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The present study investigates the effect of brain 

damage on verbal-spatial-cognitive (VSC) and sensorimotor 

(SM) measures included in the McCarron-Dial System (MDS). 

The subjects include 141 brain damaged adults and 42 psy-

chiatric controls. The following research questions are 

addressed: (a) Does the brain damaged group differ signifi-

cantly from controls? (b) Are there significant differences 

among left, right, anterior, posterior, and diffuse brain 

damaged groups? (c) Do early onset, late onset, acute, and 

chronic damaged groups differ significantly? and (d) Does 

a cerebral palsy group differ significantly from a non-CP 

brain damaged group? 

Analyses of variance reveal significant differences 

between the brain damaged and control groups on 44 of 53 

VSC and SM measures; 97% of the brain damaged group and 71% 

of the controls are accurately classified by MDS and SM 

measures using discriminant analysis. Significant differ-

ences between the left and right brain damaged group are 

observed on 27 of 44 MDS measures; however, only 4 SM left 

hemisphere indicators significantly differentiate among left, 



right, diffuse, and control groups; 60% of the subjects in 

these groups are accurately classified. Only 3 of 26 MDS 

measures differ significantly among the anterior, posterior, 

and control groups; 73% of these subjects are accurately 

classified by SM measures. Significant differences between 

the early and late onset groups are observed on 18 of 24 

MDS VSC and SM measures, but no MDS variables differ signif-

icantly between the acute and chronic groups. All 53 MDS 

VSC and SM measures differ significantly between the CP and 

brain damaged (without CP) groups; the motor scores are rel-

atively lower in magnitude than other factor scores. 

The results support the validity of the MDS for neuro-

behavioral diagnosis, but supplementary information is 

needed to increase prediction accuracy. A key approach to 

interpretation may have advantages over statistical models. 

Further validation research is needed to extend the system's 

utility for neuropsychological diagnosis. 
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NEUROPSYCHOLOGICAL ASSESSMENT OF BRAIN DAMAGE: A 

VALIDATION STUDY OF THE MCCARRON-DIAL SYSTEM 

Neuropsychology has traditionally focused on two major 

concerns: precise localization of brain lesions responsible 

for specific behavioral and medical disorders; and the 

analysis of brain-behavior relationships in an attempt to 

understand the brain as the principal organ of behavior. 

These concerns, though complementary, have involved separate 

activities and interests among neuroscientists and clinicians 

alike (Luria, 1970). 

Clinical neuropsychologists have largely emphasized 

localization of lesions in the hopes of developing non-

invasive techniques for early diagnosis of brain disorders. 

In contrast, research oriented neuroscientists have been 

concerned with various aspects of localization, but in the 

context of understanding the normal structure and function 

of the brain. The former have emphasized clinical instru-

mentation, deductive data interpretation, and pragmatic 

techniques of diagnosis and treatment; while the latter have 

emphasized laboratory instrumentation, inductive data inter-

pretation, and theory building (Filskov & Boll, 1981; Hecaen 

& Albert, 1978; Benton, 1975). 

In recent years, the interests of clinicians and re-

searchers have converged to form a positive coalition from 



which many advances in the understanding of brain-behavior 

relationships and brain disorders have been made. The 

present coalition has, in part, emerged as a result of three 

major contributions from the neurosciences, physics, and 

medicine; namely: the development and validation of non-

invasive behavioral techniques for differential diagnosis 

of cortical brain disorders; the corresponding development 

of low risk and/or minimally invasive radiologic techniques 

for localizing brain lesions; and the formulation of an 

appealing neurobehavioral theory which has integrated many 

of the diverse and superficially contradictory findings in 

the neuroscience literature (Lassen, Ingvar & Skinhoj, 1978; 

Luria, 1970; New, Scott, Schnur, Davis & Taveras, 1974). 

Historically, many behavioral instruments have been 

used as measures in neuropsychological research and in 

clinical practice. In common, they have attempted to measure 

one or more of the global higher functions in man such as 

"perception," "memory," "learning," "cognition," "language," 

affect," and/or "complex sensorimotor functions." From the 

various behavioral operations included in the tests, infer-

ences regarding the integrity of underlying brain structures 

(and their dynamic physiology) have been drawn. The general 

assumption has been that abnormal brain structure and/or 

physiology is responsible for abnormal deviations in behavior 

and, conversely, abnormal deviations in behavior (in the 

absence of non-organic explanations) imply brain pathology. 



The clinical neuropsychologist has been expected to 

incorporate case history information with the patient's 

behavioral profile (derived from a variety of standardized 

neuropsychological tests and behavioral observations) to 

formulate diagnostic hypotheses. Treatment strategies or 

further diagnostics have been recommended on the basis of 

these tentative diagnoses (Golden, 1981; Lezak, 1976). 

The effectiveness and/or usefulness of a neuropsycho-

logical instrument depends on a number of critical factors. 

The instruments should meet acceptable psychometric standards, 

i.e., standard procedures of administration and scoring, 

appropriate normative or criteria references; sufficiently 

high reliability; and most importantly, they must be valid 

measures of the construct that they purport to assess. In 

addition to the usual psychometric criteria, instruments 

used in clinical neuropsychology should ideally demonstrate 

two other qualities: (a) a direct relationship between 

changes or alterations in brain functioning and performance 

as measured by the particular instrument; and (b) a func-

tional relationship between performance on the instrument 

and the appropriateness of a particular approach to treat-

ment, rehabilitation, and/or education. 

The Research Problem 

The present research is concerned with validating an 

existing vocational evaluation system with regard to its 

effectiveness in neurobehavioral diagnosis. The McCarron-Dial 



System (MDS) was initially developed from a neuropsycho-

logical conceptual model for application as a vocational 

evaluation battery (McCarron & Dial, 1976). It has been 

empirically validated as an effective evaluation system for 

selecting appropriate treatment, training, and/or education 

strategies for remediation and/or accommodation of functional 

limitations in the brain damaged/dysfunctioned population. 

Although components of the system have been extensively 

validated for neuropsychological diagnosis, little research 

has been conducted on the validity of the system as a whole 

for this purpose. 

The present study investigates the relationship of 

various categories of known brain damage (independent vari-

able) to dependent measures of verbal-spatial-cognitive and 

sensorimotor function included in the McCarron-Dial System. 

A variety of discriminant analyses are conducted to determine 

the most efficient model (function with the minimum variables 

with the maximum accuracy in prediction); and the model which 

defines the maximum accuracy in prediction, regardless of 

variable set (Nie, Hull, Jenkins, Steinbrenner & Bent, 1975). 

An overview of established neuropsychological batteries and 

the MDS follows: 

Neuropsychological Batteries 

Halstead-Reitan Battery (HRB). One of the most widely 

researched neuropsychological test batteries was developed 

for use with adults by Halstead (1947) and later revised 



and extended for use with adults and children by Reitan 

(1969, 1974). The original battery included 27 tests of 

which 10 were used to derive an "impairment index." Reitan 

later dropped three of the original 10 tests and supplemented 

the remaining seven with additional measures. The revised 

battery for adults included: Categories Test (a measure of 

concept formation); Tactual Performance Test (a measure of 

various sensorimotor functions, tactile form perception, 

spatial organization and kinesthesis); Seashore Rhythm Test 

(a measure of sustained attention and nonverbal-auditory 

discrimination); Speech Sounds Perception Test (a measure of 

attention and verbal-auditory-visual discrimination); and 

Finger Occillation Test (a measure of finger tapping speed). 

The resulting Halstead-Reitan Battery (HRB) generated an 

index of possible brain damage, the "Impairment Index," as 

well as other specific data useful in differential diagnosis 

of location, chronicity, and the nature of the suspected 

lesion. 

The HRB has generally been supplemented with various 

measures of intelligence, achievement, sensory perception, 

sensorimotor functions, and/or emotional-personality inven-

tories. Commonly used tests of intelligence have included 

the Wechsler-Bellevue Intelligence Scale (Wechsler, 1944) 

and the Wechsler Adult Intelligence Scales (Wechsler, 1955), 

while the Wide Range Achievement Test (Jastak & Jastak, 1965) 

and the Minnesota Multiphasic Personality Inventory (Hathaway 



& McKinley, 1967) have been frequently incorporated into the 

battery as measures of achievement and emotional-personality, 

respectively. The assessment of perceptual and sensorimotor 

functions has often been augmented by the Trail Making Test 

for Adults (Reitan, 1958), grip strength using a hand dy-

namometer, tactile finger recognition, finger-tip number 

writing, and tactile coin recognition. Certain speech, 

language and visual-constructional abilities have ordinarily 

been evaluated using the Aphasia Screening Test (Wheeler & 

Reitan, 1962). Although not all of the aforementioned 

supplemental tests are necessarily incorporated in the 

neuropsychological assessment of a particular adult patient, 

they have been, among others, frequently used. 

The children's version (Halstead Neuropsychological 

Test Battery for Children and the Reitan-Indiana Neuropsy-

chological Test Battery for Children) included many of the 

same instruments used in the adult battery with special 

procedural adaptations and different norms; i.e., Categories 

Test, Tactual Performance Test, and Finger Tapping Test 

(Finger Occillation Test). The children's battery has also 

included the Marching Test (a measure of gross skeletal-

muscular function); Color Form Test (a measure of organiza-

tional ability, flexibility in thinking and visual-motor 

integration); Progressive Figures Test (a more complex test 

measuring similar constructs as the Color Form Test); Target 

Test (a measure related to the reception and expression of 



visual-spatial relationships); and the Individual Performance 

Test (a group of tasks that assess visual-spatial relation-

ships (Reitan & Davison, 1974; Filskov & Boll, 1981). 

A plethora of studies using a variety of statistical 

techniques have been reported documenting the validity of the 

Halstead-Reitan Battery for assessing neuropsychological func-

tioning of different neurological, psychiatric, and normal 

populations (Reitan, 1955; Vega & Parsons, 1967; Matthews, 

Shaw & Klove, 1966; Klonoff, Fibiger & Hutton, 1970; Filskov 

& Goldstein, 1974; Schreiber, Goldman, Kleinman, Goldfader & 

Snow, 1976). 

A simple method for assessing the validity of a neuro-

psychological battery has been to derive a classification 

function using multiple discriminate analysis for each 

category in which apriori membership of the patient is 

known; i.e., brain-damaged versus non-brain-damaged or acute 

versus chronic; apply the function to each member of the 

group (or better still, to a new sample); and to calculate 

the percentage of accurate classifications (hits) (Lachenbruch 

& Mickey, 1968). 

A study conducted by Wheeler, Burke, and Reitan (1963) 

using discriminant analysis of the HRB and other variables 

exemplifies the high degree of accuracy in correctly cate-

gorizing 140 subjects into four groups: no cerebral damage; 

left cerebral damage; right cerebral damage; and diffuse 

cerebral damage. An overall average "hit rate" of 94% was 
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observed in this study. Other studies contrasting various 

brain-damaged with non-brain damaged groups have reported 

consistently high, but less impressive, "hit rates" (70-

80%) (Wheeler & Reitan, 1963; Matthews et al., 1966). In 

light of extensive validation research, there remains little 

doubt as to the HRB's usefulness in localizing lesions in 

adults and children (Boll, 1974; Reitan & Davison, 1974). 

The Halstead-Reitan batteries for adults and children 

have contributed much to differential diagnosis of brain 

lesions and to the quantification of specific behavioral 

deficits present among a variety of brain disorders. How-

ever, to what extent do data derived from the HRB relate to 

treatment selection? Rehabilitation outcome? Vocational 

and educational placement following acquired brain damage? 

Little, if any, research is available which directly 

deals with the issue of selective treatment, training, or 

re-education of patients based on a comprehensive neuropsy-

chological assessment using the Halstead-Reitan Battery 

(Diller, 1976; Ben-Yishay, Diller, Gordon & Gerstman, 1978; 

Golden, 1981; Filskov & Boll, 1981). Interestingly enough, 

Golden (1981) contributes more than three-fourths of the text 

entitled Diagnosis and Rehabilitation in Clinical Neuropsy-

chology to basic principles of neuropsychology and traditional 

diagnostics with the HRB. Only two chapters are devoted to 

principles of rehabilitation, and neither elucidates the 

relationship between localization of lesions and treatment 



planning. Furthermore, one must question whether "localiza-

tion," per se, is a meaningful end result of an expensive, 

time-consuming (4-6 hours) evaluation. This would seem 

particularly controversial considering the advent of improved, 

high resolution computer axial tomography; positron emission 

tomography; and thermography; not withstanding minimal risk 

radioisotopic labeling procedures to monitor regional blood 

flow in the brain (Lassen, Ingvar & Skinhoj, 1978). 

The Luria-Nebraska Battery (LNB). Recently, Golden 

(1981) has introduced the Luria-Nebraska Neuropsychological 

Battery (LNB) as a new assessment technology for differential 

diagnosis and treatment planning. The battery, as its name 

implies, has attempted to incorporate Luria's (1966, 1970, 

1973) Functional Systems Theory in the selection of assess-

ment tasks. 

Luria's theory postulates the following. 

All behavior is mediated (determined) by underlying 

functional systems which form the neurological substrate 

of that behavior. 

2. Functional systems are comprised of more than one 

cell or cell assembly organized both vertically and horizon-

tally in the cortex (and lower structures), but there is a 

finite number of cells involved in each behavior. 

3. Cells of one functional system may participate in 

other functional systems. 
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4. Alternate systems may exist which can (in part) 

mediate behavior in the event a primary system is damaged. 

Accordingly, a behavior may be differentially affected 

by lesions in diverse areas of the brain, and a lesion in 

any specific locus may affect more than one behavior. 

Therefore, according to Luria, a behavioral assessment of 

neurological function should include a wide variety of tasks 

(inductionistic) representing various functional systems; 

and conversely, a factor analytic (reductionistic) approach 

to interpretation would be most fruitful in both diagnosis 

and in developing an understanding of brain-behavior rela-

tionships . 

Luria's personal assessment techniques were, however, 

qualitative in nature, involving little quantification of 

data. He relied primarily on extensive observation over 

long periods of time and on informal techniques often in-

volving himself as the "test" stimulus. As a result, his 

procedures were impossible to replicate even by some of his 

better students. 

An intermediate attempt at quantification (at least 

of stimulus items) was made by Anne-Lise Christensen (1975). 

Golden (1981) later reduced the number of items based on 

initial pilot studies to a total of 269 divided into 11 

sections. The assessment procedure purportedly takes approx-

imately 2 to 2% hours and may be administered in a hospital 

room (an impossibility for the HRB). The test sections 
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include: motor functions, rhythm (acousticomotor), tactile 

(higher cutaneous and kinesthetic functions), visual (spatial) 

functions, receptive speech, expressive speech, writing, 

reading skills, arithmetic skills, memory, and intellectual 

processes. The raw scores from each section are plotted on 

a graphic profile and converted to T-scores. Three additional 

scales are derived from critical items included in the other 

sections; these are: pathognomonic (32 most discriminating 

items), right, and left hemisphere scales (combinations of 

unilateral items from the tactile and motor sections). 

In the initial validation study by Golden, Hammeke, and 

Purisch (1978), the 30 most sensitive items (of 269) accu-

rately placed 100% of the subjects (50 brain-damaged, 50 

non-brain-damaged) into the appropriate categories. The 14 

test sections (including the pathognomonic, right, and left 

hemisphere indicators) achieved an overall hit rate of 93%. 

An 88/ overall hit rate was observed between brain-damaged 

and schizophrenic controls. Further studies documenting the 

validity of the LNB for specific localization are forthcoming. 

The instrument would appear to be equally promising as the 

HRB for localization purposes. 

The standardized profile, relatively shorter adminis-

tration time, and ease of administration in the hospital 

setting would appear to be definite benefits of the LNB as 

contrasted with the HRB. The LNB has one major technical 

disadvantage, however, when compared to the HRB; that is, 
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the detailed involvement of the examiner as a part of the 

test stimuli may require that he/she would probably need 

considerably greater training and experience. The standard-

ization of the HRB, in contrast, permits less extensively 

trained technical staff to administer and score the various 

tests, thus allowing the psychologist to perform other more 

complex interpretation, report preparation, and treatment 

functions. 

Luria's Functional Systems Theory, on which the LNB is 

based, gives the system a definite conceptual advantage over 

the HRB as well as other neuropsychological tests. The 

Functional Systems Theory provides direction for hypothesis 

formulation and testing related to brain-behavior relation-

ships, as well as a conceptual model by which treatment/ 

rehabilitation strategies may be developed. It is clear 

from Golden's work that he fully intends for the LNB to 

serve as both a diagnostic and programming tool (Golden, 

1981). However, the LNB is far from achieving this goal. 

Though impressive results have been published concerning the 

system s diagnostic validity, these studies provide only 

preliminary support. Furthermore, no empirical data are 

yet available which document the relationship between the 

LNB and various rehabilitation and/or educational outcomes; 

or which suggest a valid mechanism for selecting treatment 

on the basis of an individual patient's profile. 
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The McCarron-Dial System (MPS). The McCarron-Dial 

System (MDS) is a battery of neuropsychologically based be-

havioral measures introduced to the field of rehabilitation 

in 1973 (McCarron & Dial, 1976; Botterbusch, 1980). The 

system has been incorporated into many rehabilitation and 

public school evaluation programs to assess work potential 

and vocational competency of the neuropsychologically dis-

abled. In this context, disabilities of neuropsychological 

origin are considered to have as their primary etiology a 

pathological deviation of structure or function in the 

higher brain centers. The disorder may be congenital or 

acquired; static, transient, or progressive; or simply a 

significant: deviation from normal development. Regardless 

of specific etiology, the primary functional limitations 

involve one or more of the higher cortical systems which 

mediate perception, memory, learning, cognition, language, 

affect, and/or complex voluntary motor movement. As such, 

many traditional disabilities such as mental retardation, 

cerebral palsy, brain trauma, and even learning disabilities 

are subsumed under the neuropsychological category and have 

been evaluated by the MDS (Dial, McCarron & Henke, 1978). 

The MDS is based on a neuropsychological model which incor-

porates both traditional views of brain function, as well as 

the concepts of Luria (1970). A review of these concepts 

is important in attempting to understand this system. 
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The traditional model of cerebral organization portrays 

a dichotomous brain with structural and functional differen-

tiation between the right and left hemispheres. The left 

hemisphere dominates for language in most individuals (90-

95%) and is described as analytical and verbally oriented. 

It is considered the center for the acquisition, production, 

comprehension, ideation, and expression of language. The 

left hemisphere tends to predominate in processing and ana-

lyzing information from the environment that is presented 

in a sequential order, requires language encoding or decoding, 

or requires the use of mathematic operations (Geschwind, 

1975, 1979). 

In contrast, the right cerebral hemisphere is described 

as a simultaneous synthesizer which integrates non-verbal, 

visuospatial information. It predominates in the tactile-

kinesthetic recognition of shapes, forms, and spatial 

configurations; the perception of direction and perspective; 

the reproduction of geometric images; and the appreciation 

of musical melody (Gazzaniga, 1967; Geschwind, 1979; Kimura, 

1973; Witelson, 1974; Woods & Teuber, 1973). Accordingly, 

an assessment battery, such as the MDS, should include tests 

of both verbal and spatial functioning. 

The traditional model of cerebral organization implies 

considerable lateralization of function, cerebral dominance 

for specific functions, and a rather isomorphic relationship 

between brain structure and complex behavior. Although the 
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simplicity of this model is appealing, recent neuropsycho-

logical and physiological research evidence presents a more 

complicated picture. 

Gazzaniga (1979), for example, re-evaluated his earlier 

work in the face of current findings and suggested that the 

cerebral hemispheres may differ more in their response mode 

than in their capacity to mediate or process different kinds 

of data. His work suggests that cerebral dominance may 

depend on several variables including the content of the 

information to be processed (i.e., verbal or visuospatial); 

the most efficient method of data analysis for that content 

(analytical, or synthetic); and the response mode required of 

the organism (verbal, manual, etc.). Therefore, an assess-

ment technology must consider stimulus and response variables 

in addition, to the special content of the task. 

Furthermore, Neils Lassen and his associates (1978) 

found considerable metabolic activity (suggested by regional 

blood flow) in cells of the left and right hemispheres during 

production of language and performance of verbal-cognitive 

tasks such as reading. On the other hand, Lassen's work also 

tended to confirm that specific areas of the brain predominate 

in activity level during certain behavioral tasks, i.e., 

identifying objects by tactile cues alone. 

Structural asymmetries between the right and left hemi-

spheres which may support functional differences have also 

been observed. For example, the sylvian fissure rises more 
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steeply in the right hemisphere, and the posterior aspect 

of the planum temporale (a part of "Wernicke's receptive 

language" area on the upper surface of the temporal lobes) 

is usually much larger in the left than in the right cere-

bral hemisphere (Geschwind, 1979). 

This picture is further complicated when considering 

the effects of gender on the structure and function of the 

higher cortical centers. Though comparatively little 

research has been conducted in this area, various studies 

have suggested functional differences between males and 

females in cerebral organization. Norms and interpretation 

procedures of neuropsychological instruments must, therefore, 

account for possible differences in gender. 

The integration of isomorphic and holistic theories of 

cerebral organization may be adequately achieved by consid-

ering the Functional Systems Theory (Luria, 1970, 1973, 1976) 

Luria suggested that the brain is composed of functional 

systems which mediate all behavior. Each functional system 

involves more than one structural element (cell or cell 

assembly); however, there is a finite number of elements in 

each system. Functional systems are analogous to chains in 

that each cell is involved in some way in the mediation of 

the behavior for which the system is responsible. Therefore, 

if one element is damaged, the system cannot function in 

its most efficient or effective way. Elements may be (and 

usually are) involved in more than one functional system; 
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in other words, there is multiple participation of elements 

among various functional systems. The extent to which be-

haviors mediated by different functional systems correlate 

may define the degree to which multiple participation of 

the neural substrata would be observed. 

Damage to a specific region of the brain would therefore 

produce differential effects in terms of observed behaviors. 

Highly correlated behaviors may be most universally affected; 

however, many systems would be affected in some way by the 

same lesion. Conversely, a given behavioral act may be af-

fected differentially by lesions in different areas of the 

brain or cerebral hemispheres. Therefore, a multidimensional 

approach to understanding cerebral organization would be 

most beneficial. 

According to Luria, the development of functional 

systems depends on genetic, hormonal, and environmental 

influences; classical conditioning was also thought to 

fluence the organization of these systems. Luria described 

the structural organization of the brain in terms of three 

units or blocks. The first unit consists of the reticular 

formation, diencephalon, and limbic system. This unit is 

functionally organized to mediate arousal and modulation of 

cortical tone" and emotion. It has extensive afferent and 

efferent communications with the entire brain, but particu-

larly with the frontal lobes via the medial forebrain bundle. 

Unit one has specific functional systems for maintaining 
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homeostasis and for regulating various "drive states." It 

also participates in memory and learning via attentional 

states, filtering of stimuli, and through rehearsal. 

Unit two consists of the sensory cortex and is divided 

into three areas for detection, recognition, and association 

of somatosensory, auditory, and visual stimuli. The auditory 

analyzer is located in the temporal lobes with the primary 

detection area in heschl's gyrus. The secondary auditory 

area responsible for recognition and synthesis of auditory 

information is located in the lateral areas adjacent to the 

primary area. The primary detection area for visual stimuli 

is in the calcarine cortex of the medial occipital lobes. 

The secondary recognition areas are more lateral in the 

occipital lobes. The primary detection areas for somatosen-

sory stimuli are located in the postcentral gyrus (anterior 

parietal lobes) and are relatively isomorphic with respect 

to representation of body areas in the cortex. The face 

and hands are represented laterally while the arms and torso 

are represented in the superior areas; legs are represented 

medially. The postcentral gyrus also contains many large 

Betz cells (about 20-30%) of the motor system (which is 

located in the adjacent precentral gyrus) and, conversely, 

the motor cortex contains an equally large number of sen-

sory cells. The sensorimotor cortex is therefore considered 

as an intermediary between unit two and unit three. The 

tertiary association area of unit two is located in the 
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supramarginal and angular gyri and serves to integrate all 

three primary sensory modalities. Both sensory and motor 

functions are represented contralaterally in the cortex; 

therefore damage to the left hemisphere affects the right 

side of the body and visa versa. The second unit is re-

sponsible for the cortical detection, recognition, and 

association (integration) of all sensory information. It 

is also involved in modality specific memory functions and 

cross-modal information transfer. Information that is 

received by unit two is relayed to unit three for further 

processing via major (and minor) communicating fibres. Unit 

two also receives fibres from unit three and unit one. 

Unit three is located in the frontal lobes and is also 

divided into three sub-areas responsible for general func-

tional systems. The first or primary area is responsible 

for the cortical level innervation of muscles necessary for 

preprogrammed motor responses. The secondary area (premotor 

area) is located anterior to the primary motor cortex and 

is involved in the sequencing of motor movements necessary 

to carry out complex behavioral programmes. The third or 

tertiary area is involved in the most complex aspects of 

planning, initiating, evaluating, and varifying the comple-

tion of complex behavioral programmes. This area is located 

in the anteromedial and anterobasal aspects of the frontal 

lobes bilaterally and is also intimately involved in the 

mediation (particularly of socialized, learned aspects) of 
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emotional behavior in concert with the limbic system. Unit 

three has a reciprocal capability in attenuating the activa-

tional states via "conscious control" and may also serve 

as the neural mechanism by which various psychological 

variables affect the biophysiology of the organism. 

The functional organization of the various units and 

their associated systems follows a developmental progres-

sion. For example, unit one functionally organizes for 

mediating arousal and modulation of incoming sensory stimuli 

by 12 months post conception but continues to increase its 

efficiency and effectiveness through early childhood. Until 

unit one has sufficiently organized, the organism remains 

"stimulus bound." Areas of units two and three functionally 

organize at different times and rates with the most complex 

systems of unit three continuing their functional organization 

on into early adulthood. Some of the behavioral consequences 

of functional organization appear to be correlated with 

gender. In general, males tend to be somewhat delayed in 

cerebral organization, while females tend to functionally 

organize in a less stringent or specific manner. The 

theoretical model proposed by Luria appears to provide an 

integrated approach from which various issues regarding 

cerebral organization, lateralization, and gender may be 

investigated. 

Previous models of cerebral dominance and lateralization 

have been unable to explain exceptions to their predictions 
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or provide a means by which divergent data may be integrated 

into the model. For example, complex correlations between 

structure and function have been observed but without ap-

parent cause-effect relationships. An individual may be 

"abnormal" in one respect (i.e., left-preferred handedness), 

but "normal" in other aspects (left hemisphere language 

mediation; right hemisphere visuospatial mediation). Further-

more, abnormality in structure is not clearly related to 

functional ability or disability (Hardyck, Petrinovich & 

Goldman, 1976). The Functional Systems Theory would appear 

to be the most: comprehensive model from which to conceptualize 

the development of neuropsychological tests. 

The development of the MDS was considered from a neuro-

psychological model incorporating the basic theoretical 

tenets outlined above. A multifactor approach to data 

gathering was viewed as a necessary prerequisite to adequate 

evaluation of higher cortical functions. The process of 

developing the MDS began in 1970 and has continued to date. 

The MDS was recognized as a potentially viable vocational 

evaluation battery in 1973, following a series of studies 

which identified "five factors" found to be predictive of 

vocational competency of the brain-impaired population. 

These factors were initially identified by McCarron and Dial 

(1972) on an apriori basis as "verbal-cognitive," "sensory," 

"motor," "emotional," and "integration-coping." The following 
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standardized test instruments and behavioral measures were 

selected to assess each factor: 

1. Verbal-Cognitive--Wechsler Adult Intelligence Scale 

(WAIS) (Wechsler, 1955) or the Stanford-Binet (SB) (Terman 

& Merrill, 1960) and the Peabody Picture Vocabulary Test 

(PPVT) (Dunn, 1965); 

2. Sensory--Bender Visual Motor Gestalt Test (BVMGT) 

(Bender, 1938; Koppitz, 1975) and the Haptic Visual Discrim-

ination Test (HVDT) (McCarron & Dial, 1979; McCarron & Horn, 

1979); 

3. Motor--McCarron Assessment of Neuromuscular Develop-

ment (MAND) (McCarron, 1976) ; 

4. Emotional--Observational Emotional Inventory (OEI) 

(McCarron & Dial, 1975; Nichols, 1980; Sigelman, Morris & 

Danley, 1979) ; 

5. Integration-Coping: Dial Behavior Rating Scale 

(BRS) (Dial, 1.973). 

Vocational competency in the original studies was 

operationally defined as the rate of productivity on a work 

sample: "Fishing Tackle Assembly" (FTA) (Dial, 1972) and 

and the percentile rating on a behavioral measure: San 

Francisco Vocational Competency Scale (SFVCS) (Levine & 

Elzey, 1968). Although other work samples and behavioral 

measures were investigated, the FTA and SFVCS were considered 

the best representative criteria measures of "vocational 

competency" for the brain-damaged group. 
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Data for all five factors (predictors) were collected 

from a sample of 200 clients placed in various rehabilita-

tion settings and distributed across programs including 

daycare (basic skills), work activities, extended sheltered 

employment, transitional training, and community employment. 

The programs were originally ascending from a relatively 

low (daycare) to high (community) level of vocational compe-

tency as defined by measures of productivity (FTA) and work 

behavior (SFVCS). 

The FTA and SFVCS were readministered to the sample 

at 12- and 18-month intervals to determine the degree of 

"predictive validity" of the five factors to vocational 

competency. Predictive validity between the neuropsycho-

logical predictor variables (five factors) and vocational 

competency (SFVCS and FTA) was supported by high, significant 

multiple correlations observed even after 18 months (R = .90 

for the SFVCS; R = .70 for the FTA; p = < .0001) (McCarron 

& Dial, 1976). Furthermore, an orthogonal factor analysis 

of the predictor data suggested that the five presumed 

factors were actually only three; these were later relabeled: 

verbal-spatial-cognitive (VSC), sensorimotor (SM), and 

emotional-coping (EC). The VSC factor was defined as the 

individual's ability to use language, to process verbal and 

spatial (image oriented) information, and to learn. The SM 

factor represented the individual's ability to receive in-

formation via the senses, to integrate information across 
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sensory modalities; and to perform purposeful, complex motor 

movements. The EC factor represented the individual's 

ability to cop>e with stress and to make adaptive responses 

to global living, personal-social, and work demands. 

The results of the original McCarron-Dial studies 

formed the basis from which the evaluation system evolved. 

The various measures of the VSC, SM and EC factors not only 

provided data from which vocational competency could be 

predicted, but also gave a descriptive information base from 

which individual programming could be conceptualized. By 

considering an individual's predicted level of vocational 

competency, specific programming goals could be identified 

and prioritized, thus facilitating the rehabilitation 

process (Dial & Henke, 1981b; Patton, 1981; Patton & Clemmer, 

1979). The raw score distributions (derived from the brain-

damaged group) for each predictor and criterion variable 

were transformed to standard T-scores (mean = 50; standard 

deviation = 10) and presented graphically as an "Individual 

Profile Sheet." A technical manual was developed which 

provided guidelines for the application of the system to 

the neuropsychological^ disabled (McCarron & Dial, 1976). 

The individual, profile was later revised and extended to 

include representative distributions for each test based 

on the normal (non-disability specific) population (T-score 

mean set equal, to 80), as well as the brain-damaged (T-score 
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mean set equal to 50) (Dial & Norton, 1982). The revised 

and extended profile is presented in Appendix A. 

Subsequent research focused on documenting the system's 

concurrent validity to rehabilitation program placement 

(Packard, Henke & McCollum, 1976), concurrent validity of 

the abbreviated battery to predicting vocational competency 

(Carsrud, Carsrud, Dodd, Thompson & Gray, 1981), predictive 

validity to actual program placement following a 12-month 

interval (Dial, Freeman, McCarron & Swearingen, 1979), and 

to hourly and piece rate wage earnings (Dial & Swearingen, 

1976). Additional studies have described the relationship 

of MDS variables to successful application of modeling 

procedures in treatment (Bodenhamer, 1980), use of MDS data 

for programming motor integration strategies (McCarron, 

1978), the application of the MDS for personal-social 

adjustment training (McCarron, Kern & Wolf, 1979), and 

workshop production (Presnall, 1979; Sigelman et al., 1979). 

The aforementioned studies all revealed highly significant 

results validating the system and extending its utility in 

vocational rehabilitation, occupational therapy (Kester, 

1978), and in clinical diagnosis (Gardner, 1979). 

Predictive validity of the MDS to functional living 

levels was demonstrated in studies by Linkenhoker and 

McCarron (1980) and Blackwell and Dial (1981). Both studies 

revealed high, significant multiple correlations between the 

MDS factors and the level of functional autonomy attained by 
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mentally retarded adults. Functional autonomy was opera-

tionally defined by the living arrangement in which the 

resident was placed; i.e., institution, intermediate care 

facility, group home, halfway house, or community independent 

living. 

Patton (1977) demonstrated the utility of the OEI as 

a measure of emotional adjustment in a group of learning 

disabled, behaviorally disordered individuals (ages 15-20) 

of average intelligence. Fortune (1980) also utilized a 

sample of psychiatrically disabled sheltered workshop clients 

(ages 19-69) to study the predictive validity of the MDS for 

vocational and residential placement levels as well as wage 

earnings. Significant correlations were obtained. 

Other studies have also demonstrated the utility of 

the MDS and/or its components for normal and mentally 

retarded blind adults (McCarron & Dial, 1976), deaf adults 

and children (McCarron & Ludlow, 1981; Dial & Henke, 1978), 

and learning disabled adolescents and adults (Texas Reha-

bilitation Commission, 1979). In each case, the MDS (or 

specific component instruments) has been found applicable to 

the psychological or vocational evaluation of the various 

disability groups studied. 

In addition to the application of the MDS to other dis-

ability disability groups and/or functional levels, revised 

procedures and new measures have been added to the system. 

For example,, the HVDT (a measure of haptic-visual integration 
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skills) is now generally administered to both sides of the 

body instead of just to the right side as was previously 

the case. The Wechsler Adult Intelligence Scale-Revised 

(WAIS-R) and Wechsler Intelligence Scale for Children-Revised 

(WISC-R) are preferred to the Stanford-Binet (SB). The PPVT 

has been replaced by the Peabody Picture Vocabulary Test-

Revised (PPVT-R). The Street Survival Skills Questionnaire 

(SSSQ) (an adaptive behavior measure) has been added as an 

additional measure of the EC factor (Linkenhoker & McCarron, 

1980; Blackwell & Dial, 1981; Mathews, 1980; Giller & Dial, 

1981). A computer interpretation system was developed by 

Dial and Henke (1981a). 

The proposed clinical neurodiagnostic applications of 

the MDS are best explicated by the discursive publications: 

"Methods of Analysis for Interpreting Brain Function Using 

the McCarrori-Dial System" (Dial, Henke & McCarron, 1977) 

and "Vocational Rehabilitation Process for Specific Learning 

Disabilities" (Texas Rehabilitation Commission, 1979). In 

the first, Dial et al. proposed a method for gathering data 

and formulating neurodiagnostic hypotheses using traditional 

methods of inference employed by Reitan and others for in-

terpreting neuropsychological data from the HRB (Reitan & 

Davison, 1974; Selz & Reitan, 1979). Dial identified MDS 

data that could be specifically analyzed by considering 

levels of performance, pathognomonic signs, patterns among 

scores, and contrasts of specific sensorimotor measures 
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between the right and left side of the body. A system for 

scaling performance levels from which predictions of brain 

damage could be made was proposed. In addition, various 

pathognomonic signs and score patterns for localizing 

lesions were described. The article concluded by presenting 

case study examples (later published in the text, Sensory 

Integration: The Haptic Visual Processes, McCarron & Dial, 

1980). 

The clinical utility of the MDS was extended to the 

"learning disabled" (LD) population in 1979 by the Texas 

Rehabilitation Commission (TRC). This agency operationally 

defined LD as a significant difference between tested 

achievement and intellectual functioning (15 points on the 

same standard distribution) in an individual of otherwise 

"normal or above intelligence" (greater than 85). In ad-

dition, however, a neuropsychological etiology for the 

"achievement deficit" had to be demonstrated. A comprehen-

sive manual was written which presented the guidelines to 

be used by counselors, psychologists, and medical personnel 

for diagnosing LD. The MDS and the HRB were considered the 

most appropriate neuropsychological instruments for this 

purpose. 

The application of the MDS to other neuropsychological 

populations requires a more extensive validation of the in-

strument 's ability to define brain damage/dysfunction along 

a number of important dimensions: no damage, localized left 
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hemisphere impairment, localized right hemisphere impairment, 

diffuse impairment, diffuse with greater left hemisphere 

involvement, and/or diffuse with greater right hemisphere 

involvement (Schreiber et al., 1976; Black, 1980). In addi-

tion to the aforementioned criteria, neuropsychological 

validation research may need to consider other important 

issues which affect design. 

1. An anterior-posterior dichotomy of damage locus 

may differentially affect dependent measures (Fields & 

Whitmyre, 1969). 

2. Lobar divisions of damage loci may affect dependent 

measures (Milner, cited in Walsh, 1978). 

3. Chronicity (i.e., date of evaluation minus date 

of onset) may interact with dependent measures (Fields & 

Whitmyre, 1969; Todd, Coolidge & Satz, 1977; Becker, 1975). 

4. Etiology (i.e., extrinsic/intrinsic tumor; closed 

versus penetrating craniocerebral trauma; etc.) may dif-

ferentially affect dependent measures (Fields & Whitmyre, 

1969). 

5. Age of onset (independent of chronicity) may dif-

ferentially affect the dependent measures (Woods, 1980; 

Black, 1980). 

6. Momentum of lesion (coup, countre-coup, coup-

countre-coup) may differentially affect the dependent 

measures (Black, 1980). 
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7. The premorbid condition and general health of the 

patient may differentially affect the dependent measures 

(Black, 1980). 

8. Prior treatments may differentially affect the 

dependent measures (Black, 1980). 

Ideally, validation research should control for the 

above variables with regard to brain-damaged groups as well 

as known non-organic influences of test performance, i.e., 

race, language difference, etc. The documentation of the 

lesion and attendant issues should be as precise as possible, 

perhaps utilizing CT scans, PETT scans, or detailed surgical 

reports (Malec, 1978). In fact, Malec (1978) and others 

have stated that the accuracy rate of the best neuropsycho-

logical predictor variables is limited to between 70 and 

75% in differentiating neurological from some psychiatric 

populations due to fallibility in the definitions of both 

groups (Malec, 1978; Chelune, Heaton, Lehman & Robinson, 

1979; Eno & Deichmann, 1980). On the other hand, Chelune 

stated the following: 

It can be argued that the findings of research using 

less diagnostically pure samples of patients is more 

representative of the clinical population referred for 

neuropsychological evaluation. However, use of such 

samples in research tends to reduce the expected dif-

ferences found in more carefully screened groups of 
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patients and places neuropsychological tests at an 

unfair disadvantage. (Chelune et al., 1979) 

The validation of an instrument for use in clinical 

neuropsychology must not be confused with defining cause-

effect relationships between the underlying structures that 

are damaged and the particular test performances with which 

they correlate. Before assuming that a particular structure 

is responsible for mediating a particular behavior, the re-

search design would have to simultaneously control for false 

positive and false negative hits (Teuber, 1955, 1959; Luria, 

1973). Even though many variables affecting the dependent 

measures may not be controlled in a particular study, Malec 

(1978) believes that "less well controlled studies are, 

nevertheless, useful in providing information and knowledge 

for the clinical situation until complex multidimensional 

algorithms can be developed." 

Since the present study is considered an initial effort 

in validating the MDS for neurodiagnosis, no attempt will 

be made to resolve all issues or to control for all covari-

ants related to the independent variable, "Brain Damage." 

Instead, the following conditions related to the independent 

variable will be analyzed separately for their effects on 

the dependent measures (Chelune et al., 1979; Fields & 

Whitmyre, 1969): 
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Independent Variable (Brain Damage vs. Non-Brain Damage) 

Localization 

1. Predominant left hemisphere (includes localized 

left and diffuse--greater left hemisphere 

impairment) 

2. Predominant right hemisphere (includes localized 

right and diffuse--greater right hemisphere 

impairment) 

3. Diffuse (generalized left and right hemisphere) 

impairment 

4. Anterior (frontal lobes) impairment (Block III/ 

Unit III - Luria, 1970) 

5. Posterior (temporal, parietal, and/or occipital 

lobes) impairment (Block II/Unit II - Luria, 

1970) 

*6. Frontal lobe (same as #4 above) impairment 

*7. Temporal lobe impairment (includes some cases 

from #5 above) 

*8. Parietal and/or occipital lobe impairment (in-

cludes some cases from #5 above) 

9. Primary motor system impairment (motor cortex, 

basal ganglia, and cerebellum; includes Block 

I lesions, i.e., reticular activating system 

and/or limbic system - Luria, 1970) 

^Indicates multiple membership of an observation in 

more than one category. 
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Pathology/Etiology 

1. Closed head injuries; multiple contusions, etc. 

(motor vehicle accidents) 

2. Cerebral palsy (primarily CP) 

3. Cerebral vascular accidents (occlusions, 

spontaneous hemorrhages, arterial venous mal-

formations, and ruptured aneurysms) 

4. Penetrating missile wounds 

5. Neoplasms 

6. Congenital malformations of cranial vault 

7. Other focal (includes brain abscess) 

8. Other diffuse (encephalitis, spinal meningitis, 

degenerative disease, alcohol, and drug abuse) 

9. Unknown etiology 

Chronicity (date of evaluation minus date of onset) 

1. Acute (less than 12 months) 

2. Chronic (12 months or greater) 

Age of Onset 

1. Less than 13 years but greater than 1 year 

2. 13 years and above 

Obviously, subjects may be members of more than one 

category in different analyses depending on the location 

of the lesion, the specific pathology/etiology involved, 

the chronicity, and the age at onset. The location of 

lesion is characterized from various perspectives: right-

left-anterior-posterior (Reitan, 1974); lobes (Milner cited 
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in Walsh, 1978); and blocks or units (Luria, 1970). These 

different conceptualizations permit the interpretation of 

data from different theoretical as well as anatomical per-

spectives . 

Dependent Measures (Various Neuropsychological Tests Included 

in the MPS) 

The dependent variables are limited to MDS measures 

of the verbal-spatial-cognitive factor (VSC) and the sen-

sorimotor factor (SM). The MDS measures of the emotional-

coping factor are not included in the present study. The 

VSC and SM measures are further subdivided according to 

three methods of inference: levels of performance, patterns 

among scores and/or pathognomonic signs, and lateralized 

sensorimotor functions. These methods of inference are 

variously applied to the data to test different hypotheses 

to be stated later. The following describes the dependent 

measures: 

Verbal-spatial-cognitive factor. This factor is 

intended to measure an individual's ability to think, pro-

cess information, use spatial and language symbols, and/or 

perform academically. When evaluating adults, the following 

instruments are used to assess this factor: Wechsler Adult 

Intelligence Scales (WAIS) (Wechsler, 1955; Russell, 1972; 

Todd & Satz, 1977); Peabody Picture Vocabulary Test (PPVT) 

(Dunn, 1965; Stark, Cohen & Eisenson, 1968); and Wide Range 

Achievement Test (WRAT) (Jastak & Jastak, 1965). 
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The following levels of performance were analyzed from 

the above measures of verbal-spatial-cognitive functions 

and considered as possible general brain damage indicators 

(GI) : 

1. WAIS Full Scale IQ (WAIS-FSIQ) (Schreiber et al., 

1976; Coolidge, 1976; Lehman, Chelune et al., 1979; 

DeWolfe et al., 1971) 

2. WAIS Verbal IQ (WAIS-VIQ) (Schreiber et al., 1976; 

Coolidge, 1976; Lehman et al., 1979; DeWolfe et 

al., 1971) 

3. WAIS Performance IQ (WAIS-PIQ) (Schreiber et al., 

1976; Coolidge, 1976; Lehman et al., 1979; DeWolfe 

et al., 1971) 

4. All WAIS subtests using age-corrected scaled scores 

(Winne & Schoonover, 1976; Becker, 1975; Russell, 

1980; Mcintosh, 1974; Simpson & Vega, 1971) 

5. WRAT Reading Standard Score (WRAT-R) (Rourke, 1978) 

6. WRAT Spelling Standard Score (WRAT-S) (Rourke, 

1978) 

7. WRAT Arithmetic Standard Score (WRAT-A) (Rourke, 

1978) 

8. PPVT IQ (Lezak, 1976) 

The following patterns and/or pathognomonic signs were 

analyzed from the VSC data: 

1. WAIS-VIQ minus WAIS-PIQ (+)--Considered as an in-

dicator of brain damage in general, particularly 
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in the acute stages; and/or right hemisphere damage 

specifically, particularly in chronic stages and/ 

or if large magnitudes of difference are observed 

and if no significant visual acuity deficits are 

present (GI & RHI) (Satz, 1977; Black, 1974; Fields 

& Whitmyre, 1969; Parsons, Vega & Burns, 1969; Reed 

& Reitan, 1969; Uzzell, Zimmerman, Dolinskas & 

Obrist, 1979) 

2. WAIS-PIQ minus WAIS-VIQ (+)--Considered as an in-

dicator of left hemisphere damage in the absence 

of significant auditory impairment, language 

differences, or extreme socioeconomic deprivation 

(LHI) (Satz, 1977; Black, 1974, 1980; Lansdell & 

Smith, 1975; Parsons, Vega & Burns, 1969; Bortner, 

Hertzig & Birch, 1972) 

3. WAIS-FSIQ minus PPVT IQ (+)--Considered as an in-

dicator of left hemisphere damage in the absence 

of a significant auditory impairment, language 

difference, or extreme socioeconomic deprivation 

(LHI) (McCarron & Dial, 1976) 

4. WRAT-R standard score minus WRAT-A standard score 

(+)--Considered as a right hemisphere damage indi-

cator (RHI) (Rourke, 1978) 

5. WAIS Similarities scaled score (age corrected) 

minus Block Design scaled score (age corrected) 

(+)--Considered as a right hemisphere damage 
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indicator (RHI) (Parsons, Vega & Burns, 1969; Woo-

Sam 1971; Vega & Parson, 1971; Russell, 1979) 

6. WAIS Block Design scaled score (age corrected) 

minus Similarities scaled score (age corrected) 

(+)--Considered as a left hemisphere damage indi-

cator (Davis, DeWolfe & Gustafson, 1972; Russell, 

1979; Vogt, 1977) 

7. WAIS Comprehension scaled score (age corrected) 

plus Picture Completion scaled score (age cor-

rected) divided by 2 minus Arithmetic scaled score 

(age corrected) plus Digit Span scaled score (age 

corrected) plus Digit Symbol scaled score (age 

corrected) divided by 3 (+)--Considered as a gen-

eral brain damage indicator (GI) (Becker, 1975; 

Davis et al., 1972; Russell, 1979) 

8. WAIS Comprehension scaled score (age corrected) 

plus Picture Completion scaled score (age corrected) 

divided by 2 minus Block Design scaled score (age 

corrected) plus Object Assembly scaled score (age 

corrected) divided by 2 (+)--Considered as a right 

hemisphere damage indicator (RHI) (Russell, 1979; 

Vogt, 1977) 

9. WAIS Similarities scaled score (age corrected) plus 

Picture Arrangement scaled score (age corrected) 

divided by 2 minus Arithmetic scaled score (age 

corrected) plus Block Design scaled score (age 
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corrected) plus Object Assembly scaled score (age 

corrected) divided by 3 (+)--Considered a posterior 

damage indicator (PI) (Reitan & Davison, 1974) 

10. WAIS Arithmetic scaled score (age corrected) plus 

Block Design scaled score (age corrected) plus 

Object Assembly scaled score (age corrected) di-

vided by 3 minus Similarities scaled score (age 

corrected) plus Picture Arrangement scaled score 

(age corrected) divided by 2 (+)--Considered as an 

anterior damage indicator (AI) (Reitan & Davison, 

1974) 

11. Average of all WAIS subtest scaled scores except 

Picture Arrangement (age corrected) minus Picture 

Arrangement scaled score (age corrected) (+)--

Considered as a right anterior temporal lobe indi-

cator (RATI) (Reitan & Davison, 1974) 

Sensorimotor factor. This factor is intended to measure 

an individual's ability to receive information via the senses 

(central detection); to correctly perceive the stimulus 

(recognition and association); and to make purposeful, co-

ordinated motor responses. The following instruments are 

used to assess this factor: Bender Visual Motor Gestalt 

Test (BVMGT) (Bender, 1938; Bigler & Ehrfurth, 1980; Butler, 

1976; Eno & Deichmann, 1980; Holland, 1979; Lacks, 1980; 

Morsbach, 1975; Rhodes, 1971; Rosecrans, 1969); Haptic Visual 

Discrimination Test (HVDT) (McCarron & Dial, 1980; McCarron 
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& Horn, 1979); and McCarron Assessment of Neuromuscular 

Development (MAND) (McCarron, 1976, 1980). 

The following levels of performance will be analyzed 

from the above measures of sensorimotor functions: 

1. BVMGT errors (BVMGT-K) scored by the Koppitz System 

(GI & RHI) (Koppitz, 1975; Friedman, Strochak, 

Gitlin & Gottsagen, 1967; Koppitz, 1970; McConnell, 

1967; Oliver, 1971; Pardue, 1975) 

2. BVMGT errors (BVMGT-D) scored by the Dial Adapta-

tion of the Koppitz System (Appendix B) (GI & AI) 

3. BVMGT errors combined (BVMGT-DK) (combination of 

#1 and #2 above) (GI, RHI & AI) 

A. BVMGT memory and localization scores (RHI) 

5. HVDT right hand raw score (GI, PI & LHI) (McCarron 

& Dial, 1979) 

6. HVDT left hand raw score (GI, PI & RHI) (McCarron 

& Dial, 1979) 

7. HVDT right scaled score (GI, PI & LHI) (McCarron & 

Dial, 1979) 

8. HVDT left scaled score (GI, PI & RHI) (McCarron & 

Dial, 1979) 

9. HVDT right and left hand scaled subtest scores 

(shape, size, texture, and configuration) (GI, PI, 

RHI & LHI) (McCarron & Dial, 1979) 

10. MAND fine raw score (GI & AI) (McCarron, 1976; 

McCarron & Dial, 1979) 
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11. MAND gross raw score (GI & AI) (McCarron, 1976; 

McCarron & Dial, 1979) 

12. MAND total raw score (GI & AI) (McCarron, 1976; 

McCarron & Dial, 1979) 

13. MAND neuromuscular development index (NDI) (GI & 

AI) (McCarron, 1976) 

14. MAND subtest scaled scores (age corrected) (beads 

in box, beads on rod, finger tapping, nut and bolt, 

hand strength, finger-nose-finger, jumping, heel-

toe walk, and standing on one foot) (GI & AI) 

(McCarron, 1976) 

15. MAND persistent control factor score (derived from 

age corrected scaled scores) (GI & AI) (McCarron, 

1976) 

16. MAND muscle power factor score (derived from age 

corrected scaled scores) (GI & AI) (McCarron, 1976) 

17. MAND kinesthetic integration factor score (derived 

from age corrected scaled scores) (GI & AI) 

(McCarron, 1976) 

18. MAND bimanual dexterity factor score (derived from 

age corrected scaled scores) (GI & AI) (McCarron, 

1976) 

The following patterns and/or pathognomonic measures 

will be analyzed from the HVDT and MAND: 

1. [MAND NDI divided by 10] minus [right HVDT scaled 

score plus left HVDT scaled score divided by 2] 
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(+)--Considered as a posterior brain damage indi-

cator (PI) (Dial, Henke & McCarron, 1977) 

2. [HVDT right scaled score plus HVDT left scaled 

score divided by 2] minus [MAND NDI divided by 10] 

(+)--Considered as an anterior brain damage indi-

cator (AI) (Dial et al., 1977) 

The following lateralizing sensorimotor measures will 

be analyzed from the HVDT and MAND: 

1. HVDT right raw minus HVDT left raw divided by 4 

times 3 (+)--Considered a right hemisphere indicator 

of brain damage (RHI) (McCarron & Dial, 1979) 

2. HVDT left raw minus HVDT right raw divided by 4 

times 3 (+)--Considered a left hemisphere indicator 

of brain damage (LHI) (McCarron & Dial, 1979) 

3. MAND beads in box (BB) right raw score (times .90 

if right preferred) minus left BB raw score (times 

.95 if left preferred) divided by 4 times 3 (+)--

Considered a right hemisphere brain damage indi-

cator (RHI) (Dial et al., 1977) 

4. MAND BB left raw score (times .95 if left preferred) 

minus BB right raw score (times .90 if right 

preferred) divided by 4 times 3 (+)--Considered 

a left hemisphere brain damage indicator (LHI) 

(Dial et al., 1977) 

5. MAND finger tapping (FT) right raw score (times 

.90 if right preferred) minus left FT raw score 
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(times .95 if left preferred) divided by 7 times 

3 (+)--Considered a right hemisphere indicator of 

brain damage (RHI) (Dial et al., 1977) 

6. MAND FT left raw score (times .95 if left preferred) 

minus FT (times .90 if right preferred) divided by 7 

times 3 (+)--Considered a left hemisphere indicator 

of brain damage (LHI) (Dial et al., 1977) 

7. MAND hand strength (HS) right raw score (times .90 

if right preferred) minus HS left raw score (times 

.95 if left preferred) divided by 6 times 3 (+)--

Considered a right hemisphere indicator of brain 

damage (RHI) (Dial et al., 1977) 

8. MAND HS left raw score (times .95 if left preferred) 

minus HS right raw score (times .90 if right pre-

ferred) divided by 6 times 3 (+)--Considered a left 

hemisphere indicator of brain damage (LHI) (Dial 

et al., 1977) 

A plus sign (+) indicates positive scores only; all 

negatives are treated as zero (0). 

The aforementioned MDS VSC and SM variables are consid-

ered sensitive measures of the effects of brain damage when 

the various interactional effects of location, pathology/ 

etiology, chronicity, and onset are considered. The fol-

lowing hypotheses are tested in the present research. 

1. Diffuse or lateralized brain damage will universally 

affect each of the MDS general indicators (GI); therefore, 
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significant mean differences in the negative direction be-

tween brain-damaged subjects and non-brain-damaged controls 

will be observed for each MDS VSC and SM general brain 

damage indicator. 

2. Lateralized brain damage to the left cerebral 

hemisphere will primarily affect the MDS left hemisphere 

indicators (LHI); therefore, significant mean differences 

in the positive direction between left damaged subjects as 

contrasted to right and/or diffuse damage as well as non-

damaged controls will be observed for each MDS VSC and SM 

left brain damage indicator. 

3. Lateralized brain damage to the right cerebral 

hemisphere will primarily affect the MDS right hemisphere 

indicators (RHI) •, therefore, significant mean differences 

in the positive direction between right damaged subjects 

as contrasted to left and/or diffuse damage as well as non-

damaged controls will be observed for each MDS VSC and SM 

right brain damage indicator. 

4. Anterior brain damage will primarily affect the 

MDS anterior indicators (AI); therefore, significant mean 

differences in the positive direction between anterior damage 

as contrasted to posterior damage as well as non-damaged 

controls will be observed for each MDS VSC and SM anterior 

brain damage indicator. 

5. Posterior brain damage will primarily affect the 

MDS posterior indicators (PI); therefore, significant mean 
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differences in the positive direction between posterior 

damage as contrasted to anterior damage as well as non-

damaged controls will be observed for each MDS VSC and SM 

posterior brain damage indicator. 

6. If chronicity is controlled, early onset lesions 

occurring before age 13 will have a greater magnitude of 

effect on VSC and SM general indicators than lesions after 

age 13; therefore, significant mean differences in the 

negative direction for subjects sustaining damage before 

age 13 as contrasted to onset after age 13 will be observed. 

7. Acute brain damage will universally affect the MDS 

indicators to a greater extent than chronic damage; there-

fore, significant mean differences in the negative direction 

between acute and chronic damaged groups will be observed 

for each MDS VSC and SM general brain damage indicator. 

8. Damage restricted primarily to the motor system 

will affect functions of that system; therefore, significant 

differences in the negative direction will be observed 

between congenital lesions of the motor cortex, basal 

ganglia, and cerebellum (cerebral palsy) and other brain 

damaged groups on VSC and SM general indicators. 

Method 

Subjects 

The subjects consisted of 141 anonymous file cases sub-

mitted by three clinical psychologists in the state of Texas. 

The subjects were selected on the basis of four criteria. 
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1. All subjects had medical documentation of brain 

damage (see Tables 1 and 2; Appendix C). 

2. The MDS verbal-spatial-cognitive and sensorimotor 

instruments had been administered to all subjects. 

3. MDS test protocols and documentation materials were 

available for each subject (excluding identifying data). 

4. All subjects were over the age of 15. 

The subjects included 92 males (65%) and 49 females 

(35%) ranging in age from 15 to 63. The subjects were dis-

tributed by race as follows: 83 (59%) Caucasian; 30 (21%) 

Negroid; 25 (18%) Hispanic; 1 (1%) Oriental; and 2 (1%) 

American Indian. A premorbid right hand preference for 

writing was reported by 83%, while the remaining 17% were 

left preferred. All subjects were brain damaged with various 

lesion locations, pathology/etiologies, chronicity, and ages 

of onset. Table 3 and Table 4 (Appendix D) present a break-

down of subjects by location (type) of lesion and pathology/ 

etiology, respectively. 

Control subjects consisted of 42 non-brain-damaged 

functional psychiatric outpatients whose files were sub-

mitted by the same psychologists from whom the brain-damaged 

subjects were received. The MDS VSC and SM data were 

available for all the controls. The controls included 17 

males (40%) and 25 females (60%) ranging in age from 15 to 

57. The controls were distributed by race as follows: 30 

(71%) Caucasian; 11 (26%) Negroid; 1 (2%) Hispanic; and no 
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Orientals or American Indians. Eighty-three percent of the 

controls were right preferred, and seventeen percent were 

left preferred handedness. Sex differences were controlled 

by the use of appropriate norms; i.e., scaled scores based 

on norms by sex were employed for some motor tests. No at-

tempt to control other demographic variables was made. 

Instruments 

The MDS VSC and SM instruments were used in the present 

study. All instruments except the BVMGT were administered 

and scored according to the standardized procedures outlined 

in the various system manuals. The MDS measures used in 

the present study are presented below under the appropriate 

factor headings. 

Verbal-Spatial-Cognitive: 

Wechsler Adult Intelligence Scales (WAIS) 

Peabody Picture Vocabulary Test (PPVT) 

Wide Range Achievement Test (WRAT) 

Sensorimotor: 

Bender Visual Motor Gestalt Test (BVMGT) 

Haptic Visual Discrimination Test (HVDT) 

McCarron Assessment of Neuromuscular Development 

(MAND) 

The BVMGT was scored by two methods: Koppitz (1975), 

and an experimental procedure (Dial, 1982). The experimental 

procedure by Dial included a posteriori rating of the BVMGT 

protocols incorporating additional errors not ordinarily 
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rated by Koppitz (1975); i.e., contriction (abnormally small 

reproductions); enlargement (abnormally large reproductions); 

overlay (reproduction of one design over another); and col-

lision (contact of one reproduction with another). Detailed 

instructions for scoring the Dial System are included in 

Appendix B. 

Procedure 

Clinical psychologists using the MDS for vocational 

rehabilitation purposes were requested to keep detailed 

records on cases involving documented brain damage over a 

five year period of time. Although the level of documenta-

tion could vary, cases with surgical and/or radiologic (CT 

scans) reports were given the highest priority for inclusion 

in the research. Medical history and patient reports were 

less desirable but accepted if collaborative information 

were available (i.e., OT/PT reports, rehabilitation agency 

documentation, etc.). The description of brain damage was 

recorded by the psychologist on a criterion form. The form 

included a case number (for their use in cross referencing), 

a summary statement of pathology and/or etiology, date of 

onset, evaluation date, chronicity, treatment, prognosis, 

medication, and method of documentation (see example data 

for Case #1 and Case #2 in Appendix E). In addition to the 

criterion information, the protocols (without names) for 

each instrument were submitted for each case and identified 

by the case number. The data were categorized by location 
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of lesion, pathology/etiology, chronicity, and age of onset. 

Subcategories were defined under each major category as 

described in the previous section. Subjects were included 

as members of more than one category as appropriate. 

The data were submitted for analyses by various pro-

cedures to test the hypotheses as stated in the previous 

section. The major analyses included analysis of variance 

among selected categories to test for differences among 

groups on MDS performance levels; Duncan's Multiple Range 

Tests were calculated to compare individual group differ-

ences. Several models of multiple discriminant analysis 

incorporating different variable sets were conducted to 

identify the degree of classification accuracy of the 

"dependent measures" (in multiple discriminant analysis, 

the categorical data are commonly treated as dependents, 

while test or individual attribute data are treated as 

independent). The results of the analyses are presented 

in the next section. 

Resuits 

The data are evaluated using analysis of variance 

(ANOVA) and (when appropriate) multiple discriminant anal-

ysis. If the ANOVA results in a significant F, Duncan's 

Multiple Range Test is used for group comparisons (F is 

considered significant at the £ ^.01 level; the alpha level 

of .05 is used for group comparisons). Three major groups 

are represented in the present study; i.e., cerebral palsy 
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(CP), brain damage (without CP), and psychiatric controls. 

Table 5 (Appendix F) presents an analysis of demographic 

characteristics among these groups. 

As indicated by Table 5, no significant differences 

among the groups are observed in age, hand preference, or 

race. The sex composition of the CP group does not differ 

from the brain damaged (without CP) or control group, but 

the brain damaged (without CP) group is significantly dif-

ferent from controls. The brain damaged group (without CP) 

consists of a greater proportion of males than does the 

control group. However, since sex differences are con-

trolled by norms on most of the dependent measures, this 

is not considered a limiting issue in the present study. 

An ANOVA is conducted among the three groups for each 

dependent measure of brain damage. The results of these 

analyses are organized by MDS factor headings. 

The means, standard deviation, ANOVA's, and multiple 

comparisons for major verbal-spatial-cognitive performance 

levels are presented in Table 6 (Appendix G). Significant 

mean differences in the expected directions are observed 

among the CP, brain damaged (without CP), and control groups 

on the WAIS FSIQ, WAIS VIQ, WAIS PIQ, and PPVT IQ. All 

three groups differ from each other on these general verbal-

spatial -cognitive measures. The magnitude of mean values 

for these variables descends in order from psychiatric 

controls to brain damaged (without CP), then to cerebral 
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palsy. The largest magnitude of mean difference between 

brain damaged and control groups is observed on the WAIS 

PIQ. A large magnitude mean difference is also noted 

between brain damaged (without CP) and control groups on 

the PPVT IQ, The CP group differs significantly from the 

brain damaged (without CP) and control groups on the WRAT-R, 

WRAT-S, and WRAT-A; while no significant mean differences 

are demonstrated on these variables between the brain 

damaged groxip (without CP) and controls. 

Table 7 (Appendix G) presents the means, standard 

deviations, and ANOVA's among the three groups on the WAIS 

subtests (age corrected scaled scores). The CP group 

differs significantly from both the brain damaged (without 

CP) and control groups on all WAIS subtests. The brain 

damaged (without CP) group differs significantly from 

controls on all but the Information (INF), Similarities 

(SIM) and Picture Completion (PC) subtests. The greatest 

magnitude of mean differences between brain damaged and 

controls is observed on the Digit Symbol (DSM) and Object 

Assembly (OA) subtests. The Block Design (BD), Digit Span 

(DTS), and Comprehension (COMP) subtests are moderately 

lower for the brain damaged (without CP) group as contrasted 

to psychiatric controls. 

Table 8 (Appendix G) presents the means, standard 

deviations, and ANOVA's for verbal-spatial-cognitive pat-

terns and signs. The WAIS Verbal-Performance IQ and the 
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Similarities-Block Design difference scores differ signifi-

cantly in the expected direction between the CP and brain 

damaged (without CP) groups as well as between the CP and 

control groups. Algorithm VC(7) differs significantly 

between the brain damaged (without CP) and control groups 

but does not differ significantly between the CP and brain 

damaged (without CP) groups. Algorithm VC(7) equals the 

average of the WAIS Arithmetic (ARITH), Digit Span (DTS), 

and Digit Symbol (DSM) subtests (age corrected scaled scores) 

subtracted from the average of the WAIS Comprehension (COMP) 

and Picture Completion (PC) subtests (age corrected scaled 

scores). All other verbal-spatial-cognitive patterns and 

signs reveal nonsignificant mean differences among the CP, 

brain damaged (without CP), and control groups. 

Table 9 (Appendix H) presents the means, standard 

deviations, and ANOVA's among the aforementioned groups 

for the sensory performance levels. The CP group differs 

significantly from both the brain damaged (without CP) and 

control groups on all the sensory performance levels; these 

include the Koppitz and Dial scoring methods for the BVMGT, 

the memory and localization scores of the BVMGT, as well 

as the HVDT right and left raw and scaled scores. The brain 

damaged (without CP) group differs significantly from con-

trols on all of the above sensory measures except the Dial 

method of scoring the BVMGT. 
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Table 10 (Appendix H) presents the means, standard 

deviations, and ANOVA's among the same three groups for 

the HVDT subtest scores. Significant mean differences are 

observed among all three groups for each of the HVDT sub-

tests. The magnitude of mean differences (expressed in 

age corrected scaled scores) between the brain damaged 

(without CP) and control groups for all HVDT subtests is 

about the same (three points); likewise, the magnitude of 

mean differences between the CP group and controls is 

approximately six scaled score points. 

The means, standard deviations, and ANOVA's among the 

three groups for motor performance levels are presented in 

Table 11 (Appendix H). The CP group demonstrates significant 

mean differences when compared to both the brain damaged 

(without CP) and control groups on all the motor performance 

levels (fine, gross, and total motor raw scores; neuro-

muscular development index--NDI; persistent control factor 

score--PC; muscle power factor score--MP; kinesthetic 

integration factor score--KI; and bimanual dexterity factor 

score--BD). The brain damaged (without CP) group differs 

from controls on all motor variables except the PC and BD 

factors. The magnitude of mean difference between the brain 

damaged (without CP) and control groups is approximately 

32 standard score points, while the CP group differs from 

controls on the same standard score measure by 77 points. 
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Table 12 (Appendix H) presents the means, standard 

deviations, and ANOVA's for the motor (MAND) subtests. All 

10 MAND subtests reveal significant mean differences among 

the CP, brain damaged (without CP), and the control groups. 

The beads in box (BB), beads on rod (BR), finger tapping 

(FT), jumping (J), and heel-toe walk (HT) subtest means for 

the CP group are more than eight scaled score points below 

the control means. 

Table 13 (Appendix H) presents the means, standard 

deviations, and ANOVA's among the CP, brain damaged (without 

CP), and controls for the sensorimotor patterns and signs. 

Since these signs are intended to measure lateralized or 

anterior-posterior differences, they are not generally sen-

sitive to differentiating among mixed brain damaged groups. 

As expected, no significant differences among the groups 

are observed on any of the sensorimotor signs. However, 

these variables might be expected to interact with perform-

ance levels and contribute to better differentiation in 

multivariate analyses. 

The classification results for a stepwise multiple 

discriminant analysis including 11 verbal-spatial-cognitive 

and sensorimotor performance levels and right-left measures 

are presented in Table 14 (Appendix I). The stepwise pro-

cedure reveals five variables which interact to accurately 

classify 90% of the subjects from the combined groups into 

their actual membership. The actual group membership of 
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97% of the brain damaged subjects (without CP) and 71% of 

the psychiatric controls is accurately predicted from a 

combination of the Digit Symbol subtest, BVMGT memory 

scores, MANI) persistent control factor scores, MAND fine 

motor raw scores, and HVDT left-right difference scores 

(HLR-HRR). 

Table 15 (Appendix I) presents the characteristics 

and the standardized coefficients for the canonical dis-

criminant function derived from the above analysis. The 

persistent control (-.902), Digit Symbol (.590), and fine 

motor (.566) variables have the highest standardized co-

efficients and contribute most to the discriminative power 

of the function. The BVMGT memory and HLR-HRR variables 

contribute moderately to the function but are weighted less 

than the PC or DSM variables. The eigenvalue of 1.044 and 

canonical correlation of .715 characterize a rather unified 

discriminant function which is associated to a high degree 

with differentiating between the brain damaged (without CP) 

and psychiatric groups in discriminant function space. 

The following analyses are conducted among the left 

hemisphere damaged, right hemisphere damaged, diffuse bi-

hemispheric damaged, and psychiatric control groups. In 

some instances, analyses including the CP group are reported. 

Tables 16 and 17 (Appendix J) present the means, stan-

dard deviations, and ANOVA's for left, right, and diffuse 

brain damaged groups on the verbal-spatial-cognitive left 
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and right brain damage indicators. Significant mean differ-

ences are revealed between the left and right brain damaged 

groups on the Performance-Verbal IQ (PIQ-VIQ) and Block 

Design-Similarities (BD-SIM) difference scores (considered 

left hemisphere indicators). The left damaged group also 

differs from the diffuse damaged group on these variables, 

but no significant differences are observed between the 

right and diffuse brain damaged groups on either the PIQ-VIQ 

or the BD-SIM variables. Neither the WAIS FSIQ-PPVT IQ 

difference score nor ALGO VC(10) are significantly different 

among the three groups [ALGO VC(10) equals the average of 

the SIM and PA age corrected scaled scores subtracted from 

the average of the ARITH, BD, and OA age corrected scaled 

scores]. The VIQ-PIQ and WRAT R-A difference scores are 

significantly different between the left and right brain 

damaged groups, but no differences are observed between 

either left or right brain damaged groups and the diffuse 

damaged group. The SIM-BD difference score differs signifi-

cantly between the right and left brain damaged groups and 

the left damaged and diffuse damaged groups. The SIM-BD 

variable does not differ significantly between the right 

brain damaged and diffuse brain damaged groups. ALGO's 

VC(8), VC(9), and VC(ll) do not differ significantly among 

the three groups. ALGO VC(8) is the average of the BD and 

OA age corrected scaled scores subtracted from the average 

of the COMP and PC age corrected scaled scores; ALGO VC(9) 
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is the average of the ARITH, BD, and OA age corrected scaled 

scores subtracted from the average of the SIM and PA age 

corrected scaled scores; ALGO VC(ll) is the PA age corrected 

scaled score subtracted from the average of all other WAIS 

subtest age corrected scaled scores. 

Tables 18, 19, and 20 (Appendix K) present the means, 

standard deviations, and ANOVA's for left, right, and dif-

fuse brain damaged groups on the sensory left and right 

hemisphere damage indicators. Left and right brain damaged 

groups differ on the HVDT right and left raw scores; right 

and left total scaled scores; right size and configuration 

scaled scores; left shape, size, and texture scaled scores; 

and the HVDT right-left difference scores. No significant 

mean differences are observed between the left and right 

brain damaged groups on the right HVDT shape and texture 

scaled scores; the BVMGT-K; BVMGT-D; BVMGT constriction, 

enlargement, overlay, or collision subtests; the BVMGT 

memory score; or the BVMGT localization score. The right 

brain damaged group differs from the diffuse brain damaged 

group on the left HVDT size scaled score, the left HVDT 

shape scaled score, and the HRR-HLR measure. The left brain 

damaged group differs from the diffuse brain damaged group 

on the HRR-HLR and the HVDT left total scaled score. 

Tables 21 and 22 (Appendix K) present the means, stan-

dard deviations, and ANOVA's for left, right, and diffuse 

brain damaged groups on the motor left and right hemisphere 
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damage indicators. The left and right brain damaged groups 

differ significantly on the following: right and left beads 

in box raw scores (R, L BB); right and left finger tapping 

raw scores (R, L FT); left hand strength raw scores (LHS); 

beads in box adjusted right-left difference scores (BBL-BBR, 

BBR-BBL); finger tapping adjusted right-left difference 

scores (FTL-FTR, FTR-FTL); and hand strength adjusted right-

left difference scores (HSL-HSR, HSR-HRL). Significant mean 

differences are observed between the left brain damaged and 

diffuse brain damaged groups on the right hand strength 

(RHS) raw score, BBL-BBR, FTL-FTR, and the HSL-HSR variables. 

The right brain damaged group differs from the diffuse brain 

damaged group on the LHS, BBR-BBL, FTR-FTL, and the HSR-HRL 

variables. 

The classification results for a stepwise multiple 

discriminant, analysis including 10 verbal-spatial-cognitive 

and sensorimotor right-left signs are presented in Table 23 

(Appendix L). The stepwise procedure reveals seven variables 

which interact to accurately classify 60% of the subjects 

from the combined left brain damaged, right brain damaged, 

diffuse brain damaged, and psychiatric groups into their 

actual group membership. The actual group membership of 

62% of the left damaged subjects, 44% of the right damaged 

subjects, 37% of the diffuse damaged subjects, and 91% of 

the psychiatric controls is accurately predicted from a com-

bination of the PIQ-VIQ, WRAT R-A, BVMGT-KD, BVMGT memory, 

BVMGT localization, HLR-HRR, and FTR-FTL measures. 
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Table 24 (Appendix L) presents the eigenvalues, percent 

of variance, and canonical correlations associated with 

three discriminant functions generated by the aforementioned 

analysis; however, only the first two functions account for 

significant variance in discriminating among the groups. 

The eigenvalues for Functions 1 and 2 suggest that both of 

these functions are defined by somewhat independent factors. 

An inspection of Table 25 (Appendix L) suggests that the 

first function is defined primarily by the HLR-HRR and BVMGT 

localization variables, while the second function is defined 

by the FTR-FTL and the BVMGT memory variables. 

Table 2.6 (Appendix L) presents the classification re-

sults of another multiple discriminant analysis among left 

brain damaged, right brain damaged, diffuse brain damaged, 

and cerebral palsy groups. Ten verbal-spatial-cognitive 

and sensorimotor performance level measures and right-left 

signs are included in this analysis. Fifty-eight percent of 

the subjects from the combined groups are accurately classi-

fied by this model; the classification rates for each group 

are as follows: left damaged = 70%; right damaged = 69%; 

diffuse damaged = 13%; and cerebral palsy = 71%. The results 

of the stepwise procedure presented in Table 27 (Appendix L) 

reveal two significant functions which discriminate among 

these groups. The first function is highly associated 

with the differentiation of the groups and accounts for 

the majority of the variance in defining the groups in 
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discriminant: space. The second function is more modestly 

associated with discriminating among the groups. Table 28 

(Appendix L) lists the variables and standardized coeffi-

cients for the discriminant functions. The WAIS VIQ, WAIS 

PIQ, HVDT right raw, HVDT left raw, and the fine motor raw 

scores are included in the functions. The first function 

is primarily characterized by the fine motor variable, while 

the second function is defined by the right and left HVDT. 

The following analyses are conducted among anterior 

brain damaged, posterior brain damaged, and psychiatric 

control groups. In some instances, analyses of groups in-

volving frontal lobe damage, temporal lobe damage, and 

parietal-occipital lobe damage are reported. 

Tables 29 and 30 (Appendix M) present the means, stan-

dard deviations, and ANOVA's for anterior brain damaged, 

posterior brain damaged, and psychiatric control groups on 

the verbal-spatial-cognitive anterior and posterior brain 

damage indicators. Nonsignificant differences are observed 

among all three groups for ALGO VC(8), ALGO VC(9), ALGO 

VC(10), and ALGO VC(ll) (previously described). The WAIS 

BD subtest is the only verbal-spatial-cognitive variable 

which demonstrates a significant mean difference between 

the anterior and posterior brain damaged groups. The BD 

subtest does not, however, significantly differ between the 

anterior brain damaged group and psychiatric controls. 
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Tables 31 and 32 (Appendix N) present the means, stan-

dard deviations, and ANOVA's for anterior brain damaged, 

posterior brain damaged, and psychiatric control groups on 

the sensory anterior and posterior brain damage indicators. 

None of the sensory anterior-posterior indicators reveals 

significant differences between the anterior and posterior 

brain damaged groups. 

Tables 33 and 34 (Appendix N) present the means, stan-

dard deviations, and ANOVA's for anterior brain damaged, 

posterior brain damaged, and psychiatric control groups on 

the motor anterior-posterior brain damage indicators. The 

MAND NDI differs significantly among all of these groups, 

while a significant mean difference is observed between the 

anterior and posterior groups on the total motor raw score. 

A significant difference is also observed between the ante-

rior and posterior brain damaged groups on the HLR-HRR 

variable. 

Table 35 (Appendix 0) presents the classification 

results of a stepwise multiple discriminant analysis among 

the anterior brain damaged, posterior brain damaged, and 

psychiatric control groups. Results of the stepwise 

procedure involving eight verbal-spatial-cognitive and 

sensorimotor measures reveal an overall 73% correct clas-

sification of subjects into their actual group membership. 

The individual group correct classification results are as 

follows: anterior brain damaged = 61%; posterior brain = 
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57%; and psychiatric controls = 93%. Table 36 (Appendix 0) 

presents the eigenvalues, percent of variance, and canonical 

correlations associated with the two discriminant functions 

from the present analysis. Function 1 accounts for most of 

the variance in discriminating among the groups; Function 2 

accounts for less variance and is less associated with the 

discrimination among the groups. Table 37 (Appendix 0) in-

dicates that four variables are retained in the discriminant 

functions; i.e., BVMGT memory, HRR-HLR, HLR-HRR, and total 

motor raw score. Function 1 is characterized by the BVMGT 

memory variable, while Function 2 loads heavily on the total 

motor raw score. 

Table 38 (Appendix 0) presents the classification 

results of a stepwise multiple discriminant analysis among 

frontal brain damaged, temporal brain damaged, and parietal-

occipital brain damaged groups. Results of the stepwise 

procedure involving 10 verbal-spatial-cognitive and sensori-

motor measures reveal an overall 69% correct classification 

of subjects into their actual group membership. The 

individual group correct classification results are as 

follows: frontal damage = 75%; temporal damage = 64%; and 

parietal-occipital damage = 67%. Table 39 (Appendix 0) 

presents the eigenvalues, percent of variance, and canonical 

correlations associated with the two discriminant functions 

from the present analysis. Function 1 accounts for most 

of the variance in discriminating among the groups and is 
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moderately associated with defining the location of the 

groups in discriminant function space. Relatively low 

eigenvalues are observed for both functions indicating a 

less than desirable unified factor structure represented 

by this model. Table 40 (Appendix 0) presents the retained 

variables and standardized coefficients for the two func-

tions. The retained variables include: WAIS FSIQ, BVMGT-

KD, BVMGT memory, total motor raw score, and FTL-FTR. The 

first function is characterized by the FTL-FTR variable, 

while the second is defined by the total motor raw score. 

The following analyses include ANOVA's among chronic 

early onset brain damaged, chronic late onset brain damaged, 

and psychiatric control groups for the major verbal-spatial-

cognitive and sensorimotor variables. ANOVA's are also 

reported for acute late onset brain damaged, chronic late 

onset brain damaged, and psychiatric control groups on the 

same verbal-spatial-cognitive and sensorimotor variables. 

Table 41 (Appendix P) presents the means, standard 

deviations, and ANOVA's among chronic early onset brain 

damaged, chronic late onset brain damaged, and psychiatric 

control groups for the major verbal-spatial-cognitive 

performance levels. Significant mean differences are 

observed among all three groups on the WAIS FSIQ and the 

WAIS PIQ. The early onset group differs significantly 

from the late onset group on the WAIS VIQ, WRAT-R, WRAT-S, 

WRAT-A, and PPVT IQ. The early onset group also differs 
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from psychiatric controls on all of the above verbal-spatial-

cognitive variables. 

Table 42 (Appendix P) presents the means, standard 

deviations, and ANOVA's among these same groups for the 

major sensory performance levels. Significant mean differ-

ences are observed among all three groups on the BVMGT-K, 

right and left HVDT total raw scores, and right and left 

HVDT scaled scores. The early onset group differs sig-

nificantly from the late onset group on the BVMGT-D and 

the BVMGT-DK. The early onset group does not significantly 

differ from the late onset group on the BVMGT memory and 

localization measures. However, the early onset group 

differs from controls on all the major sensory performance 

measures. Nonsignificant differences are observed between 

the late onset and control groups on the BVMGT-D and the 

BVMGT-DK measures. 

Table 43 (Appendix P) presents the means, standard 

deviations, and ANOVA's among the early and late onset 

brain damaged and psychiatric control groups for the major 

motor performance levels. A significant mean difference 

is observed among all three groups on the NDI. Nonsignifi-

cant differences among all three groups are observed on 

the MP and KI factor scores. The early onset group differs 

significantly from the late onset group on the fine motor 

raw score, the PC factor score, and the BD factor score. 

Nonsignificant differences are noted between the early and 
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late onset groups on the gross motor and total motor raw 

scores, but the late onset group differs from controls on 

both the gross and total motor raw scores. 

Table 44 (Appendix Q) presents the means, standard de-

viations and ANOVA's among acute late onset brain damaged, 

chronic late onset brain damaged, and psychiatric control 

groups for the major verbal-spatial-cognitive performance 

levels. Nonsignificant mean differences are observed among 

all three groups on the WAIS VIQ, WRAT-R, WRAT-S, WRAT-A, 

and PPVT IQ. The acute and chronic groups do not differ 

significantly on any of the major verbal-spatial-cognitive 

performance measures. Both the acute and chronic groups 

are significantly different from controls on the WAIS FSIQ 

and WAIS PIQ. 

Table 45 (Appendix Q) presents the means, standard 

deviations, and ANOVA's among the acute and chronic brain 

damaged and psychiatric control groups for the major sensory 

performance levels. Nonsignificant differences among all 

three groups are observed on the BVMGT-DK. The acute and 

chronic groups do not significantly differ on the BVMGT-K, 

BVMGT memory, BVMGT localization, right and left HVDT total 

raw scores, nor on the HVDT right and left total scaled 

scores. The acute group significantly differs from controls 

on all the major sensory performance levels except the 

BVMGT-DK measure. The chronic group differs significantly 
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from controls on all the major sensory measures except the 

BVMGT-D and the BVMGT-DK. 

Table 46 (Appendix Q) presents the means, standard 

deviations, and ANOVA's among the aforementioned groups for 

the major motor performance levels. Nonsignificant mean 

differences are observed among all the groups for the MP, 

KI, and BD factor scores. The acute group does not signifi-

cantly differ from the chronic group on any of the major 

motor measures; however, both the acute and chronic groups 

significantly differ from controls on all motor variables 

except the MP, KI, and BD factor scores. 

Discussion 

In general, the results of the present study tend to 

support the validity of the McCarron-Dial System (VSC and 

SM factors) for neuropsychological assessment of brain 

damage. However, there are limitations in the extent to 

which scores derived from the VSC and SM instrumentation 

can resolve all of the diagnostic issues involved in eval-

uating the individual patient. Various aspects of the 

system's validity are enumerated in the following discussion 

of each hypothesis tested by the study. 

Hypothesis 1 is clearly supported by the results: The 

mean performance of the brain damaged sample (without CP) 

on 44 of 53 MDS general brain damage indicators is signifi-

cantly less than the performance of psychiatric controls. 

Six VSC variables do not differ significantly between the 
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brain damaged (without CP) and controls. They are: WRAT 

Reading, Spelling, and Arithmetic subtests; and the WAIS 

Information, Similarities, and Picture Completion subtests. 

In general, verbal-academic measures tend to be less 

affected by late onset brain damage and, if affected in a 

given case, tend to recover more quickly and at a faster 

rate than other neuropsychological functions. Therefore, 

it is not surprising that these measures do not significantly 

differ between the groups. This may be especially relevant 

considering the nature of the present brain damaged sample 

(without CP). Most members of the sample are clients served 

by the state vocational rehabilitation agency. As such, 

they tend to be mildly damaged acute cases or, if severely 

damaged, in the late chronic stages of recovery. Therefore, 

verbal-academic functions tend to be less impaired (resis-

tant) , or tend to have more fully recovered (resilient). 

Only three SM variables fail to demonstrate significant 

mean differences between the groups; i.e., the Bender Visual 

Motor Gestalt Test-Dial, the persistent control factor, and 

the bimanual dexterity factor. The Dial scoring of the 

BVMGT is designed primarily as an anterior or frontal lobe 

brain damage indicator. Scoring of the BVMGT by the Dial 

method depends on the presence or absence of errors scored 

by the Koppitz system. As scored errors on the Koppitz 

system increase, the error rate as presently scored on the 

Dial system decreases. This interaction suppresses the 
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sensitivity of the Dial system for discriminating between 

the general brain damaged group and controls. Performance 

on the MAND persistent control and bimanual dexterity 

factors depends primarily on the functional use of both 

sides of the body as well as motor control. Moderate to 

severe brain damage (particularly if lateralized) would be 

expected to affect performance on these factors. However, 

the brain damaged group included in the present study (with-

out CP) consists primarily of milder acute or late chronic 

cases. When both left and right hemisphere lateralized 

groups are combined with the diffuse group, the effects of 

lateralized damage on the persistent control and bimanual 

dexterity factors would be somewhat diminished. When more 

severely brain damaged cases are added to the sample (i.e., 

CP's), significant differences between the brain damaged 

group and controls on these variables are observed. 

The brain damaged sample (without CP) differs sig-

nificantly from controls on one of two pathognomonic signs 

included in the study as general brain damage indicators; 

i.e., ALGO VC(7). This algorithm is defined as the average 

of the WAIS Arithmetic, Digit Span, and Digit Symbol sub-

test age corrected scaled scores subtracted from the average 

of the Comprehension and Picture Completion subtest age 

corrected scaled scores. The Comprehension and Picture 

Completion subtests tend to resist the effects of brain 

damage (when age of onset and chronicity are considered) 
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and represent two of the better "hold" subtests; while 

Arithmetic, Digit Span, and Digit Symbol are sensitive to 

the effects of brain damage (particularly in the acute 

stages) and represent the better "don't hold" subtests. In 

this regard, the present findings are consistent with pre-

vious research (Becker, 1975; Davis et al., 1972; Russell, 

1979). On the other hand, the WAIS Verbal IQ minus Per-

formance IQ, an often used sign of brain damage, does not 

significantly differ between the brain damaged (without CP) 

and the psychiatric controls in the present study. The 

VIQ-PIQ is considered a general brain damage indicator 

and/or an indicator of lateralized right hemisphere damage. 

Perhaps the nature of the present sample (i.e., mild acute 

and late chronic) suppresses any significant differences 

that might otherwise be observed on this variable. When 

the CP group is added to the brain damaged sample, an 

obvious significant difference emerges. 

Hypothesis 1 is further confirmed by the results of 

the multiple discriminant analysis between the brain damaged 

group (without CP) and the psychiatric controls. Ninety 

percent of the combined brain damaged (without CP) and 

psychiatric control subjects are accurately classified by 

a combination of McCarron-Dial VSC and SM measures. The 

five variables included in the function that maximized the 

discrimination between the groups are as follows: Digit 

Symbol, BVMGT memory, fine motor raw, persistent control, 
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and the hand strength difference score between the right and 

left sides of the body. The discriminant function is pri-

marily characterized by sensorimotor integration functions, 

visual memory and association, and fine motor speed and 

coordination. Motor control and visual-motor integration 

skills would appear to be the most important contributing 

factors to discriminating between brain damaged (without 

CP) and psychiatric patients in a rehabilitation setting. 

Ninety-seven percent of the brain damaged patients 

(without CP) and 71% of the psychiatric patients are accu-

rately classified into their known group membership using 

the aforementioned discriminant model. These results are 

consistent with previous findings using either the Halstead-

Reitan or Luria-Nebraska neuropsychological batteries 

(Wheeler & Reitan, 1963; Mathews et al., 1966; Golden et al., 

1978). However, the clinician may be concerned with the 

misclassification of 29% of the psychiatric cases into the 

brain damaged group. An ex post facto research of the 12 

individual psychiatric cases that were misclassified reveals 

the following important information: (a) 2 of the 12 have 

reports of significant hearing loss; (b) 1 has a report of 

borderline mental retardation; (c) 1 has a report of soft 

neurological signs; and (d) 2 have reports of long-standing 

chronic schizophrenia, including hospitalizations, and are 

presently on higher than ordinarjr doses of Phenothiazines 

which may affect neurological function. One might assume 
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that a detailed clinical interview of the patient would 

augment the test findings and increase the diagnostic 

accuracy. 

Furthermore, there is a growing concern in the neuro-

psychological literature as to whether psychiatric samples 

which include a significant number of chronic schizophrenics 

are appropriate to use as controls for brain damage. Many 

researchers contend that the schizophrenics may simply 

represent another class of brain damage or dysfunction 

(Chelune et al., 1979; Davis & DeWolfe, 1972; DeWolfe et 

al.f 1971; Klonoff, 1970; Malec, 1978). 

Hypotheses 2 and 3 are generally supported by the 

present findings with some exceptions and reservations: 

The mean performance of the left brain damaged group on 12 

of 18 MDS left hemisphere damage indicators differs signifi-

cantly in the expected direction as contrasted to the right 

brain damaged group. However, only 6 of the 18 differ 

significantly from the diffuse brain damaged group, and only 

4 of these 6 are significantly different when contrasted 

to the psychiatric controls. The four left hemisphere 

indicators which significantly differ among left damaged, 

right damaged, diffuse damaged, and psychiatric control 

groups are as follows: HVDT left minus right score; the 

adjusted beads in box left minus right score; the adjusted 

finger tapping left minus right score; and the adjusted hand 

strength left minus right score. Traditional WAIS left 
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hemisphere signs such as the Performance IQ minus the Verbal 

IQ score and the Block Design minus Similarities score are 

observed to differ significantly between left and right 

hemisphere damaged groups but not between left damaged and 

diffuse damaged nor between left damaged and psychiatric 

controls. The MDS SM left-right measures would appear to 

be the most useful indicators of left brain damage among 

those included in the present study. 

The mean performance of the right brain damaged group 

on 15 of 26 MDS right hemisphere damage indicators differs 

significantly in the expected direction as contrasted to 

the left brain damaged group. However, only 6 of the 15 

differ significantly from the diffuse brain damaged group, 

and none of these differs significantly between the right 

brain damaged group and controls., Traditional WAIS right 

hemisphere signs such as the Verbal minus Performance IQ 

score and the Similarities minus Block Design score are 

observed to differ significantly between the right and left 

hemisphere groups. The VIQ-PIQ does not differ between 

right damaged and diffuse damaged; nor does the SIM-BD 

differ between right damaged and controls. The traditional 

WRAT Reading minus Arithmetic sign differs significantly 

between right and left damaged groups, but does not differ 

with diffuse damaged or controls. 

Thus, one is left to conclude that the MDS SM left 

hemisphere indicators may serve better to differentiate left 
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damaged groups from right or diffuse damaged groups and from 

psychiatric groups; while selected MDS SM right hemisphere 

indicators may be useful in differentiating right damaged 

groups from either left or diffuse damaged groups, but not 

from controls. None of the traditional WAIS right-left in-

dicators clearly differentiates among all four groups; i.e., 

left, right, diffuse, or controls. However, the VIQ-PIQ/ 

PIQ-VIQ and the SIM-BD/BD-SIM may be helpful in discrimi-

nating between left and right brain damage. The WRAT R-A 

may also contribute to differentiating between left and 

right brain damage. 

The most difficult group to define on the basis of the 

present results would appear to be the diffuse damaged group. 

This is further illustrated by considering the results of 

two models of discriminant analysis which included left, 

right, and diffuse damaged groups. In the first model, 60% 

of the combined cases from the left, right, and diffuse 

brain damaged groups and psychiatric controls are accurately 

classified using the following MDS VSC and SM variables: 

PIQ-VIQ, WRAT R-A, BVMGT-KD, BVMGT memory, BVMGT localiza-

tion, HLR-HR.R, and FTR-FTL. Two primary factors emerge 

which provide the most discrimination among the four groups: 

(a) bilateral sensory integration defined by the HLR-HRR 

and BVMGT localization variables; and (b) bilateral motor 

integration defined by the FTR-FTL variable. Using this 

model, the accuracy rates for classifying individuals into 
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their actual group are as follows: left damaged = 62%; 

right damaged = 44%; diffuse damaged = 37%; and psychiatric 

= 91%. Individuals with diffuse brain damage are least ac-

curately classified into their actual groups. The right 

brain damaged individuals are also misclassified more often 

than those with left damage. 

The results of the second model tend to further confirm 

this observation. The second model assumes that the indi-

vidual is brain damaged; therefore, the psychiatric control 

group is omitted and replaced by a CP group. The best 

predictors are again sensorimotor measures (HVDT R/L and 

MAND fine). Fifty-eight percent of the combined groups are 

accurately classified: left damaged = 70%; right damaged = 

69%; diffuse damaged = 13%; and CP = 71%. The second model 

clearly indicates that the diffuse group is misclassified 

in the direction of lateralized damage, particularly to the 

left cerebral hemisphere. The following conclusions are 

suggested from an ex post facto examination of misclassified 

diffuse cases: In the present sample, the medical diagnosis 

of diffuse brain damage was most often applied to individuals 

involved in motor vehicle accidents; and many of the diffuse 

cases evidenced lateralizing signs to one hemisphere or 

another in the medical history (particularly in the acute 

stages). As proposed by Schreiber et al. (1976) and Black 

(1980), the concept of diffuse may need to be extended to 

include subcategories such as "diffuse—greater left" and 
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"diffuse—greater right" for this diagnosis to serve any 

meaningful purpose in research. 

The MDS VSC and SM measures would appear most useful 

in differentiating between right and left brain damage and/ 

or right and left damage from psychiatric disorders, but 

are less effective in identifying diffusely damaged indi-

viduals unless they present with a specific motor syndrome 

such as CP. These findings also suggest that effective 

differential diagnosis in clinical neuropsychology may re-

quire several stages in a process toward increasing levels 

of specificity. First, a determination of the presence or 

absence of brain damage in general should be made; if brain 

damage is hypothesized, then the question of laterality 

becomes relevant. 

Hypotheses 4 and 5 are generally supported by the 

present findings with noted exceptions and reservations: 

The mean performance of the anterior brain damaged group 

on 2 of 13 MDS anterior brain damage indicators differs 

significantly in the expected direction as contrasted to 

the posterior brain damaged group. Both the total motor 

raw score and HAND neuromuscular development index differ 

significantly between the anterior and posterior brain 

damaged groups; however, only the NDI is significantly dif-

ferent from the controls. 

The mean performance of the posterior brain damaged 

group on 2 of the 13 MDS posterior brain damage indicators 
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differs significantly in the expected direction as contrasted 

to the anterior brain damaged group. The HVDT right minus 

left score and the WAIS Block Design subtest differ signifi-

cantly between the posterior and anterior brain damaged 

groups, as well as between the posterior group and controls. 

These findings are consistent with previous research by 

Reitan et al. (1974) which has indicated that motor func-

tions are more sensitive to anterior damage, while sensory 

functions are more sensitive to posterior damage. 

A further confirmation of these findings is suggested 

in the classification results from a multiple discriminant 

analysis among the anterior damaged, posterior damaged, and 

psychiatric control groups. Seventy-three percent of the 

combined anterior, posterior, and control subjects are 

accurately classified by sensorimotor variables; i.e., 

BVMGT memory, HVDT right minus left, HVDT left minus right, 

and the total motor raw score. Using this model, the 

accuracy rates of classifying individuals into their actual 

group are as follows: anterior = 61%; posterior = 57%; and 

psychiatric = 93%. 

A more refined definition of the anterior-posterior 

dichotomy is accomplished by considering the results of a 

multiple discriminant analysis among the major lobar divi-

sions; i.e., frontal, temporal, and parietal-occipital 

(since few subjects in the present sample have occipital 

damage, these groups are combined). Sixty-nine percent of 
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the combined frontal, temporal, and parietal-occipital 

subjects are accurately classified by the WAIS FSIQ, BVMGT-

Koppitz/Dial, BVMGT memory, total motor raw score, and the 

adjusted finger tapping left minus right score. However, 

the primary factors which characterize the discriminant 

functions are a lateralizing factor (FTL-FTR) and a total 

motor factor (total motor raw). Using this model, the ac-

curacy rates of classifying individuals into their actual 

group are as follows: frontal = 75%; temporal = 64%; and 

parietal-occipital = 67%. 

The present findings conflict with previous research 

which reports higher accuracy rates for identifying posterior 

lesions (particularly of the parietal lobes) as contrasted 

to anterior lesions (particularly anterior frontal) (Reitan 

et al., 1974; Filskov & Boll, 1974). A significant pro-

portion of the posterior (and anterior) samples includes 

individuals with closed head injuries. In many instances, 

the available medical documentation focuses on the coup 

injury. This is particularly true when no serious signs 

and/or symptoms suggesting other areas of brain involvement 

are immediately observed. Posterior impact injuries result 

in a greater frequency of anterior countrecoup lesions 

than the converse. Therefore, a significant number of 

individuals classified as "posterior" in the present study 

may have subclinical countrecoup anterior lesions; thus, a 

greater proportion of correct classifications for the 
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anterior group would be expected, Misclassifications of 

parietal-occipital lesions would be expected in the direc-

tion of frontal and anterior temporal lobes. This condition 

is observed in the discriminant analysis results among lobar 

divisions, and to a slight degree among the anterior, pos-

terior, and psychiatric divisions; however, in the latter 

model, a significant percentage of both anterior and 

posterior cases are misclassified in the direction of the 

psychiatric group. 

Hypothesis 6 is clearly supported by the present find-

ings: The mean performance of the early onset group (lesion 

occurring after age 1, but before age 13) on 18 of 24 MDS 

VSC and SM general brain damage indicators is significantly 

less than the performance of the late onset group (lesion 

occurring after the age of 13) ; both groups are classified 

in the chronic stage (more than 12 months since onset of 

lesion). The eight variables which significantly differ 

among the early onset, late onset, and psychiatric groups 

are as follows: WAIS FSIQ, WAIS PIQ, BVMGT-Koppitz, HVDT 

right and left total raw and scaled scores, and the NDI. 

These findings should be considered from two previous 

research perspectives: (a) Early infantile lesions prior 

to age 1 are accommodated for by "plasticity" (or some other 

process) better than lesions occurring after age 1 (Woods, 

1980; Black, 1980; Walsh, 1978); and (b) lesions occurring 

in adolescence (particularly late adolescence) present with 
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the same effects as observed in adults and tend to be accom-

modated for in time (to some extent) by alternate functional 

systems (or some other process) (Golden, 1978; Luria, 1966, 

1973). Damage occurring between the ages of 1 and 13 would 

appear to have the most devastating effects on higher cor-

tical functions. 

The concept of plasticity, according to Luria, would 

imply a reorganization of "primary functional systems" to 

accommodate damage occurring prior to the specialization 

of these systems for a given function; i.e., in the event 

of very early damage to the left temporal lobe, the right 

temporal lobe might assume a predominant role in mediating 

language. Once a "primary system" has organized for a 

particular function, the brain would appear to be less 

plastic for reorganization after injury. The availability 

of "alternate systems," on the other hand, depends largely 

on learning, particularly the number of different ways a 

person has learned a task and the frequency of rehearsal. 

Therefore, older children, adolescents, and adults may have 

a greater availability of alternate systems to accommodate 

impaired function in the event of damage. The present 

findings are consistent with these theoretical propositions. 

Hypothesis 7 is not supported by the present research: 

Only the BVMGT-Dial differs significantly between the acute 

and chronic brain damaged groups, and this variable does 

not differ from controls. Furthermore, the BVMGT-Dial does 
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not differ in the expected direction. These findings are 

in opposition to previous research which clearly indicates 

more dramatic effects of acute brain damage versus chronic 

on most neuropsychological measures. However, the failure 

to support this hypothesis in the present study would appear 

to be explained by the nature of the brain damaged sample. 

Almost all brain damaged subjects in the present research 

are clients of the state vocational rehabilitation agency. 

In order for this agency to provide services to an indi-

vidual, the person must be "feasible"; i.e., there must be 

a reasonable expectation that he would be employable (at 

least in a sheltered environment) following delivery of 

services. Most brain damaged individuals in the acute 

stages would not qualify for services from this agency un-

less their injuries were comparatively mild; therefore, a 

referral bias would tend to equate the neuropsychological 

performance levels of the acute and chronic groups in the 

present sample. 

Hypothesis 8 is clearly supported by the present re-

sults: The CP group differs from both the brain damaged 

(without CP) and the psychiatric controls on all 53 MDS VSC 

and SM general brain damage indicators. In contrasting 

selected VSC (WAIS subtests), S (HVDT subtests), and M (MAND 

subtests) scaled score distributions, the relative magnitude 

of difference between the CP and brain damaged (without CP) 

groups is clearly lower on the motor measures. Seventy-one 
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percent of the CP subjects (from among left, right, and 

diffuse damaged subjects) are accurately classified from 

primarily the fine motor and HVDT right and left scores. 

The CP neuropsychological profile is depressed on all meas-

ures with relatively less performance on motor as contrasted 

to sensory variables, and relatively less performanance on 

sensory as contrasted to verbal measures. 

Aside from the obvious diagnostic implications, these 

findings tend to confirm that damage occurring prior to the 

time of birth (regardless of specific etiology) may have 

the most devastating effects on higher cortical functions. 

Furthermore, these effects for the CP group are obviously 

not limited to the motor system but, in addition, involve 

significant deficits in both sensory and verbal-spatial-

cognitive functions. 

Conclusions 

The validity of the MDS for neuropsychological diagnosis 

of brain damage is supported by the present study. Brain 

damaged individuals, in general, are clearly differentiated 

from psychiatric controls. To a lesser degree, individuals 

with lateralized brain damage and/or anterior-posterior 

damage are differentiated; this is particularly true if 

brain damage, in general, has been established. In the 

present study, individuals with diffuse damage are not 

clearly differentiated from individuals with lateralized 

damage. However, many diffuse cases also demonstrate some 
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degree of lateralized and/or relatively greater anterior-

posterior deficits. More rigid definitions of the medical 

diagnostic criteria are needed before precise behavioral 

correlates can be established. Perhaps these definitions 

may be forthcoming with advances in computer axial tomo-

graphy, positron emission transaxial tomography, and nuclear 

magnetic resonance techniques. Although not highly specific, 

definitions of brain damage by lobar divisions may continue 

to serve as better criteria for neuropsychological research 

than anterior-posterior divisions. 

The age of onset appears to be a critical issue in 

determining the eventual neuropsychological effects on an 

individual. The most devastating effects probably result 

from prenatal and early childhood onset, while infantile, 

late adolescence, and adult onset have less devastating 

effects. Therefore, a thorough clinical history, in addi-

tion to the neuropsychological test data, would provide 

important information necessary to fully understand the 

behavioral impact of brain damage for a given individual. 

The direction and focus of rehabilitation efforts may be 

partially decided on the basis of this information. Further 

research to determine the effects of both age at onset and 

chronicity on higher cortical functions is necessary to 

resolve this issue. 

The prediction accuracy of the MDS may be improved by 

the addition of auditory and specific language assessments 
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as well as a concept formation test. Both the Halstead-

Reitan and Luria-Nebraska neuropsychological batteries 

include measures of the auditory-acoustical analyzer. The 

Seashore Rhythm Test, Speech Sounds Perception Test, and 

the Reitan-Indiana Aphasic Screening Test are used in the 

Halstead-Reitan battery to assess auditory and language 

functions, while the Luria-Nebraska relies primarily on the 

patient's ability to repeat certain sounds and to follow 

verbal commands to assess these functions. The Categories 

Test is used in the Halstead-Reitan battery to assess con-

cept formation, while the Luria-Nebraska evaluates the 

patient's ability to understand proverbs and other verbal 

abstractions. 

The MDS presently relies on the WAIS for assessing 

abstract abilities and the PPVT to assess auditory receptive 

language. Although both of these instruments are useful for 

rehabilitation programming purposes, they fail to provide 

adequate detailed information regarding functional neuro-

logical systems that are hypothesized to depend on the 

integrity of the temporal and anterior frontal lobes. There-

fore, research efforts should be directed toward developing 

and/or incorporating adequate assessment instrumentation for 

these constructs into the present MDS. Perhaps the Dichotic 

Listening Test (Kimura, 1973) would provide a useful model 

from which an adequate neuropsychological assessment of 

auditory-acoustic functions could be accomplished. The 
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Categories Test, although limited itself, would seem to 

provide a useful research model for developing a sensitive 

test of abstract thinking and concept formation. 

Another important higher cortical function which is 

inadequately assessed by the Halstead-Reitan, Luria-Nebraska, 

and McCarron-Dial neuropsychological batteries is memory. 

The Halstead-Reitan battery depends on recall and locali-

zation of the TPT designs; the Luria-Nebraska primarily 

depends on immediate recall of verbal and spatial informa-

tion; and the McCarron-Dial relies on the WAIS Information 

and Digit Span subtests and the BVMGT memory and localiza-

tion subtests. A more comprehensive assessment of cross 

modal memory transfer and recall is needed; i.e., tactile-

tactile, tactile-verbal, verbal-verbal, visual-verbal, etc. 

The memory assessment should also include immediate and 

short-term subtests as well as a separate component to 

assess long-term memory. Further research is needed to 

develop an adequate assessment instrument for memory. 

Increased classification accuracy of the MDS may also be 

accomplished by using a "key approach" in the differential 

diagnostic process. The key approach involves a series of 

steps in the diagnostic process, each relying more heavily 

on different sets of data (i.e., test scores, pathognomonic 

signs, patterns, etc.). It is essentially a hypothetical-

deductive model that moves from resolving the major issues 

first, such as brain damage versus non-brain damage; then 
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proceeds to progressively more specific questions; i.e., 

lateralized versus diffuse, right versus left, anterior 

versus posterior, frontal versus temporal, posterior versus 

anterior frontal, etc. The advantages of a key approach in 

contrast to multiple discriminant analysis are enumerated in 

the neuropsychological literature (Reitan & Davison, 1974). 

The MDS would appear to be a useful neuropsychological 

assessment battery for both diagnostic and rehabilitation 

programming purposes. However, further validation efforts 

are needed with better defined brain damaged samples before 

this battery can be used with complete confidence in neuro-

psychological diagnosis. Additional measures of memory, 

auditory-acoustic, and concept formation would most likely 

improve the battery's ability to accurately predict the 

location of a brain lesion. 
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Appendix A 

MDS Individual Evaluation Profile 

_ Age: _ Recommended General Program Placement 

_ Vocational: 

Referral Source: _ Dateof Evaluation: _ 

Case Dispositions . Hand Preference: 

_ Residential: . 

MDS FACTORS Factor T Raw Score 

30 

( -5 .00) 

40 

( -4.00) 

60 

(-2.00) 

70 

(-1-00) 

VERBAL*SPATIAL- COGNITIVE 

WAIS-SB Full Scale IQ 

PPVT IQ/Std. Score 

SENSORY 

BVMGT Koppitz Errors 

HVDT Right Total 

HVDT Left Total 

MOTOR 

MAND Fine Raw 

MAND Gross Raw 

MAND Total Raw 

EMOTIONAL 

OEI Total Raw 

INTEGRATION-COPING 

BRS Total Raw 

SSSQ Total Raw 

PROGRAM PLACEMENT LEVEL 

VOCATIONAL LEVEL 

SFVCS + FT A/2 {S«« R«grM»ion Equations) 

Estimated % Minimum Wage (Current) 

Estimated % Minimum Wage (12 Months) 

Probability of Community Emp.(0-24 Months) 

Residential Level 

.131 (HVDT R + U2T) + .178(GrossT) + 

.165 (OEI T) + .232 (BRS T) + .294 {SSSQ T) * 
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Appendix B 

Dial Scoring System 
Design A 

Constriction: Do not score if errors #la (distortion, 

misshapen) and/or #lb (distortion, disproportionate size) 

on the Koppitz system have been scored, 

Shortest axis of both circle and square are less than 

3/4 inch. 

Enlargement: Do not score if errors #la (distortion, 

misshapen) and/or //lb (distortion, disproportionate size) 

on the Koppitz system have been scored. Do not score if 

constriction error has been rated. 

Longest axis of circle and square are greater than 1-1/4 

inch. 

Overlay: Not scored. 

Collision: Not scored. 

Design 1 

Constriction: Do not score if error #4 (distortion, 

dots to circles) on the Koppitz system has been scored. 

Row of dots less than 3-1/2 inches. 

Enlargement: Do not score if error #4 on the Koppitz 

system has been scored. 

Row of dots greater than 6-1/2 inches. 

Overlay: Any part of design (dots) penetrates any part 

of Design A by greater than 1/8 inch. 
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Collision: Do not score if overlay is scored on same 

design. 

Any part of design makes contact with or is reproduced 

within 1/8 inch of Design A. 

Design 2 

Constriction: Do not score if error #8 (integration, 

omission of rows) on the Koppitz system has been scored. 

Center row of circles is 3-1/2 inches or less. 

Enlargement: Do not score if error #8 (integration, 

omission of rows) on the Koppitz system has been scored. 

Center row of circles is greater than 6 inches. 

Overlay: Do not score if error #8 (integration, omis-

sion of rows) on the Koppitz system has been scored. 

Any part of design (circles) penetrates any part (or 

space) of Design A or Design 1. Score only once. 

Collision: Do not score if error #8 (integration, 

omission) has been scored. Do not score if overlay is 

scored on same design. 

Any part of design (any circle) makes contact with or 

is within 1/8 inch of Design A or Design 1. 

Design 3 

Constriction: Do not score if errors #10 (distortion, 

dots to circles), #12a (integration, shape lost), or #12b 

(integration, continuous line) on the Koppitz system have 

been scored. 
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Length of horizontal axis (longest axis if design is 

rotated) is less than 1-1/2 inches. 

Enlargement: Do not score if errors #10 (distortion, 

dots to circles), #12a (integration, shape lost), or #12b 

(integration, continuous line) on the Koppitz system have 

been scored. 

Length of horizontal axis (longest axis if design is 

rotated) is greater than 2-1/4 inches. 

Overlay: Do not score if errors #10 (distortion, dots 

to circles), #12a (integration, shape lost), or #12b (inte-

gration, continuous line) on the Koppitz system have been 

scored. 

Any part of design (dots) penetrates any part (or space) 

of Design A, Design 1, or Design 2. Score only once. 

Collision: Do not score if errors #10 (distortion, 

dots to circles), #12a (integration, shape lost), or #12b 

(integration, continuous line) on the Koppitz system have 

been scored. Do not score if overlay has been scored. 

Any part of design (dots) makes contact with or is 

within 1/8 inch of Design A, Design 1, or Design 2. Score 

only once. 

Design 4 

Constriction: Do not score if error #14 (integration) 

on the Koppitz system has been scored. 

Base and both perpendicular lines of the open square 

are less than 1/2 inch in length. 
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Enlargement: Do not score if error #14 (integration) 

on the Koppitz system has been scored. 

Base and both perpendicular lines of the open square 

are more than 7/8 inch in length. 

Overlay: Any part of design penetrates any part (or 

space) of Design A, Design 1, Design 2, or Design 3. Score 

only once. 

Collision: Do not score if overlay has been scored. 

Any part of design makes contact with or is within 1/8 

inch of Design A, Design 1, Design 2, or Design 3. Score 

only once. 

Design 5 

Constriction: Do not score if errors #15 (distortion, 

dots into circles), #17a (integration, shape lost), or #17b 

(integration, continuous line) on the Koppitz system have 

been scored. 

Distance between points of base less than 3/4 inch and 

height from base to point of extension is less than 1-1/4 

inches. 

Enlargement: Do not score if errors #15 (distortion, 

dots into circles), #17a (integration, shape lost), or #17b 

(integration, continuous line) on the Koppitz system have 

been scored. 

Distance between points of base greater than 1-1/4 

inches and height from base to point of extension is greater 

than 1-1/2 inches. 
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Overlay: Do not score if errors #17a (integration, 

shape lost) or #17b (integration, continuous line) on the 

Koppitz system have been scored. 

Any part of design penetrates any part (or space) of 

Design A, Design 1, Design 2, Design 3, or Design 4. Score 

only once. 

Collision: Do not score if errors #17a (integration, 

shape lost) or #17b (integration, continuous line) on the 

Koppitz system have been scored. Do not score if overlay 

has been scored. 

Any part of design makes contact with or is within 1/8 

inch of Design A, Design 1, Design 2, Design 3, or Design 4. 

Score only once. 

Design 6 

Constriction: Do not score if errors #18b (distortion, 

straight lines) or #19 (integration, lines not crossing) 

on the Koppitz system have been scored. 

Longest line (usually horizontal) less than 3-1/2 

inches. 

Enlargement: Do not score if errors #18b (distortion, 

straight lines) or #19 (integration, lines not crossing) 

on the Koppitz system have been scored. 

Longest line (usually horizontal) greater than 5 inches. 

Overlay: Do not score if errors #18b (distortion, 

straight lines) or #19 (integration, continuous line) on 

the Koppitz system have been scored. 
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Any part of design penetrates any part (or space) of 

Design A, Design 1, Design 2, Design 3, Design 4, or 

Design 5. Score only once. 

Collision: Do not score if errors #18b (distortion, 

straight line) or #19 (integration, continuous line) on the 

Koppitz system have been scored. Do not score if overlay 

has been scored. 

Any part of design makes contact with or is within 1/8 

inch of Design A, Design 1, Design 2, Design 3, Design 4, 

or Design 5. Score only once. 

Design 7 

Constriction: Do not score if errors #21a (distortion, 

disproportionate size), #21b (distortion, misshapen), or 

#23 (integration) on the Koppitz system have been scored. 

Height of both hexagons is less than 1-3/8 inches. 

Enlargement: Do not score if errors #21a (distortion, 

disproportionate size), #21b (distortion, misshapen), or 

#23 (integration) on the Koppitz system have been scored. 

Height of both hexagons is 1-7/8 inches or greater. 

Overlay: Do not score if errors #21a (distortion, dis-

proportionate size) or 21b (distortion, misshapen) on the 

Koppitz system have been scored. 

Any part of design penetrates any part (or space) of 

Design A, Design 1, Design 2, Design 3, Design 4, Design 5, 

or Design 6. Score only once. 
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Collision: Do not score if errors #21a (distortion, 

disproportionate size) or #21b (distortion, misshapen) on 

the Koppitz system have been scored. Do not score if over-

lay has been scored. 

Any part of design makes contact with or is within 1/8 

inch of Design A, Design 1, Design 2, Design 3, Design 4, 

Design 5, or Design 6. Score only once. 

Design 8 

Constriction: Do not score if error #24 (distortion, 

misshapen) on the Koppitz system has been scored. 

Length of hexagon is less than 2-1/2 inches. 

Enlargement: Do not score if error #24 (distortion, 

misshapen) on the Koppitz system has been scored. 

Length of hexagon is 3-3/8 inches or greater. 

Overlay: Do not score if error #24 (distortion, mis-

shapen) on the Koppitz system has been scored. 

Any part of design penetrates any part (or space) of 

Design A, Design 1, Design 2, Design 3, Design 4, Design 5, 

Design 6, or Design 7. Score only once. 

Collision: Do not score if #24 (distortion, misshapen) 

on the Koppitz system has been scored. Do not score if 

overlay has been scored. 

Any part of design makes contact with or is within 1/8 

inch of Design A, Design 1, Design 2, Design 3, Design 4, 

Design 5, Design 6, or Design 7. Score only once. 
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Appendix C 

Table 1 

Documentation of Brain Damage by Medical Source 

Source # of Cases % of Total 

Neurosurgical Report 21 15 

Neurological Report 20 14 

TRC--General Medical 90 64 

Other--Medical History 10 7 

Total 141 100 
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Table 2 

Documentation of Brain Damage by Laboratory 
or Radiological Source 

Source # of Cases % of Total 

Electroencephalogram 6 4 

Pneumoencepha1ogram 1 1 

Arteriogram 2 1 

Computerized Axial Tomogram 8 6 

No Report Available 124 88 

Total 141 100 
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Appendix D 

Table 3 

Groups by Localization of Lesion 

Location Number Percentage 

Hemispheric 

Left Hemisphere 25 18 

Right Hemisphere 17 12 

Diffuse Right & Left Hemispheres 30 21 

Diffuse—Greater Left Hemisphere 22 16 

Diffuse--Greater Right Hemisphere 22 16 

Diffuse--Primarily Motor System (CP) 24 17 

Total 141 100 

Lobar 

Frontal Lobes 31 22 

Temporal Lobes 22 16 

Parietal-Occipital Lobes 21 15 

Diffuse—All Lobes 43 30 

Diffuse—Primarily Motor System (CP) 24 17 

Total 141 100 
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Table 4 

Pathology/Etiology of Brain Damage 

Pathology/Etiology Number Percentage 

Closed Head 59 43 

Cerebral Palsy 24 17 

Cerebral Vascular Accident 23 16 

Penetrating Missiles 13 9 

Neoplasms 4 3 

Malformation of Cranial Vault 3 2 

Other Focal 2 1 

Other Diffuse 7 5 

Unknown 6 4 

Total 141 100 
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Appendix E 

Case Number 

Location of Lesion: Anterior frontal-bilateral 

Pathology and/or Etiology .-Craniocerebral trauma (closed 

head) probable coup injury w/numerous contusions (hit by hose) 

Onset: 11-78 Eval. Date: 4-81 Chronicity: 2.6 yrs. 

Treatment: Surgery & anti-seizure medication 

Prognosis: Continued frequent grand mal seizures 

Medication: Phenobarbitol & Dilantin 

Method of Documentation: Medical history provided by TRC 

& patient report to psychologist 

Case Number 2 

Location of Lesion: Bilateral-diffuse 

Pathology and/or Etiology: Craniocerebral trauma (closed 

head) probable coup-counter-coup (motor vehicle accident) 

Onset: 10-60 Eval. Date: 11-81 Chronicity:21.0 yrs. 

Treatment: Not indicated 

Prognosis: Static 

Medication: None 

Method of Documentation: Medical history provided by TRC 

& patient report 
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Appendix F 

Table 5 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

Demographic Characteristics 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev. 

Age 24.91/6.93(-) 30.09/11.85(-) 25.35/10.82(-) 

Sex 1.46/ .51(A,B) 1.33/ .47(A) 1.60/ .50(B) 

Hand Pref. 1.29/ .46(-) 1.15/ .35(-) 1.17/ .38(-) 

Race Chi-square analysis revealed nonsignificant 
differences (JD ^ .05) among five categories 

n 24 n = 117 n 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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Appendix G 

Table 6 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

Verbal-Spatial-Cognitive Performance Levels 

Cerebral Palsy Brain Damaged 
Variable Mean/Std. Dev. Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev. 

WAIS FSIQ 67. 17/16. 60(A) 87. 04/16. 36(B) 97. 29/14. 67(C) 

WAIS VIQ 73. 25/19. 47(A) 88. 76/17. 53(B) 96. 67/15. 09(C) 

WAIS PIQ 62. 79/18. 79(A) 86. 73/14. 69(B) 98. 19/13. 79(C) 

WRAT--R 66. 52/30. 03(A) 89. 40/22. 20(B) 95. 27/17. 09(B) 

WRAT--S 70. 17/20. 76(A) 84. 54/17. 59(B) 90. 85/15. 83(B) 

WRAT--A 71. 43/12. 22(A) 82. 37/15. 02(B) 87. 10/11. 75(B) 

PPVT IQ 73. 83/24. 33(A) 88. 96/18. 74(B) 97. 76/18. 46(C) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ >.01); means followed by the same 
letters in parentheses are not significantly different 
(p >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 7 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

WAIS Subtests 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Controls 
Mean/Std. Dev. 

INF 5.42/3.39(A) 7.72/3.10(B) 8.33/3.33(B) 

COMP 5.25/3.92(A) 8.42/3.67(B) 10.17/3.70(C) 

ARITH 4.25/3.39(A) 7.27/3.06(B) 8.71/3.09(C) 

SIM 7.08/3.79(A) 9.17/3.12(B) 10.24/2.51(B) 

DTS 4.67/3.19(A) 7.81/3.40(B) 9.91/2.80(C) 

VOC 5.50/3.61(A) 8.12/3.18(B) 9.29/3.14(C) 

DSM 2.33/2.46(A) 6.57/2.43(B) 10.52/2.54(C) 

PC 5.58/3.09(A) 8.77/2.97(B) 9.71/2.61(B) 

BD 4.33/3.55(A) 8.16/2.84(B) 9.88/2.54(C) 

PA 3.88/3.19(A) 7.45/2.97(B) 8.93/2.98(0 

OA 4.08/3.72(A) 8.00/3.23(B) 10.57/3.60(C) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 8 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

Verbal-Spatial-Cognitive Patterns and Signs 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev. 

VIQ-PIQ 13.58/16.85(A) 5.81/ 8.40(B) 3.14/ 6.16(B) 

PIQ-VIQ 3.13/ 8.44< —) 3.81/ 7.63(-) 4.67/ 5.21(-) 

FSIQ-PPVT 3.75/ 7.10(—) 3.74/ 6.10(-) 3.93/ 7.59(-) 

WRAT R-A 5.04/10.89(-) 11.10/13.67(-) 10.00/10.17(-) 

SIM-BD 3.00/ 3.12(A) 1.82/ 2.16(B) 1.07/ 1.74(B) 

BD-SIM 1.00/ 2.57(—) .72/ 1.54(-) .71/ 1.20(-) 

ALGO VC(7)* 1.89/ 1.32(A) 1.78/ 1.65(A) .81/ 1.11(B) 

ALGO VC(8)* 1.78/ 2.32(-) 1.28/ 1.82(-) .88/ 1.48(-) 

ALGO VC(9)* 1.50/ 1.10(-) .97/ 1.32(-) .88/ 1.27(-) 

ALGO VC(10)' * .22/ .65(-) .61/ 1.03(—) .88/ 1.15(-) 

ALGO VC(ll) * 1.33/ 1.5 7(-) 1.21/ 1.4 5(-) 1.38/ 1.65(-) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (jd > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 

*See Section One of text for detailed description of these 
algorithms. 
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Table 9 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

Sensory Performance Levels 

Cerebral Palsy Brain Damaged 
Variable Mean/Std. Dev. Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev, 

BVMGT 

Koppitz 7. 60/ 5. 50(A) 2. 88/3. 14(B) 1 .07/1. 24(C) 

Dial 2. 70/ 2. 85(A) 3. 89/1. 94(B) 4 .38/1. 67(B) 

D + K 10. 30/ 4. 73(A) 6. 76/3. 13(B) 5 .45/1. 92(C) 

Memory 2. 40/ 2. 06(A) 3. 71/2. 16(B) 5 .88/1. 40(C) 

Loc. 67/ • 90(A) 1. 74/1. 75(B) 3 .83/1. 30(C) 

HVDT 

R. Raw 21.25/ 8.16(A) 

L. Raw 21.46/11.63(A) 

R. Scaled 2.08/ 3.20(A) 

L. Scaled 3.46/ 4.40(A) 

n = 24 

28.89/7.58(B) 

29.20/8.93(B) 

5.61/3.73(B) 

6.18/4.46(B) 

n = 117 

34.74/4.35(C) 

35.45/4.77(C) 

9.50/3.27(C) 

10.07/3.52(0 

n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ >.01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple; Range Test for group 
comparisons. 
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Table 10 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

HVDT Subtests 

Psychiatric 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Controls 
Mean/Std. Dev. 

R. Shape 4.04/4.48(A) 7.82/4.44(B) 9.95/2.79(C) 

L. Shape 4.83/5.05(A) 7.95/4.92(B) 10.62/2.31(C) 

R. Size 4.71/4.28(A) 7.20/4.54(B) 10.57/3.51(C) 

L. Size 5. 04/5.09(A) 7.92/4.77(B) 10.95/3.61(0 

R. Texture 5.46/4.28(A) 8.84/4.31(B) 11.71/3.68(0 

L. Texture 6.54/5.45(A) 8.88/4.93(B) 11.62/3.73(C) 

R. Config. 2.29/3.71(A) 6.31/4.46(B) 9.02/4.26(0 

L. Config. 3.75/4.77(A) 6.58/4.98(B) 9.74/4.56(C) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 11 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

Motor Performance Levels 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev. 

Fine 195.17/ 98.70(A) 361.24/ 79.00(B) 418.88/23.05(C) 

Gross 117.46/ 67.26(A) 247.27/ 94.35(B) 322.02/53.96(C) 

Total 312.63/146.52(A) 608.84/162.59(B) 790.88/65.10(0 

NDI 10.21/ 16.20(A) 55.88/ 30.32(B) 87.43/15.82(0 

PC 19.79/ 29.47(A) 70.61/ 38.39(B) 59.48/38.51(B) 

MP 7.92/ 16.15(A) 50.67/ 38.24(B) 64.29/44.66(C) 

KI 4.17/ 12.13(A) 41.05/ 41.45(B) 57.69/39.71(C) 

BD 13.13/ 21.96(A) 62.15/ 31.80(B) 64.62/39.19(B) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 12 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

MAND Subtests 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev. 

BB • 21/ . 72(A) 4.00/3.94(B) 8. 40/3. 22(C) 

BR 1. 25/2. 07(A) 6.25/3.78(B) 9. 71/2. 47(C) 

FT 1. 00/2. 48(A) 6.62/5.00(B) 9. 33/3. 34(C) 

NB 1. 38/2. 58(A) 6.30/3.25(B) 8. 62/2. 28(C) 

RS 2. 08/3. 97(A) 6.68/4.51(B) 8. 40/3. 88(C) 

HS 1. 08/2. 21 (A) 5.69/4.13(B) 8. 26/3. 54(C) 

FNF 1. 88/3. 14(A) 7.48/4.15(B) 9. 17/2. 80(C) 

J 
• 50/1. 79(A) 4.56/4.57(B) 9. 83/4. 28(C) 

HT 
• 42/2. 04(A) 4.23/4.78(B) 9. 60/3. 72(C) 

SF 
• 42/1. 44(A) 3.98/4.10(B) 6. 98/3. 17(C) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 13 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Cerebral Palsy (CP), 

Brain Damage (without CP), and 
Psychiatric Groups 

Sensorimotor Patterns and Signs 

Variable 
Cerebral Palsy 
Mean/Std. Dev. 

Brain Damaged 
Mean/Std. Dev. 

Psychiatric 
Controls 

Mean/Std. Dev. 

ALGO SM(1)* .21/ .51(-) 1.12/1.92(-) .93/1.70(-) 

ALGO SM(2)* 1.96/2.99(-) 1.69/2.26(-) 1.91/2.29(-) 

HVDT 

R-L 2.21/2.98(-) 2.42/5.37(-) .41/ .7 7(-) 

L-R 1.96/3.18(-) 2.46/3.9K-) 1.00/1.27(-) 

MAND 

BB R-L 1.13/1.75(-) 1.57/3.64(-) .62/1.19(-) 

BB L-R .92/1.41(-) 1.98/3.25(-) 1.05/1.36(-) 

FT R-L 1.75/2.75(-) 1.99/4.58(-) .57/1.15(-) 

FT L-R .42/1.02(-) 2„27/3.70(-) 1.33/1.62(-) 

HS R-L 1.33/2.84(-) 1.43/3.47(-) .36/ .91(-) 

HS L-R 1.13/1.5K-) 1.93/3.76(-) .67/ .98(-) 

n = 24 n = 117 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 

*See Section One of text for detailed description of these 
algorithms. 
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Table 14 

Classification Results for Multiple Discriminant 
Analysis Between Brain Damaged (without CP) 

and Psychiatric Groups 

Predicted Group Membership 

Actual Group n Brain Damaged Psychiatric 

Brain Damaged 117 113 (97%) 4 (3%) 

Psychiatric 42 12 (29%) 30 (71%) 

Note. 90% of "grouped cases" correctly classified. 
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Table 15 

Canonical Discriminant Function and Standardized 
Coefficients for Multiple Discriminant Analysis 

Between Brain Damaged (without CP) and 
Psychiatric Control Groups 

Variable Coefficient 
Characteristics 
of Function 

Digit Symbol .590 Eigenvalue: 1.044 

BVMGT -Memory .453 Canonical Corr: .715 

Fine Raw .566 Wilks' Lambda: .489 

PC -.902 Chi-Squared: 101.92 

HSR-HSL -.264 Significance: <.0001 
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Table 16 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Verbal-Spatial-Cognitive Left Hemisphere Indicators 

Variable 
Left Damage 

Mean/Std. Dev. 
Right Damage 
Mean/Std. Dev. 

Diffuse Damage 
Mean/Std. Dev. 

PIQ-VIQ 6.77/10.25(A)* 1.21/3.31(B) 2.53/5.18(B)* 

FSIQ-PPVT IQ 3.02/ 5.98(-) 4.85/7.21(-) 3.47/4.62(-) 

BD-SIM 1.28/ 2.12(A)* .26/ .68(B)* .40/ .89(B)* 

ALGO VC(10) .68/ l.ll(-) .47/ .92(-) .63/1.03(-) 
<r II G
 n = 39 n = 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls. 
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Table 17 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Verbal-Spatial-Cognitive Right Hemisphere Indicators 

Variable 
Left Damage 

Mean/Std. Dev. 
Right Damage Diffuse Damage 

Mean/Std. Dev. Mean/Std. Dev. 

VIQ-PIQ 3.28/ 5.62(A)* 7. 87/ 9.09(B) 7 .30/10.21(A,B)* 

SIM-BD .96/ 1.49(A)* 2. 64/ 2.19(B) 2 .17/ 2.56(B) 

ALGO VC(8) .94/ 1.7K-) 1. 82/ 1.98(-) 1 .17/ 1.68(-) 

ALGO VC(9) .79/ 1.18(-) 1. 39/ 1.55(-) .73/ l.ll(-) 

ALGO VC(ll) .81/ 1.2K-) 1. 61/ 1.65(—) 1 .30/ 1.44(-) 

WRAT R-A 7.38/13.38(A)* 15. 65/13.29(B)* 11 .47/13.47(A,B)* 

n = 47 n = 39 n = 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >• .05) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls. 
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Table 18 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Sensory Left Hemisphere Indicators 

Left Damage Right Damage Diffuse Damage 
Variable Mean/Std. Dev. Mean/Std. Dev. Mean/Std. Dev. 

Constriction 

HVDT R. Raw 

HVDT R. SS 

R. Shape SS 

R. Size SS 

R. Text. SS 

2.83/1.99(A)* 

26.57/9.41(A) 

4.85/3.66(A) 

7.36/4.43(A) 

5.68/4.18(A) 

8.47/4.65(A) 

R. Config. SS 5.51/4.45(A) 

HRR-HLR 4.41/5.19(B) 

n = 47 

2.15/1.87(A)* 

31.38/5.50(B) 

6.67/3.90(B) 

8.51/4.34(A) 

9.08/4.23(B)* 

9.05/3.95(A) 

7.54/4.58(B)* 

.78/1.57(A)* 

n = 39 

2.93/1.81(A)* 

28.97/5.44(A,B) 

5.23/3.33(A,B) 

7.60/4.71(A) 

7.00/4.71(A) 

8.93/4.22(A) 

5.73/3.97(A,B) 

1.52/1.81(A)* 

n = 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls, 
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Table 19 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Sensory (BVMGT) Right Hemisphere Indicators 

Variable 
Left Damage 
Mean/Std. Dev. 

Right Damage Diffuse Damage 
Mean/Std. Dev. Mean/Std. Dev. 

Koppitz 3.22/3. 74(A) 2. 28/2. 63(A) 3 .20/2 .75(A) 

Dial 3.76/2. 05(A)* 3. 85/2. 11(A) 4 .07/1 .60(A) 

Enlargement .80/1. 0 9 (-) 1. 36/1. 27 (-) .87/ • 9 7 (-) 

Overlay .02/ . 14 (-) 
• 13/ . 41 (-) • 17/ .46(-) 

Collision .11/ . 38 (-) 
• 11/ . 38 (-) .10/ .40(-) 

Memory 3.48/2. 23(A) 3. 38/2. 07(A) 4 .37/2 .09(A) 

Localization 1.45/1. 35(A) 1. 86/1. 97(A) 1 .97/1 •97(A) 

n = 47 p l = 39 n = ; 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls, 
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Table 20 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Sensory (HVDT) Right Hemisphere Indicators 

Left Damage Right Damage Diffuse Damage 
M!ean/Std. Dev. Mean/Std. Dev. Mean/Std. Dev. Variable 

L. Raw 

L. SS 

L. Shape SS 

L. Size SS 

L. Tex. SS 

L. Conf. SS 

HRR-HLR 

31.43/8.64(A) 

7.65/4.59(A) 

8.78/4.60(A)* 

9.43/4.40(A)* 

10.24/5.05(A)* 

7.24/4.99(A) 

1.33/4.47(A)* 

n = 47 

26.55/10.92(B) 

5.24/ 4.63(B) 

6.42/ 5.50(B) 

6.32/ 5.06(B) 

7.97/ 5.15(B) 

6.26/ 5.20(A) 

4.61/ 7.35(B) 

n = 39 

29.10/5.30(A,B) 

5.17/3.52(B) 

8.67/4.33(A)* 

7.40/4.23(A,B) 

8.13/4.03(A,B) 

5.97/4.84(A) 

1.31/2.17(A)* 

n = 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >-°5) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls. 



Appendix K--Continued 114 

Table 21 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Motor Left Hemisphere Indicators 

Left Damage Right Damage 
Variable Mean/Std. Dev. Mean/Std. Dev. 

Diffuse Damage 
Mean/Std. Dev. 

R. BB 17 .93/ 9.00(A) 21. 49/ 6.15(B) 18 .93/ 6.20(A,B) 

R. FT 37 .37/19.27(A) 45. 00/12.35(B)* 38 .43/13.42(A,B)* 

R. HS 30 .52/17.77(A) 35. 79/10.98(A,B)* 37 .34/13.11(B)* 

BBL-BBR 3 .09/ 4.21(A) • 77/ 1.81(B)* 1 .69/ 2.22(B)* 

FTL-FTR 3 .72/ 4.80(A) 
• 
69/ 1.30(B)* 1 .89/ 2.83(B)* 

HSL-HSR 3 .41/ 5.29(A) 

n = 47 

• 64/ 1.01(B)* 

n = 39 

1 .04/ 1.43(B)* 

n = 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant: F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls. 
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Table 22 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Left, Right, and 

Diffuse Brain Damaged Groups 

Motor Right Hemisphere Indicators 

Left Damage 
Variable Mean/Std. Dev. 

Right Damage 
Mean/Std. Dev. 

Diffuse Damage 
Mean/Std. Dev. 

L. BB 20.52/ 4.69(A) 16.51/ 9.66(B) 

L. FT 42.52/13.04(A)* 32.26/18.38(B) 

L. HS 34.33/14.18(A)* 27.67/14.35(B) 

BBR-BBL .33/ .73(A)* 3.18/ 5.19(B) 

FTR-FTL .50/ 1.15(A)* 4.44/ 7.01(B) 

HSR-HSL .41/ 1.00(A)* 3.15/ 5.17(B) 

n = 47 n = 39 

17.87/ 5.98(A,B) 

37.03/12.85(A,B) 

35.41/11.07(A)* 

1.45/ 3.22(A)* 

1.14/ 1.98(A)* 

.75/ 2.14(A)* 

n = 30 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 

*Does not differ from controls, 
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Table 23 

Classification Results for Multiple Discriminant 
Analysis Among Left, Right, Diffuse Brain 

Damaged and Psychiatric Groups 

116 

Predicted Group Membership 

Actual Group n Left Right Diffuse Psyc. 

Left Damage 47 29(62%) 6(13%) 7(15%) 5(10%) 

Right Damage 39 7(18%) 17(44%) 8(20%) 7(18%) 

Diffuse Damage 30 9(30%) 3(10%) 11(37%) 7(23%) 

Psychiatric 42 0(0%) 1(4%) 2(5%) 39(91%) 

Note. 60% of "grouped cases" correctly classified. 
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Table 24 

Canonical Discriminant Functions for Multiple 
Discriminant Analysis Among Left, Right, 

Diffuse Brain Damaged and 
Psychiatric Groups 

Function Eigenvalue % of Variance Canonical Correlation 

1 .546 50.36 .594 

2 .464 42.82 .563 

3 .074 6 .83 .262 
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Table 25 

Standardized Canonical Discriminant Function Coefficients 
for Multiple Discriminant Analysis Among Left, Right, 

Diffuse Brain Damaged and Psychiatric Groups 

Standardized Coefficients 

Variable Function 1 Function 2 Function 3 

PIQ-VIQ -0. .131 0. .271 0. ,425 

WRAT R-A 0. ,076 -0. .335 -0. ,176 

BVMGT-KD 0. ,006 0. ,229 -0. ,695 

BVMGT-Memory 0. ,188 0. ,538* -0. ,772 

BVMGT-Localization 0. , 632* 0. .072 0. ,748 

HLR-HRR -0. ,640* 0. ,187 0. ,295 

FTR-FTL 0. .019 -0, ,642 0. ,224 

Note. Function 3 does not contribute significantly to 
discriminating among the groups. 

^Variables which tend to characterize the function. 
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Table 26 

Classification Results for Multiple Discriminant 
Analysis Among Left, Right, Diffuse Brain 

Damaged and Cerebral Palsy Groups 

Predicted Group Membership 

Actual Group n Left Right Diffuse CP 

Left Damage 47 33(70%) 9(19%) 0(0%) 5(11%) 

Right Damage 39 8(21%) 27(69%) 2(5%) 2(5%) 

Diffuse Damage 30 15(50%) 10(33%) 4(13%) 1(3%) 

Cerebral Palsy 24 6(25%) 1(4%) 0(0%) 17(71%) 

Note. 58% of "grouped cases" correctly classified. 
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Table 27 

Canonical Discriminant Functions for Multiple 
Discriminant Analysis Among Left, Right, 

Diffuse Brain Damaged and 
Cerebral Palsy Groups 

Function Eigenvalue % of Variance Canonical Correlation 

1 .765 69.45 .658 

2 .326 29.59 .496 

3 .011 0.96 .102 

Note. Function 3 does not significantly contribute to 
discriminating among the groups. 
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Table 28 

Standardized Canonical Discriminant Function Coefficients 
for Multiple Discriminant Analysis Among Left, Right, 

Diffuse Brain Damaged and Cerebral Palsy Groups 

Standardized Coefficients 

Variable Function 1 Function 2 Function 3 

WAIS VIQ 0.165 0.609 0.563 

WAIS PIQ 0.558 -0.638 -1.429 

HVDT R. Raw -0.173 0.950* 0.025 

HVDT L. Raw -0.511 -0.736* 0.829 

Fine Raw 0.914* -0.109 0.452 

Note. Function 3 does not contribute significantly to 
discriminating among the groups. 

^Variables which tend to characterize the function. 
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Table 29 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Anterior, Posterior, 

and Psychiatric Control Groups 

Verbal-Spatial-Cognitive Anterior Indicators 

Anterior Posterior Controls 
Variable Mean/Std. Dev. Mean/Std. Dev. Mean/Std. Dev. 

ALGO VC(8) 1.33/1.91C-) 1.25/1.53(-) .88/1.48(-) 

ALGO VC(10) .91/1.18(-) .64/1.16(-) .88/1.15(-) 

ALGO VC(ll) 1.03/1.38(-) 1.07/1.54(-) 1.38/1.65(-) 

n = 33 n = 28 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ >• .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 30 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Anterior, Posterior, 

and Psychiatric Control Groups 

Verbal-Spatial-Cognitive Posterior Indicators 

Variable 
Anterior 

Mean/Std. Dev. 
Posterior 

Mean/Std. Dev. 
Controls 

Mean/Std. Dev. 

BD 9.88/2.60(A) 8.43/2.69(B) 9.88/2.54(A) 

ALGO VC(9) . 79/1.14(-) 1.25/1.6 7(-) .88/1.27(-) 

n = 33 n = 28 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 31 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Anterior, Posterior, 

and Psychiatric Control Groups 

Sensory Anterior Indicators 

Variable 
Anterior 

Mean/Std. Dev. 
Posterior Controls 

Mean/Std. Dev. Mean/Std. Dev. 

BVMGT-Dial 4 .27/1.86(-) 3 .64/2.08(-) 4 .38/1.6 7(-) 

Constriction 3 .00/1.95(-) 2 .14/1.82(-) 2 .83/2.00(-) 

Enlargement 1 .03/1.36(-) 1 .32/1.33(-) 1 .14/1.09(-) 

Overlay .06/ .35(-) .07/ .26(-) .12/ .33(-) 

Collision .18/ .46(-> .11/ - 4 2(-) .26/ .45(-) 

n = 33 n = 28 n = 42 

Note.^ Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(p >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 32 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Anterior, Posterior, 

and Psychiatric Control Groups 

Sensory Posterior Indicators 

Variable 
Anterior 

Mean/Std. Dev. 
Posterior Controls 

Mean/Std. Dev. Mean/Std. Dev. 

BVMGT 

Koppitz 1. 70/2.02(-) 1. 89/2.10(-) 1 .07/1.24(-) 

K + D 5. 97/2.58(-) 5. 54/3.00(-) 5 .45/1.92(-) 

Memory 4. 03/2.14(A) 3. 67/2.20(A) 5 .88/1.40(B) 

Loc. 1. 88/1.75(A) 1. 74/1.65(A) 3 .83/1.30(B) 

HVDT 

R. Raw 31. 79/5.49(A,B) 29. 25/9.21(A) 34 .74/4.35(B) 

L. Raw 32. 73/6.51(-) 32. 96/6.57(-) 35 .45/4.77(-) 

R. SS 7. 15/3.50(A) 6. 11/3.67(A) 9 .50/3.27(B) 

L. SS 7. 97/4.12(A) 

n = 33 

8. 04/4.50(A) 

n = 28 

10 .07/3.52(B) 

n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 33 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Anterior, Posterior, 

and Psychiatric Control Groups 

Motor Anterior Indicators 

Anterior 
Variable Mean/Std. Dev. 

Posterior Controls 
Mean/Std. Dev. Mean/Std. Dev. 

Fine 373. 

t—1 
v£> 

O
 

O
 60(A) 398. 93/ 46.37(A) 418 .88/23.05(B) 

Total 623. 45/139. 96(A) 696. 57/115.90(B) 740 .88/65.10(B) 

NDI 58. 67/ 28. 56(A) 71. 89/ 26.95(B) 87 .43/15.82(C) 

MP 51. 13/ 39. 3 6 (-) 69. 46/ 36.14(-) 64 .29/44.66(-) 

HVDT-MAND ' 2. 19/ 2. 

n = 33 

24 (-) 1. 82/ 2.9 2(-) 

n = 28 

1 .90/ 2.29(-) 

n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (j> > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 34 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Anterior, Posterior, 

and Psychiatric Control Groups 

Motor Posterior Indicators 

Variable 
Anterior 

Mean/Std. Dev. 
Posterior Controls 

Mean/Std. Dev. Mean/Std. Dev. 

HRR-HLR 1. 36/2.92(-) 1 .36/2.43 <-) .40/ .77(-) 

HLR-HRR 2. 03/3.45(A) 4 .18/5.43(B) 1.00/1.27(A) 

MAND-HVDT 2. 19/2.24(-) 1 .25/1.99(-) .93/1.70(-) 

n = 33 n = 28 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 35 

Classification Results for Multiple Discriminant 
Analysis Among Anterior, Posterior Brain 

Damaged and Psychiatric Groups 

Actual Group n 

Predicted Group Membership 

Anterior Posterior Psychiatric 

Anterior Damage 

Posterior Damage 

Psychiatric 

33 20(61%) 

28 5(18%) 

42 2(5%) 

4(12%) 

16(57%) 

1(2%) 

9(27%) 

7(25%) 

39(93%) 

Note. 73% of "grouped cases" correctly classified. 
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Table 36 

Canonical Discriminant Functions for Multiple 
Discriminant Analysis Among Anterior, 

Posterior Brain Damaged and 
Psychiatric Groups 

Function Eigenvalue % of Variance Canonical Correlation 

1 .484 72.03 .571 

2 .188 27.97 .398 
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Table 37 

Standardized Canonical Discriminant Function Coefficients 
for Multiple Discriminant Analysis Among Anterior, 
Posterior Brain Damaged and Psychiatric Groups 

Variable 

Standardized Coefficients 

Variable Function 1 Function 2 

BVMGT -Memory -0.691* -0.084 

HRR-HLR 0.470 0.208 

HLR-HRR 0.595 0.721 

Total Motor Raw -0.097 1.012* 

^Variables which tend to characterize the function. 
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Table 38 

Classification Results for Multiple Discriminant Analysis 
Among Frontal, Temporal, and Parietal-Occipital 

Brain Damaged Groups 

Actual Group 

Predicted Group Membership 

n Frontal Temporal 
Parietal-
Occipital 

Frontal 28 

Temporal 22 

Parietal-Occipital 18 

21(75%) 2(7%) 

7(32%) 14(64%) 

4(22%) 2(11%) 

5(18%) 

1(4%) 

12(67%) 

Note. 69% of "grouped cases" correctly classified. 
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Table 39 

Canonical Discriminant Functions for Multiple 
Discriminant Analysis Among Frontal, 
Temporal, and Parietal-Occipital 

Brain Damaged Groups 

Function Eigenvalue % of Variance Canonical Correlation 

1 .296 62.65 .478 

2 .177 37.35 .388 
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Table 40 

Standardized Canonical Discriminant Function Coefficients 
for Multiple Discriminant Analysis Among Frontal, 

Temporal, and Parietal-Occipital 
Brain Damaged Groups 

Variable 

Standardized Coefficients 

Function 1 Function 2 

WAIS FSIQ -0, .102 -0, .631 

BVMGT-KD 0. ,603 0, .730 

BVMGT-Memory 0. ,593 0, .196 

Total Motor Raw 0. ,144 0. ,867* 

FTL-FTR -0. 906* 0. ,316 

^Variables which tend to characterize the function. 
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Table 41 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Early and Late Onset 

Chronic Brain Damaged and Psychiatric 
Control Groups 

Verbal-Spatial-Cognitive 

Variable 
Early Onseta 

Mean/Std. Dev. 
Late Onset Controls 

Mean/Std. Dev. Mean/Std. Dev. 

WAIS FSIQ 77 .13/14. 06(A) 90 .09/12. 74(B) 97 .29/14. 67(C) 

WAIS VIQ 79 .08/14. 88(A) 91 .54/14. 01(B) 96 .67/15. 09(B) 

WAIS PIQ 77 .91/15. 80(A) 89 .25/12. 65(B) 98 .19/13. 79(C) 

WRAT--R 80 .77/16. 61(A) 89 .02/21. 50(B) 95 .27/17. 09(B) 

WRAT--S 76 .82/14. 38(A) 84 .71/16. 12(B) 90 .85/15. 83(B) 

WRAT--A 73 .77/ 9. 46(A) 84 .67/14. 44(B) 87 .10/11. 75(B) 

PPVT IQ 74, .96/14. 38(A) 92 .69/15. 56(B) 97, .76/18. 46(B) 

n = 23 n = 67 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (2 > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > .05) using Duncan's Multiple Range Test for group 

iparisons. 

Greater than 1 year, but less than 13 years 

5Equal to or greater than 13 years. 
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Table 42 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Early and Late Onset 

Chronic Brain Damaged and Psychiatric 
Control Groups 

Sensory 

Early Onset Late Onset Controls 
Variable Mean/Std. Dev. Mean/Std. Dev. Mean/Std. Dev. 

BVMGT 

Koppitz 4. ,09/2. 83(A) 2 .41/2. 48(B) 1 .07/1. 24(C) 

Dial 3. 61/2. 48(A) 4 .26/1. 59(B) 4 .38/1. 67(B) 

D + K 7. 70/2. 27(A) 6 .67/2. 87(B) 5 .45/1. 92(B) 

Memory 3. 23/2. 16(A) 3 .86/1. 96(A) 5 .88/1. 40(B) 

Loc. 1. 45/1. 47(A) 1 .74/1. 58(A) 3 .83/1. 30(B) 

HVDT 

R. Raw 26. 26/6. 69(A) 29 .45/7. 62(B) 34 .74/4. 35(C) 

L. Raw 26. 68/7. 76(A) 30 .18/8. 22(B) 35 .45/4. 77(C) 

R. SS 4. 17/3. 21(A) 5, .94/3. 75(B) 9 .50/3. 27(C) 

L. SS 4. 73/4. 50(A) 6. .56/4. 13(B) 10, .07/3. 52(C) 

n = 23 n = 67 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ >.01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 

aGreater than 1 year, but less than 13 years. 

"'Equal to or greater than 13 years. 
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Table 43 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Early and Late Onset 

Chronic Brain Damaged and Psychiatric 
Control Groups 

Motor 

Early Onset 
Variable Mean/Std. Dev. 

Late Onset 
Mean/Std. Dev. 

Controls 
Mean/Std. Dev. 

Fine 328 .14/ 99. 47(A) 365. 57/ 71. 13(B) 4>- l_
i 

OO
 

88/23. 05(B) 

Gross 247 .86/ 93. 90(A) 246. 47/ 96. 17(A) 322. 02/53. 96(B) 

Total 576 .00/188. 00(A) 612. 70/155. 43(A) 790. 88/65. 10(B) 

NDI 48 .86/ 32. 78(A) 56. 80/ 30. 78(B) 87. 43/15. 82(C) 

PC 57 .50/ 40. 96(A) 70. 54/ 38. 20(B) 59. 48/38. 51 (A,] 

MP 55 .43/ 40. 79 (-) 49. 52/ 40. 79 (-) 64. 29/44. 66 (-) 

KI 38 .04/ 43. 82 (-) 44. 30/ 43. 73 (-) 57. 69/39. 7K-) 

BD 46 .52/ 34. 92(A) 64. 92/ 30. 23(B) 64. 62/39. 19(B) 

n = 23 n = 67 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£ > -05) using Duncan's Multiple Range Test for group 
comparisons. 

aGreater than 1 year, but less than 13 years. 
bT Equal to or greater than 13 years. 
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Appendix Q 

Table 44 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Acute and Chronic 
Late Onset Brain Damaged and Psychiatric 

Control Groups 

Verbal-Spatial-Cognitive 

Variable 
Acute 

Mean/Std. Dev. 
Chronic Controls 

Mean/Std. Dev. Mean/Std. Dev. 

WAIS FSIQ 87. 93/22. 43(A) 90 .09/12. 74(A) 97 .29/14. 67(B) 

WAIS VIQ 90. 11/24. 09(A) 91 .54/14. OKA) 96 .67/15. 09(A) 

WAIS PIQ 87. 96/16. 06(A) 89 .25/12. 65(A) 98 .19/13. 79(B) 

WRAT--R 97. 37/25. 56(A) 89 .02/21. 50(A) 95 .27/12. 09(A) 

WRAT--S 90. 41/21. 30(A) 84 .71/16. 12(A) 90 .85/15. 83(A) 

WRAT--A 83. 78/17. 81(A) 84 .67/14. 44(A) 87 .10/11. 75(A) 

PPVT IQ 91. 63/20. 65(A) 92 .69/15. 55(A) 97 .76/18. 46(A) 

n = 27 n = 67 n = 42 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ > .01); means followed by the same 
letters in parentheses are not significantly different 
(£. ̂  .05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 45 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Acute and Chronic 
Late Onset Brain Damaged and Psychiatric 

Control Groups 

Sensory 

Acute Chronic Controls 
Mean/Std. Dev. Mean/Std. Dev. Mean/Std. Dev. Variable 

BVMGT 

Koppitz 3. 00/ 4. 43(A) 2 .41/2. 48(A) 1 .07/1.24(B) 

Dial 3. 19/ 2. 06(A) 4 .26/1. 59(B) 4 .38/1.67(B) 

D + K 6. 19/ 4. 13(A) 6 .67/2. 87(A) 5 .45/1.92(A) 

Memory 3. 72/ 2. 65(A) 3 .86/1. 96(A) 5 .88/1.40(B) 

Loc. 2. 00/ 2. 33 (A) 1 .74/1. 58(A) 3 .83/1.30(B) 

HVDT 

R. Raw 29. 74/ 7. 95(A) 29 .45/7. 62(A) 34 .74/4.35(B) 

L. Raw 28. 85/11. 14(A) 30 .18/8. 22(A) 35 .45/4.77(B) 

R. SS 6. 00/ 3. 93(A) 5 .94/3. 75(A) 9 .50/3.27(B) 

L. SS 6. 44/ 5. 10(A) 6, .56/4. 13(A) 10 .07/3.52(B) 

n = 27 n = 67 n = 42 

Note.^ Means followed by a hyphen in parentheses have a 
nonsignificant F (|> .01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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Table 46 

Means, Standard Deviations, Analyses of Variance and 
Multiple Comparisons for Acute and Chronic 
Late Onset Brain Damaged and Psychiatric 

Control Groups 

Motor 

Acute 
Variable Mean/Std. Dev. 

Chronic 
Mean/Std. Dev. 

Controls 
Mean/Std. Dev. 

Fine 377 .78/ 73. 66(A) 365 .57/ 71. 13(A) 418. 88/23. 05(B) 

Gross 248 .67/ 93. 87(A) 246 .47/ 96. 17(A) 322. 02/53. 96(B) 

Total 626 .44/159. 76(A) 612 .70/155. 43(A) 790. 88/65. 10(B) 

NDI 59 .41/ 27. 21(A) 56 .80/ 30. 78(A) 87. 43/15. 82(B) 

PC 81 .48/ 34. 47(A) 70 .54/ 38. 20(A) 59. 48/38. 51(B) 

MP 49 .26/ 30. 09 (-) 49 .52/ 40. 79 (~) 64. 29/44. 66( -) 

KI 35 .93/ 33. 86 (-) 44 .30/ 43. 73 (-) 57. 69/39. 71(-) 

BD 68. .89/ 

n = 

29. 

27 

46 (-) 64 .92/ 

n -

30. 

67 

23(-) 64. 

ri 

62/39. 

l = 42 

19 (-) 

Note. Means followed by a hyphen in parentheses have a 
nonsignificant F (£ >.01); means followed by the same 
letters in parentheses are not significantly different 
(£ >.05) using Duncan's Multiple Range Test for group 
comparisons. 
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