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Individuals with nonverbal learning disabilities (NVLD) struggle in several 

different areas, including social competence, mathematics, visual-spatial skills, and novel 

material.  However, diagnostic criteria have not yet been defined for NVLD.  As a result, 

children with the disability are often under-identified.  Some discrepancies exist in 

current theories of NVLD, and this study aimed to address some of the discrepancies and 

aid in identifying possible diagnostic criteria.  In particular, this study examined motor 

speed and tactile perception in children and adolescents with NVLD. 

This investigation reviews existing literature on NVLD, including developmental 

information, as well as the Rourke model of NVLD (Harnadek, & Rourke, 1994, Rourke, 

1993).  In addition, empirical evidence is reviewed which suggests that NVLD is related 
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to dysfunction of the right hemisphere of the brain.  The relationship between NVLD and 

Attention Deficit Hyperactivity Disorder (ADHD) is also described.  Finally, a review of 

the nature of motor speed and tactile perception is provided. 

Various psychoeducational and neuropsychological measures were utilized in this 

study to identify eligible participants.  Three groups of participants between the ages of 9 

and 14 were identified for this study: 1) Children with suspected NVLD based on deficits 

in two out of three areas (social perception, mathematics, and visual-spatial skills), 2) 

Children with significant symptoms of inattention, and 3) Typically developing children.  

The groups were compared on several neuropsychological measures of motor speed and 

tactile perception. 

The results of this study suggest that measures of motor speed may not be useful 

in identifying children with NVLD.  In addition, although measures of tactile perception 

may be helpful in diagnosing NVLD, performance on these measures should be 

considered only in conjunction with other deficits.  Finally, measures of the integration of 

motor speed and tactile perception may not be extremely useful in identifying possible 

NVLD.  Therefore, further research is needed to deliniate potential diagnostic criteria of 

NVLD, so that children with the disability can be identified and can receive appropriate 

interventions. 
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Chapter 1:  Introduction 

Children with nonverbal learning disabilities (NVLD) often exist in a world 

which is drastically different from that of typically developing children.  They tend to be 

withdrawn and socially isolated.  Additionally, they have pervasive academic problems, 

such as difficulties in arithmetic and handwriting, organization, problem-solving, and 

comprehension of new material (Gross-Tsur, Shalev, Manor, & Amir, 1995; Pennington, 

1991; Rourke, 1989).  Although it may seem that a disorder of this nature would be 

deserving of a great deal of attention, the NVLD syndrome is often overlooked by 

clinician and academicians, just as the children themselves are often overlooked by their 

peers.  Research in recent years has more often focused on more prevalent childhood 

disorders, such as dyslexia or ADHD.  Any research focusing on NVLD, therefore, is in 

the position to make an important contribution to the study of learning disabilities. 

Children with NVLD comprise approximately between 1 and 10 percent of the 

learning disabled population, which, in turn, comprises approximately between 1 and 10 

percent of the general population (Pennington, 1991).  Thus, these children are a minority 

within a minority.  Children with this disorder are typically affected in several domains, 

and therefore this syndrome can be more devastating than other types of learning 

disabilities.  In light of this, it is surprising that the syndrome has not been well defined 

and that specific diagnostic criteria do not exist. 

Research on NVLD has mainly stemmed from general research on learning 

disabilities.  Myklebust (1975) described nonverbal learning disabilities in contrast to 

verbal learning disabilities.  Although he did not crystallize nonverbal deficits into a 
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syndrome, he described social imperception, perception of self, and spatial agnosia as 

associated nonverbal deficits. 

The most widely published model of NVLD focuses on assets and deficits which 

have been noted in individuals with a suspected NVLD pattern of deficits (Harnadek, & 

Rourke, 1994). This model proposes a three-tiered structure of assets and deficits.  The 

primary deficits in this model are bilateral impairments in tactile perception and complex 

psychomotor skills, impairments in visual perception, and deficits in the use of novel 

material.  These primary deficits build upon each other and result in a multifaceted 

pattern of disabilities with implications for academic progress as well as social and 

emotional development.  However, this model has not entirely been empirically 

validated, and researchers and clinicians alike disagree on exactly what are the 

identifying features of NVLD. 

As research on NVLD has proceeded from a neurodevelopmental perspective as 

well as a psychoeducational perspective, there has been increasing evidence for right 

hemisphere involvement in the disability (e.g. Rourke, et al., 2002; Semrud-Clikeman, & 

Hynd, 1990; Voeller, 1986).  The right hemisphere of the brain is organized differently 

than the left hemisphere (Goldberg, & Costa, 1991) and therefore dysfunction or damage 

involving the right hemisphere has a set of implications which is different than 

dysfunction or damage involving the left hemisphere.  The disabilities associated with 

NVLD are thought to be consistent with those resulting from right hemisphere 

dysfunction. 

It has long been suggested that each hemisphere of the brain controls movement 

and perception for the contralateral side of the body (Kandel, Schwartz, & Jessell, 2000).  
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The right hemisphere of the brain controls the left side of the body, and the left 

hemisphere of the brain controls the right side of the body.  Therefore, if NVLD is indeed 

associated with right hemisphere dysfunction, then children with the NVLD syndrome 

should have problems with movement and perception on the left side of their bodies more 

so than the right side of their bodies.  However, some models of NVLD propose bilateral 

deficits in motor speed and tactile perception.  Rourke and colleagues (2002) even 

suggest that bilateral deficits in tactile perception and psychomotor skills can be used as 

partial diagnostic criteria for NVLD. 

Attention Deficit/Hyperactivity Disorder (ADHD) has been found to be highly 

comorbid with NVLD, particularly the inattentive subtype.  Children are often referred 

for ADHD symptoms before they are diagnosed with ADHD (Rourke, 1989).  NVLD and 

ADHD overlap to such a degree that some have suggested they may be a part of the same 

syndrome (Brown, 2000; Semrud-Clikeman, & Hynd, 1990; Voeller, 1986).  ADHD is 

also thought to be linked to right hemisphere dysfunction (Brumback, & Station, 1982; 

Sandson, Bachna, & Morin, 2000).  However, many studies investigating the NVLD 

syndrome fail to consider attention as a confounding variable.   

In reviewing the literature, it becomes clear that bilateral deficits in motor speed 

and tactile perception are contradictory with a right hemisphere model of NVLD.  If the 

right hemisphere is indeed implicated in the syndrome, then children with NVLD should 

show deficits in these skills lateralized to the left side of the body.  These deficits should 

be above and beyond any difficulties that may be due to inattention.  The present study 

focused on exploring the existence of this lateralization on various neuropsychological 

measures of motor speed, tactile perception, and the integration of motor speed and 
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tactile perception.  It was hoped that this study would illuminate the biological 

underpinnings of NVLD as well as contribute possible diagnostic criteria for the 

syndrome. 

In the following literature review, existing theory and research concerning NVLD 

and the right hemisphere of the brain will be discussed with implications for laterality of 

performance.  First, a summary of the current understanding of NVLD will be presented, 

including a discussion of academic development and co-morbidity with ADHD.  Next, 

relevant brain structures will be reviewed, specifically the right hemisphere, and 

implications for NVLD.  Finally, the review will focus on motor speed and tactile 

perception abilities and the hypothesized deficits of children with NVLD in these areas. 
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Chapter 2:  Literature Review 

The following paper will integrate research regarding NVLD, its representation in 

the brain, and resulting implications for performance on neuropsychological measures.  

Although a neurodevelopmental perspective will be emphasized, psychoeducational 

concerns will also be addressed.  A major emphasis of this paper will be to point out 

discrepancies in the current models and understanding of NVLD.  Finally, a rationale for 

the present study will be presented, based on NVLD theory and neuropsychological 

theory, and addressing inconsistencies that have yet to be reconciled completely. 

NONVERBAL LEARNING DISABILITIES 

General Characteristics and Description 

 
 Traditionally, learning disabilities involve deficits in academic achievement, 

particularly reading, and nonverbal learning disabilities (NVLD) generally involve 

deficits in mathematics.  Myklebust (1975) was one of the first to describe NVLD.  He 

identified social imperception, perception of self, and spatial agnosia as different types of 

deficits which are not associated with verbal learning disabilities, such as dyslexia.  More 

recently, NVLD has been described as a syndrome involving a variety of problems, 

including difficulty with mathematics, social deficits, visual-spatial deficits, troubles with 

problem solving and organization, and difficulty processing new information, as well as 

relative strengths in rote verbal skills such as auditory memory and word decoding 

(Gross-Tsur, Shalev, Manor, & Amir, 1995; Pennington, 1991; Rourke, 1989; Semrud-

Clikeman, & Hynd, 1990; Voeller, 1986).   
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NVLD occurs less often than other types of learning disabilities such as ADHD or 

dyslexia, and therefore it has traditionally garnered less attention than these other types 

(Pennington, 1991).  Prevalence rates for NVLD within the learning disabled population 

have been estimated to be between 5-10 percent (Rourke, 1989) and 1 percent (Denckla, 

1979).  NVLD has also been estimated to have an overall prevalence rate somewhere 

between 0.1 and 1 percent of the general population (Pennington, 1991).  The sex ratio of 

NVLD has been estimated by Rourke (1989) to be 1:1 and by Pennington (1991) to be 

1.2:1, implicating males and females equally.  Although NVLD is rarer than other 

learning disabilities, it affects more spheres of functioning that impact overall 

adaptability. 

Specific learning disabilities in arithmetic exist without the wider spectrum of 

deficits. Mathematics difficulties can also occur with other learning disabilities such as 

dyslexia. However, the mathematics weaknesses found in these children are often of a 

specific nature (e.g. not resulting from difficulties in memorization of facts or in 

understanding word problems) and are found to co-occur at least some of the other 

deficits described above (Pennington, 1991).  These children have particular difficulties 

with those aspects of mathematics that require visualization, such as comparing numbers, 

using graphs, measuring, and using figures in textbooks (Johnson, 1987). 

Social competence deficits in children with NVLD have been well-documented 

(Johnson, 1987; Pennington, 1991; Rourke, 1989; Semrud-Clikeman, & Hynd, 1990; 

Voeller, 1986).  Petti, Voelker, Shore, and Hayman-Abello (2003) found that children 

with NVLD were significantly less accurate in identifying adult facial expressions and 

gestures than children with other types of learning disabilities or children with no 
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disabilities.  Children with NVLD show weaknesses in making inferences related to 

emotional content compared to children with verbal learning disabilities and children 

with no disabilities (Worling, Humphries, & Tannock, 1999).  The NVLD syndrome is 

associated with impaired processing of social cues which can lead to rejection and 

isolation (Woods, Weinborn, Ball, Tiller-Nevin, & Pickett, 2000).  Therefore, it is not 

surprising that children with NVLD show significantly more internalized 

psychopathology than children with other types of learning disabilities (Pelletier, Ahmad, 

& Rourke, 2001). 

Children with NVLD display deficits in visual-spatial skills.  Compared to 

children with verbal learning disabilities and children with no disabilities, children with 

NVLD perform significantly more poorly on spatial reasoning tasks, even when those 

tasks are presented verbally (Worling, Humphries, & Tannock, 1999).  Children with 

NVLD perform more poorly than children with ADHD and typically developing children 

on measures of visual-spatial skills and visual-motor integration (Wilkinson, Schafer, & 

Semrud-Clikeman, 2002).  The spatial reasoning deficits associated with NVLD include 

difficulties with visual-spatial memory.  These children have problems learning to 

recognize and be familiar with spatial aspects of the environment.  As a result, they often 

have problems learning their way from one place to another and can often be lost and 

confused.  Understandably, this can lead to embarrassment and anxiety (Mykelbust, 

1975). 

Thus far, research on NVLD has failed to establish clear diagnostic criteria for the 

syndrome.  Therefore, it is unclear which of these deficits is necessary for identifying the 

presence of NVLD, and which are merely associated or artifactual.  Without clear 
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diagnostic criteria to guide clinicians, it is likely that children with NVLD are under-

identified and therefore may not receive appropriate interventions. 

Developmental Course 

 
 Children with NVLD often have deficits that are noticeable at a very early age.  

Even in infancy, these children may show motor asymmetries, including right-gaze 

preference and an unusually early right hand preference (Voeller, 1995).  Parents of these 

children have reported in retrospect that they felt something was amiss at age 6 to 8 

months (Johnson, 1987).  These children usually experience greater delays in reaching 

motor milestones than language milestones (Strang, & Rourke, 1985).  They will often 

show a history of poor fine-motor coordination, leading to specific problems with 

handwriting (Pennington, 1991).  They are also clumsy and awkward, and are not as 

interested in typical toddler toys (such as blocks or puzzles) or playground equipment.  

These children generally overcompensate with rapidly developing verbal skills (Johnson, 

1987). 

Because children with NVLD typically exhibit strengths in simple verbal skills, 

they may perform well in the early elementary school years and therefore come to clinical 

attention later than children with other types of learning disabilities (Pennington, 1991; 

Rourke, 1989).  Throughout their early years, these children interact with the world 

primarily through language rather than through exploration.  Because society places so 

much emphasis on language, these children are often overlooked initially.  However, as 

they progress in their academic careers and tasks become more complex, their deficits 

become more noticeable as they begin to fall behind. 
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 The rote nature of arithmetic in the early elementary years tends to allow children 

with NVLD to perform adequately.  As mathematics becomes more complex in the late 

elementary and middle school years, deficits become noticeable (Rourke, 1989).  

Moreover, many children with NVLD are first referred during these years because of 

their lack of organizational skills and resulting difficulty in completing assignments. 

These organizational deficits can often lead to an oppositional struggle with parents and 

teachers (Pennington, 1991).  As academic subjects become more complex, children with 

NVLD have trouble seeing “the big picture,” and become fixated on details without 

synthesizing them, especially when information is presented visually (Johnson, 1987).  

Exacerbating all of these deficits are socioemotional difficulties, including lack of social 

judgment, difficulty identifying faces and facial expressions, and problems interpreting 

nonverbal cues (Rourke, 1989; Petti, Voelker, Shore, & Hayman-Abello, 2003). 

 As these children progress through adolescence, the overall picture deteriorates 

even more.  Their arithmetic skills rarely develop beyond the fifth or sixth grade level, 

although they can succeed in mathematics courses which require memorization of 

theorems and proofs (Rourke, 1989).  They will likely be unsuccessful in such advanced 

subjects as geometry, trigonometry, calculus, and physics, which require abstract and 

visual-spatial reasoning (Pennington, 1991).  They continue to experience difficulties 

with problem-solving and organization that can greatly hinder them as they become more 

independent. As the social environment becomes more complex, these adolescents 

become more isolated.  In language, they will often be pedantic, and they do not 

understand teasing or sarcasm.  They can therefore become the focus of scorn from peers 

(Johnson, 1987).  The resulting adult with NVLD is often withdrawn to the point of 
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psychopathology and ill-prepared for many professions partially because of their social 

misperception and partially due to their lack of adaptability (Johnson, 1987). 

The Rourke Model of NVLD1 

 
 Byron Rourke (1989) has developed a model of NVLD that has stemmed from 

research distinguishing different subtypes of learning disabilities.  The model includes a 

three-tiered structure of assets and deficits, and resulting implications of each for 

academics and socioemotional functioning.  The studies which have been used to 

construct and validate this model generally include children with different patterns of 

academic achievement or Verbal and Performance IQ discrepancies.  Many of the studies 

use only one criterion to designate group membership, and many have not been 

replicated.  However, Rourke’s model continues to be one of the most widely published. 

Assets in NVLD 

 
 The primary assets of NVLD, according to this model, are auditory perception, 

simple motor skills, and rote material.  Because these children have well developed 

auditory perception and an affinity for rote material, their secondary assets are in the 

areas of auditory and verbal attention.  The secondary assets of attention lead to the 

tertiary assets of auditory and verbal memory; because these children are able to 

successfully perceive and attend to auditory and verbal information, they are more likely 

to retain it.  Overall, according to this model, children with NVLD exhibit verbal 

                                                 
1   The description of this model of NVLD is adapted from Harnadek and Rourke (1994) and Rourke 
(1993). 
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neuropsychological assets of phonology, verbal reception, verbal repetition, verbal 

storage, verbal associations, and verbal output. 

 Academically, these children exhibit a certain pattern of strengths that stem from 

the primary, secondary, tertiary, and verbal assets.  Because of a relative strength in 

simple motor skills and rote material, graphomotor skills become an asset in later years 

after it becomes a practiced skill.  Auditory and verbal attention strengths allow NVLD 

children to become relatively proficient at word decoding.  Verbal and auditory memory 

strengths, as well as the overall verbal assets of verbal reception, repetition, storage, and 

output, lead to an academic asset of verbatim memory.  These assets are all proposed to 

develop in an age-appropriate manner, and they are sequential, in that each level of assets 

is caused by the level of assets below it. 

Deficits in NVLD 

 
 The primary neuropsychological deficits associated with NVLD are bilateral 

deficits in tactile perception and complex psychomotor skills, problems with visual 

perception, and difficulty dealing with novel material.  Rourke and Strang (1978) first 

made a case for bilateral deficits in psychomotor and tactile-perceptual abilities in 

NVLD.  They assessed children with different types of learning disabilities and did not 

find significant differences in performance between hands on measures of motor speed, 

and on a tactile-perceptual score derived from a combination of scores on several 

measures.  However, group membership in that study was decided based on differential 

performance on one measure, the Wide Range Achievement Test (WRAT; Jastak, & 

Jastak, 1965), and therefore it is possible that children were included in the study that had 
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other types of mathematics learning disabilities besides NVLD.  The results of that study 

did show (non-significant) superior performance of the right hand versus the left hand on 

all but one of the measures.  A similar study by Rourke and Telegdy (1971) also failed to 

find significant differences between hands on complex psychomotor measures, but 

children in that study were grouped solely according to difference between Verbal and 

Performance IQ, and results also showed better performance on the right side than on the 

left side.  These studies did not find statistically significant differences between the right 

sides and the left sides of the children.  Therefore, Rourke subsequently used deficient 

performance of either hand on motor and tactile-perceptual measures as inclusion criteria 

for studies used to verify the Rourke model of NVLD (e.g. Harnadek, & Rourke, 1994).  

Rourke, Yanni, MacDonald, and Young (1973) grouped children based on their 

performance on a measure of motor speed, with children whose right-hand performance 

was normal with left-hand performance impaired in one group and children whose left-

hand performance was normal with right-hand performance impaired in another group.  

Group membership was found to interact significantly with differences between Verbal 

and Performance IQ.  However, these findings were not investigated further or 

incorporated into the model. 

 The secondary neuropsychological deficits associated with NVLD, according to 

the Rourke model, are tactile attention, visual attention, and exploratory behavior.  

Because these children have difficulty perceiving tactile and visual information 

(according to Rourke’s model), it is difficult for them to attend to such information.  

Deficits in processing novel material lead to a lack of exploratory behavior.  In this way, 

the primary deficits of NVLD develop into these secondary deficits.  These deficits are 
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further developed into the tertiary neuropsychological deficits of NVLD.  Because these 

children lack good tactile and visual perception and attention, they have poor resultant 

tactile and visual memory.  They have problems getting tactile and visual information in, 

and therefore they have problems retaining it.  Without successful exploratory behavior 

and processing of novel material, these children cannot develop adequate concept 

formation and problem solving. 

 The Rourke model of NVLD includes the following verbal neuropsychological 

deficits: oral-motor praxis, prosody, phonology, content, pragmatics, and functions.  

These deficits stem from the NVLD child’s inability to comprehend the whole meaning 

of language, and to decode the nonverbal and social aspects of a conversation.  All of 

these layers of neuropsychological deficits build into a set of academic deficits.  NVLD 

children have trouble acquiring graphomotor skills initially, and poor reading 

comprehension continuing throughout development.  Problems with mechanical 

arithmetic and therefore with general mathematics and science are present.  Socially and 

emotionally, children with this disorder have difficulty adapting to new situations, and 

lack social competence.  They cannot adequately stabilize their emotions or their activity 

levels.  These academic and socioemotional deficits in this model are the result of the 

complex interaction of the primary deficits.  However, some of the primary deficits in the 

Rourke model are inconsistent with the proposed representation of NVLD in the right 

hemisphere of the brain. 
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THE RIGHT HEMISPHERE OF THE BRAIN 

General Brain Structure 

 
 Within the brain are two separate hemispheres: right and left.  These hemispheres 

divide the cerebral cortex (the outermost layer of the brain), the underlying white matter 

(nerve fibers), the basal ganglia, the amygdala, and the hippocampus (deep-lying 

structures concerned with social behavior, emotion, memory, and movement).  These 

hemispheres control perceptual skills, motor skills, and cognitive skills such as memory 

and emotion.  Each hemisphere controls motor skills and sensory perception for the 

opposite, or contralateral, side of the body.  The two hemispheres are connected by 

bundles of fibers that join each region with its corresponding regions in the opposite 

hemisphere.  The cortex is further divided into four lobes: frontal, temporal, occipital, 

and parietal.  Each lobe is represented in each hemisphere (Kandel, 

Schwartz, & Jessell, 2000).   

Right-Left Differences 

 
 In a review of several brain imaging studies, Goldberg and Costa (1981) 

concluded that while the two hemispheres contain the same overall amount of cortex, the 

left hemisphere contains greater areas of modality specific representation, and the right 

hemisphere contains more areas of associative cortex.  This difference was found to be 

present for all sensory modalities.  In the same review, Goldberg and Costa (1981) also 

argued that the right hemisphere has relatively more white matter (connective nerve 

fibers) than the left hemisphere.  They also state that there is a positive correlation 
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between the amount of white matter in an area and the complexity of the information that 

is processed in that area.  Because of these findings, they suggested that the right 

hemisphere is better equipped to process complex information and to process in several 

modes simultaneously. 

Goldberg and Costa (1981) also reviewed electrophysiological data.  The left 

hemisphere shows more activity during unimodal tasks, while the right hemisphere is 

more activated in cross-modal integration tasks.  The right hemisphere is also better able 

to activate the entire cortex.  They concluded that the left hemisphere has more 

intraregional connections, while the right hemisphere has more interregional connections. 

These anatomical differences between the left and right hemispheres have certain 

implications for brain function.  Although both hemispheres play some role in most tasks, 

one hemisphere is usually considered more important for certain tasks while the other is 

nondominant (Teeter, & Semrud-Clikeman, 1997).  Because of its greater interregional 

connectivity, the right hemisphere is better at approaching novel information, while the 

left hemisphere is better at using previously learned material (Goldberg, & Costa, 1981).  

The right hemisphere integrates new information into schema that can later be used by 

the left hemisphere (Semrud-Clikeman, & Hynd, 1990).  While the left hemisphere is 

better able to deal with information in a single modality, the right hemisphere is better 

suited to integrate different types of information (Goldberg, & Costa, 1981). 

Abilities Localized to the Right Hemisphere 

 
Research has suggested that a right hemisphere advantage exists for spatial 

abilities.  In a review of several studies, Vogel, Bowers, and Vogel (2003) concluded that 
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the hemisphere most involved in spatial tasks is the right hemisphere.  The right 

hemisphere is more heavily involved in such activities as drawing sketches, especially of 

three dimensional objects, reading maps, and constructing objects out of smaller elements 

(Carlson, 2001).  The lateralization of visual spatial abilities to the right hemisphere is 

evident even in infancy, for tasks such as registering light flashes, recognizing a 

photograph of the mother, and recognizing simple patterns (Teeter, & Semrud-Clikeman, 

1997). 

 It is believed that processing related to the perception of nonverbal social cues 

occurs in the right hemisphere.  This hypothesis is consistent with the right hemisphere’s 

greater suitability for integrating information from more than one modality, since social 

perception requires the consideration of auditory information (such as tone and prosody) 

and visual information (such as facial expression and body language).  This idea is also 

consistent with the right hemisphere’s dominance for visual-spatial tasks.  Adults with 

acquired brain damage to the right-hemisphere postcentral gyrus were found to give 

fewer words describing affect or social processes when describing short films than adults 

with damage to other areas or those with no damage (Heberlein, Adolphs, Pennebaker, & 

Tranel, 2003).  Compared to adults with left hemisphere damage or healthy adults, adults 

with right hemisphere damage are more impaired in identifying faces, labeling facial 

emotions, and perceiving emotion using tone of voice (Kucharska-Pietura, Phillips, 

Gernand, & David, 2003). 
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Implications for NVLD 

 
 NVLD has been linked to dysfunction of the right hemisphere of the brain (e.g. 

Pennington, 1991; Rourke, 1989; Semrud-Clikeman, & Hynd, 1990; Weintraub, & 

Mesulam, 1983).  Based on the Goldberg and Costa (1981) model of differential 

hemisphere structure and function, it has been noted that children with NVLD exhibit 

deficits in processes which the right hemisphere is more suited to (Rourke, 1989; 

Semrud-Clikeman, & Hynd, 1990).  Additionally, some of the deficits seen in children 

with NVLD are similar to the deficits seen in adults who have endured damage to the 

right hemisphere (Semrud-Clikeman, & Hynd, 1990).  Children and adults with 

documented right hemispheric dysfunction, such as hemiplegia, seizures, or lesions, 

exhibit the NVLD pattern of deficits, including Verbal IQ greater than Performance IQ, 

social deficits, and soft left-sided neurological signs (Gross-Tsur, Shalev, Manor, & 

Amir, 1995; Voeller, 1986; Weintraub, & Mesulam, 1983).  Njiokiktjien, de Rijke, and 

Jonkman (2001) found differences in EEG intrahemispheric coherences in the right 

hemisphere in children with NVLD compared to children with verbal learning 

disabilities, suggesting dysfunction in long distance white matter connections.  NVLD 

has been shown to include deficits in right hemisphere related abilities, such as 

integrating information across modalities and processing novel information.  These 

deficits manifest themselves differently, and with increasing complexity, as development 

occurs. 
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Developmental Issues 

 
 The right hemisphere of the brain develops more rapidly than the left hemisphere 

between ages 18-24 months.  At this age, the child’s world is primarily nonverbal, 

because language has not yet been mastered.  The typically developing young child is 

actively engaged in constructing new representations of the world which will be stored 

for later use (Semrud-Clikeman, & Hynd, 1990).  For a child with NVLD, these are 

precisely the tasks that are most difficult.  These children often retrospectively report 

decreased exploratory activity (Strang, & Rourke, 1985), and may show extreme 

clumsiness and “accident-prone” behavior (Voeller, 1995).  Because children with NVLD 

have difficulty developing new schema, their disability may only become more apparent 

over time (Rourke, 1989).  Although these children perform well on unimodal tasks and 

those tasks with well-developed schema (tasks for which the left hemisphere is 

dominant), they are slow to develop new schema and have difficulties processing 

information which requires cross-modal integration.  As the child gets older and the tasks 

that they must deal with become more complex, not only academically but socially and 

adaptively as well, the NVLD child will fall farther behind. 

ATTENTION DEFICIT/HYPERACTIVITY DISORDER 

General Characteristics and Diagnostic Criteria 

 
Attention-Deficit/Hyperactivity Disorder is divided into 3 subtypes: predominantly 

inattentive type, predominantly hyperactive-impulsive type, and combined type 

(American Psychiatric Association, 2000).  Predominantly inattentive type has been 
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associated with NVLD, although more research is needed to clarify the exact nature of 

the relationship between the two disorders (Brown, 2000).  Diagnosis of 

ADHD/Inattentive type (ADHD/PI) requires that at least six of the following symptoms 

are present for at least 6 months, in two or more settings, before age 7 (American 

Psychiatric Association, 2000): 

(a) often fails to give close attention to details or makes careless mistakes in 

schoolwork, work, or other activities 

(b) often has difficulty sustaining attention in tasks or play activities 

(c) often does not seem to listen when spoken to directly 

(d) often does not follow through on instructions and fails to finish schoolwork, 

chores, or duties in the workplace (not due to oppositional behavior or failure to 

understand instructions) 

(e) often has difficulty organizing tasks and activities 

(f) often avoids, dislikes, or is reluctant to engage in tasks that require sustained 

mental effort (such as schoolwork or homework) 

(g) often loses things necessary for tasks or activities (e.g., toys, school assignments, 

pencils, books, or tools) 

(h) is often easily distracted by extraneous stimuli 

(i) is often forgetful in daily activities 

Children with the inattentive subtype of ADHD tend to show more comorbid 

learning disabilities while children with the hyperactive subtype tend to show more 

comorbid conduct disorders.  Compared to the hyperactive subtype, the inattentive 

subtype of ADHD is also associated with perceptual-motor speed impairments and higher 
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rates of anxiety disorders (Barkley, DuPaul, & McMurray, 1990).  ADHD is associated 

with deficits in suprathreshold tactile perception when compared to typically developing 

children, although their actual thresholds for tactile information show no differences 

(Parush, Sohmer, Steinberg, & Kaitz, 1997). Compared to typically developing children, 

children with ADHD show deficits in visual-motor integration skills, but no deficits in 

pure visual-spatial skills (Wilkinson, Schafer, & Semrud-Clikeman, 2002).   

Children with ADHD often exhibit deficits in social competence similar to those 

seen in children with NVLD.  Both groups of children have difficulties with the nonverbal 

aspects of social interactions.  For children with NVLD, those difficulties are due to a 

difficulty perceiving nonverbal cues.  For children with ADHD, those difficulties are due 

to a failure to correctly use their skills.  In social situations, they tend to scan the 

environment too quickly, and therefore they fail to attend to all of the details, especially 

the more subtle social cues (Semrud-Clikeman, & Schafer, 2000).  

Comorbidity with NVLD 

 
 ADHD has been found to be highly comorbid with NVLD, and these children 

often present with ADHD characteristics in the early years before NVLD is identified 

(Rourke, 1989).  The inattentive subtype of ADHD appears to be particularly related to 

all types of learning disorders, as opposed to the hyperactive/impulsive subtype, which 

appears to be more related to oppositional defiant and conduct disorders (Barkley, 1996).  

Hynd and colleagues (1991) found that academic problems were characteristic of ADHD 

children without hyperactivity, rather than those with ADHD plus hyperactivity.   
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 Nearly 20 percent of children with ADHD also have a learning disability 

(Hinshaw, & Zalecki, 2001).  Conversely, Shaywitz and Shaywitz (1988) reported that 33 

percent of children with dyslexia or a math disability had ADHD.  However, NVLD 

seems to be more highly comorbid with ADHD than other types of learning disabilities 

and appears to show the subtype of inattention rather than hyperactivity (Brown, 2000; 

Hynd et al., 1991; Rourke, 1989; Semrud-Clikeman, & Hynd, 1990). 

Voeller (1986) studied a clinical sample of children from age 5 to 13, all of which 

scored well below normative scores for emotional perception.  All but one were 

inattentive and met clinical criteria for ADHD.  It has been suggested that ADHD/PI and 

NVLD overlap so significantly that they are actually part of the same syndrome (Brown, 

2000; Hynd et al., 1991; Semrud-Clikeman, & Hynd, 1990).  

  Although there are specific diagnostic criteria for ADHD, there is no 

psychometric test or battery of tests that can be used to identify the disorder.  Some 

measures of executive functioning have been shown to be sensitive to ADHD 

(Pennington, 1991), but good clinical judgment is necessary to make the diagnosis.  The 

fact that ADHD cannot typically be identified by traditional assessments is compounded 

by the fact that sustained attention is usually necessary for maximum performance on 

most measures.  Thus, if a researcher or clinician does not consider attentional variables 

when assessing children suspected of having ADHD or ADHD-like symptoms (such as 

children with NVLD), an important part of the picture might be missed.  However, most 

studies of children suspected of having NVLD do not include children with ADHD for 
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comparison, and few studies address attention at all when working with children with 

NVLD. 

ADHD and the Right Hemisphere 

 
Attentional processes have been linked to the right hemisphere.  Several structural 

neuroimaging studies have suggested that abnormalities in the right frontostriatal circuit 

are present in those with ADHD.  However, it has been argued that this circuit is more 

involved with the hyperactive subtype of ADHD and that the inattentive subtype is linked 

to more posterior abnormalities in the right hemisphere (Stefanatos, & Wasserstein, 

2001).  Declines in right temporal lobe activity and increases in right frontal lobe activity 

during continuous performance tasks indicate that the right hemisphere is involved in 

sustained attention (Arruda, Walker, Weiler, & Valentino, 1999).  Children with ADHD 

showed decreased reaction time to stimuli in the left visual field compared to the right 

visual field, as well as an increase in reaction times with increasing focus areas in the 

right visual field.  These patterns were not evident in typically developing children 

(McDonald, Bennett, Chambers, & Castiello, 1999). Sandson, Bachna, and Morin (2000) 

found that more adults with ADHD than healthy adults made a greater number of errors 

on the left side than on the right side on a test of spatial aspects of selective attention. 

Compared to typically developing children, children with ADHD showed decreased 

activation in the right mesial frontal cortex, right inferior and medioinferior frontal lobe 

during an inhibition task (Rubia, et al., 1999). 

Brumback and Staton (1982) proposed that ADHD without hyperactivity might be 

related to right hemispheric dysfunction.  They argued that attentional disorders and 
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right-hemisphere type learning disabilities were both resultant of anatomical dysfunction 

of the right hemisphere, such as cortical damage or delayed cortical maturation. Voeller 

(1986) studied a clinical sample of children from age 5 to 13 with documented right-

hemisphere damage or dysfunction and NVLD characteristics.  All of those children but 

one also met clinical criteria for ADHD.  Given the possible neurological commonalities 

between ADHD/Inattentive type and NVLD, it is surprising that studies of children with 

NVLD do not also examine children with ADHD.   

NVLD and ADHD have both been linked to the right hemisphere of the brain.  

The hypothesized representations of NVLD and ADHD in the brain have implications for 

motor skills and tactile perception.  These implications will be explored in the next 

section. 

MOTOR SKILLS, TACTILE PERCEPTION, AND THEIR INTEGRATION 

 
 The areas of the brain responsible for controlling movement and tactile perception 

are located bilaterally in the brain.  While the processes involved in integrating sensory 

information, developing motoric responses, and carrying out the movements are quite 

complex, a simple and brief overview should illustrate that both hemispheres are 

involved in these processes. 

Complex Motor Skills 

 
 The portion of the cortex devoted to organizing movement is located in the frontal 

lobe. The premotor cortex in the medial frontal lobe is involved in coordinating complex 

movements involving several joints.  This area projects to the primary motor area in each 
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hemisphere (Heilman, & Gonzalez Rothi, 2003).  The primary motor area of the cortex is 

located just anterior to the central gyrus.  Fibers project from the primary motor area 

through the internal capsule to the medulla.  Here, the majority of the axons (the lateral 

corticospinal tract) cross to the other side of the brain, while the remainder of the axons 

(the medial corticospinal tract) crosses at the level of the spinal cord.  Along the way, the 

information receives input from the ventral nucleus complex of the thalamus, the basal 

ganglia, and the cerebellum.  Fibers project through the ventral horn of the spinal cord 

and reach the motor neurons which act upon muscles to elicit movement (Kandel, 

Schwartz, & Jessell, 2000).  

Movement, therefore, is represented in both hemispheres, with each hemisphere 

controlling the contralateral side of the body.  If NVLD is a right-hemisphere syndrome, 

then motor skills should be affected predominantly on the left side of the body, since each 

hemisphere controls movement on the opposite side of the body.  Rourke, Yanni, 

MacDonald, and Young (1973) reported that patients with lesions of the right hemisphere 

exhibit motor speed deficits with the left hand.  In a clinical sample of children with 

evidence of right hemisphere damage or dysfunction, Voeller (1986) found that the 

majority of patients exhibited left-sided motor signs, such as asymmetry of the face, or 

abnormal posturing of the left arm.  In a similar sample of children and adults, Weintraub 

and Mesulam (1983) also found atypical left-sided signs in a majority of patients.  A 

majority of their patients also showed slower performance on motor tasks on the left side 

of the body compared to same aged peers.  However, Rourke’s model includes bilateral 

deficits in psychomotor skills as a primary deficit of the NVLD syndrome (Harnadek, & 

Rourke, 1994; Rourke, 1989). 
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Tactile Perception 

 
 The portion of the cortex which processes tactile information is located bilaterally 

in the parietal lobe.  Receptors in the skin transmit information to the ipsilateral dorsal 

horn of the spinal cord and then to the ipsilateral medulla.  From there, tactile information 

crosses to the other side of the brain via the medial lemniscus, a long bundle of axons 

which terminates in the ventral posterior lateral nucleus of the thalamus. The thalamus is 

considered a “gatekeeper” for sensory information, because it links the sensory receptors 

and the cerebral cortex for all sensory modalities except olfaction.  Tactile information 

must therefore pass through the thalamus and reaches the primary sensory cortex in the 

postcentral gyrus located in the parietal lobe.  The primary sensory cortex has four 

complete maps of the body surface.  Basic tactile information processing occurs in the 

most anterior map, with processing becoming more complex as the information moves 

towards the posterior.   The sensory cortex projects to other areas of the cortex, including 

the motor areas.  Information ultimately converges at the association areas at the 

intersection of the parietal, occipital, and temporal lobes (Kandel, Schwartz, & Jessell, 

2000).   

As with movement, the sensory cortex in each hemisphere controls perception in 

the contralateral side of the body.  The left side of the body sends sensory projections to 

the primary sensory cortex in the right hemisphere.  Sensory perception, therefore, should 

be affected more profusely on the left side of the body in those with NVLD if the 

syndrome is related to right hemisphere dysfunction.   
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Unilateral difficulties in tactile perception are most likely attributable to sensory 

perception problems due to damage or dysfunction to the hemisphere contralateral to the 

affected body part (Denburg, & Tranel, 2003).  Boll (1974) found that patients with right 

hemisphere lesions made significantly more errors with their left hands than with their 

rightt hands on three different measures of tactile perception.  Although tactile perception 

is represented in both hemispheres and NVLD is thought to be related to right-

hemisphere dysfunction, Rourke’s model of NVLD includes bilateral deficits in tactile 

perception (Harnadek, & Rourke, 1994; Rourke, 1989). 

Integration of Motor Skills and Tactile Perception 

 
 Motor skills and tactile perception do not usually work in isolation; rather, the 

individual must often sense something in the environment and then plan a movement in 

relation to it.  The area of the brain responsible for motor planning, the premotor cortex, 

is located in the frontal lobe, near the primary motor cortex.  The premotor cortex 

receives input from three main sources.  The first are the motor nuclei in the ventral 

thalamus, the second are the primary sensory cortex and association areas of the parietal 

lobes, and the third is the prefrontal cortex (Kandel, Schwartz, & Jessell, 2000).  These 

regions are activated even when a person is motionless but imagining performing a 

movement (Carlson, 2001).  Motor planning begins with a broad, general plan of 

movement and is transformed into specific muscle responses between the premotor area 

and the motor cortex (Kandel, Schwartz, & Jessell, 2000).   

The premotor area is represented in both hemispheres, and motor planning in each 

hemisphere controls the contralateral side of the body using the sensory information from 
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the contralateral side (Kandel, Schwartz, & Jessell, 2000).  Children with NVLD, 

therefore, would be expected to show more severe deficits in integrating tactile 

perception and motor skills on the left side of the body.  Lateralized deficits in tactile 

perception and lateralized deficits in motor skills would intuitively lead to lateralized 

deficits in the integration of the two skills.  Spreen and Strauss (1998) reported several 

studies in which measures of the integration of motor skills and tactile perception were 

successful in distinguishing patients with right-hemisphere lesions from those with left-

hemisphere lesions.  Although Rourke does not include integration of tactile perception 

and motor speed in the NVLD model, he argues that deficits in the individual skills are 

bilateral (Harnadek, & Rourke, 1994; Rourke, 1989). 

SUMMARY AND RATIONALE 

 
 Nonverbal learning disabilities include more than just academic deficits.  The 

NVLD child often exhibits specific disabilities in mathematics, as well as social deficits, 

visual-spatial deficits, troubles with problem solving and organization, and difficulty 

processing new information.  These disabilites manifest themselves in a complex 

developmental framework (Gross-Tsur, Shalev, Manor, & Amir, 1995; Pennington, 1991; 

Rourke, 1989; Semrud-Clikeman, & Hynd, 1990; Voeller, 1986).  Although these 

children also usually have relative strengths in rote verbal skills such as auditory memory 

and word decoding, their wide range of deficits usually impairs them more profoundly 

than children with other types of learning disabilities.  Unfortunately, clear-cut diagnostic 

criteria do not yet exist for NVLD.  Research on NVLD is needed to determine which 

characteristics can be used to identify the existence of NVLD in children. 
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 NVLD has been hypothesized to be related to dysfunction of the right hemisphere 

of the brain (Pennington, 1991; Rourke, 1989; Semrud-Clikeman, & Hynd, 1990; 

Voeller, 1986).  Because of structural differences between the two hemispheres, the right 

hemisphere is better at approaching novel information, integrating different types of 

information, and constructing schema that can later be used by the left hemisphere 

(Goldberg, & Costa, 1981).  Children with the NVLD syndrome seem to exhibit deficits 

in processes which the right hemisphere is more suited to (Rourke, 1989; Semrud-

Clikeman, & Hynd, 1990). 

 Children with NVLD are usually also diagnosed with ADHD/PI.  ADHD/PI has 

also been linked to right hemisphere dysfunction.  However, most studies examining 

children with NVLD do not examine children with ADHD/PI.  Therefore, it is unclear 

whether some of the deficits associated with NVLD are present above and beyond the 

deficits associated with ADHD/PI. 

 Rourke’s model of NVLD, the most widely published model for the syndrome, is 

proposed to include a three-tiered structure of deficits (Harnadek, & Rourke, 1994; 

Rourke, 1989).  The primary deficits in this model include bilateral problems with tactile 

perception and complex psychomotor skills.  However, if NVLD is indeed a right-

hemisphere related disorder, then deficits in tactile-perception, motor speed, and the 

integration of these two skills should be more severe on the left side of the body.  This 

study attempts to reconcile this discrepancy.  Is NVLD characterized by lateralized 

deficits in motor speed and tactile-perception?  Are these lateralized deficits also evident 

when children with NVLD are required to integrate tactile-perception and motor speed?  

Although NVLD is highly comorbid with ADHD/PI, are these lateralized deficits present 
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beyond any attention deficits which NVLD children might have?  The preceding 

questions were investigated through the research study described in the next section. 
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Chapter 3:  Method 

PROCEDURE 

 
 As part of a larger project examining social competence and developmental 

disorders, participants were referred by teachers or parents, or contacted by the 

investigators due to possible eligibility.  This study was conducted under approval from 

the University of Texas Institutional Review Board.  Interest forms were mailed by the 

referral source to the parents of potential participants along with a letter explaining the 

study.  Those families who returned the interest forms were then mailed a parent consent 

letter and a participant assent form.  After all of these were returned to the investigators, 

the parents were contacted by phone.  At this time, the parent interview was conducted, 

and the SIDAC was administered.  The assessment was also scheduled at this time. 

 The assessment battery was administered to each student individually by a 

graduate student in School Psychology who is trained in individual assessment.  The 

testing was conducted in a single session or multiple sessions lasting approximately 6 

hours total (breaks were provided as needed).  Assessments were conducted either at the 

University of Texas or at the child’s school.  Any intelligence, achievement, or 

neuropsychological measures conducted within the past 3 years were not repeated, 

provided results were made available.  Children and parents were made aware that 

participation in the study was voluntary and that the participant may withdraw at any time 

without repercussions.   
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PARTICIPANTS 

 
 Students were referred to by outside agencies, including parents, schools, 

pediatricians, and clinics, due to suspected NVLD or ADHD (Inattentive type).  Referrals 

were screened for possible inclusion in their respective group.  The control group was 

recruited from the same community population.  Participation in the study was voluntary.  

Three groups of children, aged nine to 14, were included in the study.  All children in this 

study achieved an actual or estimated Full Scale Intelligence Quotient (FSIQ) of at least 

85, as measured by intelligence testing within the previous three years, the Wechsler 

Abbreviated Scale of Intelligence (WASI, The Psychological Corporation, 1999), or two 

subtests of the Wechsler Intelligence Scale for Children-3rd Edition (WISC-III, The 

Psychological Corporation, 1991). All children in this study were right-handed.  

Additionally, students were excluded from the study if they had a positive history of 

epilepsy, seizures, head injury, progressive neurologic disorder, other psychiatric 

disorder, or mental retardation.  Children with evidence of a thought disorder were also 

excluded.  All children had normal hearing and vision and had attended school regularly.  

Only children with English as a primary language were included to reduce a confound of 

language.  The groups were defined as follows. 

NVLD Group 

 
 The criteria for NVLD diagnosis is tentative, as there are no established 

diagnostic criteria and one goal of this study is to aid in the establishment of assessment 

criteria.  Therefore, children were selected based on 2 out of 3 of the following criteria: 
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1. Difficulties with social perception, specifically, impaired ability to accurately 

identify nonverbal cues as measured by a score which was one standard 

deviation below average on the Children and Adolescent Social Perception 

Measure (CASP). 

2. Learning disability in mathematics, meeting the Texas criteria for diagnosis of 

a learning disability (achievement score on Math Reasoning or Numeric 

Operations subtests of the Wechsler Individual Achievement Test-2nd Edition 

(WIAT-II) was at least 16 points below Full Scale IQ). 

3. Difficulties with visual-spatial perception as measured by a score which was 

at least one standard deviation below the mean on the Judgment of Line 

Orientation (JLO). 

ADHD/PI Group 

 
Participants in this group met DSM-IV-TR (American Psychiatric Association, 

2000) criteria for ADHD/PI as assessed by the Structured Interview for Diagnostic 

Assessment of Children for DSM-IV (SIDAC), namely, an endorsement by parent report 

of at least 6 of the inattentive items and less than 6 of the hyperactivity or impulsivity 

items.  Children in this group were excluded if they demonstrated a learning disability in 

mathematics; however, they were not excluded for a learning disability in any other area 

of academic achievement.  Children in this group were also not excluded for 

demonstrating difficulties in social perception due to failure to attend to nonverbal cues.  

However, students were excluded from this group if they had a previous diagnosis of a 

Pervasive Developmental Disorder, including Asperger’s Disorder, Autism, or Pervasive 
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Developmental Disorder-Not Otherwise Specified (PDD-NOS).  Finally, students were 

excluded from this group if they exhibited deficits in visual-spatial perception.  

Control Group 

 
 Control participants obtained achievement scores within one standard deviation of 

Full Scale IQ score.  Children in this group did not display difficulties with visual-spatial 

perception or with perception of nonverbal social cues.  No participant in this group had a 

history of learning disabilities, psychiatric disorders, significant behavior problems or 

special education placement. 

 Twelve students met criteria for the NVLD group, 14 met criteria for the 

ADHD/PI group, and 19 met criteria for the Control group.  Therefore, a total of 45 

participants were included in the analyses.  Groups were matched as much as possible for 

ethnicity, gender, and age.  Specific demographic information for the groups will be 

presented in the next chapter. 

MEASURES 

 
 Graduate students in School Psychology trained in standard test administration 

administered a test battery to each student individually.  Information was gathered from 

parents, participants, and participating school districts with parent permission. All 

measures were administered according to the standardized procedures which have been 

developed for each test.  The following measures were used for this investigation. 
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Independent measures 

Structured Interview for Diagnostic Assessment of Children for DSM-IV (SIDAC) 

 
 The SIDAC is a structured interview which is based on DSM-IV-TR (American 

Psychiatric Association, 2000) criteria for diagnosing various childhood disorders.  

Attention Deficit Hyperactivity Disorders section of the SIDAC was completed by a 

trained graduate student during an interview with a parent.  The interview was used to 

ascertain age, gender, and pre-existing diagnoses.  Additionally, relevant medical, 

developmental, familial, and academic history were noted.  The interview also explored 

concerns the family may have had including (but not limited to) NVLD, ADHD, and 

study procedures. 

Weschler Intelligence Scale for Children-Third Edition (WISC-III; Weschler, 1991) 

 
The WISC-III is an individually administered intelligence test which yields a 

verbal IQ score (VIQ), and nonverbal or performance IQ (PIQ) and composite or full 

scale IQ score (FSIQ).    The Vocabulary subtest was administered as an estimate of 

verbal intelligence.  This subtest has a split-half reliability of .87.  The Vocabulary 

subtest has the highest correlation with the VIQ of any subtest (r = .78).  The Block 

Design subtest was administered as an estimate of nonverbal or performance intelligence.  

The split-half reliability of this subtest is .87.  The Block Design subtest has the highest 

correlation with the PIQ of any subtest (r = .65).  Scaled scores are obtained on these 
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tests, which have a mean of 10 and a standard deviation of 3.  Prorated FSIQ scores were 

calculated from these scaled scores.  Reliability of this dyad is .91, and correlation of this 

combination of subtests with the FSIQ is .86, making it the most reliable and valid two-

subtest short form on the WISC-III. Validity of the WISC-III has been established 

through a variety of techniques, including correlation with other measures of intelligence.  

The FSIQ score correlates with the General Conceptual Ability score on the Differential 

Ability Scales (DAS; Elliott, 1990) at .92. The WISC-III is a reliable and valid 

instrument which was administered to subjects to determine cognitive functioning and 

establish study eligibility.   

Weschler Abbreviated Scale of Intelligence (WASI; The Psychological Corporation, 
1999)  

 
 The WASI is an individually administered abbreviated intelligence test which 

yields a verbal IQ score (VIQ), and nonverbal or performance IQ (PIQ) and composite or 

full scale IQ score (FSIQ).  The VIQ score is calculated based on the Vocabulary and 

Similarities subtests.  Split-half reliability coefficients for children on these subtests are 

.89 and .87, respectively.  Split-half reliability for the VIQ for children is .93.  The PIQ 

score is calculated based on the Block Design and Matrix Reasoning subtests.  Split-half 

reliability coefficients for children on these subtests are .90 and .92, respectively, and .94 

for the PIQ.  Split-half reliability for the FSIQ, calculated from all four subtests, is .96.  

T-scores are obtained on the subtests, with a mean of 50 and a standard deviation of 10.  

However, these T-scores were converted to scaled scores for the Vocabulary and Block 

Design subtests, to allow for ease of comparison to the WISC-III. 



 36

 The WASI demonstrates statistically significant correlations with the WISC-III.  

The correlation between the Vocabulary subtests of both tests is .72, and the correlation 

between the Block Design subtests is .74.  The correlation between the VIQ scores on the 

WISC-III and the WASI is .82, while the correlation between the PIQ scores is .76.  

Finally, the correlation between the FSIQ scores of these two tests is .87.  Validity for the 

WASI was further established through factor analyses, and the test was judged to be 

clinically valid for a variety of clinical populations, including individuals with ADHD 

and learning disabilities. The WASI is a reliable and valid instrument which was 

administered to subjects to determine cognitive functioning and establish study 

eligibility.   

Weschler Individual Achievement Test-Second Edition (WIAT-II; Weschler, 2002)  

  
The WIAT-II is an individually administered achievement test.  The Word 

Reading, Numerical Operations, and Math Reasoning subtests were administered.  Split-

half reliability for these subtests was averaged for ages 5-19 and coefficients are as 

follows:  .97 for Word Reading, .91 for Numerical Operations, and .92 for Math 

Reasoning.  Validity of the WIAT-II has been established through a variety of 

techniques, including correlation with other achievement measures.  The WIAT-II 

correlates highly with the Wide Range Achievement Test-Third Edition (WRAT3; 

Wilkinson, 1993) for ages 13-17.  The Word Reading subtest of the WIAT-II correlates 

with the Reading subtest of the WRAT3 at .75.  The Numerical Operations and Math 

Reasoning subtests on the WIAT-II correlate with the Arithmetic subtest on the WRAT3 
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at .60 and .65, respectively.  The WIAT-II is a reliable and valid achievement measure 

which was administered to all subjects to determine LD status. 

Judgment of Line Orientation (JLO; Benton, Varney, & Hamsher, 1978) 

 
 In order to assess visual-spatial abilities, the JLO was individually administered 

to all subjects.  This task requires participants to match the orientation of pairs of line 

“segments” to “full length” lines.  The JLO is non-timed and yields a single score.  

Lindgren and Benton (1980) reported corrected split-half reliability to be .84 for children 

aged 7 to 14.  Although validity data has not been published for this instrument, defective 

performance has been found to be strongly associated with lesions or disease of the right 

hemisphere (Benton, Sivan, Hamsher, Varney, & Spreen, 1994).  The JLO was used to 

determine visual-spatial abilities, and therefore NVLD group membership. 
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Child and Adolescent Social Perception Measure (CASP; Magill-Evans, Koning, 
Cameron-Sadava, & Manyk, 1996) 

 
 The CASP is a measure of nonverbal social perception.  It is administered in a 

video format, and consists of 10 short vignettes of children and adolescents in scenarios 

with emotional content.  The audio portion of the videotape has been manipulated so that 

the words are unintelligible, and therefore children must rely on nonverbal cues such as 

tone, prosody, body language, and facial expressions to understand the vignettes. 

 The child is asked to tell what each character was feeling and how the child could 

tell that the character was feeling that way.  Children are prompted that one character 

may feel more than one emotion in a scene; however, responses must be spontaneously 

generated.  The measure yields two scores, one reflecting the number of emotions 

correctly identified by the child, and one reflecting the nonverbal cues that the child used 

to understand the scenes. 

 Test-retest reliability for the CASP was established with an average of 51 days 

between testing for 14 subjects (6 boys and 8 girls) between the ages of 7 and 13. 

Reliability coefficients were .83 for the emotions score and .87 for the nonverbal cues 

score.  The authors established validity of the CASP through several methods.  First, they 

determined that children’s scores on the CASP increased with age.  For ages 6 to 15, 

correlation between age and the emotion score was .82, and the correlation between age 

and the nonverbal cues score was .73.  Next, the authors determined that scores on the 

CASP did not correlate significantly with scores on an expressive language measure.  
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Standard scores on the Expressive One Word Picture Vocabulary Test – Revised 

(EOWPVT-R; Gardner, 1990) correlated with the emotions score at .11 and with the 

nonverbal cues score at .07.  The authors concluded that the CASP is measuring 

something other than emotional vocabulary.  They conducted a principal components 

analysis using an oblique rotation in order to ascertain the number of factors being 

measured by the CASP.  Results suggested that the measure was indeed unidimensional.   

For the typically developing children on which the measure was normed, the 

emotions score and the nonverbal cues score correlated at .88.  However, the authors’ 

preliminary data collected from children with known social perception deficits (those 

diagnosed with Asperger’s Disorder or Autistic Spectrum Disorder) suggested that the 

two scores were not correlated for this population.  The data further suggested that while 

both scores could be used to distinguish this clinical population from children without 

deficits, the nonverbal cues score was more impaired than the emotion score for the 

children with disabilities.  The nonverbal cues score on the CASP was used in this study 

to determine whether the child had social perception deficits. 

Dependent Measures 

 

Finger Oscillation Test (Reitan, & Wolfson, 1985) 

 
The Finger Oscillation Test is an individually administered timed assessment of 

motor speed.  Five consecutive trials are given first to the dominant, and then the non-

dominant hand.  The participant moves the index finger of the hand as fast as possible, 

and a special apparatus records the number of taps.  This measure is usually considered to 
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be a pure test of motor speed.  The normal pattern of performance on this task is that the 

dominant hand is 10 percent faster than the non-dominant hand.  Test-retest reliability 

coefficients on this task have been shown to range between .58 and .93 for normal and 

neurologically impaired persons (Spreen, & Strauss, 1998). The measure yields a mean 

score for each hand. 

Grooved Pegboard (Knights, & Moule, 1968) 

 
The Grooved Pegboard is an individually administered and timed measure of 

motor speed, which yields a score of total time for each hand.  The participant is asked to 

place keyhole-shaped pegs into holes in a 4-inch square pegboard.  The participant uses 

one hand at a time, and one trial per hand is utilized.  The normal pattern of performance 

on this task is that the dominant hand is 10 percent faster than the non-dominant hand.  

Test-retest reliability coefficients for this task are .80 for the dominant hand and .81 for 

the non-dominant hand for children aged 9 to 14. Although validity data has not been 

published for this instrument, this measure was shown to significantly discriminate 

between typically developing elementary school children and those with neurological 

disorders (Knights, & Moule, 1968).  For ease of interpretation, a linear transformation 

(x’ = 200-x) was performed on the scores on this measure so that higher scores represent 

better performance.  

Tactile Finger Recognition (Reitan, & Wolfson, 1985) 

 
In order to assess tactile perception, the Tactile Finger Recognition measure was 

individually administered.  During this task, the participant must identify which one of 
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their fingers was touched by the examiner, without the use of vision. Scores consist of a 

number of errors for each hand.  For typically developing individuals, a perfect score 

(i.e., no errors) on this measure is expected. Although reliability and validity data have 

not been published for this instrument, posterior cerebral lesions, contralateral to the hand 

on which defective responses are found, impair performance on this measure (Reitan, & 

Wolfson, 1985). 

Finger-tip Number Writing Perception (Reitan, & Wolfson, 1985) 

 
The Finger-tip Number Writing Perception task is also used for assessment of 

tactile perception.  This task requires the participant to identify whether a 3, 4, 5, or 6 has 

been traced onto each finger-tip.  As in the tactile finger recognition task, the participant 

is not allowed to use vision.  The measure yields a number of errors for each hand.  This 

task is more difficult than tactile finger recognition, and therefore perfect scores are not 

always expected. Although reliability and validity data have not been published for this 

instrument, deficient performance on one hand compared to the other indicates 

dysfunction of the contralateral parietal lobe (Reitan, & Wolfson, 1985). 

Tactual Performance Test (TPT; Reitan, & Wolfson, 1985) 

 
The TPT is a measure which requires integration of both tactile perception and 

motor speed.  The TPT is individually administered and timed task which yields a score 

for each hand, a score for both hands, and a score for overall spatial memory and overall 

spatial localization ability.  Administration of the TPT requires that the dominant hand 

perform the task first, then the non-dominant hand, then both hands.  The non-dominant 
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hand, therefore, would benefit from a practice effect.  The usual pattern of performance 

on this test is that each trial is completed in approximately one third less time than the 

previous trial.  Thus, the time for both hands is one third less than the time for the non-

dominant hand, which is one third less than the time for the dominant hand.  Odd-even 

reliability scores for the three timed scores range from approximately .77 to .93 for 

normal and brain-damaged persons (Spreen, & Strauss, 1998).  In a review of several 

studies, Spreen and Strauss (1998) concluded that concurrent validity for the TPT is high.   

RESEARCH QUESTIONS AND HYPOTHESES 

 

Question 1 

 
 Do children with the NVLD pattern of deficits show laterality of motor speed? 

Hypothesis 1a 

 
Children in the NVLD group will show a significantly greater difference between 

their right hand and their left hand (with the left side performing more poorly than the 

right) than children in the other groups on measures of motor speed.  The children in this 

group will also show an overall deficit of performance on the motor speed measures. 

Hypothesis 1b 

 
Children in the ADHD/PI group will show a difference between their right hands 

and their left hands (with the left side performing more poorly than the right) on 
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measures of motor speed, but this difference will be significantly less than that of the 

children in the NVLD group.  This difference is expected to be consistent with normal 

patterns of performance of right-handed children on these measures.  Children in this 

group will show an overall deficit of performance on the motor speed measures as 

compared to the typically developing children. 

Hypothesis 1c 

 
Children in the control group will show a difference between their right hands and 

their left hands (with the left side performing more poorly than the right) on measures of 

motor speed, but this difference will be significantly lower than that of the children in the 

NVLD group.  The children in the control group will show the patterns of performance 

expected for typically developing children on these measures. 

Rationale 

 
The expected pattern for these measures is that the dominant hand is faster than 

the non-dominant hand.  The ADHD/PI group will show bilateral deficits, due to an 

inability to sustain attention during the task.  The NVLD group will also show overall 

deficits due to comorbid attention problems.  The children in the ADHD/PI group and the 

control group will show the pattern of performance described by Reitan and Wolfson 

(1985) as the dominant hand being 10% faster than the non-dominant hand.  However, 

the NVLD group will show an even larger difference because the speed of the left hand 

will be further affected by right hemisphere deficits.   
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Question 2 

 
Do children with the NVLD pattern of deficits show laterality of tactile 

perception? 

Hypothesis 2a 

 
Children in the NVLD group will show significantly poorer performance with 

their left hands compared to their right hands on measures of tactile perception.  These 

children will also show an overall deficit of performance. 

Hypothesis 2b 

 
Children in the ADHD/PI group will show similar performance on their left and 

right sides on measures of tactile perception.  Their performance will be significantly 

poorer overall when compared to typically developing children. 

Hypothesis 2c 

 
Children in the control group will show similar performance on their left and right 

sides on measures of tactile perception.  Their performance will be consistent with the 

performance expected of typically developing children on this measure. 

Rationale 

 
The expected pattern of performance on these measures is that the dominant and 

non-dominant hands perform similarly.  On the tactile perception measures, perfect or 
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near-perfect performances are expected for typically developing children (Reitan, & 

Wolfson, 1985).  Children with NVLD and ADHD/PI will perform worse overall when 

compared to typically developing children due to failure to maintain attention during the 

task.  However, children with NVLD will be impeded by right hemisphere dysfunction, 

causing them to make significantly more mistakes on the left sides of their bodies.   

Question 3 

 
Do children with the NVLD pattern of deficits show laterality of performance on 

a measure that integrates motor speed and tactile perception? 

Hypothesis 3a 

 
Children in the NVLD group will show lateralized deficits with the left hand 

(right hemisphere) on a measure that integrates motor speed and tactile perception.  They 

will not show a benefit on the left side due to practice.  These children will also show 

overall performance deficits compared to the control group. 

Hypothesis 3b 

 
Children in the ADHD/PI group will not show lateralized deficits on a measure 

that integrates motor speed and tactile perception.  They will show significantly better 

performance on the left side than the right side, due to a practice effect.  These children 

will show an overall deficit of performance compared to the control group. 
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Hypothesis 3c 

 
Children in the control group will show the pattern of performance expected of 

typically developing children.  They will perform significantly better on the left side than 

on the right, because of practice. 

Rationale 

 
The children in the NVLD and ADHD/PI groups will perform significantly worse 

overall than the children in the control group, due to failure to maintain attention during 

the task.  The children in the ADHD/PI group and the control group will show the 

expected pattern of results of an improvement of 1/3 on the left hand over the right hand 

(Reitan, & Wolfson, 1985).  The NVLD group will not show this practice effect, because 

their left hands will be impaired by right hemisphere dysfunction.  Therefore, they will 

perform worse on the left than on the right.  
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Chapter 4:  Results 

This chapter will present the results of the statistical analyses for the present 

study.  Preliminary analyses were first conducted to investigate the independent 

variables.  Means for age and FSIQ estimate were compared using an ANOVA to 

identify potential differences among groups.  Chi-square analyses of ethnicity and gender 

were used to detect possible differences between groups on these variables.  Significant 

covariates were subsequently incorporated into the analysis.  

 Results, including descriptive statistics, are presented for each experimental 

hypothesis.  MANOVA’s and ANOVA’s (and MANCOVA’s and ANCOVA’s if 

necessary) were used to analyze this study’s hypotheses.  Because the sample sizes in this 

study were relatively small, Fisher’s LSD method was chosen for post-hoc analyses to 

preserve power when significant overall results were found.  All analyses were performed 

using an alpha level of .05.  The data were analyzed using the SPSS for Windows 

statistical package.  All participants were included in each analysis, except in the case of 

missing data. 

PRELIMINARY ANALYSES 

 
 Because differences in age or FSIQ estimates between the groups could confound 

the results for this study, ANOVA’s were conducted to determine whether or not the 

groups differed significantly on these variables.  Means and standard deviations for age in 

months are presented in Table 1.  The results of the ANOVA for age are presented in 

Table 2.  Means and standard deviations for FSIQ estimate are presented in Table 3, and 
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the results of the ANOVA for FSIQ are presented in Table 4. The groups did not vary 

significantly by age (F= 1.395, p= .259).  However, the groups were found to vary 

significantly by FSIQ estimate (F= 9.587, p< .001).   

Table 1: Means and Standard Deviations for Age in Months 
 NVLD ADHD/PI Control 

Mean 151.40 143.27 137.32 

Standard Deviation 14.21 25.92 20.34 

 
Table 2: Analysis of Variance for Age in Months by Group 
 df MS F p 

Between Groups 2 575.133 1.395 .259 

Within Groups 42 412.251   

 
Table 3: Means and Standard Deviations for FSIQ Estimate 
 NVLD ADHD/PI Control 

Mean 107.40 105.73 122.42 

Standard Deviation 12.75 15.10 10.02 

 
Table 4: Analysis of Variance for FSIQ Estimate by Group 
 df MS F p 

Between Groups 2 1525.533 9.587 < .001 

Within Groups 42 159.131   

 

 In addition, differences between the groups in ethnicity or gender were considered 

as a possible confound to this study.  Chi-square tests were performed to ascertain 

whether the groups differed significantly on these demographic characteristics.  
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Frequency counts for ethnicity are presented in Table 5.  The results of the analysis for 

ethnicity are presented in Table 6.  Frequency counts for gender are presented in Table 7, 

and the results of the analysis for gender are presented in Table 8.  Because the groups 

were not found to vary significantly by ethnicity (χ2= 7.365, p= 0.498), or gender (χ 2= 

2.914, p= .233), these variables were assumed to have little effect on the results of the 

study. 

 
Table 5: Ethnicity Frequencies Across Groups 
 NVLD ADHD/PI Control 

Caucasian 8 11 16 

Hispanic 3 2 1 

African-American 0 0 1 

Asian 0 1 1 

Mixed 1 0 0 

 
Table 6: Chi-square Analysis for Ethnicity by Group 
 Value df p 

Pearson Chi-square 7.365 8 .498 

 
Table 7: Gender Frequencies Across Groups 
 NVLD ADHD/PI Control 

Female 4 6 12 

Male 8 8 7 
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Table 8: Chi-square Analysis for Gender by Group 
 Value df p 

Pearson Chi-square 2.914 2 .233 

 
  

 The FSIQ estimate was the only variable found to differ significantly between the 

groups.  The effect of intelligence on hand performance was further explored by 

correlating the FSIQ estimate with the difference between the right and left hand 

performance for each task.  The correlations for each measure are reported in Table 9.  

The FSIQ estimate was found to be significantly correlated with performance on the 

Grooved Pegboard Test (r= -.372, p= .012).  In addition, the correlation between 

performance on the Finger-tip Number Writing Test and FSIQ estimate approached 

significance (r= -.258, p=.086).  Therefore, for those analyses involving those tasks, 

FSIQ Estimate was incorporated as a covariate.  

Table 9: Correlations Between Motor and Tactile Measure Difference Scores and 
FSIQ  Estimate 
 Finger 

Oscillation 
Test 

Grooved 
Pegboard  
Test 

Finger 
Recognition 
Test 

Finger-tip 
Number 
Writing Test 

Tactual 
Performance 
Test 

Pearson’s r .032 -.372 .043 -.258 .063 
p .837 .012 .779 .086 .692 
 

Means and standard deviations for the groups on each independent measure are presented 

in Table 10. 
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Table 10: Means and Standard Deviations for the Independent Measures 
 NVLD ADHD/PI  Control 
SIDAC Inattentive Symptoms 
Mean 

 
7.40 

 
7.36 

 
1.00 

Standard Deviation 2.80 1.12 1.37 
SIDAC Hyperactive/Impulsive 
Symptoms 
Mean 

 
 
3.80 

 
 
2.64 

 
 
.79 

Standard Deviation 2.62 1.57 .73 
SIDAC Total Symptoms  
Mean 

 
11.30 

 
10.00 

 
1.79 

Standard Deviation 4.99 1.90 1.90 
VIQ Estimate 
Mean 

 
106.80 

 
108.00 

 
120.58 

Standard Deviation 19.74 12.97 6.99 
PIQ Estimate 
Mean 

 
106.10 

 
100.64 

 
118.32 

Standard Deviation 11.59 16.10 14.08 
FSIQ Estimate 
Mean 

 
107.40 

 
105.73 

 
122.42 

Standard Deviation 12.75 15.10 10.02 
WIAT-II Word Reading 
Mean 

 
108.00 

 
108.82 

 
112.89 

Standard Deviation 9.18 8.89 7.57 
WIAT-II Numerical Operations 
Mean 

 
88.40 

 
109.09 

 
119.95 

Standard Deviation 19.34 12.61 14.50 
WIAT-II Math Reasoning  
Mean 

 
105.40 

 
112.09 

 
121.11 

Standard Deviation 13.89 11.51 6.90 
JLO z-Score 
Mean 

 
.00 

 
-.09 

 
.64 

Standard Deviation 1.38 .74 .71 
CASP Nonverbal Cues 
Mean 

 
-2.30 

 
-1.32 

 
.18 

Standard Deviation .65 .87 1.29 
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ANALYSIS OF RESEARCH QUESTION 1 

 
 Research question 1 asked whether children with NVLD would show lateralized 

deficits on tasks of motor speed.  For example, it was hypothesized that children in the 

NVLD group would show a greater difference between their right and left hand 

performances than children in the other groups as well as overall slower performance 

overall when compared to children in the Control group.  Children in the ADHD/PI group 

were hypothesized to show a difference between their right and left hand performances 

consistent with expectations for right-handed children, but slower performance compared 

to children in the Control group.  As described below, this hypothesis was partially 

supported by the data. 

Two measures of motor speed were included in this study: the Finger Oscillation 

Test and the Grooved Pegboard Test.  Means and standard deviations for these measures 

are presented in Tables 11 and 12.  The results of the overall motor speed MANOVA are 

presented in Table 13.  Results indicate a statistically significant main effect for Hand 

Performance (F= 10.122, p<.001), which reflects the expected pattern of performance for 

right-handed children.  All groups performed faster on the right hand than on the left 

hand.  The main effect for Group was not significant (F= 1.009, p= .408), nor was the 

group by hand performance interaction (F= .816 p= .518).   

The analysis was also completed with FSIQ estimate as a covariate.  Results of 

the MANCOVA are summarized in Table 14. Once the effects of FSIQ estimate were 

removed from the analysis, the significant main effect for hand performance disappeared, 
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although it was close to statistically significant (F= 2.721, p= .078).  Therefore, the 

difference in hand performance may have been due, in part, to the effects of intelligence.  

However, given the small sample size, it is possible that there was not enough power to 

detect a significant difference, given the medium effect size (ηp
2= .122).  It is likely that 

if more participants were included, the main effect of the MANCOVA for Hand 

Performance may have been statistically significant.  The MANCOVA did not reveal a 

statistically significant effect for Group (F= .620, p= .649) or for the Group by Hand 

Performance interaction (F= .516, p= .724).  

Table 11: Means and Standard Deviations for the Finger Oscillation Test Raw Score 
 NVLD 

Right 
Hand 

Left 
Hand  

ADHD/PI 

Right 
Hand 

Left 
Hand  

Control 

Right 
Hand 

Left 
Hand  

Mean 37.92 36.69 
 

33.36 32.76 
 

33.40 32.72 
 

Standard Deviation 3.97 5.63 
 

6.39 3.42 
 

4.99 3.79 
 

 
Table 12: Means and Standard Deviations for the Grooved Pegboard Test Total 
Time 
 NVLD 

Right 
Hand 

Left 
Hand  

ADHD/PI 

Right 
Hand 

Left 
Hand  

Control 

Right 
Hand 

Left 
Hand  

Mean 77.50 85.60 
 

74.82 89.90 
 

78.89 83.58 
 

Standard Deviation 13.35 12.98 
 

10.22 17.52 
 

11.60 13.85 
 

 
Table 13: Multivariate Analysis of Variance for Motor Speed by Group 
 Wilks’ Lambda 

Value 
F Hypothesis df Error df p ηp

2 

Group .906 1.009 4 80 .408 .048 
Hand Performance .664 10.122 2 40 < .001 .336 
Group by  
Hand Performance 

.923 .816 4 80 .518 .039 
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Table 14: Multivariate Analysis of Covariance for Motor Speed by Group with 
FSIQ Estimate 
 Wilks’ Lambda 

Value 
F Hypothesis df Error df p ηp

2 

Group .939 .620 4 78 .649 .195 
Hand Performance .878 2.721 2 39 .078 .507 
Group by  
Hand Performance 

.949 .516 4 78 .724 .168 

 

 To further explore motor speed abilities across groups, performance on each 

motor speed task was analyzed separately.  Results of the ANOVA by group for the 

Finger Oscillation Test are presented in Table 15.  For the Finger Oscillation Test, there 

were no statistically significant main effects (F= 2.016, p= .146, for Group; F= 3.566, p= 

.066, for Hand Performance) or interactions (F= .185, p= .832).   

Motor Speed abilities were further analyzed using difference scores.  The 

difference scores for the Finger Oscillation task were calculated by subtracting each 

participant’s total number of taps on the left hand from the total number of taps on the 

right hand.  The results of the ANOVA comparing difference scores between groups was 

not significant (F= .185, p= .832). 

Although on the Finger Oscillation task there was no significant main effect for 

Hand Performance, the means are in the expected direction for right-handed individuals.  

Examining the means also suggests that the NVLD students performed faster on this task 

than students in either the Control or ADHD/PI groups; therefore, the means for the 

different groups on this task were not in the expected direction.  Results for the Finger 

Oscillation Test are presented in Figure 1. 
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Table 15: Analysis of Variance for the Finger Oscillation Test by Group 
 df MS F p ηp

2 

Group 2 98.228 2.016 .146 .090 

Between-Subjects Error 41 48.723    

Hand Performance 1 28.542 3.566 .066 .080 

Group by  
Hand Performance 

2 1.482 .185 .832 .009 

Within-Subjects Error 
 

41 8.004    
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Figure 1: Finger Oscillation Test Raw Score by Group 

 

Results of the ANOVA by group for the Grooved Pegboard Test are presented in 

Table 16.  For the Grooved Pegboard Test, as in the overall analysis for motor speed, 

results indicate a significant main effect for Hand Performance, which is expected for 
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right-handed children (F= 19.100, p< .001).  When an ANCOVA was conducted and the 

effects of FSIQ Estimate were removed, the main effect was still significant (F= 6.656, 

p=.014).  Therefore, the difference between right and left hand performance on this task 

appears robust.  A significant main effect for Group was not found (F= .223, p= .801), 

nor was there a significant interaction effect (F= 1.375, p= .264). Similarly, results of the 

ANCOVA controlling for FSIQ were also not significant for either the main effect of 

Group or the Group by Hand Performance interaction (F= .050, p= .951, and F= .330, p= 

.721, respectively).   

Results of the Grooved Pegboard Test were also analyzed by comparing 

difference scores.  Difference scores for this task were computed by subtracting each 

participant’s total time with the right hand from the total time with the left hand.  Results 

of the ANOVA were not significant (F= 1.375, p= .264). 

Means on the Grooved Pegboard Test were not in the hypothesized direction.  For 

right hand performance, the ADHD/PI group was fastest, followed by the NVLD group 

and the Control group.  For left hand performance, the Control group was fastest, 

followed by the NVLD group and the ADHD/PI group.  Results for the Grooved 

Pegboard Test are presented in Figure 2. 
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Table 16: Analysis of Variance for the Grooved Pegboard Test by Group 
 df MS F p ηp

2 

Group 2 82.686 .223 .801 .011 

Between-Subjects Error 42 370.212    

Hand Performance 1 1587.456 19.100 < .001 .313 

Group by  
Hand Performance 

2 114.240 1.375 .264 .061 

Within-Subjects Error 42 83.113    
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Figure 2: Grooved Pegboard Test Total Time by Group 
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ANALYSIS OF RESEARCH QUESTION 2 

 
 Research question 2 explored whether students with NVLD will show lateralized 

deficits on tasks of tactile perception.  Specifically, it was hypothesized that children in 

the NVLD group would show a poorer performance on their left hands than on their right 

hands, and that children in the NVLD group would also show an overall poorer 

performance compared to children in the control group.  Children in the ADHD/PI group 

were hypothesized to demonstrate an overall poorer performance compared to children in 

the control group, but would show similar performance on their right and left hands.  As 

explained in more detail below, this hypothesis did not appear to be generally supported 

by the data. 

This study used two measures of tactile perception: the Finger Recognition Test 

and the Finger-tip Number Writing Test.  Means and standard deviations for these 

measures are presented in Tables 17 and 18.  The results of the overall motor speed 

MANOVA are presented in Table 19. The results of the MANOVA indicate a main effect 

for Hand Performance (F= 4.049, p= .025).  This result was not expected.  A main effect 

for Group was not found (F= 1.665, p= .166), nor was a significant Group by Hand 

Performance interaction (F= 1.449, p= .225).  However, given the small sample sizes 

used in this study, there may not have been sufficient power to detect significant main 

effects or interactions.  Small effect sizes were observed for Group (ηp
2= .075), and for 

the Group by Hand Performance interaction (ηp
2= .066). 

The analysis was also completed using FSIQ as a covariate.  The results of the 

MANCOVA are reported in Table 20. Once the effects of estimated intelligence were 
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controlled for, the main effect for Hand Performance was no longer significant (F= .496, 

p= .613).  Therefore, the difference in hand performance may have been due, in part, to 

the effects of intelligence.  Again, it is also possible that power may have been limited by 

small sample size and small effect size (ηp
2= 0.024).  As in the overall MANOVA, results 

of the MANCOVA were not significant for Group (F= 1.182, p= .166), or for the Group 

by Hand Performance interaction (F= 1.449, p= .225).  

 
Table 17: Means and Standard Deviations for the Finger Recognition Test Total 
Errors 
 NVLD 

Right 
Hand 

Left 
Hand  

ADHD/PI 

Right 
Hand 

Left 
Hand  

Control 

Right 
Hand 

Left 
Hand  

Mean 1.20 2.50 
 

.64 .55 
 

.21 .74 
 

Standard Deviation 1.81 3.10 
 

.81 .52 
 

.54 1.45 
 

 
Table 18: Means and Standard Deviations for the Finger-tip Number Writing Test 
Total Errors 
 NVLD 

Right 
Hand 

Left 
Hand  

ADHD/PI 

Right 
Hand 

Left 
Hand  

Control 

Right 
Hand 

Left 
Hand  

Mean 4.60 5.50 
 

4.00 4.09 
 

5.26 4.16 
 

Standard Deviation 4.01 4.55 
 

3.63 3.51 
 

3.66 3.04 
 

 
Table 19: Multivariate Analysis of Variance for Tactile Perception by Group 
 Wilks’ Lambda 

Value 
F Hypothesis df Error df p ηp

2 

Group .855 1.665 4 82 .166 .075 
Hand Performance .835 4.049 2 41 .025 .165 
Group by  
Hand Performance 

.872 1.449 4 82 .225 .066 
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Table 20: Multivariate Analysis of Covariance for Tactile Perception by Group with 
FSIQ Estimate Controlled 
 Wilks’ Lambda 

Value 
F Hypothesis 

df 
Error df p ηp

2 

Group .892 1.182 4 80 .325 .056 
Hand Performance .976 .496 2 40 .613 .024 
Group by  
Hand Performance 

.908 .989 4 80 .418 .047 

 

Performance on tasks of tactile perception was further explored by analyzing each 

test separately.  The results of the ANOVA for the Finger Recognition Test are presented 

in Table 21.  Results reveal a significant main effect for Hand Performance (F= 7.380, p= 

.010), as in the overall MANOVA for tactile perception.  In addition, the main effect for 

Group was close to significant (F= 2.845, p= .069).  It is possible that a larger sample 

size would have provided the necessary power to detect a significant effect, given the 

small effect size (ηp
2= .119).  The Group by Hand Performance interaction for the 

ANOVA was not significant (F= 1.304, p= .282). 

The Finger Recognition Test was also analyzed using difference scores.  

Difference scores were calculated by subtracting each participant’s right hand total errors 

from the left hand total errors.  Results of the ANOVA comparing difference scores 

among the three groups were not significant (F= 1.304, p= .282). 

The means for the Finger Recognition Test are in the expected direction, 

suggesting that the NVLD group performed more poorly overall and demonstrated worse 

performance on the left hand than the right hand.  The ADHD/PI also appeared to 

perform somewhat worse than the Control group, and both the Control and ADHD/PI 
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groups demonstrated roughly similar performance on their right and left hands.  Figure 3 

illustrates the results of the Finger Recognition Test. 

Table 21: Analysis of Variance for the Finger Recognition Test by Group 
 df MS F p ηp

2 

Group 2 10.939 2.845 .069 .119 

Between-Subjects Error 42 3.846    

Hand Performance 1 6.717 7.380 .010 .149 

Group by  
Hand Performance 

2 1.187 1.304 .282 .058 

Within-Subjects Error 
 

42 .910    
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Figure 3: Finger Recognition Test Total Errors by Group 
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The Finger-tip Number Writing Test was also analyzed using an ANOVA.  Table 

22 presents the results of the analysis for the Finger-tip Number Writing Test. On the 

Finger-tip Number Writing Test, the results of the ANOVA revealed no significant main 

effects (F= .433, p= .651, for Group; F= .593, p= .446, for Hand Performance) or 

interactions (F= 1.835, p= .172). Similarly, the ANCOVA controlling for FSIQ also 

revealed no significant effects for Hand Performance (F= .963, p= .332), Group (F= .021, 

p= .980), or the Group by Hand Performance interaction (F= .886, p= .420). 

Results of the Finger-tip Number Writing Test were also explored by analyzing 

difference scores.  For this task, the difference scores were calculated by subtracting right 

hand performance from left hand performance for each participant.  The difference scores 

were compared using an ANOVA.  Results indicated that the groups were not 

significantly different (F= 1.835, p= .172). 

The means for the Finger-tip Number Writing task were roughly in the correct 

direction.  The NVLD group appeared to demonstrate poorer performance on the left, 

while the ADHD/PI group demonstrated similar performance on both sides.  

Interestingly, the Control group seemed to perform better on the left side than on the 

right, which may indicate a practice effect.  Results of the Finger-tip Number Writing 

Task are presented in Figure 4. 
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Table 22: Analysis of Variance for the Finger-tip Number Writing Test by Group 
 df MS F p ηp

2 

Group 2 12.829 .433 .651 .020 

Between-Subjects Error 42 29.610    

Hand Performance 1 2.070 .593 .446 .014 

Group by  
Hand Performance 

2 6.411 1.835 .172 .080 

Within-Subjects Error 
 

42 3.494    
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Figure 4: Finger-tip Number Writing Test Total Errors by Group 
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ANALYSIS OF RESEARCH QUESTION 3 

 
Research question 3 examined whether students with NVLD would show 

lateralized deficits on a task requiring the integration of motor speed and tactile 

perception.  For example, it was hypothesized that children in the NVLD group would 

show a lateralized performance on their left hands compared to their right hands, and 

therefore they would not benefit from the practice effect demonstrated by children in the 

other two groups.  Children in the NVLD group were also hypothesized to demonstrate 

poorer performance overall on integration tasks, when compared to the typically 

developing children.  Children in the ADHD/PI group would demonstrate an overall 

poorer performance compared to children in the control group, but would show the 

expected pattern of performance (i.e., benefit from practice) on their right and left hands.  

Results of the analyses indicate that this hypothesis was not generally supported.  

The Tactual Performance Test (TPT) was used in this study to measure the 

integration of tactile perception and motor speed.  All means and standard deviations for 

this task are presented in Table 23.  The results of the ANOVA for the TPT are presented 

in Table 24. The results of the analysis indicate a significant main effect for Hand 

Performance (F= 11.819, p= .001), which is the expected pattern of performance on this 

measure.  Overall, the participants appeared to benefit from practice.  The ANOVA 

revealed no significant effects for Group (F= 1.244, p= .299) or for the Group by Hand 

Performance interaction (F= .215, p= .807).  
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The TPT was also investigated using difference scores.  For this measure, 

difference scores were computed by subtracting the total time for each subject’s left hand 

from the total time for the right hand.  Results of the ANOVA comparing difference 

scores between groups were not significant (F= .215, p=.807). 

 Examining the means for the TPT suggests that the NVLD group performed faster 

overall than either the ADHD/PI group or the Control group; however, this was not 

significant.  Although the children in the NVLD group appeared to benefit from the 

practice effect, they seemed to benefit the least when compared to the other groups.  The 

children in the ADHD/PI group seemed to perform slowest overall when compared to the 

other two groups, and they appeared to benefit from practice more than the children in the 

NVLD group but not as much as the children in the Control group.  The children in the 

Control group demonstrated roughly the expected pattern of performance on this 

measure.  The outcome is displayed graphically in Figure 5. 

Table 23: Means and Standard Deviations for the TPT Total Time 
 NVLD 

Right 
Hand 

Left 
Hand  

ADHD/PI 

Right 
Hand 

Left 
Hand  

Control 

Right 
Hand 

Left 
Hand  

Mean 168.60 123.70 
 

240.64 165.91 
 

215.89 148.95 
 

Standard Deviation 63.14 86.62 
 

168.14 75.13 
 

95.91 70.26 
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Table 24: Analysis of Variance for the TPT by Group 
 df MS F p ηp

2 

Group 2 14733.095 1.244 .299 .060 

Between-Subjects Error 39 11845.689    

Hand Performance 1 75199.259 11.819 .001 .233 

Group by  
Hand Performance 

2 1369.069 .215 .807 .011 

Within-Subjects Error 
 

39 6362.745    
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Figure 5: Tactual Performance Test Total Time by Group 



 68

Chapter 5:  Discussion 

This chapter will first summarize the results of this study in the context of existing 

research and theory.  Next, the application of these results to clinical practice will be 

discussed.  Finally, limitations of this study will be explored and directions for future 

research will be suggested. 

SUMMARY AND INTEGRATION OF FINDINGS 

 
 This study endeavored to reconcile discrepancies in the literature regarding the 

conceptualization of NVLD, and to provide support for a theory of right-hemisphere 

dysfunction in NVLD.  Specifically, the most widely-published model of NVLD includes 

bilateral deficits in motor skills and tactile perception (Harnadek, & Rourke, 1994; 

Rourke, 1989).  However, research on NVLD also suggests that the disability is 

associated with problems in the right hemisphere of the brain (Pennington, 1991; Rourke, 

1989; Semrud-Clikeman, & Hynd, 1990; Voeller, 1986).  Because motor skills and tactile 

perception are represented bilaterally in the brain, with each hemisphere controlling the 

contralateral side of the body, a right-hemisphere model of NVLD suggests that these 

skills would be more affected on the left side of the body.  Therefore, this study examined 

whether NVLD would be associated with more impaired performance on the left side of 

the body on motor speed and tactile perception tasks. 

 The current study differed from previous investigations in two important ways.  

First, groups in this study were defined by their performance on several independent 

measures.  Children were placed in the NVLD group if they demonstrated difficulties in 
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two out of three areas: social perception skills, visual spatial skills, and mathematics 

abilities.  Previous studies, particularly those investigating motor skills and tactile 

perception (Rourke & Strang, 1978; Rourke & Telegdy, 1971), have typically determined 

group membership based on performance on one measure.  Therefore, this study 

attempted to examine NVLD as a cluster of related symptoms. 

 Second, this study incorporated children with ADHD/PI as a clinical comparison 

group.  Previous studies of NVLD have typically included only children with no 

disabilities, or children with verbal learning disabilities, for comparison (e.g. Pelletier, 

Ahmad, & Rourke, 2001; Petti, Voelker, Shore, & Hayman-Abello, 2003; Worling, 

Humphries, & Tannock, 1999).  However, ADHD/PI has been demonstrated to be highly 

comorbid with NVLD (Brown, 2000; Hynd et al., 1991; Rourke, 1989; Semrud-

Clikeman, & Hynd, 1990).  Therefore, this study included children with ADHD/PI in 

order to investigate motor and tactile perception difficulties in NVLD beyond any 

difficulties that may have been attributable to inattention or impaired vigilance. 

Summary of Motor Speed Findings 

 
 Research question one explored motor skills in each of the groups.  In general, the 

results suggest that all three groups demonstrated the expected pattern of performance for 

right handed individuals (Knights, & Moule, 1968; Reitan, & Wolfson, 1985); they 

generally demonstrated faster performance with their right hand (dominant hand) than 

with their left hand.  Although it was hypothesized that the NVLD participants would 

show more difficulties with left-sided performance compared to the other two groups, the 

data did not support this conclusion.  In addition, it was hypothesized that both the 
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NVLD and ADHD/PI groups would show overall performance deficits compared to 

typically developing controls, due to failure to maintain attention during the motor tasks.  

Again, the data did not confirm this hypothesis. 

 For the Finger Oscillation Test, the simpler of the two motor speed measures used 

in this study, significant differences were not detected between groups.  In addition, the 

means were not in the hypothesized direction.  The NVLD group performed the fastest, 

followed by the ADHD/PI group and finally the Control group, although these 

differences were not significant.   

 Similarly, for the Grooved Pegboard Test, a more complex measure of motor 

speed requiring speed, coordination, and motor planning ability, significant differences 

were again not detected between groups.  The means on this task were not entirely in the 

expected direction. Although the NVLD group performed slowest overall on this task as 

hypothesized, the ADHD/PI group demonstrated the largest difference between right and 

left hand performance. 

 The results of the analyses of motor speed performance in this study suggest that 

left-sided motor speed deficits may not be a defining feature of NVLD.  Participants in 

the NVLD group did not demonstrate significant deficits in left side performance.  

However, the results of the motor speed analysis also do not lend support to the Rourke 

model of NVLD (Harnadek, & Rourke, 1994; Rourke, 1993).  The Rourke model 

includes bilateral deficits in motor skills as a primary neuropsychological deficit in 

NVLD.  This study did not find that the students in the NVLD group exhibited motor 

speed deficits when compared to either students with ADHD/PI or typically developing 

children.   
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 The results of this study suggest that motor speed deficits may not be a useful way 

of conceptualizing NVLD.  Clear impairments in motor speed were not shown to 

distinguish the children with NVLD from the other groups.  Therefore, it may be more 

useful to consider other symptoms as the hallmarks of the disorder.   

Summary of Tactile Perception Findings 

 
 The second research question in this study examined tactile perception skills in 

each of the groups.  Overall, the results suggested that the participants demonstrated 

differences in their right hand performance versus their left hand performance.  These 

differences were not anticipated, as the expected pattern of performance on these 

measures is perfect (i.e., no errors) or near-perfect performance (i.e., one to two errors) 

on both sides (Reitan, & Wolfson, 1985).  However, the nature of these right-left 

differences varied across the tasks.  The children with NVLD were hypothesized to 

demonstrate more difficulties with left hand performance; however, this hypothesis was 

only partially supported by the data.  In addition, it was hypothesized that the children 

with ADHD/PI would perform significantly worse overall than the typically developing 

children, but this conclusion was not confirmed. 

 For the Tactile Finger Recognition Task, participants performed significantly 

more poorly on the left side than on the right side.  This result was unanticipated, given 

that the expected pattern of performance on this measure is no or very few errors (Reitan, 

& Wolfson, 1985).  In addition, the analyses for this measure revealed that the main 

effect for Group approached significance.  It is likely that with a larger sample size, the 

groups would have differed significantly.  In general, although differences between the 
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groups were not statistically significant, performance on this task was in the hypothesized 

direction.  The NVLD group made more errors overall, and also demonstrated the largest 

difference between right and left hand performance.  In addition, the ADHD/PI group 

performed more poorly than the typically developing group overall.  Because the results 

on this task demonstrated a trend in the hypothesized direction, this task may prove 

useful in identifying children with NVLD.  Children who demonstrate a large difference 

between their right and left hand performance, with the left performing more poorly than 

the right, might be suspected of having NVLD, when this pattern occurs in children who 

also demonstrate problems with math, social skills, or visual-spatial skills. 

 On the Finger-tip Number Writing Task, a more complex measure of tactile 

perception, none of the analyses were statistically significant.  However, the direction of 

the results was somewhat interesting.  The ADHD/PI and Control groups made fewer 

errors on their left hands than on their right hands.  Although these differences were not 

significant, they suggest the possibility of a practice effect for this task.  However, the 

NVLD group demonstrated the opposite pattern of performance, demonstrating more 

errors on the left side than on the right side.  Although not significant, this pattern could 

indicate that children with NVLD do not benefit from practice in the same way that other 

children do, possibly due to attentional difficulties or a compromised right hemisphere.  

 The right hemisphere is more suited to processing novel information due to its 

increased interregional connections (Goldberg, & Costa, 1981).  Therefore, right-

hemisphere dysfunction in the NVLD participants may have limited their ability to 

conceptualize and understand this novel task.  Because a trend was noted on this task that 

children with NVLD demonstrate a different pattern of performance from other children, 
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this measure may be useful in identifying children with possible NVLD.  A child who 

does not appear to benefit from practice on this measure may be suspected of NVLD.    

 Overall, the analysis of tactile perception tasks in this study did not lend 

conclusive support for the presence of lateralized deficits in tactile perception in children 

with NVLD.  The participants with NVLD did not perform significantly more poorly 

with their left hand compared to their right hand, although the means for both tasks were 

in the correct direction.  The results of the tactile perception analysis did, however, lend 

some support to the Rourke model of NVLD (Harnadek, & Rourke, 1994; Rourke, 1993), 

which suggests that a primary neuropsychological deficit in NVLD is bilateral deficits in 

tactile perception.  The NVLD participants performed more poorly than the other groups 

overall, and although this result was not statistically significant, there was a possible 

trend for the Tactile Finger Recognition task.  However, the ADHD/PI group performed 

more poorly than the Control group on both tasks; therefore, the performance of the 

NVLD group may have been impeded, at least in part, by inattention. 

 The results of the tactile perception analyses in this study suggest that deficits in 

tactile perception may be a correlated but not primary symptom of NVLD.  Although the 

children with ADHD/PI appeared to perform more poorly than the typically developing 

children, the children with NVLD appeared to perform even more poorly.  Therefore, 

although performance on tactile perception tasks may be affected by inattention, right 

hemisphere dysfunction appears to play a role as well.  Tactile perception may be useful 

in conceptualizing and diagnosing NVLD; however, because ADHD/PI may cause poor 

performance on these tasks for some children, tactile perception should be considered in 

conjunction with other difficulties.  
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Summary of Motor Speed and Tactile Perception Integration Findings 

 
 The third research question in this study examined performance of the three 

groups on a measure requiring the integration of motor speed and tactile perception skills.  

The hypotheses for this measure were not conclusively supported; specifically, that 

children with NVLD would demonstrate impaired performance on the left side compared 

to the other two groups and that children with ADHD/PI would perform more poorly on 

both sides than the typically developing children.  Overall results for the analysis 

confirmed the expected pattern of performance on this measure (Reitan, & Wolfson, 

1985).  The participants demonstrated significantly better performance on the left side 

than on the right side, due to a practice effect.  Although the groups did not differ 

significantly on their performance on this task, the means were partially in the expected 

direction.  The NVLD group performed the fastest overall on this task, demonstrating the 

same pattern as on the motor speed tasks.  However, the NVLD group demonstrated the 

least difference in their right and left hand performance.  Although not statistically 

significant, this finding suggests the possibility that the children with NVLD may not 

have benefited from practice as much as the other two groups. 

 The results of the analysis of the integration measure suggest that performance on 

this measure may not be helpful in diagnosing NVLD.  The students with NVLD did not 

differ significantly from the other two groups on this task.  However, the results also do 

not support the Rourke model of NVLD (Harnadek, & Rourke, 1994; Rourke, 1993), 

which would include bilateral deficits in the integration of motor speed and tactile 

perception.  The children with NVLD did not perform significantly worse than the other 
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two groups on this measure.  The direction of the means suggests that the children in the 

NVLD group may not have benefited from practice in the same way that the other 

children did.  This is consistent with a right-hemisphere model of NVLD, given that the 

right hemisphere is dominant for processing new information. 

Overall Summary 

 
 The overall results of this investigation do not lend support the Rourke model of 

NVLD.  In particular, Rourke’s three-tiered model of NVLD includes bilateral deficits in 

motor skills and tactile perception (Harnadek, & Rourke, 1994; Rourke, 1993).  The 

findings of this study suggest, albeit inconclusively, that children with NVLD may 

actually perform faster than typically developing children on some measures of motor 

speed.  In addition, although small differences in the means were noted on tasks of tactile 

perception suggesting that children with NVLD may perform worse bilaterally on these 

tasks, these small differences were also noted for children with ADHD/PI.  Although 

trends were noted suggesting that children with NVLD may perform worse than children 

with ADHD/PI, these differences would likely be difficult to detect in clinical settings. 

 Possible trends in this study suggested that children with NVLD may not benefit 

from practice in the same way that other children do.  Because the right hemisphere is 

primarily involved in processing new information and forming schema to be used by the 

left hemisphere (Goldberg, & Costa, 1981), right hemisphere dysfunction in NVLD may 

lead to some difficulty in learning new tasks.  Because this pattern did not appear to be 

present for children with ADHD/PI, difficulties in learning from practice may be a way to 

distinguish NVLD from ADHD/PI.   
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The lack of significant findings demonstrating clear left-sided deficits for children 

with NVLD suggests that if the right hemisphere model of NVLD is valid, then perhaps 

these children have developed compensatory strategies, or perhaps the symptoms of 

NVLD are noticeable only in complex, high-demand situations.  Whether the right-

hemisphere model, the Rourke model, or some other conceptualization of NVLD proves 

most useful, the need for more research to inform clinical practice is clear. 

IMPLICATIONS FOR CLINICAL PRACTICE 

 
 Clear-cut diagnostic criteria do not yet exist for NVLD.  The results of this study 

indicate that establishing diagnostic criteria may be a difficult undertaking.  This study 

examined motor speed and tactile perception, and explored the possibility that laterality 

of deficits in these abilities could be used as a way to identify children with NVLD in line 

with theoretical hypotheses.  Because the results of this investigation are inconclusive, 

performance on measures of motor speed and tactile perception should likely not be used 

to diagnose NVLD.  Although Rourke (1993) argues that bilateral deficits in motor speed 

and tactile perception are primary neuropsychological deficits in NVLD, the results of 

this study suggest that other types of deficits, such as difficulties with social skills or 

visual-spatial problems, may be more useful in diagnosing NVLD.  

In addition to identifying potential diagnostic criteria for NVLD, it is necessary to 

clearly identify the deficits associated with the disorder in order to inform treatment.  

Successful interventions for NVLD should target problems that have been empirically 

demonstrated as part of the disability.  If difficulties with motor speed and tactile 

perception, left-sided or bilateral, are shown as deficits of NVLD, then treatment options 
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for NVLD could potentially include occupational therapy, activities involving crafts and 

manipulatives, and other interventions addressing fine motor skills and perception of 

touch.  Although this study was not able to provide evidence that these skills are affected 

in NVLD, there were limitations to this investigation that may have hindered its ability to 

detect differences that may have, in fact, been present. 

LIMITATIONS  

 
 There are limitations to the current study.  The most important limitation to this 

investigation was the small sample size.  Had more participants been included in this 

study, it is possible that some of the differences in the means may have reached 

significance.  It is possible that the sample size was limited in this study because this 

study examined populations that are often overlooked and under-identified, specifically, 

NVLD and ADHD/PI.  Because children with these disabilities often do not exhibit 

externalizing behavior problems, and because their academic struggles can often be 

subtle and complex, parents and teachers may have overlooked potential participants and 

failed to refer them to the study. 

 An additional limitation to this study was the differences in intelligence between 

the three groups.  The children in the Control group scored significantly higher on 

measures of FSIQ estimate.  Although the differences in intelligence were explored 

statistically and the effects of those differences were examined using analyses of 

covariance, it is still possible that intelligence influenced the results.  Because many of 

the students in the Control group performed in the superior to very superior range, it is 

possible that this group was not a representative sample of typically developing children.  
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Therefore, the performance of these participants on measures of motor speed and tactile 

perception may have been qualitatively different from a truly representative sample. 

 Another limitation to this study is the high comorbidity rate of NVLD with 

ADHD/PI.  Although this study attempted to address this concern by including 

participants with ADHD/PI as a clinical control group, it is difficult to ascertain which 

difficulties are due to inattention and which may be truly due to NVLD.  It is possible 

that attention problems affect children with NVLD differently than children with 

ADHD/PI.  It is also possible that ADHD/PI represents a milder form of NVLD, as some 

research has suggested (Brown, 2000; Hynd et al., 1991; Semrud-Clikeman, & Hynd, 

1990).  In sum, it is challenging to study NVLD without understanding the nature of the 

relationship between NVLD and inattention. 

 FUTURE DIRECTIONS FOR RESEARCH 

 
 The present investigation was undertaken in order to explore the 

neuropsychological deficits associated with NVLD.  Although the majority of studies that 

have been conducted on NVLD have proceeded from a neuropsychological perspective, 

research has failed to define a clear profile for the disability.  This difficulty suggests that 

there may be variability within the disability, or that the problems associated with NVLD 

may complex and therefore difficult to capture with studies that address only one or two 

abilities at a time.  Future research, therefore, should continue to examine the 

performance of students with NVLD on neuropsychological measures.  It is hoped that 

such research will eventually lead to well-defined diagnostic criteria for the disorder as 

well as to appropriate interventions. 
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 Similarly, future research on NVLD would be most beneficial if the disability was 

explored as a cluster of deficits, in the way that this study attempted to do.  Many of the 

studies investigating NVLD have grouped participants based on performance on one 

measure (e.g. Rourke, & Strang, 1978; Rourke, & Telegdy, 1971; Rourke, Yanni, 

MacDonald, & Young, 1973).  It may be that the lack of studies exploring groups of 

symptoms that coincide has contributed to the confusion and contradictions surrounding 

NVLD.  

An additional area of focus for research on NVLD is the relationship between 

NVLD and ADHD, particularly the inattentive subtype.  Clearly, there is some overlap 

between the two disabilities.  Children with the inattentive subtype of ADHD have been 

shown to demonstrate difficulties in some of the same areas that have been associated 

with NVLD, such as social competence (Semrud-Clikeman, & Schafer, 2000), 

perceptual-motor speed (Barkley, DuPaul, & McMurray, 1990), tactile perception 

(Parush, Sohmer, Steinberg, & Kaitz, 1997), and visual-motor integration (Wilkinson, 

Schafer, & Semrud-Clikeman, 2002).  These common symptoms have undoubtedly 

contributed to the suggestion that NVLD and ADHD may be part of the same syndrome 

(Brown, 2000; Hynd et al., 1991; Semrud-Clikeman, & Hynd, 1990).  

 Presently, good clinical judgment is needed to identify children with NVLD, and 

to successfully implement appropriate treatment.  However, even the best clinicians will 

continue to be challenged to diagnose NVLD, as well as to distinguish the disability from 

other similar, and sometimes co-morbid, disorders, such as ADHD, Asperger’s Disorder, 

and Autism.  In order to aid clinicians, and ultimately the children affected by this 

disability, researchers must continue to strive to illuminate the nature of this disorder.  
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Appendix A 

Assessment Battery 

1. Consent Form—Signed by Parent or Guardian 

2. Assent Form—Signed by Child 

3. SIDAC ADHD Questionnaire * 

4. Behavior Assessment Scales for Children (BASC)—Parent, Teacher, Self 

5. Social Skills Rating Scales (SSRS)—Parent, Teacher, Self 

6. Wechsler Intelligence Scale for Children—Third Edition (WISC-III) * 

a. Vocabulary Subtest 

b. Block Design Subtest 

Or Wechsler Abbreviated Scale of Intelligence (WASI) 

7. Wechsler Individual Achievement Test—Second Edition (WIAT-II) * 

a. Word Reading Subtest 

b. Reading Comprehension Subtest 

c. Numerical Operations Subtest 

d. Math Reasoning Subtest 

e. Written Expression Subtest 

8. Woodcock Johnson Tests of Cognitive Ability—Third Edition (WJ-III) 

a. Concept Formation Subtest 

b. Analysis/Synthesis Subtest 

c. Numbers Reversed Subtest 

d. Auditory Working Memory Subtest 

9. Judgment of Line Orientation (JLO) * 
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10. Rey-Osterreith Complex Figure Drawing (copy only) 

11. Developmental Test of Visual Motor Integration (VMI) 

12. Child and Adolescent Social Perception (CASP) * 

13. Empathic Response Task (ERT) 

14. Diagnostic Analysis of Nonverbal Accuracy—Second Edition (DANVA2)  

15. Delis-Kaplan Executive Functioning Scale (D-KEFS) 

a. Color-Word Subtest 

b. Tower Subtest 

16. Finger Oscillation Test ** 

17. Grooved Pegboard ** 

18. Tactile Finger Recognition ** 

19. Finger-tip Number Writing Perception ** 

20. Tactual Performance Test (TPT) ** 

*Independent measures used for this study 

**Dependent measures used for this study 
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Appendix B 

 

Consent Form 
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