo, C., & Strakowski, S. M. (2002). Academic
and cognitive abilities in children of parents with bipolar
disorder: A test of the nonverbal learning disability
model. Journal of Clinical and Experimental Neuropsy-
chology, 24, 280–285.

Merzenich,M.M., Jenkins,W.M., Johnson, P., Scheiner, C.,
Miller, S. L., & Tallal, P. (1996). Temporal processing
deficits of language-learning impaired children amelio-
rated by training. Science, 271, 77–81.

Meyers, J. E., & Meyers, K. R. (1995). Rey Complex Figure
Test under four different administration procedures.Clini-
cal Neuropsychologist, 9, 63–67.

Miles, T. R., Haslum,M. N., &Wheeler, T. J. (1999). Gender
ratio in dyslexia. Annals of Dyslexia, 48, 27–56.

Milne, R. D., Syngeniotis, A., Jackson, G., & Corballis, M.
C. (2002). Mixed lateralization of phonological assembly
in developmental dyslexia. Neurocase, 8, 205–209.

Molfese, D. L., Molfese, V. J., & Molfese, P. J. (2007). Rela-
tion between early measures of brain responses to lan-
guage stimuli and childhood performance on language
and language-related tasks. In D. Coch, G. Dawson &
K. W. Fischer (Eds.), Human behavior, learning, and the
developing brain: Atypical development (pp. 191–211).
New York: Guilford Press.

Molfese, D. L., Molfese, V. J., & Pratt, N. L. (2007). The use
of event-related evoked potentials to predict developmen-
tal outcomes. In M. deHaan (Ed.), Infant EEG and event-
related potentials. Studies in developmental psychology
(pp. 199–225). New York: Psychology Press.

Montgomery, J. W. (2004). Sentence comprehension in chil-
dren with specific language impairment: Effects of input
rate and phonological working memory. International
Journal of Language and Communication Disorders, 39,
115–133.

Morgan, A. E., & Hynd, G. W. (1998). Dyslexia, neurolin-
guistic ability, and anatomical variation of the planum
temporale. Neuropsychology Review, 8, 79–93.

322 12 Language-Related and Learning Disorders



Morris, R.D., Stuebing,K.K., Fletcher, J.M., Shaywitz, S. E.
, Lyon, G. R., Shankweiler, D. P., et al. (1998). Subtypes of
reading disability: Variability around a phonological core.
Journal of Educational Psychology, 90, 347–373.

Munte, T. F., Altenmuller, E., & Jancke, L. (2002). The
musician’s brain as a model of neuroplasticity. Nature
Review of Neuroscience, 3, 473–478.

Murphy, K. C., Jones, L. A., & Owen, M. J. (1999). High
rates of schizophrenia in adults with velocardiofacial syn-
drome. Archives of General Psychiatry, 56, 940–945.

Murphy, M. M., & Mazzocco, M. M. M. (2008). Mathe-
matics learning disabilities in girls with Fragile X or
Turner syndrome during late elementary school. Journal
of Learning Disabilities, 41, 29–46.

Murphy, M. M., Mazzocco, M. M. M., Gerner, G., &
Hendry, A. E. (2006). Mathematics learning disability in
girls with Turner syndrome or Fragile X syndrome. Brain
and Cognition, 61, 195–210.

Murphy, M. M., Mazzocco, M. M. M., Hanich, L. B., &
Early, M. C. (2008). Cognitive characteristics of children
with mathematics learning disability (MLD) vary as a
function of the cutoff criterion used to define MLD.
Journal of Learning Disabilities, 40, 458–478.

Nation, K., & Norbury, C. F. (2005). Why reading compre-
hension fails: Insights from children with developmental
disorders. Topics in Language Disorders, 25, 21–32.

National Reading Panel. (2000). Teaching children to read:
An evidence-based assessment of the scientific research
literature on reading and its implications for reading
instruction. Washington, DC: National Institute of Child
Health and Human Development.

No Child Left Behind. (2002). http://www.ed.gov/policy/
elsec/leg/egsea02.html. Washington, DC: U.S.
Government

Norrelgen, F., Lacerda, F., & Forssberg, H. (2002). Tem-
poral resolution of auditory perception and verbal work-
ing memory in 15 children with language impairment.
Journal of Learning Disabilities, 35, 540–546.

O’Connor, R. E., Harty, K. R., & Fulmer, D. (2005). Tiers of
intervention in kindergarten through third grade. Journal
of Learning Disabilities, 38, 532–538.

Oakhill, J., Cain, K. E., & Bryant, P. E. (2003). The dissocia-
tion of word reading and text comprehension: Evidence
from component skills. Language and Cognitive Pro-
cesses, 18, 443–468.

Obrzut, J., Boliek, C. A., & Asbjornsen, A. (2006). Does
attentional cueing affect dichotic listening performance in
children? Developmental Neuropsychology, 30, 791–800.

Ohio Department of Education. (1995).Longitudinal study of
reading recovery 1990–1991 though 1993–1994. Battelle,
OH: Final Report.

Olson, R. K. (1999). Genes, environment, and reading dis-
abilities. In R. Sternberg & L. Spear-Swerling (Eds.),
Perspectives on learning disabilities (pp. 3–22). Oxford:
Westview Press.

Ostad, S. A. (2000). Cognitive subtraction in a developmental
perspective: Accuracy, speed-of-processing and strategy-use
differences in normal and mathematically disabled children.
Focus on Learning Problems in Mathematics, 22, 18–31.

Padlonsky, I. (2008). The neuropsychological and neurobe-
havioral consequences of ADHD comorbid with LD and

otitis media. Journal of Developmental and Physical Dis-
abilities, 20, 11–20.

Palombo, J. (2006). Nonverbal learning disabilities: A clinical
perspective. New York: W.W. Norton & Co.

Paul, L. K., Schieffer, B., & Brown, W. S. (2004). Social
processing deficits in agenesis of the corpus callosum:
Narratives from the thematic apperception test. Archives
of Clinical Neuropsychology, 19, 215–225.

Paul, L. K., Van Lancker-Sidtis, D., Schieffer, B., Dietrich,
R., & Brown, W. S. (2003). Communicative deficits in
agenesis of the corpus callosum: Nonliteral language
and affective prosody. Brain and Language, 85, 313–324.

Pennington, B. F. (2006). From single to multiple deficit mod-
els of developmental disorders.Cognition, 101(2), 385–413.

Pennington, B. F., Cardoso-Martins, C., Green, P. A., &
Lefly, D. (2001). Comparing the phonological and double
deficit hypotheses for developmental dyslexia. Reading
and Writing, 14, 707–755.

Perfetti, C. A., Landi, N., & Oakhill, J. (2005). The acquisi-
tion of reading comprehension skill. In M. J. Snowling &
C. Hulme (Eds.), The science of reading: A handbook (pp.
227–247). Oxford: Blackwell.

Peterson, B., Vohr, B., Kane,M. J.,Whalen, D.H., Schneider,
K. C., Katz, K. H., et al. (2002). A functional magnetic
resonance imaging study of language processing and
its cognitive correlates in prematurely born children.
Pediatrics, 110, 1153–1162.

Petherham, B., & Enderby, P. (2001). Demographic and
epidemiological analysis of patients referred to speech
and language therapy at eleven centres. International
Journal of Language and Communication Disorders, 36,
515–525.

Petrill, S. A., Deater-Deckard, K., Schatschneider, C., &
Davis, C. (2005). Measured environmental influences on
early reading: Evidence from an adoption study. Scientific
Studies of Reading, 9, 237–260.

Petrill, S. A., Deater-Deckard, K., Schatschneider, C., &
Davis, C. (2007). Environmental influences on reading-
related outcomes: An adoption study. Infant and Child
Development, 16, 171–191.

Petrill, S. A., Deater-Deckard, K., Thompson, L. A., &
DeThorne, L. S. (2006). Reading skills in early readers:
Genetic and shared environmental influences. Journal of
Learning Disabilities, 39, 48–55.

Pokorni, J. L., Worthington, C. K., & Jamison, P. J. (2004).
Phonological awareness intervention: Comparison of
Fast ForWord, Earobics, and LiPs. Journal of Educa-
tional Research, 97, 147–157.

Price, T. S., Eley, T. C., Dale, P. S., Stevenson, J., Saudino,
K., & Plomin, R. (2000). Genetic and environmental
covariation between verbal and non-verbal cognitive
development in infancy. Child Development, 71,
941–959.

Pugh, K. R., Mencl, W. E., Jenner, A. R., Katz, L., Frost, S.
J., Lee, J. R., et al. (2001). Neurobiological studies of
reading and reading disability. Journal of Communication
Disorders, 34, 479–492.

Pugh, K. R.,Mencl,W. E., Jenner, A. R., Lee, J. R., Katz, L.,
Frost, S. J., et al. (2001). Neuroimaging studies of reading
development and reading disability. Learning Disabilities
Research & Practice, 16(4), 240–249.

References 323



Reiss, A. L., Eliez, S., Schmitt, J. E., Patwardhan, A., &
Haberecht,M. (2000). Brain imaging in neurogenetic con-
ditions: Realizing the potential of behavioral neuroge-
netics research. Mental Retardation and Developmental
Disabilities Research, 6, 186–197.

Reynolds, C. R. (2003). Conceptual and technical problems
in learning disability diagnosis. In C. R. Reynolds & R.
W. Kamphaus (Eds.), Handbook for psychological and
educational assessment of children: Intelligence, aptitude
and achievement (2nd ed., pp. 474–497). New York: Guil-
ford Press.

Reynolds, M. R., & Wheldall, K. (2007). Reading recovery
20 years down the track: Looking forward, looking back.
International Journal of Disability, Development and Edu-
cation, 54, 199–223.

Riccio, C., Cohen, M. J., Garrison, T., & Smith, B. (2005).
Auditory processing measures: Correlation with neurop-
sychological measures of attention, memory, and beha-
vior. Child Neuropsychology, 11, 363–372.

Riccio, C., Garland, B. H., & Cohen, M. J. (2007). Relations
between the Test of Variables of Attention (TOVA) and
the Children’s Memory Scale (CMS). Journal of Attention
Disorders, 11, 167–171.

Richards, T. L., Aylward, E. H., Berninger, V. W., Field, K.,
Grimme, A. C., Richards, A. L., et al. (2005). Individual
fMRI activation in orthographic mapping andmorpheme
mapping after orthographic or morphological spelling
treatment in child dyslexics. Journal of Neurolinguistics,
19, 56–86.

Rickard, T. C., Romero, S. G., Basso, G., Wharton, C.,
Flitman, S., & Grafman, J. (2000). The calculating
brain: An fMRI study. Neuropsychologia, 38, 325–335.

Ritchey, K. D., & Goeke, J. L. (2006). Orton-Gillingham
and Orton-Gillingham-based reading instruction: A review
of the literature. Journal of Special Education, 40, 171–184.

Rose, S. A., Feldman, J. F., & Jankowski, J. J. (2002). Pro-
cessing speed in the 1st year of life: A longitudinal study of
preterm and full-term infants.Developmental Psychology,
38, 895–902.

Rose, T. E., & Zirkel, P. (2007). Orton-Gillingham metho-
dology for students with reading disabilities. Journal of
Special Education, 41, 171–185.

Rourke, B. P. (1989). Nonverbal learning disabilities: The
syndrome and the model. New York: Guilford Press.

Rourke, B. P. (1994). Neuropsychological assessment of
children with learning disabilities: Measurement issues.
In G. R. Lyon (Ed.), Frames of reference for the assessment
of learning disabilities: New views on measurement issues
(pp. 475–514). Baltimore, MD: Paul H. Brookes Publish-
ing Co.

Rourke, B. P. (1995). The NLD syndrome and the white
matter model. In B. P. Rourke (Ed.), Syndrome of non-
verbal learning disabilities: Neurodevelopmental manifes-
tations. New York: Guilford Press.

Rourke, B. P. (2000). Neuropsychological and psychosocial
subtyping: A review of investigations within the University
ofWindsor laboratory.CanadianPsychology, 41(1), 34–51.

Rourke, B. P., Ahmad, S. A., Collins, D.W., Hayman-Abello,
B. A., & Warriner, E. M. (2002). Child clinical/pediatric
neuropsychology: Some recent advances. Review of Psy-
chology, 53, 309–339.

Rourke, B. P., & Fuerst, D. R. (1991). Cognitive processing,
academic achievement, and psychosocial functioning: A neu-
rodevelopmental perspective.New York: Guilford Press.

Rourke, B. P., & Tsatsanis, K. D. (1996). Syndrome of non-
verbal learning disabilities: Psycholinguistic assets and
deficits. Topics in Language Disorders, 16(2), 30–44.

Rourke, B. P., & Tsatsanis, K. D. (2000). Nonverbal learning
disabilities. In A. Klin, F. R. Volkmar, & S. S. Sparrow
(Eds.), Asperger syndrome. New York: The Guilford
Press.

Rovet, J. (2004). Turner Syndrome: Genetic and hormonal
factors contributing to a specific learning disability profile.
Learning Disabilities Research and Practice, 19, 133–145.

Rumsey, J. M., Dorwart, R., Vermess, M., Denckla, M. B.,
Kruesi, M. J. P., & Rappoport, J. L. (1986). Magnetic
resonance imaging of brain anatomy in severe develop-
mental dyslexia. Archives of neurology, 43, 1045–1046.

Rutter, M., Bailey, A., Berument, S. K., Lord, C., & Pickeles,
A. (2003). Social Communication Questionnaire (SCQ).
Los Angeles: Western Psychological Services.

Samuelsson, S., Byrne, B.,Wadsworth, S., Corley, R., DeFries,
J. C., Willcutt, E., et al. (2007). Genetic and environmental
influences on prereading skills and early reading and spel-
ling development in the United States, Australia, and Scan-
dinavia. Reading and Writing, 20, 51–75.

Scarborough, H. S. (2005). Developmental relationships
between language and reading: Reconciling a beautiful
hypothesis with some ugly facts. In H. W. Catts & A. G.
Kamhi (Eds.),The connections between language and read-
ing disabilities (pp. 3–24). Mahwah, NJ: Erlbaum.

Schatschneider, C., Carlson, C. D., Francis, D. J., Foorman,
B. R., & Fletcher, J. M. (2002). Relationship of rapid
automatized naming and phonological awareness in early
reading development: Implications for the double-deficit
hypothesis. Journal of Learning Disabilities, 35, 245–256.

Schnoebelen, S., Semrud-Clikeman, M., Guli, L. A., & Cor-
lett, M. (2002). Planning and organization in children with
learning disabilities. Paper presented at the American Psy-
chological Association.

Schumaker, J. B., Deshler, D. D., & McKnight, P. (2002).
Ensuring success in the secondary general education curri-
culum through the use of teaching routines. InM. A. Shinn,
H.M.Walker,&G. Stoner (Eds.), Interventions for academic
and behavior problems II: Preventive and remedial approaches
(pp. 403–424). Bethseda, MD: NASP Publications.

Scientific Learning Corporation. (1998). Fast ForWord Lan-
guage (Computer software). Berkeley, CA: Author.

Scruggs, T. E., & Mastropieri, M. A. (2002). On babies and
bathwater: Addressing the problems of identification of
learning disabilities. Learning Disability Quarterly, 25,
155–168.

Seidenberg, M. S., &McClelland, J. L. (1989). A distributed,
developmental model of word recognition and naming.
Psychological Review, 96, 523–568.

Semrud-Clikeman, M. (2001). Traumatic brain injury in chil-
dren and adolescents. New York: Guilford Press.

Semrud-Clikeman, M. (2003). Executive functions and social
communication disorders. Perspectives, 29, 20–22.

Semrud-Clikeman, M. (2006). Neuropsychological aspects
for evaluating LD. Journal of Learning Disabilities, 38,
563–568.

324 12 Language-Related and Learning Disorders



Semrud-Clikeman, M. (2007). Social competence in children.
New York: Springer.

Semrud-Clikeman, M., Biederman, J., Sprich-Buckminster,
S., Krifcher Lehman, B., Faraone, S. V., & Norman, D.
(1992). The incidence of ADHD and concurrent learning
disabilities. Journal of the American Academy of Child and
Adolescent Psychiatry, 31, 439–448.

Semrud-Clikeman, M., & Fine, J. G. (2008). A meta-analysis
of the neuropsychology of NVLD. Paper presented at the
International Neuropsychological Society.

Semrud-Clikeman, M., & Glass, K. L. (2008). Comprehen-
sion of humor in children with nonverbal learning dis-
abilities, verbal learning disabilities and without learning
disabilities. Annals of Dyslexia, 58, 163–180.

Semrud-Clikeman, M., Guy, K., Griffin, J. D., & Hynd, G.
W. (2000). Rapid naming deficits in children and adoles-
cents with reading disabilities and attention deficit hyper-
activity disorder. Brain and Language, 74, 70–83.

Semrud-Clikeman, M., & Hynd, G. W. (1990). Right hemi-
spheric dysfunction in nonverbal learning disabilities:
Social, academic, and adaptive functioning in adults and
children. Psychological Bulletin, 107(2), 196–209.

Semrud-Clikeman, M., Hynd, G. W., Novey, E. S., &
Eliopulos, D. (1991). Dyslexia and brain morphology:
Relationships between neuroanatomical variation and
neurolinguistic tasks. Learning and Individual Differences,
3(3), 225–242.

Semrud-Clikeman, M., & Schaefer, V. (2000). Social compe-
tence in developmental disorders. Journal of Psychother-
apy in Independent Practice, 4, 3–20.

Semrud-Clikeman, M., Walkowiak, J., Wilkinson, & Chris-
topher (submitted). Neuropsychological findings in
nonverbal learning disabilities. Developmental
Neuropsychology.

Senechal, M., & LeFevure, J. (2002). Parental involvement
in the development of children’s reading skills: A five-
year longitudinal study. Child Development, 73,
445–460.

Share, D. L., & Silva, P. A. (2003). Gender bias in IQ-
discrepancy and post-discrepancy definitions of read-
ing disability. Journal of Learning Disabilities, 36,
4–14.

Shaywitz, B. A., Shaywitz, S. E., Blachman, B. A., Pugh, K.
R., Fulbright, R. K., Skudlarski, P., et al. (2004). Devel-
opment of left occipitotemporal systems for skilled read-
ing in children after a phonologically-based intervention.
Biological Psychiatry, 55, 926–933.

Shaywitz, B. A., Shaywitz, S. E., Pugh, K. R., Constable, R.
T., Skudlarski, P., Fulbright, R. K., et al. (1995). Sex
differences in the functional organization of the brain
for language, Nature, 373, 607–609.

Shaywitz, S. E. (1998). Dyslexia. The New England Journal of
Medicine, 338(5), 307–312.

Shaywitz, S. E. (2003). Overcoming dyslexia: A new and com-
plete science-based program for reading problems at any
level. New York: Alfred A. Knopf.

Shaywitz, S. E., Mody, M., & Shaywitz, B. A. (2006). Neural
mechanisms in dyslexia. Current Directions in Psychologi-
cal Science, 15(6), 278–281.

Shriberg, L., Tomblin, J., & McSweeney, J. (1999). Preva-
lence of speech delay in six-year-old children and

comorbidity with language impairment. Journal of
Speech, Language, and Hearing Research, 42, 1461–1484.

Siegel, L. S., & Smythe, I. S. (2005). Reflections on
research on reading disability with special attention
to gender issues. Journal of Learning Disabilities, 38,
473–477.

Simos, P. G., Fletcher, J. M., Bergman, E., Breier, J. I.,
Foorman, B. R., Castillo, E. M., et al. (2002). Dyslexia-
specific brain activation profile becomes normal follow-
ing successful remedial training. Neurology, 58,
1203–1213.

Snow, D. M. (2001). Imitation of intonation contours by
children with normal and disordered language devel-
opment. Clinical Linguistics and Phonetics 15,
567–584.

Spencer, T. J., Biederman, J., & Mick, E. (2007). Attention-
deficit hyperactivity disorder: Diagnosis, lifespan, comor-
bidities, and neurobiology. Journal of Pediatric Psychol-
ogy, 32, 631–642.

Spinath, F. M., Price, T. S., Dale, P. S., & Plomin, R.
(2004). The genetic and environmental origins of lan-
guage disability and ability. Child Development, 75,
445–454.

Spinath, F. M., Ronald, A., Harlaar, N., Price, T. S., &
Plomin, R. (2003). Phenotypic ’g’ early in life: On the
etiology of general cognitive ability in a large population
sample of twin children aged 2 to 4 years. Intelligence, 31,
195–210.

Spitzka, E. A. (1907). A study of the brains of six eminent
scientists belonging to the American Anthropometric
Society: Together with a discussion of the skull of Profes-
sor E.D. Cope Transaction on American Philosophical
Society, 21, 175–208.

Stanovich, K. E. (2005). The future of a mistake: Will dis-
crepancy measurement continue to make the learning
disabilities field a pseudoscience? Learning Disability
Quarterly, 28, 103–106.

Stanovich, K. E., Nathan, R., & Vala-Rossa, M. (1986).
Developmental changes in the cognitive correlates of
reading ability and the developmental lag hypothesis.
Reading Research Quarterly, 21, 267–283.

Stanovich, K. E., Siegel, L. S., & Gottardo, A. (1997). Con-
verging evidence for phonological and surface subtypes of
reading disability. Journal of Educational Psychology, 89,
114–128.

Stanovich, K. E., Siegel, L. S., Gottardo, A., Chiappe, P., &
Sidhu, R. (1997). Subtypes of developmental dyslexia:
Differences in phonological and orthographic coding. In
B. A. Blachman (Ed.),Cognitive and linguistic foundations
of reading acquisition (pp. 115–141). Hillsdale, NJ:
Erlbaum.

Stark, R. E. (1988). Implications for clinical management:
A perspective. In R. E. Stark & P. Tallal (Eds.),
Language, speech, and reading disorders in children: Neu-
ropsychological studies (pp. 169–180). Boston: College-
Hill.

Stark, R. E., & Tallal, P. (1988). Language, speech, and read-
ing disorders in children: Neuropsychological studies. Bos-
ton: College-Hill.

Steinmetz, H., Jäncke, L., Kleinschmidt, A., Schlaug, G.,
Volkmann, J., & Huang, Y. (1992). Sex but no hand

References 325



difference in the isthmus of the corpus callosum. Neurol-
ogy, 42, 749–752.

Steubing, K. K., Fletcher, J. M., LeDoux, J. M., Lyon, G. R.,
Shaywitz, S. E., & Shaywitz, B. A. (2002). Validity of IQ-
discrepancy classifications of reading disabilities: A meta-
analysis.AmericanEducationResearch Journal, 39, 469–518.

Strauss, S. L. (2001). An open letter to Reid Lyon. Educa-
tional Researcher, 30, 26–33.

Stromsvold, K. (2001). The heritability of language: A review
and meta-analysis of twin, adoption and linkage studies.
Language, 77, 647–723.

Strong, R. W., Silver, H. F., & Perini, M. J. (2008). Reading
for academic success, grades 2–6: Differentiated strategies
for struggling, average, and advanced readers. Thousand
Oaks, CA: Corwin Press.

Sundheim, S. T. P. V., & Voeller, K. K. S. (2004). Psychiatric
implications of language disorders and learning disabil-
ities: Risks and management. Journal of Child Neurology,
19, 814–826.

Swillen, A., Vandeputte, L., Cracco, J., Maes, B., Ghes-
quiere, P., Devriendt, K., et al. (1999). Neuropsychologi-
cal, learning, and psychosocial profile of primary school-
aged children with the velocardiofacial syndrome (22q11
deletion): Evidence for a nonverbal learning disability.
Neuropsychology, 5, 230–241.

Talcott, J. B., Witton, C., McClean, M., Hansen, P. C., Rees,
A., Green, G. G. R., et al. (2000). Dynamic sensory
sensitivity and children’s word decoding skills. Proceed-
ings of the National Academy of Science USA, 97,
2952–2957.

Tallal, P. (1988). Developmental language disorders. In J. F.
Kavanagh & T. J. Truss (Eds.), Learning disabilities: Pro-
ceedings of the National Conference (pp. 181–272). Park-
ton, MD: York Press.

Tallal, P. (2004). Improving language and literacy is a matter
of time. Nature Reviews: Neuroscience, 5, 721–728.

Tallal, P., & Fitch, R. H. (2005). Central auditory proces-
sing and language learning impairments: Implications
for neuroplasticity research. In J. Syka & M. M.
Merzenich (Eds.), Plasticity and signal representation in
the auditory system (pp. 355–385). New York: Springer
Publishing Company.

Tallal, P., & Gaab, N. (2006). Dynamic auditory processing,
musical experience, and language development. Trends in
Neurosciences, 29, 382–390.

Tallal, P., Miller, S. L., Bedi, G., Byma, G., Wang, X.,
Nagarajan, S. S., et al. (1996). Language comprehension
in language learning impaired children improved with
acoustically modified speech. Science, 271, 81–84.

Tarkiainen, A., Helenius, P., Hansen, P. C., Cornelissen, P.
L., & Salmelin, R. (1999). Dynamics of letter string per-
ception in the human occipitotemporal cortex.Brain, 122,
2119–2131.

Teeter, P. A. (1998). Interventions for ADHD. New York:
Guilford.

Thatcher, R. W. (1996). Neuroimaging of cyclic cortical
reorganization during human development. In R. W.
Thatcher, G. R. Lyon, J. Rumsey & N. A. Krasnegor
(Eds.), Developmental neuroimaging: Mapping the devel-
opment of brain and behavior (pp. 91–106). San Diego:
Academic Press.

Therien, J. M., Worwa, C. T., Mattia, F. R., &
deRegnier, R. A. (2004). Altered pathways for auditory
discrimination and recognition memory in preterm
infants. Developmental Medicine & Child Neurology, 46,
816–824.

Torgesen, J. K. (2004). Lessons learned from research on
interventions for students who have difficulty learning
to read. In P. McCardle & V. Chhabra (Eds.), The voice
of evidence in reading research (pp. 355–382). Baltimore,
MD: Paul H. Brookes.

Torgesen, J. K., Alexander, A. L., Wagner, R. K., Rashotte,
C. A., Voeller, K. K. S., & Conway, T. (2001). Intensive
remedial instruction for children with severe reading dis-
abilities: Immediate and long-term outcomes from two
instructional approaches. Journal of Learning Disabilities,
34, 33–58.

Tuller, B., Jantzen, K. J., Olvera, D., Steinberg, F., & Kelso,
J. A. S. (2007). The influence of instruction modality on
brain activation in teenagers with nonverbal learning dis-
abilities: Two case histories. Journal of Learning Disabil-
ities, 40, 348–359.

Tunmer, W. E., Chapman, J. W., & Prochnow, J. E. (2003).
Preventing negativeMatthews effects in at-risk readers: A
retrospective study. In B. R. Foorman (Ed.), Preventing
and remediating reading difficulties (pp. 121–164). New
York: York Press.

van Daal, J., Verhoeven, L., van Leeuwe, J., & van Balkom,
H. (2008). Working memory limitations in children with
severe language impairment. Journal of Communication
Disorders, 41, 85–107.

Vaughn, S., & Klingner, J. K. (2004). Teaching reading com-
prehension to students with learning disabilities. In C.
Stone, E. Silliman, B. Ehren & K. Apel (Eds.), Handbook
of language and literacy development and disorders. New
York: Guilford.

Vaughn, S., Linan-Thompson, S., & Hickman, P. (2003).
Response to treatment as a means of identifying students
with reading/learning disabilities. Exceptional Children,
69, 391–409.

Venezky, R. (1998). An alternative perspective on success
for all. In K. Wong (Ed.), Advances in educational policy
(pp. 145–165). New York: JAI Press.

Viding, E., Spinath, F. M., Price, T. S., Bishop, D. V. M.,
Dale, P. S., & Plomin, R. (2004). Genetic and environ-
mental influence on language impairment in 4-year-old
same-sex and opposite-sex twins. Journal of Child
Psychology and Psychiatry, 45, 31–325.

Vukovic, R. K., & Siegel, L. S. (2006). The double-deficit
hypothesis. Journal of Learning Disabilities, 39, 25–47.

Wadsworth, S., & DeFries, J. C. (2005). Genetic etiology of
reading difficulties in boys and girls. Twin Research and
Human Genetics, 8, 594–601.

Wadsworth, S., DeFries, J. C., Olson, R. K., & Willcutt, E.
(2007). Colorado longitudinal twin study of reading dis-
ability. Annals of Dyslexia, 57, 139–160.

Wadsworth, S., Olson, R. K., Pennington, B. F., & DeFries,
J. C. (2000). Differential genetic etiology of reading dis-
ability as a function of IQ. Journal of Learning Disabil-
ities, 33, 192–199.

Wilkinson, A., & Semrud-Clikeman, M. (2008).Motor speed
in children and adolescents with nonverbal learning

326 12 Language-Related and Learning Disorders



disabilities. Paper presented at the International Neurop-
sychological Society,.

Wills, K. (2007). Remediating specific learning disabilities. In
S. J. Hunter & J. Donders (Eds.), Pediatric neuropsycho-
logical intervention (pp. 224–252). Cambridge, UK: Cam-
bridge University Press.

Winskel, H. (2006). The effects of an early history of otitis
media on children’s language and literacy skill develop-
ment. British Journal of Educational Psychology, 76,
727–744.

Witelson, S. F., Kigar, D. L., & Harvey, T. (1999). The
exceptional brain of Albert Einstein. Lancet, 353,
2149–2153.

Wolf,M., & Bowers, P. G. (1999). The double-deficit hypoth-
esis for the developmental dyslexics. Journal of Educa-
tional Psychology, 91, 415–438.

Wong, T. M., Strickland, T. L., Fletcher-Janzen, E.,
Ardila, A., & Reynolds, C. R. (2000). Theoretical
and practical issues in the neuropsychological assess-
ment and treatment of culturally dissimilar patients.
In E. Fletcher-Janzen, T. L. Strickland, & C. R.
Reynolds (Eds.), Handbook of cross-cultural neuropsy-
chology (pp. 3–18). New York: Kluwer Academic/
Plenum publishers.

Worling, D. E., Humphries, T., & Tannock, R. (1999).
Spatial and emotional aspects of language inferencing in
nonverbal learning disabilities. Brain and Language, 70,
220–239.

Xue, G., & Poldrack, R. A. (2007). The neural substrates of
visual perceptual learning of words: Implications for the
visual word form area hypothesis. Journal of Cognitive
Neuroscience, 19, 1643–1655.

References 327


	Language-Related and Learning Disorders
	Articulation Impairment
	Neuropsychological Correlates of AI

	Language lmpairment
	Neuropsychological Correlates of LI
	Cognitive Processing Features of LI
	Social-Psychological Correlates of Ll
	Implications for Assessment
	Implications for Interventions

	Learning Disabilities
	Definitions
	Diagnostic Issues
	Comorbid Disorders
	Genetic Factors
	Prenatal/Postnatal Factors
	Neuroanatomical Variations and Neuropsychological Correlates
	Structural Differences


	Implications for Assessment
	Reading Disabilities: Phonological Core Deficits
	Intellectual, Perceptual, Memory, and Attentional Functions
	Intellectual Functions
	Perceptual Functions
	Memory Functions

	Academic and School Adjustment
	Social-Psychological Adjustment
	Family and Home Factors
	Implications for Intervention
	Reading Recovery
	Orton-Gillingham

	Visual/Orthographic Deficits in Reading

	Written Language Disorders
	Neuropsychological Correlates of Written Language Disorders
	Cognitive Correlates of Written Language
	Assessment of Written Language Disorders
	Interventions for Written Language Disorders
	Summary

	Learning Disabilities in Mathematics
	Development of Mathematics Ability
	Neuropsychological Correlates of MLD
	Neurological Contributions to Mathematics Skills
	Implications for Assessment
	Implications for Interventions
	Summary

	Nonverbal Learning Disabilities
	Genetic Factors
	Turner Syndrome
	Velocardiofacial Syndrome
	Agenesis of the Corpus Callosum

	Prenatal/Postnatal Factors
	Neuropsychological Correlates
	Academic and School Factors
	Visual-Spatial Ability
	Attention
	Executive Functioning

	Social-Psychological Functioning
	Neuroimaging in NVLD
	Implications for Assessment
	Implications for Intervention
	Parent Interventions
	Coaching

	Social Competence Intervention Program
	Summary and Comments about NVLD

	Case Study of a Child with Severe Developmental Dyslexia
	Cognitive Ability
	Achievement Testing
	Memory
	Language Ability
	Attention
	Executive Functioning
	Visual-Spatial Skills
	Behavioral/Emotional Functioning
	Summary and Recommendations

	Chapter Summary
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


