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The present study investigates the predictive accuracy of 

a key approach to interpretation of the verbal-spatial-

cognitive (VSC) and sensorimotor (SM) factors of the 

McCarron-Dial System (MDS). The subjects include 99 brain 

damaged and 30 normal adults. The following research 

questions are addressed: (a) Does the neuropsychological key 

classify brain damaged and non-brain damaged subjects at a 

level significantly above chance? (b) Among the brain damaged 

subjects, does the neuropsychological key identify right 

brain damage, left brain damage and diffuse brain damage at 

an accuracy level significantly above chance? (c) Is the 

neuropsychological key approach superior to the empirical 

model derived from discriminant function analysis in 

predictive accuracy? 

The neuropsychological key correctly classifies 90% of 

the cases as brain damaged and 90% of the cases as non-brain 

damaged, for a total of 89.9% predictive accuracy. The 

obtained Kappa coefficient of .74 is statistically 

significant. The key accurately classifies 71.4% of the 



brain damaged group as right damage, 70% as left damage, and 

93.8% as diffuse damage, for a total predictive accuracy of 

7 9.5%. The Kappa coefficient of .68 is statistically 

significant. Chi square analysis of the difference between 

the key approach and multiple discriminant function analysis 

reveals that no significant difference is present between the 

accuracy of the two approaches in differentiating between 

brain damaged and non-brain damaged, or in differentiating 

among left, right and diffuse brain damage. 

The results support the validity of a neuropsychological 

key approach to interpretation of the McCarron-Dial System, 

although cross-validation is indicated to confirm the 

stability of these results. Differences in sex, educational 

level and racial composition of the comparison groups may 

have affected the results obtained. Refinement of the key in 

future research and the addition of test instruments 

assessing memory, auditory processing, attention and 

emotional/behavioral variables are recommended. 
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CHAPTER I 

INTRODUCTION 

Neuropsychological assessment has been accepted as a 

valid diagnostic procedure for determining the presence and 

localization of brain damage/dysfunction and has also 

contributed unique prognostic information about the 

behavioral consequences of such damage (Filskov & Boll, 1981; 

Lezak, 197 6). The development of safer, more sophisticated 

neuroradiologic techniques (e.g., computerized axial 

tomography, positron emission tomography, and nuclear 

magnetic resonance) has reduced the need for ancillary 

diagnostic procedures, while improved medical treatment has 

increased the number of patients who survive and must learn 

to live with neurological impairment. The emphasis in 

neuropsychology has shifted, accordingly, toward the 

development of effective rehabilitation strategies for brain 

damaged individuals (Ben-Yiishay, Diller, Gordon & Gerstman, 

1978; Satz & Fletcher, 1981)• 

Heaton and Pendleton (1981) reviewed a number of studies 

relating neuropsychological!! test results to different aspects 

of self-care and independent living, academic achievement and 

vocational functioning. They concluded that neuropsychological 

test scores may provide useful information about the everyday 



functioning of a brain damciged individual, but that more 

research should be directed toward the predictive validity of 

neuropsychological data to behavioral outcomes, as opposed to 

diagnostic criteria. 

Commonly used neuropsychological batteries such as the 

Halstead-Reitan Battery (HRB) and the Luria Nebraska 

Neuropsychological Battery (LNNB) were constructed by 

selecting test items which showed correlation with brain 

dysfunction and specifically localized cerebral functions 

(Hammeke, Golden & Purisch, 1978; Reitan & Davison, 1974) . 

An alternative approach has been taken with the McCarron-Dial 

System (MDS) which has historically been used in vocational 

assessment and rehabilitation planning (McCarron & Dial, 

197 6). It was developed around the neuropsychological 

conceptual model of A. R. Luria (1973), but has been applied 

primarily to the measurement and description of the impact of 

neurological and physical disability on the personal, social 

and vocational outcomes of individuals (Blackwell, Dial, Chan 

& McCollum, 1985); McCarron & Dial, 1976) . 

The McCarron-Dial System's utility as a tool for 

neuropsychological diagnosis was initially confirmed by Dial 

(1982) ; individual component tests such as the Wechsler Adult 

Intelligence Scale (Wechsler, 1955) and the Bender Visual 

Motor Gestalt (Bender, 1938; Koppitz, 1975) have been 

extensively validated for the purpose of neuropsychological 



diagnosis (Chelune, Heaton, Lehman & Robinson, 197 9; Koppitz, 

1975; Pardue, 1975; Russell, 1979). 

An integral aspect of neuropsychological assessment has 

been the method of data interpretation employed by the 

clinician. The approaches to neuropsychological assessment 

available to a clinician have generally been characterized as 

clinical (qualitative) or psychometric (quantitative). The 

assessment techniques of A. R. Luria have exemplified the 

clinical approach, while the comprehensive test battery of 

R. M. Reitan has been representative of the psychometric 

approach. Diamant (1981) compared and contrasted these 

disparate assessment strategies across a number of 

dimensions, including methods of inference, data collection 

and data analysis. Luria utilized a direct brain-behavior 

inference system and a flexible approach to collecting the 

behavioral data which were qualitatively analyzed. Reitan 

relied on indirect inferential methods to study brain-

behavior relationships, using a test battery as an 

intervening variable. Data collection was standardized and 

test results were quantified. The results were analyzed 

quantitatively, although a qualitative analysis frequently 

followed. 

Luria's conceptual model of the functional organization 

of the brain and particular findings concerning brain-

behavior relationships have had an influence on both 

neuropsychological research and clinical practice in America 



via numerous articles and books (Luria, 1966, 1970, 1973) . 

His approach to individual assessment has not been so widely-

adopted, however. Golden has suggested several reasons for 

this lack of acceptance: the procedures are not 

standardized; the interpretation of test results demand 

significant clinical expertise derived from extensive 

training and direct experience with the procedures; and no 

measure of either the reliability or validity of the 

techniques is available. Golden also comments: "The 

adoption of procedures based simply on trust [in Luria's 

impressive skills] runs contrary to the psychometric 

tradition so prominent in American psychology" (Filskov & 

Boll, 1981, p. 609). 

Both statistical and actuarial methods of prediction have 

been investigated as alternatives to a subjective clinical 

approach to data interpretation. Statistical models, 

especially discriminant function analysis, have shown a high 

degree of accuracy in predicting the presence or absence of 

brain damage in groups of subjects (Goldstein & Shelly, 1972; 

Leli & Filskov, 1984; Swiercinsky & Warnock, 1977). In 

clinical practice with a single patient, complex statistical 

models rarely have been employed because their use requires 

computer access, skill in statistical analysis and a large 

data base. Actuarial interpretation schemes such as the key 

developed by Russell, Neuringer and Goldstein (1970) for HRB 

data have been found to have more practical utility in 



clinical settings. Studies which have compared statistical 

models to clinical-actuarial interpretation schemes have 

generally demonstrated the superiority of a combined 

clinical-actuarial approach (Filskov & Goldstein, 1974; 

Tsushima & Wedding, 197 9). 

In the initial neuropsychological validation study of the 

MDS (Dial, 1982), the author suggested that interpretation of 

the MDS data might be facilitated by employing a key approach 

such as that developed by Russell et al. (1970) for the HRB. 

A neuropsychological key could not only reduce the 

inconsistency of individual clinical judgement, but also has 

potential value as a neurodiagnostic teaching tool. 

Additionally, the structure of a key lends itself to 

translation into the form of a computer program. 

Research Problem 

The present research developed and examined the validity 

of a neuropsychological key for interpretation of test data 

from the MDS with respect to the presence and localization of 

brain damage. The key was created from the verbal-spatial-

cognitive and sensorimotor test components of the MDS, in 

accordance with clinical inferential processes and relevant 

research findings. The resulting key was applied to a group 

of brain damaged subjects whose diagnoses had been 

established by independent neurological criteria, and to a 

normal control group. The predictive accuracy of the key in 

detecting the presence or absence of brain damage and whether 



such damage is lateralized or diffuse was examined with 

respect to agreement with the neurological criterion. The 

predictive accuracy of the key was also compared to that of 

an empirical model derived from multiple discriminant 

function analyses (MDFA). An overview of neuropsychological 

test batteries, approaches to data interpretation and the MDS 

follows. 

Luria's Model 

A. R. Luria employed a purely clinical approach to 

neurodiagnosis and made no attempt to quantify or standardize 

his assessment techniques. His Functional Systems Theory 

postulated that all behavior is determined by functional 

systems within the central nervous system such that a 

particular behavior may be affected by lesions in different 

areas of the brain, while a lesion in any specific location 

may impact a number of behaviors (Luria, 1966, 1973). 

Consequently, he used a variety of tasks and techniques to 

examine the integrity of the various functional systems in a 

given patient, tailoring his procedures to the pattern of 

deficits unique to that individual. 

The tasks and stimulus items he developed were 

standardized and systematized by A. L Christensen in Luria ' B 

Neuropsychological Tnvesi- i aat- i on (1975) . She made no attempt 

to quantify the results, preferring to retain Luria's 

qualitative approach to interpretation of the findings. 

Charles Golden (Golden, Hammeke & Purisch, 1980) reduced the 



total number of stimulus items, then standardized and 

quantified them in the Luria-Nebraska Neuropsychological 

Battery (LNNB). A total of 2 69 items were divided into 11 

scales: Motor, Rhythm, Tactile, Visual, Receptive Speech, 

Expressive Speech, Writing, Reading, Arithmetic, Memory and 

Intellectual Processes. Three additional scales were derived 

from items included in the aforementioned scales: 

Pathognomonic (32 most discriminating items), and Right 

Hemisphere and Left Hemisphere (lateralizing motor and 

tactile items). Raw scores from each of the scales were 

converted to T-scores and compared to a critical cut-off 

level determined for each individual on the basis of age and 

educational level. 

The initial validation study by Golden, Hammeke and Purisch 

(1978) revealed that the 14 scales successfully classified a 

total of 93% of the brain damaged and non-brain damaged 

subjects. The introduction of this neuropsychological battery 

was met with some skepticism initially, but subsequent research 

has confirmed its validity for identifying and localizing brain 

dysfunction (Golden, Moses, Fishburne, Engum, Lewis, 

Wisniewski, Conley, Berg & Graber, 1981; Moses & Golden, 1979; 

Purisch, Golden & Hammeke, 1978) . 

Halstead and Reitan's Model 

The psychometric tradition has been most clearly embodied 

in the work of Halstead and Reitan, who guided the 

development of a battery of tests generically referred to as 



the Halstead-Reitan Battery (HRB) (Reitan & Davison, 1974). 

It constitutes one of the most widely used and extensively 

researched neuropsychological batteries in the field of 

clinical neuropsychology. 

In its original form, the battery contained 27 tests, and 

an "Impairment Index" was derived from 10 of these tests. 

The battery now used with adults includes: the Category Test 

(complex concept formation); the Tactual Performance Test 

(tactile form perception, spatial organization); the Seashore 

Rhythm Test (sustained attention and nonverbal auditory 

discrimination); the Speech Sounds Perception Test (attention 

and verbal auditory discrimination); and the Finger 

Oscillation Test (speed of finger tapping). Seven scores 

derived from these tests are used to compute the Impairment 

Index, a summary score representing the degree to which a 

subject's performance indicates neurological dysfunction. 

These tests are frequently supplemented by the Trail Making 

Test (perceptual motor function); Strength of Grip Test; 

Aphasia Screening Test (speech, language and visual 

constructional abilities), and various methods of sensory-

perceptual examination. 

Traditionally, the results from the various measures have 

been clinically interpreted by examining level of 

performance, patterns of performance, pathognomonic signs and 

comparison of performance of the two sides of the body, in 

addition to determining the degree of damage evident in the 



Impairment Index. The discriminant validity of the HRB has 

been well established through an abundance of research 

(Filskov & Goldstein, 1974; Matthews, Shaw & Klove, 1966; 

Vega & Parsons, 1967; Wheeler & Reitan, 1966). 

St St 1st XCal—and—J\Ct US3T XS1 Interpretation in 

Neuropsvcholocriaa 1 F.va luation 

Historically, both clinicians and researchers have been 

concerned with improving the diagnostic accuracy of 

neuropsychological evaluation instruments. Because of the 

strong psychometric tradition in America, statistical methods 

of data interpretation have predominated. 

Wechsler's Deterioration Index (Wechsler, 194 4) and the 

Halstead Impairment Index (Halstead, 1947) were two of the 

earlier attempts to abstract more sophisticated information 

from individual psychological test data. Wechsler's method 

of "successive sieves" (Wechsler, 1958) was a slightly more 

complex approach to interpreting test data for the purpose of 

differential diagnosis. Meehl (1956) proposed that the 

process of clinical inference could be explicated in a 

diagnostic "cookbook." Meehl and Dahlstrom (1960) then 

presented a set of rules for discriminating psychotic from 

neurotic MMPI profiles; this system was organized as a key, 

and as such, foreshadowed the taxonomic keys which are now 

applied to neuropsychological data. 

Walsh (1978) identified other level of performance 

measures utilized in data interpretation, such as 
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differential score methods, scatter patterns and verbal-

performance differences. A. statistical weighting technique, 

multiple discriminant function analysis (MDFA), has been one 

of the more sophisticated actuarial approaches utilized to 

date. 

The MDFA identifies the weighting of each test score 

which will produce the maximum separation between two groups 

of individuals; i.e., brain damaged versus non-brain damaged, 

psychiatric versus brain damaged, or right hemisphere damage 

versus left hemisphere damage. Franzen and Golden (1985) 

presented a thorough description of the methodology, 

assumptions and appropriate applications of this procedure in 

neuropsychological research. Discriminant function analysis 

has been applied to neuropsychological data in a variety of 

studies. 

Goldstein and Shelly (1972) employed a stepwise 

discriminant analysis with test scores from the HRB and 

Wechsler Adult Intelligence Scale (WAIS) to differentiate 

between brain damaged and non—brain damaged groups. The 

final classification matrix yielded 71% correct 

classifications, with 27.56% false positives and 29.71% false 

negatives. This result was compared to that obtained with 

the Average Impairment Rating (AIR) for each subject as the 

comparative index. Computation of the AIR is described in 

Russell, Neuringer and Goldstein (1970). Using only the AIR 

to differentiate between the groups, 69.98% were correctly 
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classified with 36.25% false positives and 26.62% false 

negatives. A stepwise discriminant analysis was also 

utilized to classify brain damaged subjects into left 

hemisphere, right hemisphere and diffuse damage. This 

analysis correctly classified 66.7% of the left hemisphere, 

52.38% of the right hemisphere and 42.54% of the diffuse 

brain damaged subjects. The discriminant function did not 

exceed chance in differentiating right hemisphere from 

diffuse damage. The authors concluded that the AIR index was 

a more economical procedure for clinical practice since its 

efficiency was comparable to the MDFA. 

Stuss and Trites (1977) reported a high percentage of 

correct classification of brain damaged subjects versus non-

brain damaged controls using MDFA of four HRB variables 

previously identified by factor analysis. The criteria for 

group inclusion were results of independent neurodiagnostic 

measures. Two brain damaged groups were additionally 

distinguished by positive (brain damaged) or negative 

(normal) findings on the physical neurological examination. 

The neuropsychological measures were found to be more 

sensitive to cerebral dysfunction than the neurological exam 

by identifying certain individuals as brain damaged who 

showed no positive findings in neurological examination. The 

impairment index, a summary value of ten individual tests of 

the HRB, was as effective as the MDFA in differentiating two 
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groups. No specific results were presented in this brief 

report. 

The LNNB (Golden et al., 1980) has been the focus of a 

number of studies employing MDFA to determine predictive 

validity. The initial validation of this battery by Golden 

et al. (1978) identified the 30 most effective items of the 

285 measures by discriminant analysis and found that these 

variables could discriminate between brain damaged and normal 

groups with 100% accuracy. Hammeke et al. (1978) then 

employed MDFA using 13 summary scores to discriminate between 

brain damaged and normal subjects. They achieved a total 

classification accuracy of 93%. 

This study was cross-validated by Moses and Golden (1981) 

with different brain damaged and normal subject groups, using 

the discriminant function derived from the Hammeke et al. 

study. They achieved an overall hit rate of 93%, identical 

to that found in the previous study. A total absence of 

shrinkage was an unusual finding in cross-validating a 

discriminant function. Osmon, Golden, Purisch, Hammeke and 

Blume (197 9) investigated the ability of the LNNB to 

correctly discriminate among left, right and diffuse brain 

damaged groups using MDFA with 14 summary variables. The 

classification of 59 out of 60 subjects was correct, for an 

overall hit rate of 98%. 

In 1984, Goldstein and Shelly compared the discriminative 

validities of the HRB, LNNB and Wechsler Adult Intelligence 
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Scale (WAIS) with regard to identifying the presence or 

absence of brain damage. Subjects were classified a priori 

as brain damaged (N = 57) or non-brain damaged (N = 27) by 

independent neurodiagnostic techniques. The HRB achieved 

77.4% correct classifications; the LNNB, 7 9.8% correct 

classifications; and the WAIS, 65.5% correct classifications. 

The WAIS alone not only misclassified more subjects than the 

HRB or the LNNB, but also produced more false negative 

classifications, the most undesirable kind of error. 

The stepwise discriminant analyses were repeated 

hierarchically with the WAIS variables forced into the 

prediction equations first, followed by either the HRB or 

LNNB variables. When the HRB variables were added, the 

predictive accuracy rose to 86.9%, while the LNNB variables 

improved the accuracy to 83.3%. Thus, both batteries were 

superior to the WAIS alone, but combining each battery with 

the WAIS variables yielded improved accuracy over that 

achieved with each individual assessment tool. 

Kane, Sweet, Golden, Parsons and Moses (1981) compared 

the diagnostic accuracies of the HRB and LNNB using 

experienced judges to clinically interpret the test scores. 

The subjects were either brain damaged or psychiatric, making 

classification somewhat more difficult than would be found 

with a brain damaged versus normal comparison. The overall 

hit rates were 82% for the LNNB and 78% for the HRB, a 

nonsignificant difference. The two judges agreed upon 
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diagnoses in 37 of 45 cases (82%). These findings are 

comparable to those found by Goldstein and Shelly (1984) 

using MDFA, again suggesting that statistical analysis is not 

necessarily more accurate than the judgement of an 

experienced clinician. 

O'Donnell, Kurtz and Ramanaiah (1983) reported hit rates 

ranging from 63% to 83% in classifying normal, learning 

disabled and brain damaged subjects on the basis of MDFA of 

HRB data. Leli and Filskov (1979) used discriminant function 

analysis of Wechsler-Bellevue results to differentiate 

between non-impaired and cerebrally impaired individuals with 

a cross-validation accuracy of 83%. 

The validity of other neuropsychological batteries has 

also been established through discriminant function analysis. 

Barrett, Wheatley and La Plant (1982) used a stepwise linear 

discriminant function to differentiate among definite (DBD), 

suspected (SBD) and no brain damage (NBD) groups using a 

brief neurological screening battery. A total of 150 

subjects was assigned to one of the three groups on the basis 

of independent neurological criteria. A sample of the total 

cases was initially classified into BD (SBD + DBD) or NBD as 

well as SBD versus DBD groupings. The discriminant equations 

obtained with the sample cases were then applied to the 

remaining cases for cross-validation purposes. With the 

initial cases, the BD versus NBD comparison obtained a total 

hit rate of 95%; 92.5% of the BD group and 97.5% of the NBD 
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group were correctly classified. False positives constituted 

2.6% of the errors and false negatives made up 7.1%. The 

cross-validation step correctly classified 70.5% of the BD 

group and 88.9% of the NBD group, with a total hit rate of 

72.9%. In the initial SBD versus DBD comparison, an overall 

hit rate of 81.7% was obtained, while the cross-validation 

step yielded an overall hit rate of 61%. The variables 

contributing most to the differentiation of the groups were 

performance level measures, pathognomonic signs and right-

left differences, confirming the importance of using multiple 

levels of inference in assessing brain-behavior 

relationships. 

In 1983, Barrett, Wheatley and La Plant reported results 

of a purely clinical assessment of the presence or absence of 

brain damage with the same groups of subjects. Two 

neuropsychologists independently reviewed half of the total 

cases, plus 15 cases selected from the other reviewer's 

caseload for comparison purposes. The two psychologists 

showed a 93% rate of agreement on the 30 comparison cases. 

When the ratings of the two neuropsychologists were compared 

to the neurological criteria, 84% of the BD (SBD + DB) and 

84% of the NBD cases were classified correctly. For the SBD 

versus DBD classification, hit rates of 68.4% and 63%, 

respectively, were obtained, with an overall hit rate of 

64.3%. Thus, Barrett et al. demonstrated that a clinical 
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approach was as successful as cross-validated MDFA in 

discriminating the two major groups. 

Parsons and Prigatano (1978) offered the caution that 

chance variance may contribute as much as true variance to 

the accentuation of group differences in a given subject 

sample with MDFA. Consequently, cross-validation of the 

discriminant function is essential to verify whether the 

conclusions initially drawn will be valid for a different 

sample, much less the patient population seen by clinicians 

working in a variety of settings in different geographical 

locations. 

In recent years, computer programs for clinical diagnosis 

have been developed using a logical decision tree format. 

Findings from the physical neurological exam were used as the 

input data for localizing brain stem lesions in a program 

developed by Meyer and Weissman (1973). Adams, Rennick and 

Rosenbaum (1975) identified 18 "abilities" and the HRB tests 

which required these for adequate performance. They then 

assigned the abilities to one of six divisions of the cortex. 

HRB data were used as input, and the program derived an 

estimated percentage of impaired function for each of the 

cortical areas. The Halstead Impairment Index was also 

compared to four "Hold" subtest scaled scores from the 

Wechsler-Bellevue to determine the presence or absence of 

brain damage, but no localizing diagnoses were offered. 

Among 63 brain damaged patients, the program correctly 
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identified 75% as brain damaged, and correctly lateralized 

the damage in 66%. No normal control group was used for 

comparison. 

BRAIN, a computer program for interpreting HRB data, was 

developed and initially validated by Finkelstein (1976). The 

program first determined the probability of the presence of 

brain damage by examining an impairment index of seven HRB 

test scores in conjunction with a subject's WAIS Full Scale 

IQ. Subjects with higher IQ's were classified as brain 

damaged with lower indexes than those subjects with lower 

IQ's . 

The validation study included 144 brain damaged subjects 

and 36 non-brain damaged subjects, with comparable average 

age and educational levels. Subjects were assigned to the 

brain damaged group on the basis of independent 

neurodiagnostic findings. The BRAIN program achieved correct 

classification of 96% of the brain damaged subjects and 92% 

of the control subjects. Lateralization was correctly 

determined in 7 5%, and specific neurological diagnoses were 

correctly made for 64% of the brain damaged cases. A 

tendency to diagnose diffuse damage as right hemisphere 

damage was noted, in spite of a built-in bias designed to 

reduce that type of error. 

Russell et al. (1970) introduced the key approach to 

neuropsychological diagnosis in Assessment of Brain Damage: 

A Neuropsychological Key Approach. The taxonomic key used by 
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biologists to determine the appropriate classification of an 

unknown species was the logical model adapted to the process 

of differential neuropsychological diagnosis. Using test 

scores from the HRB, they developed both a localization and a 

process key. 

The localization key was constructed as a set of decision 

rules which first determined the presence or absence of brain 

damage according to the Average Impairment Rating (AIR) 

developed by P. M. Rennick, a colleague of Halstead and 

Reitan. The AIR represented the average of the ratings 

obtained on 12 tests of the HRB. The rating of each test 

ranged from 0 (normal performance) to 5 (extremely impaired 

performance). If the AIR was less than 1.55, the person was 

assumed to have no brain damage. If the AIR was 1.55 or 

greater, a set of rules to determine left or right 

lateralization was applied. These rules included performance 

patterns and pathognomonic indicators, as well as left-right 

performance differences. If lateralization to the left or 

right hemisphere was not determined, the damage was 

identified as diffuse. 

The process key began with the AIR and assessed the 

presence or absence of brain damage in the same manner as the 

localization key. If brain damage were present, rules were 

applied to determine a congenital (perinatal), static (more 

than a year), or acute (less than three months) onset. An 

acute process was characterized by an AIR equal to or greater 
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than 3 and strong lateralization to the right or left 

hemisphere. Congenital brain damage was indicated by an AIR 

of less than 3, diffuse or weakly lateralized damage, and the 

presence of either of two conditions involving the WAIS Full 

Scale IQ in combination with specific performance patterns or 

signs. Static brain damage was identified by exclusion of an 

acute or congenital process. 

In the initial validation study of the key, 104 subjects 

were classified into groups according to an independent 

neurological examination. The keys were applied to each 

case, and the percent of agreement between the two measures 

was computed for each category. The localization key 

correctly classified 94% of the total brain damaged group and 

71% of the non-brain damaged group. Within the brain damaged 

sample, the percent accuracy in classification was 62% of 

diffuse damage, 80% of right damage, and 81% of left damage. 

The process key correctly predicted 93% as acute, 77% as 

static, and 83% as congenital. 

Anthony, Heaton and Lehman (1980) cross-validated both 

the BRAIN program and the Russell keys. They found that 

BRAIN correctly classified 84% of the brain damaged subjects 

and 71% of the control group, while the AIR of the Russell 

keys correctly classified 74% of the brain damaged group and 

89% of the normal group. These actuarial findings were 

roughly equivalent to the validity of the clinical approach 

described by Barrett et al. (1983). On the cross-validation, 
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the key correctly classified 69% of the right hemisphere 

lesions, 61% of left hemisphere lesions, and 32% of the 

diffuse lesions. The BRAIN program correctly identified 41% 

of the right hemisphere cases, 31% of the left hemisphere 

cases, and 36% of the diffuse cases. Both systems showed 

reduced accuracy in the lateralization and localization of 

brain damage, although the Russell key showed greater 

stability in the accuracy of predicting right and left damage 

than did BRAIN. Suggestions for improving the systems 

included a different weighting of the test scores used for 

lateralization and process predictions, corrections for age 

and premorbid IQ estimates, and redefining the diagnostic 

classifications such that decision rules were not too 

narrowly defined (e.g., visual field defects can and do 

persist beyond the acute stage) . 

Goldstein and Shelly (1982) repeated a cross-validation 

of the Russell keys. The localization key yielded an overall 

classification accuracy (48%) that did not differ 

significantly from the initial validation results of Russell 

et al. (1970) or the previous cross-validation by Anthony et 

al. (1980). Decreased accuracy of the process key was again 

noted as in the previous cross-validation. The authors 

concluded that the acute category of the process key required 

reconceptualization since it was not sufficiently accurate to 

be used in its present form. 
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Several studies have compared the diagnostic accuracy of 

the Russell neuropsychological keys to other methods of 

diagnosis. Swiercinsky and Leigh (1979) compared the key 

interpretation of HRB data to that of a clinical 

neuropsychologist in predicting the neurological diagnosis 

obtained by computerized tomography (CT). Little difference 

was found in their predictive accuracy with respect to the CT 

criterion, and a high degree of agreement between them was 

evident. When disagreement occurred, the key more often 

diagnosed impairment where the neuropsychologist diagnosed no 

impairment. Both the Russell key and the BRAIN program have 

been biased intentionally toward false positive rather than 

false negative errors since the consequences of missing a 

genuine neurological problem could be quite serious for the 

patient. 

A rate of 51% false positives with the Russell key was, 

therefore, not a surprising finding of a study by Swiercinsky 

and Warnock (1977) which compared the predictive accuracy of 

the key to that obtained from MDFA of HRB variables. The key 

was found to be more accurate than the discriminant analysis 

in predicting brain damage (87% correct classification versus 

69% correct), but the key correctly predicted only 49% of the 

non-brain damaged subjects, while the discriminant function 

predicted 72%. In a second analysis, the "hit rates" for 

non-brain damaged classification were essentially the same 

(48% versus 67%), but the discriminant function more 
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accurately predicted left hemisphere damage (46% versus 27%). 

The two approaches were comparable in predicting right 

hemisphere (both 35.3%) and diffuse classifications (Key 43%; 

Discriminant Function 46%). 

Wedding (1983) compared the diagnostic accuracy of 14 

neuropsychologists to predictions made by both the Russell key 

and discriminant function analyses using HRB protocols on file 

in three different hospitals. Subjects were independently 

classified into left, right, and diffuse damage. A psychiatric 

group and non-brain damaged group were also included in the 

analysis. The Russell key achieved 60% accuracy in overall 

prediction, and the discriminant function obtained 63% 

accuracy. Two of the fourteen neuropsychologists achieved a 

hit rate of 70%, one tied the discriminant function, and the 

remainder performed at a lower level of accuracy. 

This finding confirmed Meehl's (1956) position that the 

actuarial approach, i.e., the key, is as accurate as the 

conclusions of the best clinicians, and often better. It 

should be noted that this MDFA had not been cross-validated; 

shrinkage would be anticipated in the validity of the function 

when applied to an independent group of subjects. The 

advantage of employing statistical or actuarial models was 

additionally described in terms of the relative monetary cost, 

since the clinicians invested much more time in the decision-

making process than was necessary with the key or MDFA. 



23 

To summarize the results of the foregoing studies, the 

majority of the studies reported accuracy in predicting the 

presence or absence of brain damage within the 65-95% range, 

using a variety of approaches to interpretation of the data. 

Correct lateralization predominantly fell within the 40-7 0% 

range. Cross-validation of accuracy in lateralization ranged 

from 19% to 73% with the variety of interpretive approaches, 

suggesting less stability in classification accuracy at this 

level of specificity. These levels appear to represent the 

current standard for predictive accuracy in neuropsychological 

assessment for either statistical or clinical approaches. 

The McCarron-Dial System (MPS) 

The McCarron-Dial System (MDS) is a battery of tests and 

behavioral measures which has been used for assessment within 

the rehabilitation field since 1973 (McCarron & Dial, 1976). 

It has been used to assess the work potential and vocational 

competency of disabled individuals with a variety of sensory, 

motor, intellectual, neuropsychological and/or physiological 

impairments. 

The MDS was constructed around a neuropsychological 

conceptual model which has been described in some detail by 

Dial (1982). It was initially validated as a vocational 

evaluation battery with a brain damaged population and was 

found to be a highly accurate method of predicting vocational 

competency (McCarron & Dial, 1972). The original battery 

gradually evolved into a comprehensive system of standardized 
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tests and behavioral measures which have been organized into 

the following factors: 

1. Verbal-Spatial-Cognitive (VSC): Wechsler Adult 

Intelligence Scale (WAIS) (Wechsler, 1955, 1981), Peabody 

Picture Vocabulary Test (PPVT) (Dunn, 1965; Dunn & Dunn, 

1981), and Wide Range Achievement Test (WRAT) (Jastak & 

Jastak, 1965; Jastak & Wilkinson, 1985); 

2. Sensorimotor (SM): Bender Visual Motor Gestalt Test 

(BVMGT) (Bender, 1938; Koppitz, 1975), Haptic Visual 

Discrimination Test (HVDT) (McCarron & Dial, 197 6), and 

McCarron Assessment of Neuromuscular Development (MAND) 

(McCarron, 1982); 

3. Emotional-Coping (EC): Observational Emotional 

Inventory (OEI) (McCarron & Dial, 1976), Behavior Rating 

Scale (BRS) (Dial, 1973, and Street Survival Skills 

Questionnaire (SSSQ) (Linkenhoker & McCarron, 1980). 

The VSC factor was defined as the ability to use 

language, to process verbal and spatial (image oriented) 

information, and to learn. The SM factor represented the 

ability to receive sensory information, to integrate 

information across sensory modalities, and to perform 

purposeful, complex motor movements. The EC factor 

represented the ability to cope with stress and to respond in 

an adaptive way to the demands of daily living, personal-

social circumstances and vocational requirements. 
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The various measures of these factors provided data for 

predicting vocational competency and also contributed 

practical information which was important for individual 

programming. An individual's predicted level of vocational 

competency helped to organize specific programming goals and 

facilitated the rehabilitation process (Dial & Henke, 1981). 

A technical manual was published to provide guidelines for 

the use of the system with the neuropsychological^ disabled 

(McCarron & Dial, 197 6). The individual profile of test 

scores was ultimately extended to include representative 

distributions for each test based on the normal (non-

disability specific) population as well as the brain damaged 

population (Dial, Chan, Norton & Henke, 1984). 

Additional research focused on documenting the system's 

concurrent and predictive validity with respect to a number 

of vocational and rehabilitation issues, e.g., predictive 

validity to actual program placement following a 12-month 

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

predictive validity to residential placement level 

(Linkenhoker & McCarron, 1980). Packard, Henke and McCollum 

(197 6) investigated the concurrent validity of the battery to 

rehabilitation program placement, while Carsrud, Carsrud, 

Dodd, Thompson and Gray (1981) examined the concurrent 

validity of the abbreviated battery to predicting vocational 

competency. A more comprehensive review of research on the 
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role of the MDS in the vocational rehabilitation process can 

be found in McCarron and Dial (1984). 

The potential utility of the MDS for neuropsychological 

diagnosis was recognized by Dial, Henke and McCarron (1977); 

they adopted inferential methods of data interpretation from 

Reitan which could be applied to the MDS variables in order 

to improve accuracy in neuropsychological diagnosis. Reitan 

described four levels of inference which he employed in 

interpretation of data from the HRB (Reitan & Davison, 1974): 

levels of performance, patterns among scores, pathognomonic 

signs, and differences in sensory and motor function between 

the two sides of the body. To these inferential methods, 

Dial et al. added consideration of developmental level (in 

children), deviation from mean performance, and clinical 

behavioral observation. A more detailed explication of the 

inferential processes underlying the interpretation of the 

MDS data was presented in a comprehensive manual for the 

diagnosis of learning disability (Texas Rehabilitation 

Commission, 1979) . 

A validation study of the MDS as a neuropsychological 

assessment procedure was undertaken by Dial (1982). Using 

141 brain damaged adults and 42 psychiatric comparison 

subjects, he investigated the degree to which the MDS 

variables discriminated between the brain damaged and the 

psychiatric group. Significant differences between the two 

groups were found on 44 of the 53 VSC and SM measures. A 
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discriminant function analysis of the VSC and SM measures 

yielded accurate classification of 97% of the brain damaged 

group and 71% of the controls. Of the 44 MDS measures, 27 

differed significantly between the left and right brain 

damaged group. Less significant discrimination was found 

among the left/ right, diffuse and control groups, and the 

anterior/ posterior and control groups. 

Present Research 

From a review of previous research, it is apparent that 

actuarial rules for classification of brain damaged 

individuals have been shown to be valid, while the best 

statistical discriminations are not significantly better than 

the clinically developed rules. Since logical rules or keys 

are of intuitive origin, based in clinical experience, while 

MDFA results generally are not, the current research focused 

on the development of a logical key approach. The key was 

constructed on the basis of previous research and theory 

concerning the assessment of brain dysfunction relative to 

the instruments of the MDS. It was developed from 54 scores 

and score combinations from the MDS. 

Hypotheses to be Tested 

The following hypotheses will be examined: 

1. The neuropsychological key will classify brain 

damaged and non-brain damaged subjects at an accuracy level 

significantly above chance. 



28 

2. Among the brain damaged subjects, the 

neuropsychological key will identify right brain damage, left 

brain damage and diffuse brain damage at a level of accuracy 

significantly above chance. 

3. The neuropsychological key approach will be superior 

to the empirical model derived from discriminant function 

analyses in predictive accuracy. 



CHAPTER II 

METHOD 

Subjects 

The brain damaged group consisted of 99 Texas 

Rehabilitation Commission (TRC) clients whose disabilities 

were clearly documented by neurosurgical, neurological, or 

medical reports in their case files. The nature of injuries 

included: closed head injuries (50%), cerebral vascular 

accidents (23%), penetrating missile wounds (13%), and 

miscellaneous injuries (14%) . The average age of the clients 

was 31.1 years (SD = 12.4), ranging from 15 to 63 years. 

Eighty-five percent of the subjects had a premorbid right 

hand preference for writing, and 67.5% were male. The mean 

WAIS IQ of the client was 88.8 (SD = 14.4) with a mean 

educational grade level of 11.2 (SD = 2.9). 

The comparison group consisted of 30 non-brain damaged 

normal subjects selected predominantly from students in a 

major university and staff of a hospital in Dallas, Texas. 

The average age of the controls was 29.7 years (SD = 9.9) 

with a range of 17 to 4 9 years. Eighty-seven percent of the 

subjects in this group were right preferred, and 50% were 

female. The mean IQ of the subjects was 108.3 (SD = 13.7) 

with a mean educational grade level of 14.2 (SD = 2.2). No 
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statistical differences in age and hand preference between 

the two groups were observed in preliminary analyses. The 

normal subjects were found to have a significantly higher IQ 

score and educational level. Also, there were more male and 

minority subjects in the brain damaged group than the normal 

group. 

Instruments 

The MDS tests comprising the VSC and SM factors were used 

in the present study. Because the MDS Emotional-Coping factor 

requires behavior observations over an extended time period, it 

was excluded from this study for pragmatic reasons. The 

traditional clinical setting of neuropsychological assessment, 

unfortunately, does not allow for the use of such measures. 

The instruments utilized are presented below under their 

appropriate factor headings. 

Verbal-Spatial-Cognitive; 

Wechsler Adult Intelligence Scale (WAIS) or 

Wechsler Adult Intelligence Scale-Revised (WAIS-R) 

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) 
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All tests except the BVMGT were administered and scored 

according to the standardized procedures described in the 

various manuals. The BVMGT was scored by two methods: 

Koppitz (1975), and an experimental procedure (Dial, 1982). 

This procedure additionally rated each BVMGT protocol for the 

following errors: Constriction (abnormally small 

reproductions); Enlargement (abnormally large reproductions); 

Overlay (one design penetrates another); Collision (contact 

of one reproduction by another); and Crowding (one 

reproduction is very close to another). Detailed scoring 

instructions are included in Appendix A. 

The majority of these tests are well known and commonly 

used by clinicians. Descriptions of them may be found in 

Anastasi (197 6). The instruments which may not be as 

familiar are briefly described below. 

The Haptic Visual Discrimination Test (HVDT) is a measure 

of tactile-visual sensory integration. Objects of differing 

shape, size, texture and spatial configuration are 

sequentially presented to one of the subject's hands which is 

obscured from his/her vision by a cloth screen. The subject 

is asked to point with the other hand to one of five 

photographs which visually matches the object being felt. 

All 48 objects are administered first to the right hand. 

After an intervening period of testing, the left hand is 

addressed in the same manner. 
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The McCarron Assessment of Neuromuscular Development 

(MAND) is a standardized procedure for assessing fine and gross 

motor abilities. Five fine motor and five gross motor tasks 

are administered. Fine motor tasks are placing beads in a box, 

placing beads on a rod, finger tapping, screwing a bolt into a 

nut, and sliding a wooden bead along a metal rod. Gross motor 

tasks are hand strength measured by a dynamometer, repeated 

movement of one arm to touch the finger of the other 

outstretched arm and then touch the nose, standing broad jump, 

heel-toe tandem walking on a line, and standing on one foot. 

Some of these tasks are done with one side of the body and then 

the other; some are done first with eyes open, then closed; and 

some require coordinated movement of both limbs. Appropriate 

age and sex norms were used when available for specific test 

scores. 

Independent Variables 

The following variables were considered as possible 

general indicators of brain damage (GI). Following each 

variable are references to studies finding validity for that 

variable as an indicator of brain damage. 

1. WAIS Verbal IQ (Coolidge, 1976; DeWolfe, Barrell, 

Becker & Spaner, 1971; Chelune, Heaton, Lehman & 

Robinson, 1979) 

2. WAIS Performance IQ (Coolidge, 197 6; DeWolfe et al., 

1971; Chelune et al., 1979; Schreiber, Goldman, 

Kleinman, Goldfader & Snow, 197 6) 
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3. WRAT Reading standard score (Rourke, 1978) 

4. WRAT Spelling standard score (Rourke, 1978) 

5. WRAT Arithmetic standard score (Rourke, 1978) 

6. PPVT IQ or PPVT-R standard score (Lezak, 197 6) 

7. BVMGT errors scored by the Koppitz system (Friedman, 

Strochak, Gitlin & Gottsagen, 1967; Koppitz, 1975; 

Pardue, 1975) 

8. BVMGT errors scored by the Dial system (Dial, 1982) 

9. BVMGT memory scores (Dial, 1982) 

10. BVMGT localization scores (Dial, 1982) 

11. HVDT right hand total raw score (McCarron & Dial, 

1979) 

12. HVDT left hand total raw score (McCarron & Dial, 

1979) 

13. MAND fine motor index: sum of fine motor subtest 

age-corrected scaled scores (McCarron, 1982) 

14. MAND gross motor index: sum of gross motor subtest 

age-corrected scaled scores (McCarron, 1982) 

15. MAND Persistent Motor Control factor score, derived 

from age-corrected scaled scores (McCarron, 1982) 

16. MAND Muscle Power factor score, derived from age-

corrected scaled scores (McCarron, 1982) 

17. MAND Kinesthetic Integration factor score, derived 

from age-corrected scaled scores (McCarron, 1982) 

18. MAND Bimanual Dexterity factor score, derived from 

age-corrected scaled scores (McCarron, 1982) 
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19. MAND right hand preference score (HPI) minus left 

hand preference score (HPI), negative value converted 

to zero (McCarron, 1982) 

20. MAND left hand preference score (HPI) minus right 

hand preference score (HPI), negative value converted 

to zero (McCarron, 1982) 

21. HVDT right hand raw score minus left hand raw score, 

negative score converted to zero (McCarron & Dial, 

1979) 

22. HVDT left hand raw score minus right hand raw score, 

negative value converted to zero (McCarron & Dial, 

1979) 

23. Algorithm-7: WAIS Comprehension scaled score (age-

corrected) plus Picture Completion scaled score (age-

corrected) 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, negative value converted to 

zero (Davis, DeWolfe & Gustafson, 1972; Dial, 1982; 

Becker, 1975) 

24. WAIS Verbal IQ minus Performance IQ, negative value 

converted to zero (Satz, 1977; Uzzell, Zimmerman, 

Dolinskas & Obrist, 1979) 

The following were considered as possible specific brain 

damage indicators (SI). 
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25.-35. All WAIS subtests using age-corrected scaled scores 

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

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

36.-45. All MAND subtests using age-corrected scaled scores 

(McCarron, 1982) 

46. MAND right hand preference index (McCarron, 1982) 

47. MAND left hand preference index (McCarron, 1982) 

The following were considered as possible lateralizing 

indicators (LI). 

48. WAIS Verbal IQ minus WAIS Performance IQ, negative 

values converted to zero (Satz, 1977; Uzzell et al., 

1979) 

49. WAIS Performance IQ minus WAIS Verbal IQ, negative 

values converted to zero (Satz, 1977; Uzzell et al., 

1979) 

50. HVDT right hand raw score minus HVDT left hand raw 

score, negative score converted to zero (McCarron & 

Dial, 1979) 

51. HVDT left hand raw score minus HVDT right hand raw 

score, negative score converted to zero (McCarron & 

Dial, 1979) 

52. MAND right hand preference score (includes measures 

of right side strength, speed, and coordination) 

minus MAND left hand preference score, negative 

values converted to zero (Dial, Henke & McCarron, 

1977) 
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53. MAND left hand preference score (includes measures of 

left side strength, speed, and coordination) minus 

MAND right hand preference score, negative values 

converted to zero (Dial, Henke & McCarron, 1977) 

54. MAND Right Hand Beads in Box score minus MAND Left 

Hand Beads in Box score, negative values converted to 

zero (Dial, Henke & McCarron, 1977) 

55. MAND Left Hand Beads in Box score minus MAND Right 

Hand Beads in Box score, negative values converted to 

zero (Dial, Henke & McCarron, 1977) 

56. MAND Right Hand Strength score minus MAND Left Hand 

Strength score, negative values converted to zero 

(Dial, Henke & McCarron, 1977) 

57. MAND Left Hand Strength score minus MAND Right Hand 

Strength score, negative values converted to zero 

(Dial, Henke & McCarron, 1977) 

58. MAND Right Finger Tapping score minus MAND Left 

Finger Tapping score, negative values converted to 

zero (Dial, Henke & McCarron, 1977) 

59. MAND Left Finger Tapping score minus MAND Right 

Finger Tapping score, negative values converted to 

zero (Dial, Henke & McCarron, 1977) 

Procedure 

Clinical neuropsychologists using the MDS were asked to 

keep detailed records on cases which had documented evidence of 

brain damage, and to submit this information (excluding 
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personal identifying data) to the authors of the system in 

order to generate the data pool. All such cases included a 

relevant data summary form which contained a case number, date 

of onset, evaluation date, chronicity, treatment, prognosis, 

medication, summary statement of pathology/etiology, lesion 

location, and method of medical documentation (see example data 

for cases #99 and #100 in Appendix B). Additionally, copies of 

all test protocols, identified only by case number, were made 

available for direct examination. 

Cases were reviewed independently by two 

neuropsychologists to obtain a consensus on the most 

unequivocal cases of brain damage. Cases were prioritized 

for inclusion according to the quality of medical 

documentation of brain damage (i.e., radiologic tests and 

neurosurgical reports were given preferential consideration 

over neurological exams, physical examinations, medical 

histories and occupational or physical therapy reports). 

Cases with less desirable documentation were included only as 

necessary to generate an adequate sample size. Cases were 

also selected according to location of damage in an effort to 

obtain a sufficient and comparable number of subjects in the 

right, left and diffuse damage categories. All brain damaged 

subjects selected were assigned to one of these three groups 

on the basis of summary sheet information, with the exception 

of six subjects who had clear evidence of brain damage but 

equivocal documentation concerning localization. 
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Comparison subjects were solicited to volunteer for 

testing through announcements in assessment courses at a 

local university, notices posted in a local rehabilitation 

hospital asking staff and/or their family members to 

participate, and by word-of-mouth among friends and 

acquaintances. No payment could be offered the subjects, but 

a limited explanation of the test results was offered as an 

incentive. An effort was made to match control and brain 

damaged subjects on the basis of demographic variables such 

as age, educational level, sex, and race, but the limited 

population available for selection yielded a significant bias 

toward better educated subjects who were more likely to be 

female and Caucasian than the brain damaged group. 

Potential comparison subjects were interviewed to 

determine if they had a history of any neurological problems 

or significant sensory or motor impairment of a peripheral 

nature which might influence their performance in testing. A 

small number of volunteers were excluded from the study 

because of previous head trauma, epilepsy and motor 

impairment secondary to cerebral palsy. When subjects were 

selected for participation in the study, they were asked to 

read and sign a consent form explaining the nature, purpose, 

risks and benefits of participating in the research (see 

Appendix C). Each consenting subject was individually 

administered the study tests by an experienced examiner. 

Total test administration time ranged from 3 to 5 hours for 
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each subject, and it was often necessary to complete the 

battery in several sessions. 

Research file data on normal subjects was also included 

in an attempt to match the demographic characteristics and 

sample size of the brain damaged group. These subjects had 

participated in previous studies on the MDS. 

Twenty cases were removed from the initial data sample 

for use in the development of the key. Five subjects were 

chosen from each of the diagnostic categories; i.e., normal, 

right brain damage (RBD), left brain damage (LBD), and 

diffuse brain damage (DBD). These cases were individually 

selected by the author for their value in refining the cut-

off points in the key. They were omitted from all later data 

analyses. 

The key was constructed from the 54 variables previously 

described, such that the issue of possible brain damage was 

examined in three stages. The 24 variables designated as 

general indicators (GI) were first evaluated to establish 

definite, possible or no evidence of brain damage. When no 

evidence of brain damage was found, the key was exited and 

the case assigned the diagnosis of Normal. Definite evidence 

of brain damage automatically moved the analysis to the 

determination of lateralized or diffuse damage using the 12 

lateralizing indicators (LI). When clear lateralization to 

the left or right was not established, the diagnosis assigned 

was Diffuse. Evidence of possible brain damage required a 
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second stage examination of the evidence for brain damage 

using 23 specific indicators (SI). When no corroborating 

evidence of brain damage was found, the key was exited with a 

diagnosis of Normal. Additional evidence of brain damage 

moved the analysis to the lateralization stage previously 

described. 

Initially, each variable was divided into five or six 

ranges of scores and assigned a weight ranging from -1 

(negative evidence of brain damage) to a maximum of +6 (extreme 

impairment). The original cut-off scores and weightings were 

determined on the basis of clinical judgement. The cases 

previously selected from the subject pool were used to alter 

weightings and cut-off scores as necessary to maximize the 

discrimination among the four groups. The total sample of 12 9 

cases (99 BD + 30 Normal) was then subjected to analysis by the 

key, which classified each subject into one of the four 

diagnostic categories, with the exception of the six cases with 

insufficient documentation on lateralization who were evaluated 

only for the presence or absence of brain damage. Appendix D 

presents the key in its final form. 

Following the key classification of subjects, two step-

wise multiple discriminant function analyses (MDFA) were 

performed on the data sample to provide an additional method 

of validation to which the key analysis could be compared. 

The first MDFA used all of the key variables as potential 

predictors of group membership (i.e., brain damaged versus 
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non-brain damaged), and all cases were part of this analysis. 

The second MDFA included only lateralization indicators as 

predictors of group membership for the right, left, and 

diffuse subgroups; it was performed using only the cases 

correctly classified as brain damaged by the key, and 

excluded the six cases which could not be definitively 

lateralized in the criterion diagnosis (N = 83). The rule 

for inclusion of predictors was to minimize Wilk's Lambda. 

The Biomedical Computer Program P-Series (BMDP) statistical 

package (Dixon & Brown, 1981) was used to perform the 

computation. 

The hit rates for brain damaged versus non-brain damaged 

classifications were computed separately for the key analysis 

and the first MDFA. The hit rates for lateralization of 

brain damage from both the key and the second MDFA were also 

computed. The percentage of agreement between the key and 

neurological criterion, and MDFA and neurological criterion 

in both comparisons was then examined for significance using 

Cohen's Kappa coefficient (Cohen, 1960). Kappa is a 

coefficient of agreement which is computed by subtracting the 

proportion of obtained agreements from the proportion of 

agreements that would be expected by chance, then dividing 

that by 1 minus the proportion of agreements expected by 

chance. Chi square analysis was used to determine if the 

results of the key and the MDFA classifications were 

significantly different from one another. 



CHAPTER III 

RESULTS 

The group means and standard deviations for the various 

test measures are presented in Table 1 in Appendix E. Normal 

subjects scored significantly better than brain damaged 

subjects on the majority of the variables, indicating the 

sensitivity of the MDS test scores to brain damage. 

The key correctly classified 90% of the cases as brain 

damaged and 90% of the cases as non-brain damaged, for a 

total of 89.9% classification accuracy. Table 2 in Appendix 

F presents the classification predictions for brain damaged 

versus normal subjects. The obtained Kappa coefficient of 

.74 was statistically significant (z = 6.65, p < .01). In 

classifying the brain damaged subjects as right, left, or 

diffuse damage, the key accurately classified 71.4% as right 

damage, 70% as left damage, and 93.8% as diffuse damage, for 

a total accuracy in classification of 7 9.5%. Table 3 in 

Appendix G presents the classification predictions for left, 

right, and diffuse brain damaged subjects. The Kappa 

coefficient was .68 and was statistically significant (z = 

8.41, p < .01). 

In the first MDFA analysis, since there were only two 

groups in the study (brain damage and non-brain damage), a 
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maximum of one significant discriminant function was 

generated (Eigenvalue = 1.90, Canonical r = .81, Wilk's 

Lambda = .34, Chi Square = 129.12, p < .001). Of the 54 MDS 

variables, 12 were found to be significant in discriminating 

the brain damaged subjects from the non-brain damaged 

subjects. Table 4 in Appendix H presents the discriminating 

variables, the F-to-enter values, Wilk's Lambda values, and 

the unstandardized discriminant function coefficients. 

Of the brain damaged subjects, 94% were accurately 

classified, while 97% of the non-brain damaged subjects were 

correctly classified. Table 5 in Appendix I presents these 

classification predictions. The total classification 

accuracy was 94.6%, and the obtained Kappa of .86 was 

significant (z = 7.58, p < .01). 

The second MDFA differentiated among three subgroups of 

brain damage (left, right, and diffuse), and two significant 

discriminant functions were derived to make the 

differentiation. Of the 12 lateralization indicators, 6 were 

found to be significant in differentiating the three groups. 

Table 6 in Appendix J presents the variables, F-to-enter 

values, Wilk's Lambda values, and the unstandardized 

discriminant function coefficients for each of the two 

functions. 

The second discriminant function correctly classified 

66.7% of the right damage group, 76.7% of the left damage 

group, and 75% of the diffuse group, with a total accuracy of 



44 

73.5%. Table 7 in Appendix K presents these classification 

predictions. The Kappa coefficient of .56 was significant (z 

= 6.91, p < .01) . 

Chi square analysis of the difference between the MDFA 

and key approach revealed no significant difference in 

accuracy for either of the comparisons. Between the brain 

damage versus non-brain damage results, chi square equals 

1.95 (df = 1, N = 99); in the left, right, diffuse 

comparison, chi square equals 1.19 (df = 1, N = 83). 



CHAPTER IV 

DISCUSSION 

The results of the present study tend to support the 

validity of a neuropsychological key approach with the MDS 

for both the identification and lateralization of brain 

damage. Cross-validation with other subject samples will be 

necessary to confirm these findings, however. 

Hypothesis 1 is clearly supported by the results 

indicating that the key classifies 90% of each group 

correctly. The equivalent study of the LNNB yielded an 

overall accuracy of 93% (Hammeke et al., 1978), while early 

validation studies of the HRB yielded classification accuracy 

ranging from 70-95% (Wheeler & Reitan, 1963; Matthews et al., 

1966). The initial validation of other actuarial approaches 

to interpretation has yielded correct classifications ranging 

from 71-96% (Finkelstein, 1976; Russell et al., 1970). Thus, 

the MDS key shows an accuracy level that is consistent with 

the preliminary findings of previous research. 

The key misclassifies only 10 of the 99 brain damaged 

subjects for a false negative error rate of 10%. Ideally, 

this type of error should be reduced because of the possible 

implications for a person with genuine brain damage who is 

given a normal diagnosis. The BRAIN program of Finkelstein 
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(197 6) was biased intentionally to minimize false negative 

errors, and in fact, more false positive (8%) than false 

negative (4%) errors were found. The present research 

yielded equal false positive and false negative error rates, 

despite an attempt to avoid false negative errors. An 

examination of the cases which are misclassified in this way 

reveals no systematic influence of etiology or chronicity, 

and clinical inspection of the individual test data reveals 

that the majority of scores do, in fact, fall within the 

normal range. Adjusting the summary score cut-offs with a 

different population of subjects may help to minimize the 

false negative error rate of the key. 

Hypothesis 2 is also supported by the results, in that 

70% of the left brain damaged group, 71.4% of the right brain 

damaged group, and 93.8% of the diffuse brain damaged group 

are correctly classified. Osmon et al. (1979) achieved an 

overall hit rate of 98% in a comparable validation study of 

the LNNB, while Russell et al. (1970) reported overall 

classification accuracy of approximately 74% in 

lateralization with the HRB. Finkelstein's BRAIN program for 

the HRB achieved 75% accuracy in lateralization (1976). 

Therefore, the MDS key demonstrates classification accuracy 

within the range of previous findings with other batteries. 

The key has no difficulty discriminating right from left 

brain damage since no errors of this type are made. It does 

misclassify 30% of left brain damage and 28.6% of right brain 
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damage as diffuse, suggesting that the lateralization 

indicators may require some adjustment to improve their 

sensitivity to this issue. However, a review of the cases 

misclassified as diffuse reveals that a majority of these 

individuals received traumatic injury to the brain secondary 

to motor vehicle accidents, blunt trauma, and penetrating 

missile wounds. Although these cases are characterized as 

more lateralized to one hemisphere by the criterion 

diagnosis, the etiology strongly suggests that diffuse damage 

may also be present. Additionally, the brain damaged 

population from which this study group was selected, Texas 

Rehabilitation Commission (TRC) clients, includes a referral 

bias such that only mildly damaged acute cases and chronic 

cases who have achieved maximum recovery predominate. 

Consequently, strong lateralizing signs are less likely to be 

evident in neuropsychological evaluation. 

The key is quite successful in classifying the diffuse 

cases, in that it misclassifies only one subject as right 

brain damaged and one subject as left brain damaged. It is 

interesting to note that both the Russell keys (1970) and 

Finkelstein1s BRAIN program (197 6) show a tendency to 

classify diffuse damage as right hemisphere damage, while the 

present key had more difficulty differentiating between left 

and diffuse damage in the early refinement stage. Again, the 

nature of the population from which these subjects were 

selected is a possible source of this problem; in static 
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brain damage, severe left hemisphere deficits such as,aphasia 

are likely to preclude a referral to TRC, while milder left 

hemisphere problems tend to resolve with the passage of time. 

Hypothesis 3 cannot be supported by the present findings 

since the classification accuracy of the MDFA and the key are 

not significantly different. An examination of the hit rates 

suggests that the two approaches are equally efficient for 

practical purposes. This discriminant function, like the 

key, is in need of cross-validation to confirm its stability. 

Of the 12 variables included in the discriminant 

function, 6 of these are measures of motor function, 2 of 

which are considered lateralizing indicators in the key. The 

key does not examine lateralizing indicators unless general 

and specific variables indicate that brain damage is present. 

The inclusion of these variables in this discriminant 

function suggests that lateralizing signs can also contribute 

to the detection of brain damage in a general sense. The 

BRAIN program of Finkelstein (197 6) examines lateralization 

indicators immediately following general indicators, and 

upgrades the probability of brain damage if strong 

lateralization is evident, regardless of the degree of 

impairment found in the general indicators. In future 

refinement of the MDS key, it may improve diagnostic accuracy 

to include lateralization indicators in some manner in the 

initial determination of the presence or absence of brain 

damage. 
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The MDFA does not quite achieve the classification 

accuracy of the key with respect to lateralizing and 

localizing brain damage, and also tends to misclassify more 

right than left or diffuse damaged subjects. The MDFA calls 

4 of the 21 right damaged subjects diffuse damaged and 3 of 

the 21 subjects left damaged. In contrast, the key 

misclassifies none of the right damage subjects as left 

damage, and only six of them as diffuse damage. The MDFA 

also shows a somewhat greater tendency to lateralize diffuse 

damage to the left rather than right. 

In Dial's validation study of the MDS (1982), MDFA 

yielded classification accuracy of 70% for left damage, 69% 

for right damage, and 13% for diffuse damage. The MDFA in 

the present study yielded significantly better results, a 

finding which likely can be attributed to the preselection of 

only lateralizing variables for inclusion in the MDFA. 

The differences present in sex, educational level and 

racial composition between the comparison groups may have 

confounded the results to some extent, although any effect of 

sex is controlled in the MAND variables by the use of 

separate male and female norms. The difference in mean 

educational grade level between the brain damaged group (M = 

11.2, SD = 2.9) and normal group (M = 14.2, SD = 2.2) would 

have the greatest potential effect on variables derived from 

the WAIS, WRAT, and PPVT. These instruments largely assess 

verbal-cognitive abilities, and both educational and cultural 
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experiences can affect an individual's level of performance 

on the items comprising these tests. An examination of the 

12 variables included in the first MDFA reveals that only 3 

VSC variables are included as predictors: WAIS Digit Symbol, 

WRAT Reading, and WAIS Picture Arrangement. The latter two 

variables make the smallest contribution of all the selected 

variables (see Table 4 in Appendix H); the WAIS Digit Symbol 

is a strong predictor variable, but does not require the kind 

of verbal-cognitive processes which are most likely to be 

influenced by educational experience. Thus, any effects of 

education on the MDFA are likely to be minimal. There are a 

greater number of verbal-cognitive variables included in the 

key, but the weightings assigned to low scores are not 

especially severe, relative to the weightings of sensorimotor 

variables, thereby minimizing the potential effect of 

educational differences in the discrimination of groups by 

the key. 

Nevertheless, Parsons and Prigatano (1980) reviewed the 

possible contribution of sex, race and educational variables 

to neuropsychological test performance; they described 

research findings which confirmed the importance of equating 

comparison groups on these variables to control any 

confounding effects. Any cross-validation study of the key 

should be particularly careful to ensure that the comparison 

groups do not differ in these variables. 
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Overall, the MDS key demonstrates an acceptable accuracy 

in prediction, equivalent to previous findings with other 

widely accepted test batteries. Because the MDS has been 

long accepted as a rehabilitation assessment tool, it may, at 

times, be preferable over the LNNB or HRB, neither of which 

have been established as a valid approach for rehabilitation 

program planning. It is hoped that future research will 

address the predictive validity of these batteries for 

functional outcomes since their utility for 

neuropsychological diagnosis is no longer in question. 

Further research into the validity of the MDS for neuro-

diagnosis, and cross-validation of the neuropsychological key 

is indicated, however. The discriminant power of the key 

could be further refined by adjusting cut-off points and 

weightings based on information gained in cross-validation, 

as well as from research with other contrasting subject 

groups; i.e., psychiatric versus brain damaged, acute versus 

chronic, or specific etiological group comparisons. 

The accuracy of diagnosis may be improved by including 

data from the MDS Emotional-Coping factor since distinctive 

personality and behavioral changes often accompany brain 

dysfunction. In recent years, new instruments have been 

added to the MDS in an effort to more comprehensively assess 

the functioning of an individual. In its present state, the 

MDS does not adequately assess the various aspects of memory 

which are known to be particularly sensitive to the effects 
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of brain damage/dysfunction. The addition of tests which 

assess visual and auditory memory, both immediate and long 

term, would help to enhance the diagnostic accuracy of the 

MDS, as well as provide important information for 

rehabilitation program planning. Inclusion of variables 

which measure auditory processing in a purer form would also 

be of benefit to the system since the verbal subtests of the 

WAIS assess this function only indirectly. Specific tests 

for aphasia should also be included. More direct methods of 

assessing attention and concentration would be useful since 

these variables are quite sensitive to brain damage and are 

not specifically addressed by the MDS in its current form. 

As new tests are added to the system, the determination of 

their relative contribution to the key will necessitate 

further research. 

Use of the key is advantageous in respects other than 

improved diagnostic accuracy. It can reduce the amount of 

time spent by a clinician analyzing neuropsychological test 

results, a process which is frequently quite time consuming 

{Wedding, 1983). Translating the key into a computer program 

would further increase the efficiency of interpretation and 

diagnosis. The MDS key has potential value for training 

clinicians in the logical process of data interpretation for 

the purpose of neurodiagnosis with this battery. In 

contrast, statistical models such as MDFA are unwieldy and 

impractical in a clinical setting, and are of little value as 
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a teaching tool because they are derived on the basis of 

mathematical relationships which are usually not intuitively 

meaningful to a clinician. 

Conclusions 

The results of the present research suggest that the MDS 

has clinical utility for neuropsychological diagnosis, 

although cross-validation is needed to confirm the stability 

of accuracy of the key. The MDS has advanced beyond the more 

widely known batteries in the area of rehabilitation program 

planning, and may be more useful in settings where diagnosis 

is less important than the prognosis for successful 

rehabilitation. Research has validated the utility of the 

MDS in formulating treatment plans, predicting rehabilitation 

outcome, and in suggesting appropriate residential and/or 

vocational program placements (Blackwell et al., 1985; 

McCarron & Dial, 1972, 1976). Further validation research of 

the MDS with a variety of brain damaged groups and other 

subject populations is needed to refine and support the 

system's application in clinical neuropsychological 

assessment. 
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Appendix A 

Dial Scoring System 

Design A 

Constriction: Shortest axis of both circle and square 

are less than 3/4 inch. 

Enlargement: Do not score if constriction error has 

been rated. 

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

8 inch. 

Design 1 

Constriction; Row of dots less than 3-3/4 inches. 

Enlargement: Row of dots greater than 6 inches. 

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

of Design A by greater than 1/8 inch. 

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. 

Crowding; Do not score if collision is scored on same 

design. 

Any part of design is within 1/4 inch of Design A. 

Design 2 

Constriction: Center row of circles is 3-1/2 inches 

or less. 

Enlargement: Center row of circles is greater than 

5-3/4 inches. 
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Overlay: Any part of design (circles) penetrates any 

part (or space) of Design A or Design 1 by greater than 1/8 

inche. Score only once for this design. 

Collision: 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. Score only once 

for this design. 

Crowding: Do not score if collision is scored on same 

design. 

Any part of design is within 1/4 inch of Design A or 

Design 1. 

Design 3 

Constriction: Length of horizontal axis (longest axis 

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

Enlargement: Length of horizontal axis (longest axis 

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

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

(or space) of Design A, Design 1, or Design 2 by greater 

than 1/8 inch. Score only once. 

Collision: 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. 

Crowding: Do not score if collision has been scored. 

Any part of design is within 1/4 inch of Design A, 

Design 1 or Design 2. Score only once for this design. 
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Design 4 

Constriction; Base and both perpendicular lines of 

the open square are less than 5/8 inch in length. 

Enlargement; 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 by greater 

than 1/8 inch. Score only once for this design. 

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 for this design. 

Crowding; Do not score if collision has been scored. 

Any part of design is within 1/4 inch of Design A, 

Design 1, Design 2, or Design 3. Score only once for this 

design. 

Design 5 

Constriction; Distance between points of base less 

than 7/8 inch and height from base to point of extension 

is less than 1-1/4 inches. 

Enlargement: 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. 

Overlay; Any part of design penetrates any part (or 

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

4 by greater than 1/8 inch. Score only once for this design. 
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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, Design 3, or Design 

4. Score only once for this design. 

Crowding; Do not score if collision has been scored. 

Any part of design is within 1/4 inch of Design A, 

Design 1, Design 2, Design 3, or Design 4. Score only, once 

for this design. 

Design 6 

Constriction: Longest line (usually horizontal) less 

than 3-3/4 inches. 

Enlargement: Longest line (usually horizontal) greater 

than 5 inches. 

Overlay: Any part of design penetrates any part (or 

space) of Design A, Design 1, Design 2, Design 3, Design 

4 or Design 5 by greater than 1/8 inch. Score only once 

for this design. 

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, Design 3, Design 4, 

or Design 5. Score only once for this design. 

Crowding: Do not score if collision has been scored. 

Any part of design is within 1/4 inch of Design A, 

Design 1, Design 2, Design 3, Design 4 or Design 5. Score 

only once for this design. 
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Constriction: Height of both hexagons is less than 

1-1/2 inches. 

Enlargement: Height of both hexagons is 1-3/4 inches 

or greater. 

Overlay; 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 by greater than 1/8 inch. Score 

only once for this design. 

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, Design 3, Design 4, 

Design 5, or Design 6. Score only once for this design. 

Crowding: Do not score if collision has been scored. 

Any part of design is within 1/4 inch of Design A, 

Design 1, Design 2, Design 3, Design 4, Design 5, or Design 

6. Score only once for this design. 

Design 8 

Constriction: Length of hexagon is less than 2-1/2 

inches. 

Enlargement: Length of hexagon is 3-1/4 inches or 

greater. 

Overlay: 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 by greater than 1/8 inch. 

Score only once for this design. 
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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, Design 3, Design 4, 

Design 5, Design 6, or Design 7. Score only once for this 

design. 

Crowding: Do not score if collision has been scored. 

Any part of design is within 1/4 inch of Design A, 

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

6, or Design 7. Score only once for this design. 
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Case Number 99 

Location of Lesion: Right posterior frontal and mild 

diffuse damage involving Border zones of both hemispheres 

60 

Pathology and/or Etic 

stroke from birth control 

logy; Acute non-hemorrhagic 

Pills 

Onset: 4/80 

Chronicity: 1 year 

Evaluation Date: 

2 months 

6/81 

Treatment: Hospitaliz ation, medical management 

Prognosis: Improvemen 

Medication: None 

t expected 

Method of Documentation: Medical, CAT scans and other 

neurological reports 

Case Number 100 

Diffuse, including corpus Location of Lesion: 

collosum, with slight lateralization to left hemisphere 

Pathology and/or Etic|logy: Congenital brain 

malformation 

Onset: 7/64 

Chronicity: 16 year 

Treatment: Medical 

Prognosis: Static 

Evaluation Date: 5/81 

s, 10 months 

management 

Medication: Tegretol; Clonopin; and Phenobarbital 

Method of Documentati 

medical reports 

on: Pneumoencephalograms and 
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Appendix C 

Informed Consent 

I, DO HEREBY CONSENT to participate 
in a research study on the interpretation of psychological 
tests. I understand that I will be asked to take several 
tests which will be administered by Carole Norton or her 
representative. These tests will involve a number of dif-
ferent kinds of activities, and will take a total of 5 to 
6 hours to complete these tasks. 

I have heard a clear explanation and understand the nature 
and purpose of this study. 

I understand that my name will not be used on any of the 
findings or reports from this study, and that all test 
materials will remain confidential. The minimal risk asso-
ciated with my participation in this study has been explained 
to me. 

I understand that the testing procedures are research in 
nature and that I have the option of withdrawing my consent 
at any time. My participation in or withdrawal from this 
study will not affect the services offered me, nor my employ-
ment or student status. 

I understand that I will be given a general explanation of 
the results of testing when all tests have been administered 
and scored. 

With my understanding of this information, I voluntarily 
consent to the procedure described above. 

Signature Date 

Witnessed Date 

Witnessed Date 



62 

Appendix D 

Summary 

I. Brain Damage vs. Non-Brain Damage—General 

VSC Sensory Motor VSC Signs/ SM Signs/ 

Gen Tot Gen Tot Gen Tot Pat Tot Pat Tot 

If: 

+ BD 

go to III 

possible BD 

> 16 15-5 

go to II STOP 

II. Brain Damage vs. Non-Brain Damage—Specific 

VSC 

Specific Tot 

- 2 -

Motor 

Specific Tot 

-5-

If: 
+ BD 

go to III 

- BD 

STOP 
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III. Lateralized Left or Right vs. Diffuse Brain Damage 

Left Hemi 

VSC + SM Tot 

If: 

> 4 

Right Hemi 

VSC + SM Tot 

Lateralized Left < 3 Diffuse 

Right Hemi 

VSC + SM Tot 

Left Hemi 

VSC + SM Tot 

- 8 -

If : 

Lateralized Right Diffuse 

Case # 

Diagnosis: 

Key Classification 

No Brain Damage Brain Damage 

Left Right Diffuse 
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Verbal-Spatial-Cognitive Performance Level 

- 1 -

(I) General Indicators 

Variable 
Positive Indicators Neutral Negative 

Variable 
Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 WAIS 

VIQ 
<65 + 4 66-70 +3 71-75 +2 76-80 +1 >81 0 

2 WAIS 

PIQ 
<70 +5 71-80 +4 81-90 +2 91-95 +1 96-110 0 >111 -1 

3 PPVT 

IQ(SS) 
<40 + 4 41-50 +3 51-65 +2 66-75 +1 >7 6 0 

4 WRAT 

Read(SS) <60 +2 61-70 +1 >71 0 

5 WRAT 

Spell(SS) 
<55 +2 56-65 +1 >66 0 

6 WRAT 

Arith(SS) 
<55 +3 56-65 +2 66-75 +1 >7 6 0 

Total Weights + + + + 0 + (-) 
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Verbal-Spatial-Cognitive Performance Level 

- 2 -

(II) Specific Indicators 

Positive Indicators Neutral Negat. ive 
Variable 

Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 WAIS 

Inform 
<2 +2 3-6 +1 7-16 0 >17 -1 

2 WAIS 

Compreh 
<2 +2 3-6 + 1 7-14 0 >15 -1 

3 WAIS 

Arith <3 + 3 4-5 +2 6-7 + 1 

00 
i—1 i 

| 
00 0 >14 -1 

4 WAIS 

Simil 
<2 +3 3-4 +2 5-6 + 1 7-14 0 >15 -1 

5 WAIS 

D Span 
<3 +3 4-5 + 2 6-7 +1 8-13 0 >14 -1 

6 WAIS 

Vocab 
<2 +2 3-6 +1 7-16 0 >17 -1 

7 WAIS 

D Symb 
<2 + 4 3 +3 4-5 +2 6-7 + 1 

CO 
x—1 1 00 0 >14 -1 

8 WAIS 

Pic Com 
<1 +3 2-3 +2 4-6 + 1 7-15 0 >16 -1 

9 WAIS 

B1 Des 
<1 + 4 2-3 +3 4-5 +2 6-7 +1 8-13 0 >14 -1 

10 WAIS 

Pic Arr 
<2 +3 3-4 +2 5-7 +1 8-14 0 >15 -1 

11 WAIS 

Obj Ass 
<1 + 4 2-3 +3 4-5 +2 6-8 + 1 9-14 0 >15 -1 

Total Weights + + + + 0 + (-) 
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Sensorimotor Performance Level 

- 3 -

(I) Sensory General Indicators 

66 

Positive Indicators Neutral Negative 
Variable 

Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 BVMGT 

Koppitz 
>8 + 6 7-6 + 4 5-4 +2 3-2 +1 1-0 0 

2 BVMGT 

Memory 
0 +3 1 +2 2-3 + 1 >4 0 

3 BVMGT 

Localiz 0 +3 1 +2 2-3 +1 >4 0 

4 HVDT 

Right 
<21 +5 22-24 + 4 25-27 +2 28-31 +1 32-40 0 >41 -1 

5 HVDT 

Left 
<21 4-5 22-24 + 4 25-27 +2 28-31 + 1 32-40 0 >41 -1 

6 BVMGT 

Dial 
>13 + 6 12-10 + 4 9-8 +2 7-5 +1 4-0 0 

Total Weights + + + + 0 + (-> 
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Sensorimotor Performance Level 

67 

(I) Motor General Indicators 

Variable 
Positive Indicators Neutr, al 

Variable 
Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 MAND-R 

F-Index 
<14 +4 15-24 +3 25-32 +2 33-39 + 1 >4 0 0 

2 MAND-R 

G-Index 
<14 +4 15-22 +3 23-39 +2 30-37 + 1 >38 0 

3 MAND-R 

Per Cont 
<39 +4 40-49 +3 50-59 +2 60-74 + 1 >75 0 

4 MAND-R 

Mus Power 
<49 + 4 50-59 4-3 60-69 +2 70-79 + 1 >80 0 

5 MAND-R 

Kines Int 
<44 +4 45-54 +3 55-64 +2 65-74 +1 >75 0 

6 MAND-R 

Bi Dext 
<4 9 + 4 50-59 +3 60-69 +2 70-79 + 1 >80 0 

Total W€ iights + + + + 0 
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Sensorimotor Performance Level 

- 5 -

(II) Motor Specific Indicators 

68 

Positive Indicators Neutral Negat ive 
Variable 

Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 MAND-R 

Rt HP I 
<3 9 + 4 40-54 +3 55-64 +2 65-80 +1 81-120 0 >121 -1 

2 MAND-R 

Left HPI 
<39 + 4 40-54 +3 55-64 +2 65-80 +1 81-120 0 >121 -1 

3 MAND-R 

Beads-Box 
0-2 +3 3-4 +2 5-7 + 1 8-14 0 >15 -1 

4 MAND-R 

Beads-Rod 
0-2 +3 3-4 +2 5-7 +1 8-14 0 >15 -1 

5 MAND-R 

Fing Tap 
0-2 +3 3-4 +2 5-6 + 1 >7 0 

6 MAND-R 

Nt Sc Bit 
0-2 +3 3-4 +2 5-6 + 1 7-14 0 >15 -1 

7 MAND 

Rod Slide 0-2 +2 3-5 + 1 >6 0 

8 MAND-R 

Hnd Str 
0-1 + 4 2-3 +3 4-5 +2 6-7 +1 >8 0 

9 MAND-R 

F-N-F 
0-1 +3 2-3 +2 4-6 + 1 >7 0 

10 MAND-R 

Jumping 
0-2 +3 3-4 +2 5-7 +1 >8 0 

11 MAND-R 

H-T Walk 
0-1 +3 2-3 4-2 4-6 +1 >7 0 

12 MAND-R 

Std 1 Foot 0-1 +3 2-3 +2 4-6 + 1 7-15 0 >16 -1 

Total Weights + + + + + (-) 
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(I) 

Patterns and Signs 

- 6 -

Verbal-Spatial-Cognitive Indicators 

Variable 
Positive Indicators Neutral 

Variable 
Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 Algo 

7 
>9 + 6 8-7 +5 6-5 +3 4-3 +1 2-0 0 

2 VIQ-

PIQ 
>21 +4 20-16 +3 15-11 +2 10-6 +1 5-0 0 

Total We: ights + 4* + + 0 

(I) 

•7-

Sensorimotor Indicators 

Variable 
Positive Indicators Neutral 

Variable 
Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 HVDT 

R-L Raw 
>12 + 6 11-10 +4 9-8 +2 7-5 +1 4-0 0 

2 HVDT 

L-R Raw 
>13 +5 12-11 +3 10-9 + 2 8-6 +1 5-0 0 

3 MAND-R 

R-L HPI >36 + 6 35-26 +5 25-15 +3 14-9 +1 8-0 0 

4 MAND-R 

L-R HPI 
>36 + 6 35-26 +5 25-15 + 3 14-9 +1 8-0 0 

Total Weights + + + -f 0 
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Lateralization Patterns and Signs 

- 8 -

(III) Left Hemisphere (VSC and SM) 

Variable 
Positive Indicators Neutral 

Variable 
Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 WAIS 

PIQ-VIQ 
>16 + 4 15-13 +3 12-10 +2 9-7 + 1 6-0 0 

2 HVDT 

L-R Raw 
>10 + 4 9-8 +3 7-6 +2 5-4 + 1 3-0 0 

3 MAND-R 

L-R HPI 
>2 8 + 4 27-21 +3 20-14 +2 13-7 + 1 6-0 0 

4 MAND-R 

LBB-RBB 
>11 + 4 10-9 +3 8-7 +2 6-4 + 1 3-0 0 

5 MAND-R 

LFT-RFT 
>8 + 4 7-6 +3 5-4 +2 3-2 + 1 1-0 0 

6 MAND-R 

LHS-RHS 
>8 + 4 7-6 +3 5-4 +2 3-2 4-1 1-0 0 

Total Weights + + + 0 
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Lateralization Patterns and Signs 

-9-

(III) Right Hemisphere (VSC and SM) 

Variable 
Positive Indicators Neutral 

Variable 
Cond Wt Cond Wt Cond Wt Cond Wt Cond Wt 

1 WAIS 

VIQ-PIQ 
>25 +4 24-20 +3 19-15 +2 14-10 , +1 9-0 0 

2 HVDT 

R-L Raw 
>12 +4 11-10 +3 9-8 +2 7-6 +1 5-0 0 

3 MAND-R 

R-L HPI 
>30 +4 29-23 +3 22-16 +2 15-9 +1 8-0 0 

4 MAND-R 

RBB-LBB 
>9 +4 8-7 +3 6-5 +2 4-3 + 1 2-0 0 

5 MAND-R 

RFT-LFT 
>9 +4 8-7 +3 6-5 +2 4-3 +1 2-0 0 

6 MAND-R 

RHS-LHS 
>9 +4 8-7 +3 6-5 +2 4-3 +1 2-0 0 

Total Weights + + + + 0 
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Appendix E 

Table 1 

Test Variable Means and Standard Deviations for 
Brain Damaged and Non-Brain Damaged Groups 

Test Variable 

Brain Damaged Normal 
(N = 99) (N = 30) 
M SD M SD 

WAIS Verbal IQ (VIQ) 90. 6 15. 8 108 .4 12. 5 

WAIS Performance IQ (PIQ) 87. 9 14. 2 107 . 6 13. 4 

WRAT Reading 90. 1 22. 5 110 .8 15. 5 

WRAT Spelling 86. 1 17. 5 104 .0 16. 5 

WRAT Arithmetic 83. 6 13. 9 100 .8 15. 8 

PPVT IQ 91. 1 18. 1 104 .4 17. 0 

BVMGT Errors - Koppitz 2. 8 2. 8 0 .6 0. 9 

BVMGT Errors - Dial 5. 8 2. 9 3 .7 1. 7 

BVMGT Memory 3. 7 2. 1 6 .5 1. 5 

BVMGT Localization 1. 7 1. 7 5 .1 1. 8 

HVDT Right Raw Total 29. 1 6. 9 37 .6 4. 3 

HVDT Left Raw Total 29. 1 9. 2 40 .2 4. 1 

MAND Fine Motor Index 30. 0 15. 5 49 .1 9. 2 

MAND Gross Motor Index 26. 7 16. 3 49 .4 8. 8 

MAND Persistent Control Factor 86. 4 25. 3 103 .0 12. 2 

MAND Muscle Power Factor 75. 5 21. 6 98 .8 18. 9 

MAND Kinesthetic Integration 
Factor 70. 8 22. 6 106 .7 15. 5 

MAND Bimanual Dexterity Factor 75. 0 22. 1 104 .0 12. 8 

MAND Right HPI minus Left HPI 6. 1 10. 4 1 .0 2. 9 
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Table 1—Continued 

Test Variable Means and Standard Deviations for 
Brain Damaged and Non-Brain Damaged Groups 

Brain Damaged Normal 
(N = 99) (N = 30) 

Test Variable M SD M SD 

MAND Left HPI minus Right HPI 6. 6 10. 4 6.6 6. 2 

HVDT Right Raw minus Left Raw Total 3. 1 6. 9 .17 • 46 

HVDT Left Raw minus Right Raw Total 2. 9 4. 7 2.8 2. 6 

Algorithm-7 (see text) 1. 8 1. 6 1.7 1. 9 

WAIS VIQ minus PIQ 6. 3 8. 8 4.8 7. 3 

WAIS Information 7. 9 3. 1 10.6 3. 0 

WAIS Comprehension 8. 7 3. 8 12.2 2. 8 

WAIS Arithmetic 7. 5 3. 1 10.0 2. 8 

WAIS Similarities 9. 6 3. 0 12.2 2. 3 

WAIS Digit Span 8. 0 3. 3 10.7 2. 6 

WAIS Vocabulary 8. 4 3. 2 11.2 2. 8 

WAIS Digit Symbol 6. 8 2. 4 10.8 2. 8 

WAIS Picture Completion 9. 0 2. 9 11.5 3. 1 

WAIS Block Design 8. 3 2. 8 11.5 2. 7 

WAIS Picture Arrangement 7. 5 3. 0 11.0 2. 3 

WAIS Object Assembly 8. 1 3. 1 11.6 2. 4 

MAND Beads in Box 3. 9 3. 8 9.2 4. 2 

MAND Beads on Rod 6. 4 3. 7 11.1 2. 2 

MAND Finger Tapping 6. 7 5. 0 10.5 3. 2 

MAND Nut and Bolt 6. 2 3. 2 9.0 1. 5 
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Table l--Continued 

Test Variable Means and Standard Deviations for 
Brain Damaged and Non-Brain Damaged Groups 

Test Variable 

Brain Damaged Normal 
(N = 99) (N = 30) 
M SD M SD 

MAND Rod Slide 6. 7 4. 4 9 .2 3 .2 

MAND Hand Strength 6. 2 4. 0 7 .5 3 .3 

MAND Finger-Nose-Finger 7. 5 4. 0 9 .8 1 .6 

MAND Jumping 4. 6 4. 4 11 .4 4 . 0 

MAND Heel-Toe Walk 4. 2 4. 7 11 .0 3 .0 

MAND Standing on One Foot 4. 1 4. 2 9 . 6 3 .4 

MAND Right HPI 69. 6 20. 9 91 .0 15 .2 

MAND Left HPI 70. 4 24. 4 97 .3 15 .7 

WAIS PIQ minus VIQ 3. 5 7. 0 4 .0 5 .5 

MAND Right Beads in Box minus 
Left Beads in Box 1. 0 2. 1 .23 . 78 

MAND Left Beads in Box minus 
Right Beads in Box 1. 5 2. 1 2 . 2 2 .3 

MAND Right Hand Strength minus 
Left Hand Strength 1. 0 1. 9 .47 .82 

MAND Left Hand Strength minus 
Right Hand Strength 1. 0 1. 7 1 .3 2 .0 

MAND Right Finger Tapping minus 
Left Finger Tapping 1. 6 2. 8 .87 1 .4 

MAND Left Finger Tapping minus 
Right Finger Tapping 1. 6 2. 6 1 .3 1 .6 
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Appendix F 

Table 2 

Classification Accuracy of the Key in Predicting 
Presence or Absence of Brain Damage 

Actual 
Group Membership 

Predicted Group Membership 
Actual 

Group Membership n Brain Damaged Non-Brain Damaged 

Brain Damaged 99 89 (90%) 10 (10%) 

Non-Brain Damaged 30 3 (10%) 27 (90%) 

Note. 89.9% of grouped cases correctly classified. 
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Appendix G 

Table 3 

Classification Accuracy of the Key in Predicting 
Right, Left or Diffuse Brain Damage 

Predicted Group Membership 
Actual 

Group Membership n Left Right Diffuse 

Left Damage 30 21 (70%) 

Right Damage 21 0 (0%) 

Diffuse Damage 32 1 (3.1%) 

0 (0%) 

15 (71.4%) 

1 (3.1%) 

9 (30%) 

6 (28.6%) 

30 (93.8%) 

Note. 79.5% of grouped cases correctly identified. 
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Appendix H 

Table 4 

Results of MDFA for Brain Damaged and Non-Brain 
Damaged Groups Using All Key Variables 

as Predictors 

Predictor 
Variables 

F-to- Wilk's 
Enter Lambda 

Unstandardized 
Discriminant 

Function Coefficient 

BVMGT Localization 93.18 .58 

MAND Jumping 25.02 .48 

WAIS Digit Symbol 7.59 .45 

MAND Right HPI minus 
Left HPI 5.13 .44 

MAND Left Finger 
Tapping minus Right 
Finger Tapping 5.56 .42 

MAND Muscle Power 3.56 .41 

HVDT Right Raw Total 5.51 .39 

BVMGT - Koppitz 7.10 .37 

MAND Heel-Toe Walk 2.11 .36 

MAND Persistent 

Control 2.14 .35 

WRAT Reading 1.92 .35 

WAIS Picture 
Arrangement 1.12 .34 

.354 

.184 

.100 

-.042 

-.094 

-.021 

-.054 

. 172 

.052 

-.011 

.007 

.005 
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Appendix I 

Table 5 

Classification Accuracy of the MDFA in Predicting 
Presence or Absence of Brain Damage 

Actual 
Group Membership 

Predicted Group Membership 
Actual 

Group Membership n Brain Damaged Non-Brain Damaged 

Brain Damaged 99 93 (94%) 6 (6%) 

Non Brain Damaged 30 1 (3%) 29 (97%) 

Note. 94.6% of grouped cases correctly classified, 
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Appendix J 

Table 6 

Results of MDFA for Right, Left and Diffuse Brain 
Damaged Subgroups Using Lateralization 

Key Variables as Predictors 

Predictor 
Variables 

F-to-
Enter 

Wilk1s 
Lambda 

Unstandardized 
Discriminant 

Function Coefficient 

I II 

MAND Right HPI minus 
Left HPI 1 8 . 6 7 68 Oil 008 

MAND Left HPI minus 
Right HPI 

WAIS VIQ minus PIQ 

1 0 . 5 9 

6 . 1 0 

.54 

.46 

203 

029 

. 019 

-.002 

HVDT Left Raw minus 
Right Raw 

MAND Right Hand 
Strength minus Left 
Hand Strength 

3 . 5 8 

1 . 6 4 

. 43 

. 4 1 

- . 0 0 4 

. 0 4 2 

010 

021 

HVDT Right Raw minus 
Left Raw 1 . 4 4 . 3 9 . 014 . 0 0 4 
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Appendix K 

Table 7 

Classification Accuracy of the MDFA in Predicting 
Right, Left or Diffuse Brain Damage 

Actual 
Group Membership n 

Predicted Group Membership 

Left Right Diffuse 

Left Damage 30 

Right Damage 21 

Diffuse Damage 32 

23 (76.7%) 0 (0%) 

3 (14.3%) 14 (66.7%) 

5 (15.6%) 3 (9.4%) 

7 (23.3%) 

4 (19%) 

24 (75%) 

Note. 73.5% of grouped cases correctly identified. 
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