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ABSTRACT 

This project represents a descriptive analysis of 

Forms I and II of the Luria-Nebraska Neuropsychological 

Battery and an investigation of the applicability of Item 

Response Theory in neuropsychological assessment. 

Test protocols of 1280 Form I examinees and 405 

Form I I examinees were analyzed by i tern and scale using 

Item Response Theory. The analysis consisted of 

investigation of the fit of LNNB data to the one and , 

two-parameter IRT models, analysis of item and scale 

residuals and information values, comparison of 

traditional and IRT approaches in derivation of the 

Pathognomonic, Right Hemisphere and Left Hemisphere scales 

and comparison of two IRT approaches to the identification 

of biased items. 

In general, the one-parameter model did not fit 

the LNNB data. The two-parameter model, however, provided 

a generally good fit to the data. Scale residuals and 

information functions indicate that the LNNB scales are 

unidimensional and accurately measure their underlying 

psychological constructs. 

Item ana1ys is identified several items on each 

scale that do not contribute to the measurement of the 

x 



xi 

scalar trai t. suggestions were made for deletion, 

relocation or alteration of these items to improve their 

measurement properties. 

Substantial differences were found between Form I 

and Form II based on item characteristic curves and 

b-value differences. The nature of these differences 

suggested that the size and ability distribution of the 

Form II sample may have prevented accurate parameter 

estimation, obscuring the comparison of the two forms of 

the battery. 

A number of items on the pathognomonic, right 

Hemisphere and Left Hemisphere scales were identified that 

contribute little to the measurement properties of these 

scales. Additional items not on these scales, were 

identified that are candidates for inclusion on these 

scales. 

Comparison of the statistical tests of b-value 

differences wi th ICC differences, for identification of 

potentially biased items, suggests that the latter method 

may be more efficacious in the neuropsychological domain. 

It is concluded that the LNNB is an accurate and 

content valid test of neuropsychologicasl abilities; that 

IRT methods could improve the measurement properties of 

the scales and that ICC differences are an effective 

approach to item bias detection. 



CHAPTER 1 

INTRODUCTION 

This chapter presents an overview of the theory and 

rationale for the proposed research project. Also included 

are statements of the hypotheses to be investigated and the 

assumptions and limitations underlying the investigation. 

project Overview 

This investigation consists of application of a 

recently prominent, non-traditional test theory, Item 

Response Theory, to the Luria-Nebraska Neuropsychological 

Battery (LNNB). The assumptions underlying both item 

response theory and the LNNB are remarkably similar, which 

suggests that the battery may be an appropriate domain for 

such an application. 

The considerable debate which has arisen in the 

literature regarding the LNNB calls into question the 

accuracy and utility of the battery for diagnosis and 

rehabilitation. Some unique theoretical characteristics of 

item response theory in providing item-free examinee ability 

estimates and group-independent item characteristic 

estimates offer the suggestion of fresh insight and closer 

analysis of the two major issues of content validity and 

item bias. 

1 
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There may also be clinical advantages in such an 

application unique to item response theory in that equating 

of the two existing forms of the test on the same ability 

scale can be accomplished as a precurser to development of 

an adaptive testing protocol. 

At the same time this study extends the domain of 

item response theory to the field of neuropsychology 

providing additional evidence regarding the robustness of 

the theory to subject areas other than that of educational 

achievement and aptitude testing. One of the advantages of 

an IRT application is the ability to examine, from a 

psychometric view, the technical properties of both items 

and scales on the LNNB. Another of the theoretical 

advantages of item response theory is the increased 

sens it i vi ty to the detection of biased items. The pr esent 

study utilizes this sensitivity in a unique approach to 

scale development in cross-validation of the existing Right 

and Left Hemisphere and Pathognomonic scales developed for 

the LNNB. Finally, two methods for detection of item bias 

are compared in an examination of the results obtained from 

these methods wi th those obtained from trad i tional factor 

analytic methods. 

Luria-Nebraska Neuropsychological Battery 

The Luria-Nebraska Neuropsychological Battery was 

introduced in 1980 as a major refinement of A. L. 
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Christensen's (1975) adaptation of the neuropsychological 

assessment procedures developed by A. R. Luria (1966). With 

the development of the LNNB an attempt was made to merge the 

qualitative "syndrome analysis" methodology developed by 

Luria with the traditional standardized psychometric 

approach to neuropsychological assessment. 

Since its introduction, the LNNB has been at the 

center of controversy regarding the structure, accuracy, and 

usefulness of the battery in neuropsychological assessment 

(Adams, 1980a, 1980b; Bach, 1983; Crosson & Warren, 1982; 

Delis & Kaplan, 1981, 1983; Russell, 1980; Spiers, 1980, 

1981, 1984; Stambrook, 1983). The LNNB has been criticized 

because of the lack of homogeneous scales and questionable 

content validity of items and scales. Spiers (1981) 

discusses the diversity of items within each scale and the 

bias produced when different types of def ici ts and lesion 

sites produce impaired performance. Delis and Kaplan (1983) 

discussed difficulties with test bias which leads to 

questionable diagnostic accuracy. 

Even though Delis and Kaplan use a ca$e study to 

illustrate their contentions, both those authors and Spiers 

have based their comments on speculative inferences rather 

than psychometric or empirical considerations. The present 

study attempts to examine aspects of content validity and 

item bias from an empirical rather than a· speculative 
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position. While many of the critiques are themselves flawed 

due to misunderstanding of the nature of the test and 

misapplication of the term "content validity", it is clear 

that considerable further research is needed to address the 

issue of psychometric structure, measurement accuracy, and 

clinical utility of the LNNB. Heaton and Pendleton (1981), 

in describing neuropsychological assessment in general, 

state " ... many of the limitations of current assessment 

procedures stem from incompletely developed measurement 

tools and the lack of attention to psychometric 

considerations underlying test construction, particularly in 

terms of assessing validity and reliability .•. " (P. 187). 

As the number of users of the test and the quantity 

of research on it expands, it becomes increasingly important 

to shed light on the controversies that have arisen. This 

importance also arises from the need by practitioners to 

make informed decisions regarding the clinical applicability 

of the test with varying assessment situations and 

populations. Moreover, accurate, comprehensive assessment 

is a necessary precursor to development of effective 

cognitive rehabilitation programs at the level of the 

individual patient. 

Part of the reason for the controversy regarding the 

LNNB is due to Luria's original procedures from which the 

test was derived. Luria's assessment methods were 
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undecipherable for a number of years because his methods 

differed from one patient to the next depending on the 

pattern of deficits that emerged during assessment. This 

process-oriented assessment was further complicated by his 

use of different assessment tasks or test i terns from one 

occasion to the next. His view was that the actual task used 

during assessment was relatively unimportant. What was 

important, was that the stimulus input, the cognitive 

process, and the response be separately analyzed in their 

relative contributions to the observed deficit. Each item 

was considered a test of a specific stimulus, process and 

response system. Through analysis of the patterns of 

deficits over a number of tasks differing in specifiable 

ways, Luria was able to precisely describe the 

neuropsychological deficits of a patient and utilize this 

information in designing rehabilitation programs (Luria, 

1980) • 

This tailoring of the assessment to the individual 

patient and the subsequent qualitative analysis of results 

represents a significant departure from the traditional 

standardized psychometric approach to assessment. 

Traditionally, a number of items measuring the same skills 

are collected to form homogeneous scales reflecting a 

particular neuropsychological function. All patients are 

given the same tasks in the same way each time. Analysis of 
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deficit is based on the individual's performance on each 

scale in comparison to the performance of subjects on the 

same scales who are known to be unimpaired. 

Psychometric Considerations 

The differences between Luria's individualized 

approach to assessment and the standardized approach are 

analogous to the differences between traditional test theory 

and item response theory. In traditional or classical test 

theory, an observed score on a test is a function of the 

individual taking the test plus the characteristics of the 

test itself plus random error. Thus, the ability score of an 

examinee is contaminated by factors such as item difficulty 

and random error. Moreover, the estimate of test 

reliability is confounded by the nature of the group to whom 

it is administered. standardized psychometric testing 

procedures are required under the tenets of classical test 

theory in order to control for the test-dependent nature of 

observed scores, the sample-dependent nature of i tern and 

test characteristics and other random variables such as 

guessing that affect score'distributions. This process does 

not eliminate the group and test dependent effects but 

merely randomizes them. This necessitates that the same 

i terns be administered in the same way to large groups of 

examinees from which a normative base is established to use 

in comparing individual scores. Consequently, classical test 
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theory, by definition, will yield lower and more inaccurate 

estimates of reliability and validity than actually exist. 

This is because of the addition of random error variance 

which includes the sample characteristics and because the 

reliability and validity estimates are based on the 

performance of the group as a whole across a wide range of 

ability lev~ls. 

Because Luria's original procedures are highly 

individualized and the item set varied across examinees, it 

was impossible to establish reliability and validity indices 

for his assessment. The LNNB has minimized these 

difficulties somewhat through a standardized administration 

and scoring procedure. However, some of the original 

difficulties remain. As noted by the authors (Golden, 

Hammeke, & Purisch, 1980), the quali tative nature of the 

indi vidual's response to each i tern must be a part of the 

interpretation procedure. This qualitative analysis is akin 

to Reitan's pattern analysis method of inference recommended 

for the Halstead-Reitan Battery (Reitan & Davidson, 1974). 

The qualitative nature of response analysis appears 

to be the major area of difficulty, both with Luria's 

original procedures and with the LNNB. With item response 

theory, as opposed to classical test theory, the item--not 

the test--is the focus of the model. This is consistent with 

the LNNB in that each item is considered a separate test of 
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a specific neuropsychological system (Golden et al., 1980). 

Item response theory models apply quantitative item and 

abili ty parameters to explain quali tati ve item responses. 

The theory does not take for granted a CTT derived test 
• 

score such as a summary scale score but considers the 

information included in the i tern responses as qualitative 

and uses quantitative parameters to explain them. This is 

analogous to Luria's (1980) assertion that the nature of the 

item is irrelevant except for the ability of the examinee to 

respond to the three basic elements: stimulus, process, and 

response. 

Conversely, with IRT, the item parameters are also 

independent of the examinees. The estimation of examinee 

ability allows its removal statistically from the estimation 

of item parameters. This situation is analogous to Luria's 

(1980) procedure of choosing items with differing 

characteristics optimal for measuring an examinee at a 

specific level of ability. Moreover, under IRT, 

replications are not required for estimating accuracy of 

measurement because examinee ability parameters are not 

based on expected replicated values. Luria also did not 

replicate his assessment procedures because his analysis of 

patient performance was compared to hypotheses or models of 

neuropsychological functioning in terms of the fit of his 

results to the model under consideration. In essence, then, 
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the model, not the norm, becomes the comparative standard. 

This is the same procedure as is used with IRT. 

Previously, IRT has primarily been investigated in 

the domain of educational achievement tests. The reasons for 

this focus on educational te~ts are because educational 

testing has been the area of interest to the primary 

researchers involved, because the assumption of uni t 

dimensionality could be explored in this domain and because 

the large samples needed were more easily obtainable from 

these types of tests. However, there have been limi ted 

applications of IRT in other test domains as well. Goldman 

and Ragu (1983) and Koch (1983) have explored IRT models in 

the area of attitude test data. Thissen (1976) has 

investigated the Raven's Standard Progressive r1atrices Test, 

widely considered a general intellectual measure, with IRT. 

Hulin, Drasgow, & Parsons (1983) have also appl ied IRT to 

the problem of determining accuracy of measurement in tests 

translated from one language to another. At this point, 

however, there has been no investigation of IRT in the 

neuropsychological assessment domain. 

The LNNB appears to be an appropriate instrument for 

appl ication. of IRT for several reasons. Fir st, there is a 

close cor respondence between Lur ia' s theory and procedures 

and the theoretical structure of IRT. Next, the construction 

of the LNNB in terms of its item scoring and hypothetically 
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unidimensional scales fits the requirements of IRT. Lastly, 

a sufficiently large sample size is available due to the 

intensive research efforts of Golden and his colleagues. 

There are several advantages of IRT that represent 

improvement over classical test theory. One of the most 

important advantages is that of tailored or adaptive 

testing. Under this application, a test item is selected 

and administered to an examinee. Initial item selection can 

ei ther be based on an estimate of the examinee's abi 1 i ty 

level or an i tern can be chosen from the middle range of 

difficulty for all examinees. If the item is passed, the 

next item is selected at a higher difficulty level. The 

procedure continues until an item is failed. If the first 

item is failed an item with the a lower difficulty value is 

selected and the procedure continues in this manner until a 

sufficient number of items have been administered to 

estimate the examinee's abi Ii ty level wi th the necessary 

precision. This procedure maximizes both precision of 

measurement and efficiency in assessment since optimal items 

are chosen for each ability level and not all items are 

administered to all examinees (Lord, 1980). It is also 

analogous to Luria's original clinical assessment procedure 

(Luria, 1980). 

Another application relevant to this study is that 

of item bias detection. Item response theory allows 



detection of biased i terns by examining 

difference in item characteristics for 

11 

the "person-free" 

different groups. 

When the i tern characteristics are significantly different 

from one subpopulation to the next, a causal hypothesis is 

that the item is biased This is because, under the 

assumption of IRT, performances on 

independent of the groups to whom they 

Therefore, if the item parameters 

different, the item is considered biased. 

test 

are 

are 

i terns are 

administered. 

substantially 

The advantage of IRT in bias detection presents a 

unique opportunity in neuropsychological assessment with the 

LNNB. A construct in neuropsychology, developed by Teuber 

(1955), is that of double discrimination scales. These are 

scales developed from items contrasting group performance in 

two ways. Items are chosen for the scale because one subject 

group performs well and a contrasting group performs poorly. 

Items are also chosen on which the target group performs 

poorly and the contrasting group performs well. These two 

types of items are combined to form scales to differentiate 

both groups with maximum accuracy. This principle was 

followed in the construction of several scales on the LNNB. 

Item response theory presents a unique application in the 

construction of double discrimination scales because IRT can 

differentiate item characteristics specific to a particular 

group at different levels of ability. 
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statement of the Problem 

The general issues of concern for this investigation 

are two. Fi r st, the LNNB has been besieged by cr i ticism 

regarding its psychometric structure, diagnostic accuracy 

and utility for rehabilitation programming. This controversy 

centers around the issues of content validity and bias of 

the items and scales. Since it has acquired the status of a 

major neuropsychological assessment instrument, it is 

essential to further elucidate the nature of the battery and 

attempt to resolve the controversies regarding bias and 

content validity. 

Second, item response theory is a relatively recent 

development in the field of psychometry, the robustness, 

validity of assumptions, and utility of which has only begun 

to be investigated. This study provides an application of 

the theory, using empirical test data, in a subject area 

heretofore untried and in novel approaches to further assess 

the usefulness of the theory. 

In general, IRT, ,if applicable to the test data, 

improves the estimation of the precision of measurement and 

allows the- data to be used in ways different from the 

traditional approach particularly in identification of 

biased test items. In the case of the LNNB, the theory will 

further delineate the technical properties of the test and 

allow applications heretofore untried in scale development 
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through a study of i tern bias. This step will allow for 
, 

resolution of some of the disagreement regarding the LNNB 

and point the way toward more efficient and accurate 

measurement. As Murray and Mishra (1983) note, "Additional 

item-bias research data relative to frequently used 

individual ability tests may make a significant contribution 

toward res'toring confidence in the use as well as 

interpretation of the tests by practitioners" (p. 364). 

The present study proposes an application of IRT to 

the LNNB to investigate the technical properties of the 

items and scales of the LNNB, and to determine whether there 

may be clinical advantages to such an application such as 

the derivation of new or improved scales through 

identification of biased items. 

A related but indirect effect of this study is the 

calibration of items from both forms of the test to form a 

beginning item bank with items of precisely known difficulty 

and discrimination values independent of the groups from 

which they were obtained. This step is preliminary to 

application of computer-assisted tailored testing using the 

LNNB. The concept of tailored testing is an application 

uniquely possible wi th i tern response theory which would, 

using the LNNB, represent a closer approximation to Luria's 

assessment procedures in a more integrated marriage of 

qualitative and quantitative measurement. Also intended, 
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through an item bias investigation, is the construction or 

validation of double discrimination scales differentiating 

right and left hemisphere lesions and a scale 

differentiating normal from brain damaged examinees. 



CHAPTER 2 

THEORY, RATIONALE, AND LITERATURE REVIEW 

Psychometric Theory 

Classical Test Theory 

Test theories can be roughly divided into two 

categories. The first is classical test theory (CTT), which 

dates back to spearman's concept of the observed test score 

as a composite of true and error score components. Classical 

test theory is a weak model for the componential 

distribution of an observed test score. In CTT, a test score 

is conceived as a random variable across replications. There 

are definitions of true and error scores and there is a 

major assumption that errors on distinct measurements are 

not correlated. The only part of this model that requires 

empirical testing is the assumption of uncorrelated errors. 

The problems wi th CTT in psychological assessment 

are related to interpretive and practical difficulties when 

the model is applied. The first problem that arises is that 

characteristics of the test are represented in the observed 

score. This is a problem because the score is supposed to 

represent the ability or trait being measured, not the 

characteristics of the test used to measure the trait. 

15 
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represents 

the test 

characteristics are a contaminant of the person's abili ty 

representation. What is needed is a test-free trait or 

ability score that does not depend on the characteristics of 

the i terns chosen for the test. So the score will only 

represent the position of the examinee on the abi I i ty of 

interest. Because of the test-dependent nature of the 

observed scores, it is necessary to administer exactly the 

same set of test items to all examinees in order to compare 

performances. Measurement precision is enhanced when test 

items are chosen to match the ability or trait levels of the 

examinees because measurement er ror is reduced. However, 

this is not possible in CTT because all examinees must be 

administered all test items; test efficiency is reduced 

because items that do not accurately measure a particular 

examinee's abi I i ty must be administered anyway, thus 

increasing measurement error. 

The second problem with CTT is that while examinee 

scores are test-dependent, the item and test parameters are 

sample dependent. The range, mean and distribution shape of 

a group of ±est scores depends on the ability levels of the 

subjects in the group to whom the test is administered. This 

problem affects all of the statistics used to describe tests 

and test performance. For example, validity coefficients and 
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item-test correlations all change as a function of the true 

score variance in the examinee sample, even when the 

measurement error remains constant (Lord, 1980). 

The third problem is also related to measurement 

error. The concept of true score in CTT is based on 

hypothetical replication of measurement. In practice, 

behavioral measurements are susceptible to any number of 

random influences. Replications then, are unlikely to 

produce exactly the same outcomes. An examinee's true score 

is the mean of a hypothetical distribution of scores that 

would be obtained if an infinite number of measurements were 

taken. The difference between an examinee's observed score 

on a given testing and the true score is attributed to 

measurement error on that occasion. This means that the 

distribution of observed scores of a sample of subjects 

reflects two components: the distribution of true scores and 

the distribution of errors of measurement. The variance of 

true scores is smaller than the variance of observed scores 

because the tests are not perfectly reliable. Thus, the term 

true score is that part of a test score that is replicable 

or reliable. 

However, in real testing situations, replica.tions 

are not feasible. Even if examinees could be retested, they 

would not be exactly the same at a second administration. 

People learn and forget and have different levels of 
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motivation, frustration, and alertness. Therefore, the 

construction of parallel tests is a requirement that can 

never exactly be met. Classical test theory is, then, 

dependent on both the assumptions of replications and 

parallelism which can never be met in practice. Because of 

these problems, the reliability coefficent, for example, 

cannot be estimated precisely. Test scores are generally 

assumed to represent either lower bound ability estimates or 

rough estimates of ability that have unknown biases. 

Classical test theory then, provides no test-free scores, 

has sample-dependent test and i tern parameters, and reI ies 

heavily on availability of parallel measurements which are 

unattainable in actual practice (Hambleton, 1982). 

Some effects of these . problems occur ring in 

neuropsychological assessment arise in measurement of 

differential defici t. Brain damaged patients often show a 

fairly generalized performance deficit. It is the unusual 

case where a patient shows only one or two types of 

deficits. Many clinical and research issues are related to 

the relative differences of one ability as compared to 

another. Differential deficits in ability are then inferred 

from a greater performance deficit on one task than on at 

least one other task. It is common practice in 

neuropsychological assessment to compare an examinee's 

performance on two or more different tests in localizing the 
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under lying def ici t to damage in a particular area in the 

brain. For example, performance on the Picture Arrangement 

subtest on the Wechsler Adult Intelligence Scale might be 

compared to that on the Block Design subtest in an examinee 

with right hemisphere brain damage in order to determine the 

relative anterior-posterior localization of the deficit. The 

sUbtest score showing the greatest deficit would indicate 

the area of greatest damage. 

Luria's assessment methods were based on this 

concept of pattern analysis, as is the LNNB. This is why 

both Luria (1980) and Golden et al. (1980) emphasize the 

importance of item analysis in the interpretation of 

assessment data rather than relying on summary scale 

indices. Both approaches compare relative performance on two 

or more tasks for identification of the particular task 

component that is a cause of the deficit performance. 

However, because of the test and group dependent 

characteristics of CTT, differential deficits in performance 

may not necessarily indicate differential deficits in 

ability. Performance differences may, instead, reflect the 

generalized performance deficit plus the possibility that 

one or more of the tasks measures generalized deficits 

bet ter than the others. For example, Crossen and War ren 

(198l) have noted differences in the range of dysfunction 

measured and the relative item difficulty differences 
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between some scales of the LNNB. This causes differences in 

the sensitivity of some scales for detection of generalized 

deficits, which may obscure the specific deficits reflected 

by the scale. Therefore, differences in true scores (of 

which observed scores are estimates) between the scales may 

not reflect that examinees differ more on one ability than 

another but may instead reflect the.fact that the test items 

were chosen so that one scale has a greater true-score 

var iance than the other. Therefore, because of the test 

items used, brain damaged examinees may show a larger 

performance deficit on a scale which has a greater true 

score variance. 

Chapman and Chapman (1978) suggest that the solution 

to this problem is that proposed by Gullikson (1950) in 

matching tests (or scales) on true-score variance. The 

procedure suggested was to match the tests or scales on item 

difficulties and item-scale correlations. This creates tests 

or scales of equivalent variance, reliability and true-score 

distributions. Since true-score variance depends both on 

reliability and observed score variance, true-score variance 

will be greater when both of these elements are high. They 

are high when there is a large number of items in the middle 

range of difficulty and when the i terns measure the same 

ability (Lord & Novick, 1968). 
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Item difficulty and discrimination have a 

substantial impact in both reliability (item-scale 

correlation) and observed score variance. Items that are at 

a .50 difficulty level are the most reliable and 

discriminating and yield the highest observed score variance 

on dichotomously scored free-response items where guessing 

is minimal and ability is normally distributed, such as on 

the LNNB. Christensen and Mortimer (1983) found exception to 

this stating that in a brain damaged population, difficulty 

levels below .50 may provide better discrimination between 

normal and brain damaged subjects. However, their brain 

damaged population was severely impaired and their position 

does not hold when the population has widely distributed 

ability levels. When comparing tests or scales of the same 

test, choice of difficulty levels of items determine to a 

large extent which of the tests or scales yield the largest 

difference between normal and brain damaged examinees. 

In CTT, reliability is in fact an index of 

discrimination in that the square root of reliability is the 

correlation of observed scores wi th true scores. The more 

discriminating the test or items for the ability in question 

the greater the performance deficit that can be reflected. 

For parallel tests such as Forms I and II of the LNNB, the 

discriminating power of a test is a function of mean item 

difficulty, distribution of item difficulty, item 
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covariance, and the number of items. All other things being 

equal, i terns closer to .50 difficulty will also have the 

highest discriminating power (Lord, 1952). 

Item Response Theory 

The second approach to psychometric theory is that 

of item response theory (IRT). Item response theory rests on 

the basic assumption that the probability of a correct 

response on a test item is a manifestation of an 

individual's standing on an underlying latent characteristic 

or trait. The theory is the link between the test responses 

and the latent trait. An important characteristic of IRT is 

its item-level orientation. The model makes a definite 

statement regarding the relationship between the probability 

of answering an item correctly and the examinee's ability. 

The examinee's standing on the latent trait can also be used 

to predict other behaviors, e. g., response to treatment, 

severity of disability or vocational potential. Another 

important element of IRT is that the latent trait, theta, is 

considered to be continuously distributed but with no a 

priori assumption regarding the shape of this distribution. 

That is, in contrast to the tenants of classical test 

theory, a normal distribution is not assumed. In general, 

then, IRT is a class of measurement theories that provides a 

basis for the transforming of item responses into estimates 
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of the trait assumed to underlie the item responses (Lord, 

1983). 

When the data fit the IRT model under consideration, 

there are several advantages to be derived. The first is the 

invariance of item parameters and ability estimates. This 

means that regardless of the distribution of abili ty, the 

item parameter estimates from one sample will be linearly 

related to the parameters from another sample from the same 

population. 

Person and item parameters which can be factored are 

essential if tests are to have any generality. This can only 

occur when independent person and item parameters are 

provided by the mathematical form of the measurement model. 

This allows construction of linear scales so that the 

differences between examinees are approximately the same 

whether determined by easy or hard items. Moreover, wi th 

this approach, the distance between items will be the same 

whether taken by examinees at high, medium, or low ability 

levels. Without these characteristics, differences between 

examinees cannot be compared. Moreover, it then becomes 

possible to compare two examinee ability estimates even 

though they, have taken different items (Lord, 1980). 

The third major advantage is the availability of a 

local measure of precision. Item response theory identifies 

precision of measurement by means of item and test 
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information functions which index the precision of the 

scores. This is a more useful method than that allowed with 

CTT because it allows for the consideration that precision 

of measurement may differ at different ability levels 

(Hambleton, 1979). 

There are one major and one minor requirements for 

application of IRT to test data. The first is called 

unidimensionality. Unidimensiona1ity is the requirement that 

there is only one underlying trait being measured by a 

scale. This is not a strict criterion, however, it is the 

most important assumption to satisfy (Linn & Harnish, 1981). 

However, no psychological measurement instrument will be 

exactly unidimensiona1._ The important issue, then, is 

whether the scale is sufficiently unidimensional to allow 

application of the model. Unidimensionali ty is a property 

of the responses to the i terns rather than of the items 

themselves. If examinees respond to the items on the basis 

of the underlying trait under consideration, then the items 

and the scale will be unidimensional (Lord, 1980). 

Multidimensionality may result from two general 

situations. The first condit~on is the use of different item 

types. The second condition is the use of items which 

address specific elements of the scale dimension. An item 

might then represent the general latent trait plus a 

specific related ability. There can also be items that do 
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not relate to the general trait at all. The effect of these 

conditions is to restrict the constructs to which IRT can be 

applied. However, Hulin, Drasgow, and Parsons (1983) have 

shown that the theory can be applied in the context of a 

reasonable amount of heterogenity and can therefore be 

applied to relatively broad constructs. 

One method for assessing whether a set of items is 

unidimensional is that of residual analysis. This involves 

fitting an IRT model to the test data, then using the 

parameter estimates to predict the data and studying the 

discrepancies between the predicted and obtained results. 

The rationale for the method is that if an IRT model fits a 

data set wi th low residuals, all of the model assumptions 

must have been met to a reasonable degree (Hambleton, 1983). 

There are some problems with this method, however. 

Hambleton (1983) has shown that residual analysis may not, 

in some cases, identify multidimensional data. However, 

there may be a clinical method of determining whether this 

is the case, by examining the i tern discrimination values. 

When the data are multidimensional, LOGIST, the parameter 

estimation program, assigns high discrimination values to 

items measuring the dominant trait and relatively low values 

to the remaining items. 

If the assumption of unidimensionality is met, the 

test will also have the property of local independence. This 
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is the assumption that the error terms of the items on a 

scale are uncorrelated in a homogeneous population at a 

particular level of theta. If local independence holds, an 

examinee's performance can be summarized with a single score 

and the test 

unidimensionality 

will be unidimensional. Therefore, 

follows from local independence. The 

reverse also holds. ~hat is, local independence necessarily 

follows from unidimensionality (Hambleton, 1983). 

The final requirement is that of dichotomous item 

scoring. This is a minor issue at this point because IRT 

models are emerging which provide for polychotomous and 

graded response modes (Bejar, 1977; Samejima, 1969; Wright & 

Hasters, 1983). 

The performance of a test item in a population is 

described by an item characteristic curve (ICC). The ICC is 

a graphical plot of the mathematic function that describes 

the probability of a correct response to an item relative to 

the ability levels measured by the total set of items in the 

scale. They are generally ogive-shaped non-linear regression 

lines of item scores on ability. Item characteristic curves 

are expected to be identical for all samples of the 

population from which they are derived. The ICCs are 

determined by the item parameter values derived by IRT. For 

the two parameter model, the item discrimination (a) value 

determines the slope of the ICC at the difficulty (b) value. 
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The steeper the slope of the ICC, the better the item 

discriminates among examinees with theta near b. Also, the 

steeper the slope, the narrower the range of discrimination, 

but the sharper the discrimination that can be made. 

The item difficulty (b) value locates the ICC on the 

abili ty scale. Changes in b values move the ICC in the 

direction of change while preserving the shape. For the two 

parameter model, the b value is the item difficulty, 

expressed in the theta metric, at the point at which 

examinees have a .50 probability of a correct response. 

An important property of ICC I s is that they are 

invariant across subpopulations as long as the probability 

of a correct response is a function of a single, 

unidimensional theta and the examinee responses to the item 

are not used to form the subpopulation. This property allows 

the detection of biased items discussed in a later section 

( Lo r d, 19 8 0 ) • 

The two principle indices in IRT are the test and 

item information functions. These functions show the scope 

and degree of measurement precision across the range of 

abili ty measured by the scale. The information function 

reflects the degree of uncertainty that an observation will 

fall wi thin a specified interval along the abi Ii ty 

continuum. An item information function then, reflects the 

amount of information the item provides about examinee 
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ability, or the contribution of the item to measurement of 

the trait. Item information varies with different levels of 

theta and with the number of items and the item parameters 

used to estfmate theta. For example, easy items generally 

provide no information about the trait at high levels of 

theta because everyone responds correctly to the item. 

The test information function reflects the 

asymptotic sampling variance of ability. In the two 

parameter model, item information functions are addditive to 

the test information function. This allows an item's 

contribution to accuracy in ability estimation to be 

examined. A high information function reflects a high 

relationship between the item content and the latent trait 

(Hulin, Drasgow, & Parsons, 1983). 

Considerations for IRT Applications 

Goodness of Fit 

Goodness of fit, a critical issue in general and for 

this project is the goodness of fit of the IRT model to the 

test data. Hambleton and Murray (1983) discuss three means 

of determining fit of the data to the model: comparison of 

test data assumptions to the model assumptions; 

determination of whether item and ability estimates are, in 

fact, invariant; analysis of residuals of predicted vs. 

obtained data. 
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The first means of determining fit relates to 

checking for the assumptions of unidimensionality, guessing 

and nonspeediness. Checking for unidimensionality is a 

complicated factor-analytic approach combined with clinical 

judgement. Factor analysis results show a relatively high 

ratio of the first to second eigenvalues, which suggests 

unidimensionality {McKay & Golden, 1979}. This procedure was 

suggested by Reckase {1979}. Further, rational inspection of 

the items also suggests unidimensionality and the test 

developers attempted to ensure unidimensionalirty in their 

choice of items for each scale (Golden, Purisch, & Hammeke, 

1979) . Since the items are not speeded and use a 

free-response format, there is no apparent discrepancy with 

the assumption of unidimensionality and the other criteria 

for model-data assumptions are met. 

The criterion of checking expected model features 

have been integrated into the analysis for this project as 

has the analysis of residuals criterion. 

Choice of Model 

There are a number of models under IRT that have 

been investigated in the literature. These models have 

developed from the premise that there are three basic 

characteristics or parameters of test items on which 

responses are based. Those parameters are item 

discrimination, item difficulty, and the tendency to guess 
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A more formal description of the guessing 

the probability of a correct response by 

individuals with very low ability. This can occur for 

reasons other than the guessing, but guessing is the most 

common explanation wi th multiple choice items. The basic 

models of IRT have been developed according to the number of 

these parameters that are accommodated. 

The choice of the appropriate IRT model for the 

testing situation is crucial for deriving the advantages 

potentially available. The one parameter model assumes that 

there is no guessing (c value=O) and that all i terns have 

equal discrimination indices (a value=l). The single 

parameter that is free to vary is item difficulty (b value). 

In general, the one-parameter model offers several 

advantages over the other models. Mathematical simplicity 

and economy of computation are important ~onsiderations 

«P/O) with abc variables). In some cases with small 

sample sizes, a hand calculator could be used for 

computation of item and ability parameters. Further, fewer 

items and smaller sample iizes are minimum requirements for 

this model as opposed to the others (Wright & stone, 1979). 

Another recent development allows application of this model 

with items using polycotomous scoring (Masters & Wright, 

1983). 
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The ease and economy features are also balanced by 
some important limitations. since this model involves the 

strictest assumptions (no guessing, equal item 

discrimination values), it is the most difficult model to 

fit to existing data. Its use has been restricted to.Monte 

Carlo data research and to test development. Also, the 

assumption 'of equal item discrimination values is not 

realistic in a practical sense for fitting a model to 

existing tests. Most tests do not in fact have equal item 

discrimination values unless specifically developed to have 

this characteristic. The effect then of using this model for 

analysis of existing tests, is the discarding of an 

important source of information about the psychometric 

performance of items and tests and examinee ability 

estimates (Hambleton, 1983). 

The two-parameter model allows both item 

discrimination and difficulty to vary and assumes that 

guessing equals zero. There is also a modified two-parameter 

model which acknowledges that guessing may play a role in 

the response, but equally so for all items. In this case, 

the guessing parameter is fixed at some value greater than 

zero. The two parameter model, wi th somewhat less 

restrictive data requirements, is somewhat easier to fit to 

existing data. It has the considerable advantage of 



32 

including a variable item discrimination parameter in 

describing item and examinee performance. 

The disadvantages involve reduced ease and economy 

of application. This model requires larger sample sizes and 

is mathematically more complex and requires more computer 

time expense. The research to this point suggests that the 

two parameter model may not provide an adequate fit to 

multiple choice items because of the tendency to guess, 

which this model does not accommodate. However, 

free-response, nonspeeded test items do appear appropriate 

for use with this model (Hambleton, 1983). 

The three-parameter model allows all three 

parameters to vary freely. The three parameter model, being 

the most general, is the easiest model to fit to test data. 

However, it is even more complex mathematically than the two 

parameter model and, therefore, is even more expensive in 

computer time and also requires very large samples (Lord, 

1980). However, since the guessing parameter is allowed to 

vary freely with this model, it appears to be the model of 

choice with multiple choice items (Hulin, Drasgow, & 

Parsons, 1984). 

Item Bias 

Bias is defined as existing if examinees wi th the 

same ability from different subpopulations do not have the 

same probabilities for correct response to an item (Ironsen, 
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1982, p. 117). The reason that this might occur is that the 

item is measuring the trait differently for different 

groups. The concern of item bias in psychological tests is 

the item construct validity. This refers to the extent to 

which an item measures a single theoretical construct. When 

items have the same construct validity for all examinees in 

a population, examinees of equal abilities should have the 

same probability of a correct response to an item (Hulin, 

Drasgow, & parsons, 1984). 

There are a number of methods which have been 

developed to determine bias. Cleary (1968) proposed a test 

of bias through analysis of the regression of different 

groups on a common criterion. She assumed that there is no 

bias if the regression equations accurately predict 

performance on the common criterion. However, the results of 

this procedure are affected by test validity and this may 

cause er roneous bias indices (Hulin, Drasgow, & Parsons, 

1984) . 

Angoff and Ford (1975) proposed a method using a 

transformation of item difficulties converted to delta 

scores and then plotted graphically. The graph is then used 

to identify biased items. Substantial differences in item 

difficulty .are presumed to indicate item bias. A major 

limitation of this method is the absence of control for 
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ability differences which leads to confounding of item 

difficulty and discrimination. 

An analysis of variance approach has been proposed 

which involves the analysis of the test item by group 

interaction. The principle is that a significant interaciton 

between groups and items indicates bias (Jensen, 1974). Post 

hoc procedures are then used to identify specific items that 

may be biased. However, this approach requires large sample 

size and control for alpha slippage in testing individual 

items (Schmeiser, 1982). Further, this procedure does not 

control for the fact that significant interactions may 

result from differences in ability scores between the 

groups. 

scheuneman (1980) proposed a chi-square approach 

which attempts to control for ability differences between 

groups. In this approach, homogeneous total score intervals 

are generated to permit comparison of examinees in the same 

test score range, then, between group comparisons are made 

in differences between observed and expected proportions of 

correct responses. However, Baker (1981) indicates that 

this procedure could produce large differneces between 

observed proportions which do not yield large chi-squares. 

Slaughter (1981) also suggests that the power of the 

chi-square test may vary across items. 
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Log-linear models involve logarithmic data 

transformations in an extension of the chi-square approach 

(Feinberg, 1977). There are several advantages in using this 

approach over other methods but it requires sophisticated 

computer programs and facilities and has not been very well 

researched. 

Reynolds, Williams, and Chatman (1984) devised a 

bias-detection method using partial correlations that they 

claim is computationally simpler, and more convenient index 

of item bias than the ANOVA or IRT methods. The authors used 

correlations between race and total score, race and item 

score, and i tern and total score to calculate a partial 

cor rela tion between race and item performance. This 

procedures removes the influences of total test score, 

corrects for different item-total correlations across items 

and also corrects for artifacts of differences between 

groups in total test score. This method has the advantages 

of not requiring large samples or sophisticated computing 

resources. However, the method has only been used .. in one 

published study and further research is required prior to 

general use by practitioners. 

IRT· approaches to detection of i tern bias have. been 

developed for all three IRT models. The significant 

advantages of IRT approaches is the ability to detect bias 

at different ability levels so that an item that is biased 
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at one ability level but not at another can be identified. 

Test i terns are rarely, if ever, biased across the full 

spectrum of ability levels so this is an important 

advantage. The disadvantage is that because only the two and 

three parameter models have been shown to be effective in 

detecting bias (Rudner, 1980), large sample sizes and 

sophisticated computing resources are required. 

At this point, the most common method for detecting 

bias involves comparison of Ices for differences. When the 

assumption of unidimensionality is met, the Ices should be 

identical for different subpopulations, within the range of 

sampling fluctuation. When the Ices are substantially 

different and inspection of the items suggests a reason for 

differential responding by the groups in question, the item 

can be considered biased (Rudner, 1977). This somewhat 

arbitrary procedure is all that is available until further 

research is completed. However, this method should prove 

both reliable and valid, if somewhat rough in most uses, if 

sample sizes are sufficiently large (Hambleton, 1983). 

Test Length and Sample Size 

Some additional considerations for the use of IRT 

are the number of items required on a test and the sample 

size needed for accurate item and ability estimation. Beyond 

certain minimum requirements, increases in either or both do 

not appreciably affect parameter or ability estimates as 
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long as there is a reasonable match between the item 

difficulties and examiner abilities and the 

unidimensionality assumption is met (Hulin, Drasgow, & 

Parsons, 1984). The requirements for each vary with the IRT 

model to be used and the type of information needed from the 

application. For item bias studies, accurate estimation of 

ICCs is important. A large number of items are not needed 

but a large sample size is needed. For maximum accuracy of 

theta estimation, as needed in adaptive testing, the reverse 

is true. Both Lord (1980) and Linn, Levine, Hastings, and 

Waldrup (1981) suggest that for most purposes, for the two 

parameter model, minimum requirements are tests of at least 

15 items and samples of 200. They both caution that these 

values may not be sufficient for some applications, however. 

Comparison of Classical and Item Response Theories 

Classical and item response theories are more 

overlapping than competing theories. IRT models are stronger 

(involve more stringent assumptions) but yield stronger 

results. The relation between true score and theta is direct 

and linear when IRT assumptions are met. They are basically 

the same ability expressed on different scales. The 

important difference between true score and theta is that 

even though the accuracy of theta depends on the number and 

quality of items, it does not depend on the measuring 

instrument itself. This quali ty allows an examinee to be 
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compared with other examinees across different sets of 

items, which is essential in adaptive testing protocols. In 

CTT, the true score does not have this property unless the 

items are exactly parallel as defined in CTT. For example, 

for the two parameter IRT model, differences between theta 

and true-score occur because the true score is a function 

only of the number of positive responses whereas theta is a 

function of both the number of posi ti ve responses and the 

characteristics of the items. With this approach, positive 

responses on an item with low disrimination values are 

discounted whereas items with higher discrimination values 

are weighted more heavily. This makes it possible with an 

adaptive testing protocol to differentiate examinees with 

the same raw scores but with different levels of the 

underlying trait. However, with adaptive testing, tests are 

unlikely to be parallel according to CTT requirements, 

because they are tailored to the ability of individual 

examinees. In adaptive testing, a computer selects items to 

be administered to an examinee based on ability estimates 

from previous responses. In this approach, examinees may 

take tests with overlapping but distinct sets of items. In 

IRT, the' abili ty and item parameter estimates are 

independent of the item pool due to the mathematical 

approach used in their estimation. This is not the case with 
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CTT where the estimates are test and sample dependent 

(Hulin, Drasgow, & Parsons, 1984). 

In CTT, the principle indices of measurement 

accuracy are test reliability and the variance of error 

scores (standard error of measurement). However, reliability 

has limited usefulness because it differs from one group to 

another and, therefore, its genera1izabi1ity is narrow. 

Both of these indices are calculated from data on groups of 

examinees and refer to the entire scale. Because of these 

group-dependent characteristics, both reliability and 

standard error of measurement reflect measurement accuracy 

specific to the population from which they are deri ved. 

Therefore, these indices can vary from one population to 

another. Lord (1984) recently investigated a method for 

determining the standard error of a test at specific ability 

levels. Application of this method to empirical data 

suggests that the formula, 
XCn-x 

(n-l) 

provides a rough estimate of the standard errors if the 

ability distribution is known. They may not be useful in 

describing measurement accuracy for specific individuals or 

at specific ability levels. However, with IRT, a precise 

standard error of measurement can be calculated for an 

individual examinee or for all examinees at a particular 

ability level. In IRT, reliability is not a useful 
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construct and is replaced by item and test information 

functions described earlier. These indices depend only on 

the items that form the instrument and not on the population 

of examinees. The same is true of i tern parameters. Item 

difficulty and discrimination measured wi th CTT vary from 

one population to another but with IRT, they are invariant 

if the theta matrices are equated (Lord, 1980). 

In general, IRT offers a number of advantages not 

available with the CTT approach. The disadvantages are that 

for some applications, very large sample sizes are needed 

and IRT applications require complicated and expensive 

analyses on large computers. Of course this limits the 

range of facilities and users. Further, only certain types 

of data can be used with IRT. However, this situation is 

changing as computer programs that can accommodate 

po1ychotomous item scoring emerge. Despite these 

limitations, research and practical applications are 

increasing rapidly. Several recent commercially available 

tests have used the one-parameter model in item development 

(Kaufman Assessment Battery for Children, 1983; Vineland 

Adaptive Behavior Scale, Stanford Binet, 4th ed., 1984). 

This has been found to be an effective approach in test 

development. However, emerging research clearly shows that 

while the one-parameter IRT model may be an improvement over 

CTT methods, the additional item discrimination parameter is 
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the 

The assessment process is the initial step in 

diagnosis and design of rehabilitation programs for 

individuals wi th brain injur ies. Rehabi1i tat ion programs 

require the same highly detailed functional diagnosis as is 

required in the initial assessment of deficit. The 

rehabi1i tat ion process uses intact areas of the brain and 

repeated practice and feedback to the patient, in order to 

promote functional reformulation that has not occurred 

spontaneously (Golden, 1978). Recovery of lost abilities 

depends on reformulation of the functional systems 

responsible for these abilities through· one of three 

processes. Fir st, there is functional substi tution of an 

intact part of the brain for a damaged area. Second, there 

is functional substitution of more basic areas of the brain 

for the damaged area. Third, there is inclusion in the 

behavior of higher "executive" centers of the brain to 

compensate for the injured area (Luria, 1963). The emphasis 

in each of these situations is that the overt behavior is 

maintained, although the manner in which the brain executes 

the behavior is changed. 

One of the primary questions in neuropsychological 

assessment is the severity of functional loss in each 
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deficit areas. This question has particular significance in 

four major arenas. The first is in measuring recovery over 

time. From the initial hospitalization of a patient and 

extending for a number of years following, multiple 

recovery of function. 

there has been any 

(Golden, Berg, & 

assessments are performed to assess 

This usually occurs whether or not 

cognitive rehabilitation intervention 

Grabner, 1982). 

As discussed earlier, due to the inherent test and 

sample characteristic contamination of test scores, deficit 

measurment is an unprecise technology that imposes serious 

limitations on the general field of neuropsychology. Knight 

and Godfrey (1983) report on a statistical approach to 

deficit measurement with serial testing. These authors 

describe a procedure first reported by Lord and Novick 

(1968) which removes the effects of test unreliability from 

the deficit scores and allows a more accurate assessment of 

the clinical significance of score changes with serial 

testing. However, the statistics provide only a rough 

estimate of the measurement error since they apply to 

unre1iabi1i ty across the entire range of abi1i ty. Lord's 

(1984) method, as noted earlier, allows a rough estimation 

of measurement error at specific ability levels, under 

certain condi tions IRT potentially provides a significant 

improvement over this index due to provision of precise 
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measurement error indices at each ability level for both 

examinees and test items without the requirement of a known 

ability distribution. This allows more precise estimates of 

the severity of deficits and the clinical significance of 

change due to recovery of function or deterioration from 

degenerative disease. 

Another important arena that may benefit from IRT 

applications in neuropsychology is the field of forensic 

neuropsychology. More precise measurement of deficits allow 

more accurate estimations of functional loss in brain injury 

cases involved in litigation (McMahon & Satz, 1981). With 

the increasing amounts of awards in personal injury 

Ii tigation, the accuracy of loss determination becomes a 

crucial issue in the field. Wi th more than 400,000 head 

injuries that require hospitalization occurring yearly in 

the united states (National Head Injury Foundation, 1981), 

if only ten percent of these entered into litigation, there 

would be 40,000 cases per year in which deficit measurement 

might playa significant role. This estimate does not even 

address the Social Security and Workman's Compensation areas 

in which this issue is also relevant. 

The next major area is that of neurological 

diagnosis. Despite the greatly improved diagnostic 

capability afforded by innovations such as computer 

tomography, proton emission tomography, and nuclear magnetic 
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resonance, neuropsychologists in hospital settings 

frequently are consulted regarding diagnostic issues. Often 

these issues are unanswerable wi th neurologic procedures. 

For example, questions are often raised concerning 

differential diagnosis of depression, dementia, and such 

disorders as normal pressure hydrocephalus. Also, diagnostic 

questions are raised when non-neurological disorders also 

involve cognitive dysfunction as in systemic lupus 

erythematosis (Sergent, Lockshin, Klempner, & Lipsky, 1975) 

and in heart surgery patients (Willner & Robiner, 1979). 

The sensitivity provided by IRT as a result of the 

invariance of item and ability parameters and the 

differential weighting of item discrimination allows 

detailed pattern analysis of tests scores, which can improve 

diagnostic accuracy. The pattern analysis capability could 

lead to rules for interpretation of LNNB results which would 

aid in answering some problematical differential diagnosis 

questions. 

Of course, assessins the efficacy of rehabilitation 

programs is also a crucial aspect of def ici t measurement. 

cognitive rehabilitation models and commercial systems are 

increasing almost monthly and are an expanding emphasis in 

hospitals, schools, and private practices (Bracy, 1983; 

Diller et al., 1978; Gianutsos, 1982; Reitan, 1982; Trexler, 

1982). The problem that exists with these models and systems 
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is that there is almost no outcome data on which to 

investigate the efficacy of models or specific procedures. 

Part of the difficulty in assessing treatment effectiveness 

is due, again, to the problem of determining whether changes 

in test scores reflect clinical change or change related to 

measurement error and other random effects. Because of the 

invariant parameter estimates and the precise ability level 

estimations possible with IRT, distinctions can be made 

assessing rehabilitation treatment effectiveness at 

different ability levels, even using different sets of test 

items, with greatly improved accuracy. Thus, there are 

considerable clinical benefits to the application of IRT to 

neuropsychological assessment. 

Theoretia1 Basis and Origin of the LNNB 

During A. R. Luria's lifetime of research on 

brain-behav ior relationships, he developed a comprehensive 

theory of brain function consistent with both emerging 

physiological research and the psychological literature 

regarding cognitive function (Luria, 1973). 

Luria's theory of functional brain organization 

formed the basis for the development of an assessment system 

to detect and localize brain lesions and determine their 

etiology (Luria, 1954). Luria's contribution to the theory 

and practice of neuropsychology form the basis of the 

developing field of cognitive rehabilitation is difficult to 
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overestimate (Ben Yishay, Rattok, & Diller, 1979; Diller & 

Gordon, 1981; Gross, 1981). 

Luria's theory conceives of the brain as being 

organized into three functional units. He postulated that 

behaviors always occur with the participation of all three 

units. The first unit structurally consists of the Reticular 

Activating System (RAS) and the ascending and descending 

fibers between the prefrontal cortex and the RAS. This unit 

regulates and maintains the level of arousal necessary for 

the current activity. 

The second unit physiologically consists of the 

cortical sensory-perceptual areas and the connecting 

pathways from the thalamus. This unit is concerned wi th 

obtaining, processing, and storing information from the 

various sense. 

The third uni t consists of the frontal cortex and 

its connections wi th the second and third uni t structures 

and the different pathways from the motor area of the 

frontal lobes. This unit performs the function of 

programming, regulating, and verifying mental activity. It 

performs the "executive" function of integrating the 

incoming in,forma tion, effecting appropr ia te responses, and 

monitoring and adjusting responses as stimulus conditions 

vary (Luria, 1973). 
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Luria also proposes three levels of organization 

within each unit, primary, secondary, and tertiary. The 

primary areas function as either sensory input or motor 

output areas. The sensory areas receive sensory information 

from the primary sense receptors. The motor areas effect 

peripheral muscle responses. Secondary areas are physically 

adjacent to the primary areas and serve to organize the 

incoming sensory information into meaningful units. The 

tertiary areas receive information from the secondary areas 

and function to integrate the sensory information from more 

than one modality as in the integration of visual and 

auditory information. 

The key to the organization of brain-behavior 

relationships in Luria's theory is the concept of the 

functional system. The functional system is an organization 

of several parts of the brain to produce a behavior. Each 

behavior is represented by its own functional system wi th 

components representing each of the three major units of the 

brain. An intact behavior requires an intact functional 

system. If a component of a functional system is affected by 

an injury, the behavior may be altered. Moreover, each area 

of the brain is involved in numerous functional systems.. An 

injury to any part of the brain will disrupt multiple 

functional systems and their consequent behaviors. This 

causes a pattern of deficits to occur which are specific to 
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the injury. Luria calls this pattern a "syndrome" (Luria, 

1980) • 

In assessment, Luria observed various behaviors and 

inferred the components of the functional systems that were 

affected by the brain injury. He called the discovery of the 

pattern of deficits a "syndrome analysis." Identifying a 

syndrome allowed deduction of the underlying deficit which 

in turn allowed inferences regarding the location of the 

neurological problem. 

This type of analysis is similar to factor analysis 

in that the pattern of item intercorrelations are clinically 

determined and interpreted in terms of the common factor or 

organizing principle. This method allowed interpretive 

isolation of elementary abilities or ability clusters that 

are the components of the functional systems. 

This assessment model requires tasks with limi ted 

functional systems and the clinical skill to instantly 

analyze an abnormal response into its component elements. A 

task may be presented which requires a particular functional 

system for completion. If the response is abnormal, a 

series of tasks is presented to allow identification of the 

component (s·) of the functional system causing the deficit 

response. Luria was able to clinically determine which areas 

required detailed examination and which areas only needed 

cursory evaluation, as the examination progressed. 
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There are several advantages to this type of 

procedure in assessment. First, in comparison to some of the 

more global tests of brain function used in the 

Halstead-Reitan Neuropsychology Battery (HRNB), a m6re 

specific and extensive componential analysis of behavior is 

possible. This specificity of information can be extremely 

useful for both diagnostic questions and for rehabilitation 

planning (Golden, 1976; Luria, 1963). 

Another advantage is logistical in that 

neuropsychological examination can comprehensive 

completed in a short time (Luria, 1980). There is 

a 

be 

an 

associated advantage specific to some settings in that test 

materials are portable, allowing the examination to be 

completed at bedside. 

There are three major problems wi th this type of 

assessment. First is the lack of standardization. Lur ia I s 

assessment varied from patient to patient, depending on the 

performance on test items as the evaluation progressed. This 

made his procedures difficult to learn and apply and 

violated basic tennets of American, classical test theory. 

However, Luria was insistant that standardization of his 

procedures ~ou1d destroy the diagnostic, interpretive, and 

logistic advantages. 

The second major problem was the lack of objective 

scor ing of responses. Lur ia I s system used three response 
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options ranging from normal to mild impairment to severe 

impairment. Without operational definitions of these 

response categories, the assessment results vary, depending 

on the examiner skill, the nature of the item, the nature of 

the response, and any number of subjective factors which are 

present in an assessment si tuation. Golden et ale (1980) 

stated that "it is difficult if not impossible to separate 

Luria's skills as clinician and theoretician from the actual 

information gained by the tests." There is virtually no 

empirical data regarding the accuracy of his techniques 

since Luria did not attempt "blind" analysis of his patients 

(Luria & Majovski, 1977). 

An improvement in this situation occurred when 

Christensen (1975) published a more standardized approach to 

neuropsychological assessment utilizing Luria's i terns and 

administration procedures. This publication, while still 

offering no reliability or validity data, organized Luria's 

methods into a structured form, easily administered in the 

same manner by everyone. However, there were still no 

objective scoring criteria, and instead of assessing only 

the relevant areas of brain function for each examinee, 

Christensen!s manual required assessment of all major areas 

of functioning. While not as elegant and much more time 

consuming than Luria's methods, Christensen's work was "the 

vulgarization that Luria always wanted" (Reitan, 1976). 
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Golden et ale (1983) in an attempt to empir ica11y 

establish the validity of Luria's theory and to standardize 

both the administration anc1 scoring of Luria's assessment 

procedures begun by Chr istensen, developed the LNNB. An 

important consideration in the development of the battery 

was to retain the qualitative nature of analysis advocated 

by Luria, while acquiring some of the advantages of 

standardized quantitative assessment. 

controversy Regarding the LNNB 

The merits and faults of the LNNB have been debated in the 

literature since 1980. The debate began with Adams (1980) 

who noted misattribution of the origin of the LNNB to Luria, 

use of subjective behavior ratings, reliance on the 

pathognomanic sign approach, use of the same samples across 

several studies, criteria for subject diagnosis, failure to 

control for variables such as medications, psychopathology, 

chronicity and base rates, use of sequential t-tests, 

inappropriate use of discriminate function analysis, and 

questionable accuracy of obtained results. 

In his reply, Golden (1980) acknowledged as correct 

only the point regarding sequential t-tests. Other issues 

were attributed to: "lack of awareness of the scoring 

criteria in the manual, distortion of the subject selection 

process, misrepresentation of the screening techniques ••. ", 

incorrect statements regarding research procedures, lack of 
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awareness of the test manual, and other published research, 

and failure to correctly describe the statistical procedures 

used. 

The next segment of the debate began in 1981 and is 

still continuing. Spiers (1981) noted suspect reI iabil i ty 

and content validity, use of scale scores, and scale 

heterogenei ty, and provided a detailed discussion of item 

content validity. 

Golden, Ariel, MCKay, Wilkening, Wolf, and MacInnes 

(1982) replied with a review of the theoretical basis for 

the LNNB, interpretive strategy and then current research 

findings. They indicated that Spiers had misunderstood the 

theoretical basis of the test and the interpretation process 

and was not aware of some newly published evidence. 

Later, Spiers (1982) replied to Golden et ale (1982) 

resubstantiating his objections to the scoring system, 

adherence of the test to Luria's theory, research 

methodology, content validity, and clinical utility of the 

test. 

A rejoinder to Spiers (1982) was not forthcoming 

until this year when Hutchinson (1984) wrote that some of 

Spiers' criticisms were based on " ••• errors in reporting 

factual data, misunderstanding and misinterpretation based 

on incorrect factual assertions, and errors in reasoning." 
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Of course Spiers then replied (1984) to Hutchinson. 

Spiers noted that Hutchison was guilty of the same types of 

factual and reasoning errors as Spiers had been. He also 

reiterated that there was still a dearth of statistically 

valid, reliable, replication studies, using independent 

populations, adequate criterion measures, and relevant 

controls. 

Despi te these continuing claims and counterclaims, 

the issues on which this debate rests persist. There appears 

to be some lack of understanding and rejection of the 

measurement model on which the LNNB is based. The difference 

rests on the difference between the traditional method of 

using scales of homogeneous items and their summary scores 

as the units of evaluation as opposed to using individual 

items as the units of measurement, supplemented by summary 

scores. That the LNNB is able to systematize and in some 

cases, quantify response dimensions is rejected by Spiers 

and his camp. This is a philosophical rather than a factual 

issue. As the research literature accumulates, it becomes 

increasingly apparent that the Luria and LNNB approach is 

indeed valid and reliable in the hands of an experienced 

clinican. 

An important consideration is the interpretation of 

results. As Reitan (1974) established long ago, 

neuropsychological assessment demands a combination of 
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skills unique to the field. Without a high degree of 

training and experience, the clinician will be unable to 

obtain the maximum amount of information from the assessment 

instruments. The Halstead-Reitan battery has long been 

accepted as reliable and valid in the hands of a competent 

user. The HRNB utilizes both qualitative and quantitative 

data and intrepretation of results rests on level of 

performance, pattern analysis, pathognomonic signs and 

left-right differences (Reitan & Davidson, 1974). The LNNB 

is also proving to be reliable and valid, uses qualitative 

and quantitative data, and re1ys on the same multiple 

inferences in interpretation of results. The differences 

between the two systems do not appear as great as some would 

have us believe. Moreover, the emerging evidence suggests 

that the objections to this model of measurement as not

reliable or valid are not substantiated. 

The next arena in the debate regarding the LNNB 

arose with articles by Delis and Kaplan (1982, 1983). In the 

earlier of the two articles, the authors present a case 

study of a patient wi th a left hemisphere lesion, who was 

tested with the Boston Diagnostic Aphsia Examination and the 

LNNB. Their- point was that the LNNB was not sensitive to the 

effects of this lesion from inspection of the summary 

profile. In the second article, the authors discuss the 

lack of evidence of the content validity of the summary 
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scales of the LNNB. They state that elevation or lack 

thereof on a particular scale does not necessarily reflect 

the extent or lack of impairment of the function for which 

the scale is named. 

In this same vein, Crosson and Warren (1982) 

critiqued the use of the LNNB in instances of aphasia. The 

authors state that the use of verbal instruction and the 

requirement of verbal responses confounds language 

dysfunction with the neuropsychological deficit in question. 

They also note that aphasic and hemiplegic subjects were 

omitted from the reliability research, thereby spuriously 

inflating internal consistency estimates and invalidating 

the use of the LNNB with these two disability groups. These 

authors also note that the efficacy of the LNNB in 

discriminating the presence of brain dysfunction is the use 

of multidimensional items. These items will conversely limit 

the ability of the test to identify the individual 

components of a deficit for rehabilitation purposes. The 

last point noted 'is that delayed memory functions are 

underrepresented. 

In response, Golden, Ariel, Moses, Wilkening, MCKay, 

and MacInnes (1982) stress the requirement for item analysis 

in the interpretation of results in order to determine which 

aspects of the response are responsible for an impaired 

performance on the language and nonlanguage scales. They 
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also discuss the test and scale structures emphasizing the 

flexibility allowed by the LNNB approach, including testing 

the I imi ts. Lastly they review the case presented by the 

authors, interpreting the LNNB profile to illustrate that an 

experienced examiner could have given a cor rect diagnosis 

based on LNNB results and Luria's theory. 

Bryant, Maruishi, Sawiki and Golden (1984) also 

responded to Delis and Kaplan. These authors note that some 

of Delis and Kaplan's remarks were based on misunderstanding 

the manner in which the battery should be used, and that 

recent research has provided contradiction to their earlier 

comments regarding content validity. 

Stambrook (1983), in a review of the LNNB literature 

to that date, cited statistical and methological issues 

which mitigate the results of the research supporting the 

LNNB. He cites the manual suggestions of improvisation in 

administration as contrary to the principles of 

standardization. He also indicates that the T-score 

transformations have not been cross-validated on various 

populations. Stambrook further notes methodological problems 

involving sample size and composi tion in the LNNB 

reliability- research. In the area of content validity he 

notes the contamination of all LNNB scales by language 

factors as noted by Delis and Kaplan above. The diagnostic 

validity research is cited because of the use of the 
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original samples in cross-validation and the use of multiple 

t-tests and the possibly inappropriate use of the 

discriminant function. He cautions that additional 

independent cross-validation is needed to establish clinical 

accuracy. Stambrook also criticized the construct validity 

research. At that time, alpha coefficients had not been 

reported and this was cited as lacking. 

methodological difficulties with the 

procedures and the different results 

He also noted 

factor-analytic 

obtained across 

studies. Again, Stambrook noted the need for further 

independent cross-validation prior to clinical use. 

Since that article was published, the concerns 

addressed by Stambrook have all been addressed in subsequent 

research with results supporting clinical use of the LNNB. 

Tables 4 and 5 summarize the literature to date. 

The final area of criticism of the LNNB comes from 

Akhutina and Tsvetkova (1983). These authors note that there 

is no measurement of delayed memory and that the LNNB does 

not measure several clinical syndromes described by Luria 

(1980). These comments are substantially correct although a 

new scale has been recently developed entitled Intermediate 

Memory. This scale, however, is still being researched and 

no studies validating or cross-validating this scale have 

appeared in the 1 i tera ture (Golden workshop presentation, 

19B3). 
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As can be seen from the above, there is virtually no 

aspect of the LNNB that has been exempt from controversy. As 

the research base expands, however, there appears to be a 

trend toward increased support of the LNNB for both clinical 

and research uses. 

The two major issues that emerge from LNNB 

criticisms are the content validity of test items and scales 

and item and scale bias. The criticism of Adams (1980a), 

Spiers (1980, 1982), Delis and Kaplan (1982), and Stambrook 

(1983) involve misattribution of their criticisms to content 

validity. Their comments relate to the adequacy and 

relevance of the item responses in reflecting the behaviors 

that the scale purports to assess, and the ability of scales 

with heterogeneous items to measure unidimensional traits. 

Adequacy and relevance of item responses, as pointed 

out by Fitzpatrick (1984), relate to construct and not 

content validity. The issue of the unidimensionality of the 

items and scales reflects their technical properties and not 

their content validity. This is an issue investigated in the 

current project. Moreover, Spiers bases his comments 

regarding content validity on speculation and opinion 

rather than psychometric considerations or empirical data. 

Delis and Kaplan at least offer a single case study to 

support their contentions but also draw on opinion as the 

basis for their comments. While Nunnally (1978) notes the 
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importance of " ••• appea1s to reason regarding the adequacy 

with which important content has been sampled •.• " (p. 93), 

it is also true that subjective judgment is not always 

consistant with empirical results. The judgmental approach 

has also been severely criticized for ineffectiveness in 

identifying psychometrically biased items (Reynolds, 1982). 

That there is a great need for additional research in this 

area is exemplified in a statement by Murray and Mishra 

(1983) that "The use of ability tests in diagnostic settings 

goes beyond considerations of predictive utility and 

requires careful scrutiny of items believed to represent a 

trait a construct" (p. 358). The current project is intended 

to address these needs. 



CHAPTER 3 

METHODS 

This chapter presents the methods to be employed in 

this research project, including a description of the sample 

to be used" a detailed description of the data collection 

instrument, and a summary of the types of analyses to be 

conducted with a listing of the computer programs utilized. 

Subjects 

The subjects for this study were taken from two 

samples. 

evaluated 

The fir st sample consisted 

at the Neuropsychological 

of 1280 individuals 

Laboratory at the 

Uni versi ty of Nebraska Medical Center from 1978 to 1984, 

using Form I of the LNNB. The second sample consisted of 405 

examinees, from the same source, who were administered Form 

II of the LNNB. All testing was administered by trained 

technicians according to the standardized procedures set 

forth in the test manual. 

Both samples 

psychiatric subjects 

consisted 

with no 

of normal 

apparent 

with 

subjects, 

neurological 

impairment, ' 

impairment 

patients. 

handedness, 

psychiatric subjects neurological 

and neurologically impaired, non-psychiatric 

The samples varied widely in age, education, 

diagnosis, chronicity, severity, and other 

60 



61 

relevent variables. Both sexes and all races were 

represented as well as a variety of ethnic backgrounds. 

Table 1 describes the composition of age, education, sex, 

race, and handedness variables of the sample population. 

Table 2 describes the sample by diagnostic categories. 

All Form I subjects received independent 

neurological examinations. In cases of neurological 

deficits or uncertain initial diagnosis, advanced diagnostic 

procedures such as computerized tomography, 

electroencephalography, and angiography were also 

administered. However, per personal communication with Dr. 

Golden (August 1984), diagnoses for subjects from the Form 

II sample was based only on referral information and, in 

many instances, was inaccurate. The diagnoses for this 

sample were, therefore, not included in Table 2. 

For the analysis of the Pathognomonic, Right and 

Left Hemisphere scales, the Form I sample was divided into 

normal and brain damaged samples and right hemisphere and 

left hemisphere lesioned samples. 

For the Pathognomonic Scale analysis the normal 

sample consisted of 185 subjects whose primary diagnosis was 

no impairment (156 subjects), or, whose diagnosis was 

limited to anxiety or depressive neurosis (29 subjects). The 

reason the latter component was added to this sample was to 

reach a sample size as near to 200 as possible, the minimum 
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Table 1. Composition of LNNB Form I and Form II samp1e.* 

Variable Category Form X sd 

FI FII FI FII FI FII 

Age 41.8 42.3 17.2 19.6 
(in years) 

15-24 235 152 
25-34 307 88 
35-44 192 56 
45-54 193 43 
55-64 192 52 
65-74 119 50 
75-88 35 24 

Sex Male 812 214 
Female 465 191 

Education 11.7 12.3 3.0 3.4 
(in years) 

0- 8 183 54 
9-12 693 183 

13-16 309 116 
16+ 91 30 

Ethnic Status 
Caucasian 1107 370 

Black 82 23 
American 

Indian 19 6 
Oriental 6 5 

Other 21 1 

Handedness Right 647 356 
Left 67 49 

*Variab1es do not total the size of the sample due to 
missing data. 



Table 2. Composition of LNNB Form I sample by diagnosis. 

Diag~osis Frequency 

Trauma 
Neoplasm 
Infectious Disease 
Cerebral Vascular Accident 
Degenerative Disease 
Seizure Dis·order 
Hydrocephalus 
Toxic/Metabolic 
Mental Retardation 
Normal 
Psychiatric 

Psychotic 
Neurotic 
Personality Disorder 

Localization 
Diffuse 
Right Frontal 

Sensory-Motor 
Parietal 
Temporal 
Occipital 

Localization 
Left Frontal 

Sensory-Motor 
Prietal 
Temporal 
Occipital 
Cerebellar 
Brain Stem 

49 
35 
11 

106 
148 

12 
5 

135 
19 

160 
470 
273 

36 
11 

749 
12 
13 
16 
10 

3 

19 
11 
17 
15 

5 
1 
3 
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size recommended for the two parameter model (Lord, 1980). 

It was reasoned that these two groups had a very low 

probability of brain damage related to these disorders. The 

brain damage sample consisted of 583 subjects whose primary 

or secondary diagnoses were listed as brain damage. 

For the Right and Left Hemisphere scale analysis, 

the right hemisphere sample consisted of 77 subjects 

selected on the basis of a diagnosis lateralized to that 

hemisphere. The left hemisphere sample consisted of 92 

subjects selected on the basis of diagnosis specific to the 

left hemisphere. While these samples are less than the 

recommended minimum for the use of the two-parameter IRT 

model it is probably sufficient for the purpose of this 

analysis. Goldman & Rau (1983) found that the effect of 

sample sizes of approximately 100 wi th the two-parameter 

model was only mild instability of item parameters and 

ability estimates. However, the issue in question for this 

phase of the study was the identification of i terns that 

function differently for the two populations. The stability 

of the estimates, if not too discrepant, would not affect 

the item characteristic curves (Hulin, Drasgow, & Parsons, 

1983) which are the basis for comparing differential· item 

performance between the two samples. If a conservative test 

is employed in determining significant ICC differences, and 

if the parameter estimates for the comparison group are not 
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significantly different from those obtained from the full 

sample, the method should be reliable, despi te the small 

samples. 

Instrumentation 

Forms I and II of Luria-Nebraska Neuropsychological 

Battery are the data collection instruments. The LNNB was 

constructed to provide a comprehensive examination of most 

major areas of neuropsychological functioning. Items were 

chosen to serve all combinations of stimulus and response 

modalities at different difficulty levels .. Consistent with 

Luria'S (1980) theory, there are more items assessing left 

hemisphere (71%) than right hemi sphere function (Russell, 

1980) . The test was designed to discriminate more 

effectively at low levels of function than at higher levels 

(Golden et al. , 1980) so that the test could be completed by 

and could measure functioning of individuals with I.Q. 

scores as low as 40. Thus, there are relatively few items 

tha t d iscr imi nate i nd i viduals wi th high I. Q. ' s. There are 

also a number of i terns that are nearly but not exactly 

duplicative in order to allow reliable recheck of the major 

areas of f.unctioning. Items are excluded at difficulty 

levels ranging from chance level for normals down to those 

items which failed to discriminate brain damaged subjects 

from normals. 
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Most importantly for the present study, items were 

chosen to represent a single dimension of functioning. For 

example, an item requiring description of a picture on the 

- ~xpressive language scale is scored only for spontaneity of 

speech. A similar item on the Intellectual Processes Test 

may be scored only on problem solving rather than expressive 

speech function. This characteristic allows the creation of 

unidimensional content scales which is a major assumption 

required for analysis of the data on this project. There are 

two directly parallel forms of this battery, Form I is the 

original version of the test and Form II is a newly 

developed version which is still being researched. 

Each form of the test consisted of 269 items 

arranged into eleven scales, each representing a major area 

of neuropsychological functioning. These scales are named 

Motor, Rhythm, Tactile, Visual, Receptive speech, Expressive 

speech, Writing, Reading, Arithmetic, Memory, and 

Intellectual Processes. There are also three derived scales 

representing Pathognomonic, Left Hemisphere, and Right 

Hemisphere functions respectively. Each scale is composed of 

different factors representing levels of functioning within 

the larger- skill area. As a consequence, no single 

interpretation may be gi ven to a scale score in isolation 

but must include the pattern of performance as well. 
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All items are scored either (0, 2) or ( 0, 1, 2) 

with a score of 0 representing no impairment, 1 representing 

intermediate or borderline performance, and 2 representing a 

typical brain injured response. These raw scale scores are 

summed for each scale and converted to T-scores which are 

plotted on a graph on the front of the test form. 

A critical level can also be computed which allows 

adjustment of the cutting score for discriminating impaired 

performance on a scale for an individual, based on age and 

education factors (Golden et al., 1980). These factors have 

long been known to influence performance on 

neuropsychological tests (Parsons & Prigatano, 1978). This 

step allows an ipsative rather than a normative 

interpretation of test results at the scale level (Reynolds, 

1982: Moses, 1983). 

There are a number of other scales, derived from 

factor analysis, to assist in localization of deficit and 

more detailed analysis of deficits (McKay & Golden, 1979). 

However, these scales have somewhat limited clinical utility 

as they have not been cross-validated and, in some 

instances, consist of a small number of items, which 

suggests possible reliability and interpretation problems. 

LNNB Reliability 

The reliability of the LNNB has been studied using 

inter rater methods (93% average agreement, Golden et al., 
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1978), split-half methods (Golden et al., 1980), and 

test-retest methods (Golden et al., 1980). Alpha coefficient 

values have also been computed for each scale (Moses, Lewis, 

& Johnson, 1983). A summary of the results of these studies 

is presented in Table 3. Overall, the reI iabi 1 i ty of the 

LNNB appears to be well within acceptable limits for 

research and clinical use. 

LNNB validity 

The validity of the LNNB has been addressed in a 

number of studies. This reseach is summarized by diagnostic 

and content validity in Tables 4 and 5. Most of these 

results are based on "hi t rates" or percent of correct 

classification of subjects into appropriate criterion groups 

using the LNNB. Overall hit rates across several diagnostic 

groups range from 75 percent to 98 percent (See Table -). In 

addition, Portnoff (1983) found that very fine diagnostic 

decisions such as right cellebellar lesion were possible 

using the LNNB wi th an experienced clinician. Halloy and 

Webster (1981) also were able to distinguish 

pseudoneurologic, borderline brai.n damage, mild brain damage 

and brain damage vs. normal groups at 75 percent, 75 

percent, 82 percent, and 83 percent, correct classification 

rates respectively. Traditionally, these groups are 

extremely difficult to diagnose and neuropsychologists are 

frequently called upon to make these types of distinctions. 
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Table 3. Summary of the LNNB reliability studies.** 

Scale Retest Split-Half Alpha 
Reliability*** Reliability Coefficients 

Motor .94 .92 .896 

Rhythm .90 .90 .843 

Tacticle .78 .90 .846 

Visual .86 .91 .807 

Receptive Speech .87 .91 .870 

Expressive Speech .94 .93 .906 

Writing .92 .95 .814 

Reading .92 .94 .830 

Arithmetic .96 .90 .917 

Memory .84 .89 .798 

Intellectual .86 .93 .896 

Right Hemisphere .77 * .849 

Left Hemisphere .86 * .891 

Pathognomonic * .90 .829 

*Not reported 
** (Golden et al., 1980) 
*** Average retest interval = 167 days. 



Table 4. Summary of LNNB validity research group. Percent classification rates. 

Authors Date Normals Psychiatric Neurologic Overall LaterabilitjO Localization Elderly Epileptic Ventricular 
Enlargement 

Golden, 
Hanuneke, & 
Purisch 1978 100\ 100\ 

Hanuneke, 
Golden, & 

Purisch 1978 74-96\ 58-86\ 91\ 

Purisclt, 
Golden, , 
Harnrneke 1978 92\ 84\ 88\ 

Hoses & 
Golden 1979 72-98~ 62-80\ 96\ 

~Ioses & 
Golden 1980 87\ 

Osman, Golden, 
?urisch, 
Hanuneke, & 
Blume 1979 75-98\ 

Golden, Hoses, 
Purisch,& Berg 1981 87\ 

~Ioses, Cardellino, 
, Thompson 1983 90' 73\ 81\ 

Shelley & 
90\ Goldstein 1983 

Golden, Hoses, 
Fishburne, Egeum 
Lewis, Purisch, 
Conley, Berg & 

86\ 92\ 8a Graber 1981 

Sears, Hirt, 
SHall 1984 92\ 80\ 

Lewis, Golden, 
Hoses, Purish, 
, Hammicke 1979 R. Hemisphere 

92\ 
L. Hemisphere 
80' 

-...J 
0 



Table 4--Continued 

Authors 

5pitzforn 

Berg, Golden 

Bach 

Date 

19B3 

19B1 

19B3 

Golden, MacInnis, 
Ariel, Ruedrich, 
Coffman, Chung-Cho~ 
Graber, Block 1982 

Stahl, Osman, 
?fefferbaum 1980 

XacInnes, 
Gillen, 
Golden, Graber, 
Cole, Uh1,' 19B3 
Greenhouse 

Moses, Thompson, 
Cardellino, 
Johnson 19B3 

Sears, Hirt, 
Hall 19B4 

Normals Psychiatric Neurologic 

B7\ 

96\ 

92\ 

Overall Laterabili t:i 

79' 

Localization Elderly Epileptic Ven~!"i;:u!a:: 
Enlargemen~ 

Normals 
92\ 

Idiopathic 
97\ 
Trauma 
BSl 

Brain damaged 
B6\ 

93\ 

BB' 

Condition 
w/alcohol
ism 

.70 

-....J 
I-' 



TaBle 5. Summary of LNNB validity--correct classifications. 

Author. 

Cold.n. Xane, 
Moac •• Cardl11eno, 
Templeton, Vincente, 

DAto 

Cr"ber 1981 

Kane. Sweet. 
Golden, Persons, 
Moses 

Shelley ~ 
Goldstein 1982 

Vro(ltera, RYoln 1'81 

McKay. Colden. 
Hosu, Fiahburne, 
Wesnienski 1981 

Shelley. Goldstein 1982 

Picken ~ 
5chlot.u .... n 1983 

1I.le. Foltz 1983 

Shelley, 
Goldstein . 1983 

McKay' RaJII.ey 198) 

Goldstein ~ 
Shelley 

(".oldstein ~ 
Shelley 

1984 

1984 

lIalat .. ad Reitan WAIS/WAIS-R We.chler HeMry 
Scal ... 

WRAT A.ph .. i. 

Neuroloqic Controls overall 
86\ 8n 85\ 

Psychiatric 
HRNB LNNB 

86\ 77\ 

Neuroloqic OVerall 
HRNC LNNB HRNB LNNB 
70\ 87\ 78\ 82\ 

OverAll correl - .. 60-.96 
di Her in language omphaaia 

.BOt 

.80+ 

Factor analysis-found overlapping factor structure--wAlS. WRAT. LNNB 

Correlation with Intellect.ual Procca, Scalo 
Lo.. 1.0 111'1" 1.0 • 

• 74 .14 

LNNB Patho'lnomanic Scale a bettor predictor of achievement in adolescents th .. n IOISC-lI 
Full Scale 1.0. and WRAT. 

Factor Analysis results .hewed that both the IIRNB and LNNB top co ... on do .... in. of la"guaqe 
funceion. 

Nor .. al Brain Damage OVerall 
66.7\ 82.5\ 77.4 

.82 correlation 
with LNNB 
Memory Scale-LNt:B 
haa greatar emphasis 
on ret.ention than 
attention/ 
concontration. 

Norma I Brain Damaged Overall 
70.4\ 63.2\ 65.5\ 

LNNB 

lIalstcad-Reiten WAIS LNNB 
Normals Brain Oamaqe Overall Normals Brain Damaqe Overall Normals Brain Damaqe Overall 

66.7\ 82.5\ 77.4\ 70.4\ 63.2\ 65.5\ 81.5\ 78.9\ 79.8\ 

......] 

r-J 
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Reynolds (1982) has also developed rules for ipsative 

interpretation of LNNB scores using T-score differences 

corrected for unreliability. These rules were revised by 

Moses (1983). 

Although Chelune (1982) reported an average 

correlation of .15 between the LNNB and Halstead-Reitan 

Battery after I.Q. was partialed out, Golden, Gustavson, and 

Ariel (1982) suggest that Chelune's result was an artifact 

of using postmorbid I.Q. as a covariate. 

'Gillen, Ginn, struder, and Krench (1983) found 

significant correlations between the Peabody Individual 

Achievement Test and appropriate LNNB scales (Reading, 

Writing, Arithmetic, Intellectual Processes). 

In another interesting article, Moses (1983) 

investigated the ability of LNNB results to determine the 

presence of brain damage in groups with positive and 

negative independent neurological evaluations. He found 

high differentiation between the two groups of neurological 

eval ua tion subjects wi th LNNB results. Moreover, he also 

found high subgroup differentiability within the positive 

and negative neurological examination groups as a function 

of the degree of cognitive deficit from LNNB results. 

There is some negative evidence regarding validity 

as well. Although Bach (1983) obtained an overall hit rate 

of 79 percent, the hit rate was obtained from items 
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measuring only response speed and sensory ability. Sears, 

Hirt and Hall (1984) reported that while the LNNB was 

effective in determining brain-damaged from normal subjects, 

it was less effective in discriminating the laterality of 

the lesion. 

Golden (1979) developed a scale for discriminating 

Multiple Sclerosis patients that appeared to have 

substantial promise. However, in 1983, Stanley and Howe 

attempted to cross-validate this scale but found a hit rate 

only slightly better than chance levels. 

Despite the small amount of unfavorable validity 

evidence, the rapidly expanding research base showing 

favorable evidence of validity argues positively for LNNB 

validity. In general, the results of the research in Tables 

4 and 5 indicate -that the LNNB is valid for clinical use. In 

addition, LNNB research results are not substantially 

different from the literature on the Halstead-Reitan Battery 

which is widely accepted as valid. 

Description of the Scales 

Motor Scale: The motor scale assesses the ability to 

organize, control and carry out motor acts wi th the upper 

extremi ties' and motor area of the brain. The scale is 

composed of 51 i terns representing 19 percent of the total 

test and contains the most items of any scale in the 

battery. Luria believed that the entire cortical system is 
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voluntary 

movements. This scale is, therefore, sensitive to a variety 

of dysfunctions. The scale primarily detects lesions of the 

posterior frontal lobes, although lesions in other areas 

will also produce elevated error scores. Although all items 

require all the elements necessary for movement, the 

weighting varies from item to item (Golden et al., 1983). 

Factor analysis of this scale yields seven factors 

consistent with Luria's theory of the componential 

composition of motor acts (Golden et al., 1980). 

Rhythm Scale: The rhythm scale assesses 

acoustic-motor functions. These are the formulation and 

coordination of motor acts based on nonverbal elements of 

audi tory input such as pitch, intensi ty, and rhythm. The 

scale is composed on 12 items representing four percent of 

the total test. There seem to be three major components to 

auditory perception, temporal-sequential this scale: 

processing, and spatial processing. These abilities are 

generally believed to be represented in the 

temporal-parietal areas, although, as with other behaviors, 

multiple areas of the brain are also involved (Luria, 1980). 

Attentional factors are also involved in items of this 

scale. Factor analysis yielded two factors, assessing 

attention and concentration skills and singing skills. The 

scale primarily measures attention and concentration because 
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there are only two items attributable to the second factor. 

This scale is reported as one of the most sensitive in the 

battery to overall brain dysfunction (Golden et al., 1983). 

Tactile Functions: This scale assesses cutaneous and 

propr iocepti ve functions. It is composed of 22 i terns or 

eight percent of the battery. These functions are generally 

believed to derive from the sensory strip in the anterior 

portion of the post-central gyrus with secondary integration 

areas throughout the parietal lobes. There also appears to 

be a spatial component to kinesthetic functions as well, 

involving processing of somatosensory information into 

spatial patterns (Golden et al., 1982). the items in this 

scale measure cutaneous sensation, muscle and joint 

sensation, and stereognosis. The i terns of this scale are 

highly intercorrelated with items in the rest of the 

battery, reflecting the involvement of those functions in 

numerous and diverse behaviors. Factor analysis of this 

scale yielded two factors relating to simple and complex 

sensation and proprioception respectively. 

Visual Scale: This scale assesses the functioning of 

a broad range of visual processes from simple recognition of 

familiar objects to complex visual-spatial processing. The 

scale consists of 14 items or five percent of the battery. 

Intermediate visual processing is emphasized, minimizing the 

effects of memory in the responses. The scale is sensitive 
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to def ici ts in the occipital areas and, secondarily, to 

right hemisphere lesions. As with the other scales, items in 

this scale are highly intercorrelated with items on the rest 

of the battery. Factor analysis of this scale produced three 

factors related to visual perception, visual-spatial 

perception, and visual-spatial perceptual speed, 

respectively. These factors are consistent with Luria's 

formulation of visual processes (Luria, 1980). 

Receptive Speech: This scale is a measure of 

receptive speech processes from phonemic hearing and word 

comprehension to sentence comprehension and logical 

grammatical structure comprehension. The scale has 33 items 

or 12 percent of the total test. Different sections of this 

scale correlate with different anatomical areas of the 

brain. Phonemic hearing relates to the left hemisphere 

frontal-temporal region. Word comprehension relates to the 

temporal-occipital area. Logical grammatical structure 

comprehension is a more general ability attributed to left 

hemisphere function. Again, items on this scale are 

significantly correlated with items in the rest of the 

battery. Factor analysis yielded two factors on this scale, 

labeled speech-sound perception and simultaneous verbal 

comprehension. This factor structure is generally consistent 

with Luria's theoretical analysis (Luria, 1980). 
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Expressive Speech: This scale is a measure of 

expressive speech functions ranging from orai repetition in 

reading to object naming to narrative speech. There are 42 

items on this scale which is 16 percent of the battery. 

These functions are generally believed to be localized in 

the frontal, tempor aI, and par ietal reg ions of the left 

hemisphere. Specific i terns on this scale are relevant to 

specific anatomical sites but the scale generally appears to 

focus on the fronto-temporal region. Factor analysis of this 

scale yielded five factors. These factors were labeled 

automatic articulation-reading, automatic 

articulation-echoing, active articulation, verbal 

productivity and verbal organization (Golden et al., 1983). 

This scale requires somewhat more clinical acumen than most 

to distinguish the specific nature of the speech deficit but 

appears to provide a good measure of expressive speech 

functions. 

Writing: Writing is considered a complex mental 

function requiring the synchronous and 

functioning of multiple areas of the brain. 

integrated 

This scale 

systematically assesses the components that comprise the 

ability to write in the motor, tactile, spatial, expressive, 

and receptive speech domains. Since writing is a specific 

language skill that is acquired through training, the 

neuropsychological nature of writing tasks depends both on 
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the task and the facili ty of the writer. There are four 

major systems that seem to be involved in writing: acoustic, 

sensorimotor, visual-spatial, and attention/inattention. 

each system is correlated with a specific anatomical site: 

temporal, poster ior frontal, 

pre-frontal areas, respectively. 

par ietal, occipi tal, and 

The scale is divided into 

three sections assessing phonetic analysis, simple copying 

and complex copying. There are 13 i terns on this scale, 

comprising five percent of the battery. There are numerous 

significant intercorrelations of i terns on this scale wi th 

other items in the battery (Golden & Berg, 1980a). The first 

factor relates to the analysis and synthesis of phonemes. 

The second factor appears to be primarily a motor factor 

rela ted to copying and wr i ting items. As wi th the other 

scales, this factor structure is consistent wi th Lur ia' s 

(1980) conception of the functional system for writing. 

Reading: Reading is also a complex 

neuropsychological fuction that is specificaly taught rather 

than learned spontaneously. With this scale, level of 

education, and premorbid function are particularly important 

in interpretation. Reading is considered the reverse process 

of writing in that visual-spatial stimuli are processed into 

verbal expression. There are 13 items in this scale 

comprising five percent of the total test. The scale 

consists of four major sections: phonetic synthesis, 



80 

analysis and perception of letters, reading syllables and 

words, and reading phrases, sentences and paragraphs. As 

with any complex behavior, numerous areas of the brain are 

i n vol v e din rea din g fro m fro n tal t 0 

temporal-parietal-occipital areas. There are a number of 

significant item intercorrelations with the rest of the 

battery. Two primary factors emerged from a factor analysis: 

automatic reading and deliberate reading. These factors seem 

to require different fuctional systems which is both a 

theoretically and clinically relevant finding. In 

conjunction with Luria's theory, it is often observed that 

in many cases of brain injury, more automatic or habi tual 

behaviors are preserved, while behaviors involving more 

ac~ive cognitive processes are more sensitive to even mild 

brain injuries (Luria, 1980). 

Arithmetic: This scale assesses one of the most 

basic abili ties needed to function in society. The large 

differences among non-brain damaged individuals in this 

function reflects the complex nature of the 

neuropsychological structures involved. This scale assesses 

two primary components of arithmetic skills. They are 

comprehension of the relative values of numbers and the 

ability to perform arithmetic operations. There are 22 items 

on this scale or eight percent of the battery. Again, 

numerous areas of the brain are involved in behaviors 
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assessed on this scale (Golden et al., 1979). A large number 

of significant item intercorrelations with the rest of the 

battery are present. These intercorrelations suggest that 

arithmetic skills are largely subserved by the left 

hemisphere although right hemisphere lesions can affect 

performance, albeit in a different manner (Golden et al., 

1982). Factor analysis of this scale indicates two basic 

factors: basic arithmetic operations and basic comprehension 

of the structure and meaning of numbers. According to 

Luria's theory, these factors can be localized to left 

posterior parietal and bilateral anterior-parietal areas 

respectively (Golden et al., 1982). 

Memory: This scale assesses the neuropsychological 

structure of memory in terms of the components, volume and 

duration of memory functions. The scale can be divided into 

sections, focusing on imprinting of sensory cues, transfer 

of perceptions into visual images, and recall of different 

types of information. There are 13 i terns on this scale, 

comprising five percent of the battery. The items assess 

both cortical and subcortical memory functions involving 

multiple areas of both hemispheres (Golden et al., 1982). A 

number of significant interitem correlations are present. 

Factor analysis results indicate two major factors: 

immediate memory and higher level recall involving 

information that must be organized or cognitively 
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transformed on recall. Performance on these two factors 

relates to the relative intactness of the temporal-limbic 

areas of the brain relative to other cortical areas. 

Intellectual Processes: This scale assesses the . 
ability to analyze a situation, select the essential or 

relevant elements of the situation. The items are further 

categorized into two basic levels: a constructive or 

concrete level and an abstract, complex, discoursive speech 

level. There are three general areas of assessment on this 

scale: understanding of thematic pictures, comprehension of 

theatic texts and concept formation. The scale is made up of 

34 items or 13 percent of the battery. Again, a wide variety 

of anatomical areas are assessed but particularly frontal 

lobe and left hemisphere functioning. Lur ia (1980) wrote 

that frontal injuries, especially on the left, may result in 

thought disorders because they interfere with internal 

speech, which, he bel ieved, is the basis of thought. The 

items on this scale were chosen to discriminate normal and 

brain damaged groups which increases the sensitivity of this 

scale to brain dysfunction over, for example, the WAIS 

scores, in which many i terns are not sensi ti ve to brain 

dysfunction'. Factor analysis of this scale indicates· four 

factors. The first factor is called verbal intelligence and 

correlates .84 with WAIS Verbal I.Q. (Golden et al., 1980), 

probably primarily reflecti~g temporal-parietal functioning. 



The second and third factors are 

verbal comprehension, respectively. 

contrast with the first factor, 

hemisphere frontal lobe functions. 
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arithmetic and complex 

The second factor, in 

appears to assess left 

The i terns on the last 

factor are similar to the Picture Arrangement subtest of the 

WAIS and assess right frontal-temporal dysfunction. Golden 

(1982) cautions that intellectual processes are so complex 

that they cannot always be used for localization with this 

test. 

Pathognomonic Scale: In contrast to the previous 

scales, this is a derived scale consisting of items 

throughout the battery, shown to be highly indicative of 

brain dysfunction in general. These items generally tend to 

be missed only when there is brain dysfunction. The scale 

consists of 34 i terns or 13 percent of the battery. This 

scale also reflects the severity of the dysfunction and the 

acuteness or recency of the brain lesion. The items in this 

scale are those very rarely missed by normals and those 

reare1y performed correctly by brain damaged patients. This 

reflects the double dissociation procedure described by 

Teuber (1975). Factor analysis of this scale yields four 

factors. They are simple perceptual-expressive functions, 

simple construction speed, visual-spatial skills, complex 

expressive skills. 
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Right and Left Hemisphere Scales: These are also 

derived scales constructed for sensitivity to lateralization 

of cerebral dysfunction. The scales are comprised of items 

reflecting motor or sensory performance of the contralateral 

hand. There are 2f items on each scale or eight percent of 

the battery for each scale from the Motor and Tactile 

scales. Two slightly different sets of Right and Left 

Hemisphere scales have been developed in separate factor 

analytic studies. The superiority of one set of scales over 

the other has not yet been empirically established. The 

original scales are the ones appearing on the test protocol. 

These scales appear to be sensitive only to lesions in the 

sensorimotor areas and may not be affected by more anterior 

or posterior lesions. These scales, used alone, have been 

shown to be approximately 75 percent accurate in 

lateralizing neurological disorders. However, this depends, 

to some extent, on the population involved (Golden et al., 

1979) . Factor analysis of both scales yielded only one 

factor for almost all items, ref lecting sensor imotor 

functions. This supports Luria's (1980) contention that 

these areas of the brain are functionally separate from the 

rest of the brain. 
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Procedure 

The data were obtained on magnetic tape from Dr. 

Charles Golden of the Neuropsychology Laboratory at the 

University 

colleagues, 

Battery. 

of Nebraska 

developed 

Medical Center, 

the Luria-Nebraska 

who, with his 

Neuropsychology 

There were four major analyses in this project. The 

unit of analysis was the separate scales of the LNNB, 

excluding the Pathognomonic and Left and Right Hemisphere 

scales. These scales are excluded for two reasons. First, 

they are derived, rather than empirical scales, and their 

claim to unidimensionality may be suspect. Second, one of 

the purposes of this project is to attempt to cross-validate 

the Right and Left Hemisphere and Pathognomonic scales using 

a unique application of item response theory in an item-bias 

type of study. The basic analysis, then, will be conducted 

using the eleven empirical LNNB scales. 

Types of Analysis 

1. The first step was the application of the one and 

two-parameter i tern response theory models to the LNNB and 

analysis of the goodness-of-fit of the models to the data. 

This step determined whether the application of IRT to this 

type of data provided a feasible application domain. 

2. The next step is the fitting of item and test 

information curves. These are validity indices for the items 
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and test. They indicate the extent of relationship of the 

trait being measured to each item and to the entire test at 

various ability levels. The test information curve also 

reflects the internal consistency of the.- scale which, in 

turn, gives some indication of the unidimensionality of the 

scale. 

3. The next step was the equating of Forms I and II 

on the same ability scale. This analysis allowed comparison 

of i tern difficulty and discrimination values for the two 

forms of the test for a precise estimation of equivalence, 

on an item-by-item basis. This step also allowed the items 

for both forms of the test to be combined into an item bank. 

The creation of this item bank is preliminary to the 

development of a computer-assisted adaptive or tailored 

testing process. 

4. Cross-validation of the Right and Left Hemisphere 

and Pathognomonic scales was accomplished through a unique 

application of an i tern-bias type of study. Item response 

theory has been used to identify possibly biased test items 

by examination of the differences in item parameters where 

the same test is administered to two or more groups 

(Hambleton, 1983). significant differences between the 

groups on estimated item parameters were expected when the 

groups consist of unilateral left hemisphere and right 

hemisphere 1esioned subjects respectively. This procedure 
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result would be expected again if the population was of a 

generally low ability level. Both items had relatively low 

residuals in the Form I versions which were slightly 

different. The item is not needed on the scale but does not 

adversely affect the fit of the scale either. It has some 

clinical value in possibly discrimnating a spatial from a 

sequential or computational deficit in calculation. 

Item 187 has high residuals only in a narrow range of 

the ability distribution and, therefore, should be retained, 

even though the information values in Appendix E.9 are low. 

The item aids in determining understanding of symbolic 

arithmetic relationships in its requirement for identification 

of the correct sign in simple arithmetic equations. 

Memory Scale. Three items on this scale (1, 4, 9) had 

average residuals exceeding 1.0. Item 4 has high residuals 

for this item are concentrated as the extremes of the ability 

distribution and the information values (Appendix E .10) are 

low. This item also had high residuals or Form I but with a 

different distribution. It was suggested that this item be 

deleted from Form I and the data on this item on Form II 

reinforce that suggestion. The item requires a same-different 

judgment in recall of a picture following interference. 

Item 1 was also a poor performer on Form I and the 

suggestion was made for its deletion. This item is an error 

score as several trials of a serial recall task. Since it also 
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performed poorly on Form II, the suggestion is additionally 

supported. 

Item 9 also performed poorly on both forms of this 

test. It requires recall of three words with interference. The 

residuals for this item might be high because the item also 

requires sUbstantial attention and concentration. The item has 

some clinical value that may be important despite the high 

residuals. Since it is the only item of its type on the scale 

it probably should be retained. 

This scale has only 13 i terns and any i tern deletions 

would adversely affect its measurement properties so that any 

i terns that are deleted should be replaced, maintaining the 

original length of the scale. 

Intellectual Processes Scale. Items 23, 28, 30, and 32 

had average residuals exceeding 1.0 (Appendix D.II). Items 30 

and 32 also had high residuals on Form I. Items 23 and 32 on 

Form II, however, have residuals that do not impair effective 

measurement at most ability levels. The information values (in 

Appendix E.ll, for both items are low. 

Item 23 might be better placed on the Arithmetic scale 

since it is a simple arithmetic problem. Item 32 is the 

response time for a very difficult verbal calculation problem 

and because of its high residuals and low information values 

on both forms, should be deleted. 



89 

then, provided a means for identification of those items 

which have different difficulty and discrimination values 

for each group. This process is similar to the double 

discrimination scaling method described by Teuber (19SS) and 

from which the original and later sets of Right and Left 

Hemisphere scales were developed (Golden et aI, 1980; McKay 

& Golden, 1979). However, because IRT utilizes both 

discrimination and difficulty parameters rather than simple 

interitem correlations in discriminating groups, the scales 

developed in this manner might he more precise than the 

original scales. At least it would allow accurate estimation 

of the precision measurement at different ability levels. 

This is only possible with rough estimates when the 

traditional scaling approach is used. Further, the extent of 

agreement of these scales, determined by the number of 

common i terns wi th either of the previous sets of scales, 

would constitute a cross-validation of one set of scales or 

the other. 

5. This stage of the analysis involved a comparison 

of two approaches to the identification of biased items. The 

first approach used item difficulty differences between the 

groups to identify items which may be biased. There are no 

statistics currently available to assess for significant 

differences, so somewhat arbitrary cut-off points are used 

for significance of differences in difficulty estimates. The 
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second approach used the differences in both item difficulty 

and discrimination to identify potential biases. As with the 

first method, there are no statistics available to identify 

significant differences. The identification of potentially 

biased items then, depended on the clinical judgement of the 

author in determining item bias. This step in the analysis 

compared these two approaches by comparing the items 

identified as potentially biased wi th each approach. This 

not only compared the two approaches but provided an 

indication of the role of the item discrimination parameter 

in the determination of item bias. Horeover, since the 

cut-off points with both procedures are arbitrary, one 

approach can be used to cross-validate the other in the 

scale development aspect of this project described in the 

previous step. 

Description of the Computer programs 

Sample characteristics and comparisons were derived 

using the SPSS package (Nie et al., 1972). The programs used 

for the data analaysis were: LOGIST; RESID; INFO; LINK; and 

PLOT. The LOGIST program (Wingersky, Wood, & Lord, 1982), 

used for the major part of the analysis, uses a maximum 

likelihood approach in an iterative estimation of item 

parameters and ability levels. The program first transforms 

the data into logarithmic units called logits and then 

estimates initial item parameter values under the model 
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being considered. These parameters are then utilized in 

estimating ability indices for each examinee. The ability 

estimates are then used as the basis for estimating a new 

set of i tern parameters which are then used to obtain new 

ability estimates. This process continues until convergence 

of both the i tern parameter estimates and examinee ability 

estimates occurs. Convergence is defined as the point at 

which the standard errors of estimate are not improved 

beyond a criterion level from the previous estimates. LOGIST 

can be used with data in the one, two, or three-parameter 

models. 

The two-parameter model was chosen as the model of 

interest for this project for several reasons. The 

literature suggests that the more restrictive one-parameter 

or Rasch model provides stable parameter estimates but is 

difficult to fit to existing test data (Bejar, 1984). It 

appears more applicable when used in item development or 

test construction. The three-parameter model provides the 

least stable parameter estimates and requires very large 

samples to obtain adequate parameter estimates. This model 

is also more applicable wi th multiple choice i terns when 

guessing may playa role in the results. The two-parameter 

model appears most appropriate for this analysis because the 

items in the LNNB are free-response rather than multiple 

choice and generally require objective responses such as 
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timed speed of performance, or number of repetitions within 

an allotted time. These f,actors minimize the effects of 

guessing, obviating the applicability of the three-parameter 

model. However, for comparison purposes the one parameter 

model will also be employed. 

The RESID program was used in the analysis of 

residuals from the LOGIST application in order to determine 

goodness-of-fi t of the model to the data. This program 

compares the obtained results wi th those predicted by the 

model. The program provides both residuals and standardized 

residuals for each test items at various ability levels, and 

fit statistics for each test item at each ability level and 

for the total test (Hambleton, Murray, & Simon, 1982). The 

extent of agreement between the obtained and predicted 

results indicates the fit of the model to the data. 

INFO was the program used to estimate item 

information, and test information functions at different 

ability levels (Borgstrom & Stone, 1984). 

LINK and PLOT (Anderson, 1984) were the programs 

used in the item bias portion of the study, descr ibed in 

steps three and four above. LINK utilizes the item 

difficulty differences between the groups in determining 

whether items may be biased. In this case, significant 

differences in item difficulty estimates between the Right 

and Left Hemisphere examinees respectively would 
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theoretically identify those items which best differentiate 

the two groups. PLOT utilizes both i tern difficulty and 

discrimination estimates to plot item characteristic curves 

for both groups so that the areas between the lees can be 

compared. If an item has significantly different areas under 

the lees for the two groups, then those items should best 

discriminate one group from the other. 

The PLOT program was also used to determine item and 

test information functions in examining the relation of each 

item to its assumed trait. This issue has been a major point 

of contention among critics of the LNNB. 

A change was required in the scoring procedure in 

order to accommodate part of the analysis. Approximately 

one-thi rd of the i terns on the LNNB are scored 0, 2. The 

other 174 items or 64 percent are scored 0, 1, 2. The 

LOGIST program, the program used for the major analysis, 

only accepts dichotomously scored items as input. Therefore, 

the i terns scored as 0, 1, 2 had to be altered to produce 

dichotomous scores. These items, for LOGIST analysis were 

entered as 0 for score of 0, and 1 for scores of either 1 or 

2. Actuall·y, the values of the scores are irrelevant for 

analysis purposes as long as they are dichotomous. 

There is theoretical as well as practical 

justification for this procedure. Luria (1980) also 

evaluated some patient responses as reflecting one of three 
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categories: no impairment, mild impairment, and severe 

impairment. Golden et ale (1980) altered this interpretation 

somemwhat in developing the LNNB but retained the three 

categories. His interpretation of the scoring categories is 

no impairment, intermediate or borderline performance, and 

typical brain 

scores of 1 

injured performance. 

and 2 both contribute 

Since, in the LNNB, 

to elevations on the 

various scales which ref lect neuropsychological def ici ts, 

these scores, for the purposes of LOGIST analysis, have been 

both entered as 1. Thus, this procedure reflects, to some 

extent, both Luria's original scoring procedure and the fact 

that on the LNNB, scores of both 1 and 2 contribute to scale 

elevations. 

However, Wright and Masters (1983) have investigated 

the effects of this type of rescoring procedure on another 

test. They found that the logit transformation employed in 

IRT preserves both the order of items and the relative 

distances btween items under both scoring systems, thus 

providing empirical support for this procedure. 

Hypotheses 

Based on the problem and intent as stated above, and 

within the limits of the available data, the following 

hypotheses will be investigated: 
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1. The two-pramater IRT model will provide an adequate 

fit to the LNNB data, while the one-parameter model 

will not provide acceptable fit. This establishes the 

robustness of the model to data in the 

neuropsychological domain and that the 

unidimensionality assumption has been met. 

2. Analysis of the residuals and information values will 

establish that the LNNB items and scales provide 

accurate measurement of the scale construct across a 

wide range of abililty levels. 

3. IRT methods will allow the determination of 

equivalence of Forms I and II and will establish that 

the two forms are sufficiently parallel for clinical 

use. 

4. Examination of item characteristic curves and item 

difficulty differences between samples of normal and 

brain damaged examinees will enable selection of test 

items best differentiating the two populations. The 

selected items will also agree with those items 

already on the Pathognomonic scale. Moreover, 

selected items that are not on the Pathognomonic 

scale, that effectively differentiate the populations 

will be identified for various ability levels. 

5. The same procedures used for the pathognomonic scale, 

when applied to samples of left and right hemisphere 
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lesioned examinees respectively, will allow 

identification of i terns best differentiating these 

two groups. The selected items should have 

substantial agreement with those items already on the 

Right Hemisphere and Left Hemisphere scales. Other 

items will also be identified that will effectively 

differentiate the two populations at various ability 

levels. 

6. Using data from Form I Form II, normal-b~ain 

damaged and right-left hemisphere comparisons. 

statistically based and judgmental IRT methods for 

identifying potentially biased test items can be 

compared with each other to determine which may be 

the most effecti ve method for use wi th 

neuropsychological data. 



CHAPTER 4 

RESULTS 

This chapter describes the results of the analysis. 

Data Fit to Model 

The results of the investigation of both the one and 

two-parameter IRT models to Form I and Form II of the LNNB 

data are summarized in Table 6. Shown in this table, for each 

LNNB scale, are the percentages of standardized residuals 

falling within one and two standard deviations from the 

expected residual (0) and the average standardized residual. 

These residuals are obtained by subtracting the performances 

on the i terns predicted by the model from tlie obtained item 

performances. The residuals reflect the extent to which the 

obtained data matches the results that is predicted by the 

model. 

falling 

residual 

The higher the percentage of standardized residuals 

within two standard deviations from the expected 

the better the data fits the model under 

consideration. The lower the average standardized residual for 

the scale, the better the obtained data fits with the data 

predicted by the model. The fit of the data to the model 

reflects the extent 

under consideration 

earlier, the general 

to which the assumptions of the model 

were met by the data. As discussed 

assumptions of IRT are unidimensional 
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Table 6. IRT model fit to LNNB. Percent of standardized residuals within one 
and two standard deviations by model and scale for Form I and Form II. 

Motor Rhythm Tactile Visual Receptive Expressive Writing Reading. Arithmetic Memory Intellectual 

f.orm I 

dnc-Parametcr 

0-1 37% 35\ 32% 32\ 29% 42\ 54\ 47% 54% 19% - 44% 

0-2 58% 65% 56\ - 60\ 60~ 68\ 85% 78% 90% 47% 63\ 

Ave. Standardized 
Residual 2.28 1.82 2.01 2.0± 2.12 1.85 1.10 1.62 1.l3 2.68 1.92 

T-,:o-Parameter 

0-1 72\ 64'1. 69% 54\ 69\ 72% 58\ 58\ 63% 50\ 70\ 

0-2 92% 88\ 92\ 87% 91% 95\ 81\ 85\ 93% 85\ 73\ 

, ... ·:c. Standardized 
Residual .82 .74 .89 1.09 .87 .80 1.01 1.25 .95 1.20 .82 

Form-.!! 

O!:c-Pilramcter 

0-1 44\ 6l'!. 13\ 51\ 36\ 38% 55\ 47% 56% 56\ 62% 

0-2 64% 84'1. 21'1. 74\ 52\ 65% 78'1. 74% 78t 86\ 84% 

Ave. Standardized 
l!csidual 2.11 1. 14 43.04 1. 66 3.48 2.19 1.34 1. 70 1. 26 1.13 1. 15 

M-I'aramctcr 

0-1 55'1. 787. 70~ 64t 53. 64'1. 63\ 591. 79.· 751. 75\ 

0-2 761. 94~ 91'1. 98t 6B~ Bn 9a H47. 'l7~ 95t 93t 

A., •. Standilrdizcd 
Hcsidual 1. 34 .76 .B4 .Bl 2.58 1.00 .93 1.23 .67 .83 .76 

"--.-_. .- ---.------~------ -----------------------_._---
\0 
eX> 
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scales and local independence of items (uncorrelated errors). 

For the one parameter model, there are additional assumptions 

regarding the i tern parameters (c=O, a=l. 00) . For the two 

parameter model, the assumptions are less stringent (c=O). 

Interpretation of the data in Table 4 is a matter of 

judgment and experience rather than statistical criteria, 

since there are no statistics available yet for interpreting 

this information. In general, for the two-parameter model, 

adequate fi t is obtained by i terns wi th approximately 95% of 

the standardized residuals falling within two standard 

deviations of the expected residual. Average standardized 

res iduals less than 1.00 also ref lect adequate fit of the 

model to the data. 

For the one parameter model, 80% to 85% of residuals 

within two standard deviations and average standardized 

residuals less than 1.60 are considered adequate (R. K. 

Hambleton, personal communication, september 18, 1984). 

Some possible reasons for nonfitting data are too few 

items, too small sample size, multidimensional data, 

correlated errors among items, and too few parameters in the 

model to adequately describe the data. It also bears 

repeating that no empirical data are truly unidimensional. 

What is of concern here is whether the extent of 

multidimensionality is sufficient to affect the performance on 

an item. 
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Form I - One-Parameter Model As can be seen from Table 

6, the one-parameter model, in almost every instance, provides 

a poorer and less than acceptable fit to the data. For these 

data, the item discrimination parameter appears to play a 

crucial role in descr ibing and predicting i tern performance. 

This is an important result, because, on a clinical level, if 

the items did not discriminate among performances at different 

levels of ability and for different subpopulations, the scale 

would be useless for clinical purposes. 

The Writing and Arithmetic scales appear to be the 

best fitting scales from the one-parameter model. When 

comparing the one and two-parameter models for these scales, 

it can be seen that there is little improvement in fit when 

using the two-parameter model. This reflects the diminished 

significance of the i tern discrimination parameter for these 

scales. At the same time, these scales appear to fit the 

one-parameter model better than any of the other scales, 

suggesting relatively good unidimensionality of these scales. 

This interpretation is supported by the alpha coefficients 

listed in Tab;e 4, where the Arithmetic scale has the highest 

alpha coefficient of all the scales. 

Form I - Two-Parameter Model The two-parameter model, 

in general, provides a much better fit than the one-parameter 

model. The fit with this model is sufficient to be described 

as a fairly good description of the data by the model. There 
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are some exceptions in the Reading, writing, and Intellectual 

Process Memory scales. The fit of these scales is relatively 

poor. From Table 6 the Memory scale also has the lowest alpha. 

These scales then, are relatively less unidimensional than the 

others in the battery. 

Inspection of Table 6 suggests a reason for the poor 

fit of these scales. In comparing these scales to the Rhythm 

scale, which has nearly the same number of items as the 

Reading and Memory scales, but with much better fit, it can be 

seen that there is little difference among the three scales in 

terms of number of residuals falling within two standard 

deviations of expectation. However, there are large 

differences among them in the average standardized residual. 

This indicates that when the residuals do occur, they are 

greater in magnitude for the two poorly fitting scales than 

for the better fitting scale even though the number of 

residuals beyond two standard deviations is not substantially 

different. This further indicates that the reason for the poor 

fit of these scales is lack of unidimensionality of some 

items. One possibility for this is that a few items may be 

particularly poorly fitting, which affects the fit of the 

entire scale. This will be discussed in detail in a later 

section. 

The Writing and Visual scales provide a marginal fit 

to the two-parameter model. However, inspection of the spread 
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of the distribution of residual suggests the reasons. In the 

case of the Visual scale it appears that the small number of 

residuals exceeding two standard deviations are large in 

magnitude. Therefore, the Visual scale appears to be 

unidimensional within the range of two standard deviations. In 

other words, the apparent marginal fit is caused by a small 

number of residuals of large magnitude at the extremes of the 

distribution. If this is indeed the case, it does not refl~ct 

poor model fit but a narrow range of effective measurement of 

the underlying trait. 

In general, at the scale level, it appears that Form I 

of the LNNB provides a generally adequate fit to the 

two-parameter model of IRT but a poor fit to the one-parameter 

model. In turn, this indicates that the assumptions of 

unidimensionality and local independence required in IRT have 

been adequately met to assert that the scaler constructs are 

relatively unidimensional. 

Form II The one-parameter model again provides a 

generally poorer fit than the two-parameter model and is less 

than adequate. for this form of the battery. The Tactile scale 

is an especially poor model fit. Since the two-parameter model 

does provide an adequate fit, the conclusion is that the item 

discrimiantion parameter is crucial to this scale. 

Three scales--Rhythm, Memory, and Intellectual--appear 

to provide an adequate fit to the one-parameter model. In all 
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three cases, the fit is substantially- improved from the one to 

the two-parameter model, again reflecting the importance of 

the item discrimination parameter to this data. 

The two-parameter model, wi th the exceptions of the 

Hotor and Receptive Speech scales which do not fit and the 

Expressive Speech and Reading scales which provide marginal 

fits, appears to fit the Form II data better than that of Form 

I. This can be interpreted to mean that Form II in general, 

better meets the assumption of scalar unidimensionality and 

item performance requirements than Form I. These points become 

particularly relevant in the later discussion of content and 

construct validity. 

Form I: Item Analysis This issue was examined in two 

ways. First, the item residuals were individ~ally studied at 

various ability levels. Items with high residuals occurring 

a t several abi Ii ty levels or wi thin the abi Ii ty levels of 

interest for the scale are likely to provide a poor fit to the 

model and will affect the fit of the scale to the model. In 

test development, these i terns can be deleted or changed to 

better reflect the latent trait and the psychometric 

assumptions at hand. The advantage provided by IRT in this 

analysis is the ability to examine item fit at any number of 

ability levels, thus precisely defining the measurement 

accuracy of each item at each of the chosen ability levels. As 

with CTT, many items will have higher residuals at the 
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extremes of the distribution where the need for high 

measurement precision may be less demanding. 

The second and related method was to examine the item 

information functions at different abi1i ty levels. The item 

in,formation function delineates the relation of the i tern to 

the trait in terms of how much information the item provides 

about the scale trait at the ability levels of interest. Items 

which provide little information about the trait can be 

changed or deleted, thus improving both measurement efficiency 

and accuracy. Item information functions for Forms I and II 

are given in Appendices C and E. In general, there should be a 

close correspondenGe between the standardized item residuals 

and the item information functions if the item parameter 

estimates are stable. 

The general orientation for the following item 

analysis is that test items must "justify" their presence on a 

scale through their psychometric performance. suggestions 

regarding retention or deletion of items are based on the 

residual and information value criteria and three other 

factors. These are: contribution to the factor structure 

reported by Golden et a1. (1980); correlation with items from 

other scales; and contribution to the derived scales, 

pathognomonic, right and left hemisphere. If an item has 

high, evenly distributed residuals, low information values, 

does not contribute significantly to the factor structure, is 
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not substantially correlated wi th i terns on other scales and 

does not contribute to any of the derived scales, then that 

item should be deleted from the battery. Naturally this 

decision is not clean cut in all instances. Therefore, the 

decision, to some extent, is arbitrary. However, the use of 

multiple psyc.hometr ic cr iter ia allows perf ormance trends for 

individual items to emerge making such decisions more likely 

to be valid. 

Only the two-parameter model was used for this aspect 

of the investigation because it provides the most acceptable 

fit to the data and, therefore, the best basis from which to 

decide whether an item is appropriate for its particular 

scale. Appendices Band D contain the standardized residuals 

across various ability levels for each item of Forms I and II. 

Inspection of the b-parameter values for Form I in 

Appendix A reveals no excessively large values, indicating 

that the b-parameters were sucessfully estimated for all 

items. The nature of the LOGIST program prohibi ts obtaining 

unusual values for a-parameters. If some b-values were 

inadequately estimated by LOGIST, this would suggest that 

either the sample size was insufficient or that the items were 

measuring a trait other than that measured by the rest of the 

items. The range of b-parameter values are consistent with the 

intent of the authors (Golden, Harmmeke, & Purisch, 1979) 

focusing on the middle and lower ability ranges of 
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functioning. The b-parameter values ranged from -4.2 to 4.7 

with most values falling in the -2.0 to 2.0 area. In general, 

the a-parameter values were mostly sufficient to suggest good 

item discriminating power. Exceptions in the a-parameter 

values will be discussed on an individual basis by scale. 

Motor Scale. Appendix B.l shows the standardized 

residuals and the average absolute value standardized 

residuals for the Motor Scale on Form I of the LNNB. 

Inspection of the the values in this appendix shows that most 

items have acceptably low average residuals. Items 3, 12, 20, 

22, 23, 27, 37, 41, 45, and 51 all have average residuals of 

1.0 or higher. Inspection of the residuals for these items 

across twelve ability levels, reveals that item 37 and 45 have 

residuals above 1.0 spread across the entire range of ability 

levels. The other items tend to have large residuals at one or 

two ability levels, mostly at the extremes of the 

distribution, where less precise measurement is required. 

Inspection of the item information values in Appendix C.l also 

shows that these two i terns provide rela ti vely 1 it tIe 

information about motor functions at any ability level. Both 

of these items are timed figure drawing speed, suggesting that 

some other function, such as spatial perception, may be 

affecting responses more than motor speed. Since there are 

other items of a similar nature on this scale that have lower 
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residuals and higher information values, this scale might 

benefit by dropping these items. 

Rhythm Scale. Again, Appendix B.2 shows that most 

items in this scale have low average residuals. Items 6 and 7 

have average residuals above 1.0. Items 5 and 10 have average 

res iduals above 2.0. Inspection of these items at various 

ability levels shows that items 5 and 10 have large residuals 

across most ability levels. Item 6 only has acceptable 

residuals at ability levels from 1.0 to 2.0. Item 7 has a 

small number of high residuals and a large number of small 

residuals. Table 7 shows raw scores associated with various 

ability levels to give some perspective on the theta metric. 

Inspection of information values for the scale in 

Appendix C.2 indicates that item 5 offers relatively little 

information regarding the trait at all ability levels and also 

has moderately high standard errors for the parameter 

estimates. This item involves singing a common tune after 

hearing it on audiotape. There are at least two hypotheses for 

the apparent low value of this item. One is that the item 

only measures the ability to reproduce a pattern of pitch 

changes. This construct may be too narrow to relate to the 

broader construct measured by the scale. The other possibility 

is that this item is so easy that very few examinees fail and 

it, therefore, contributes little to the scale. In any case, 

the performance of the scale could be improved if this item 



Table 7. Items and ability levels that marginally differentiate normal and 
brain-damaged examinees. 

Scale 

Writing Writing Writing Receptive Receptive 
Speech Speech 

Item 
1 11 13 3 4 

Low ability level 1.2 .3 1.2 a a 

High ability level 2.2 1.0 1.0 1.0 1.0 

R~septive 
Speech 

7 

-.7 

.7 

I-' 
o 
00 
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were either deleted or changed perhaps by making it more 

difficult. 

Item 10 also has high residuals across most ability 

levels. The item parameters indicate that it is neither 

particularly easy nor especially difficult. However, it has a 

relatively low information value at most ability levels. This 

item requires the examinee to count the number of beeps, which 

vary in volume, presented on audiotape. A9ain, the ability to 

count beeps may have little relationship to the trait and may 

even represent a trai t different from that measured by the 

rest of the items. Golden et al. (1980) categorized this item 

as "perception and evaluation of acoustic signals" (P. 28). 

Deletion of this item would not substantially affect the scale 

information values but would improve the fit of the scale to 

the model. Another possibility would be to alt~r the item. For 

example, the examinee might be asked to count only the loud or 

only the soft tones. 

In summary, items 5 and 10 could be changed or deleted 

without substantially affecting the overall measurement of the 

trait and would improve the fit of the data to the model by 

reducing the residuals. It is additionally interesting to note 

that item 10 of this scale does not load on either of the two 

factors derived by McKay and Golden (1979), while item 5 is 

one of only two i terns loading on the second and relatively 

insignificant factor of singing ability. Items 6 and 7 appear 
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to measure ability at relatively narrow ranges but contribute 

much to the overall trait measurement and should be retained. 

This scale analysis provides an illustration of how IRT can be 

used in test development to proquce items and scales that best 

fulfill the measurement intentions of the authors. 

Tactile Scale. Inspection of Appendix B. 3 shows six 

items (3,5,7,8,15,22) with average residuals above 1.0. 

Examination of the residuals for these items at several 

ability levels shows that items 7, 15, and 22 have high 

residuals at the extremes of the ability distribution. Their 

respective information values from Appendix C.3 also show 

moderate to high contributions to overall scale measurement. 

Items 3 and 5 show a narrow range of effective measurement but 

at ability levels appropriate for the clinical use of this 

scale. Their information values show that item 3 (right hand 

errors on a sharp-blunt touch discrimination task) contributes 

1 it tIe to the overall trait measurement. This data might 

suggest that item three should be either changed or deleted. 

However, a case could be made for retaining this i tern as a 

contribution to laterality estimation, since this item appears 

on the Left Hemisphere scale. This demonstrates an instance 

where clinical considerations may mitigate psychometric issues 

in decisions regarding item selection. Item 5 is similar in 

requiring judgment about hard and soft simuli on the right 

wrist. This item has somewhat higher information values and 
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lower residuals than item 3 and also contributes to the Left 

Hemisphere scale, item 5 should also be retain~d. 

Item 8 presents a different pattern in that the 

residuals suggest effective measurement at the low and high 

ends of the ability spectrum. The information values are 

among the highest on the scale for most ability levels. This 

item involves' two-point discrimination on the left hand and 

also contributes to the Right Hemisphere scale. Despite the 

unusual pattern of residuals, this item should also be 

retained. 

Visual Scale. Seven items on this scale have average 

residuals above 1.0 and one of them, item 11, has an average 

residual exceeding 2.0 from Appendix B. 4. Inspection of the 

residuals indicate effective measurement by this item at 

ability levels of 0.0 to 1.0. Again, Table 7 gives a 

perspective in raw score terms. Because of its specificity of 

measurement, this item has relatively low information values 

(Appendix C.4) across all ability levels and its value to the 

scale is questionable. This i tern assesses discr imination of 

directions from a compass type of symbol. The item does not 

correlate significantly with any item on the other scales and 

only loads moderately on the second factor of spatial 

orientation (Golden et al., 1980). 

Of the other items (1, 4, 6, 8, 12, 13) that have 

noteworthy average residuals, items 4, 8, and 13 also have 
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questionable values to the scale. Item 8, a time score from a 

Raven's Matrices problem, also does not load on any factor on 

this scale (Golden et al., 1980). It has high residuals and 

low information value across all or most ability levels and 

should be deleted from the scale. Item 4 is a Gestalt closure 

perception problem that also has high residuals and low 

information value across the entire ability spectrum. 

However, this item appears on the Pathognomonic scale and 

might be retained for that reason. This item will be examined 

further in a later section which examines the Pathognomonic 

scale in detail. 

Item 13 is a time score on a difficult spatial 

percept ion task. Item 13 does not significantly correlate 

with any items of the other scales and factor analysis results 

show the item alone constituting the third and least 

contributing factor on the scale (Golden et al., 1980). This 

item should be deleted as it does not appear to contribute 

either psychometrically or clinically. 

Items I, 6, and 12 have residuals and information 

values suggesting that they shall be retained. These items 

load moderately on the first of two factors of spatial 

perception and orientation (Golden et al., 1980). 

Receptive Speech Scale. This scale has noteworthy 

average residuals (Appendix B.5) on nine items (I, 3, 5, 16, 

19, 23, 24, 29, 32). Inspection of the individual residuals 
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and i tern information values for these i terns suggests that 

items three and five are important to the scale and should be 

retained. These items have relatively high information values 

and low residuals across most of the ability levels. The high 

average residuals for these i terns are in a small number of 

ability categories at the extremes of the ability 

distribution. Items 1, 6, 19, 23, and 29 are of questionable 

value to the scale. Items 16, 19, and 29 do not load on any 

of the Golden et al. (1980) factors from this scale and 

residual and information values for these items are generally 

high and low respecti vely, across most abili ty levels. In 

addition, the correlations of these items with items on the 

other scales, suggest that these items could possibly fit 

better on other scales than on this one. It is also 

noteworthy that items 16, 23, and 29 also do not load on any 

of the factors obtained by McKay and Golden (1979), and item 

19 loads at a low level only on a minor factor, verbal-spatial 

relations. These i terns do not appear to contribute to this 

scale and do not fit the IRT model. since they also appear to 

have little clinical significance, they should be deleted 

rather than altered in an attempt to improve their fit. 

Expressive Speech Scale. This scale has seven items 

(11, 16, 19, 34, 39, 41, 42) with average residuals above 1.0 

from Appendix B.6. Inspection of the individual residuals and 

item information values indicates that items 16, 19, and 42 
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should be retained. Their residuals tend to be high a t the 

distribution extremes and their information values are 

moderate to high. 

Items 11, 34, 39, and 41 are of questionable value to 

the scale. Item 11 is not part of the factor structure 

reported by MCKay and Golden (1979) and Golden et al. (1980). 

This item requires phonetic expression of letters of the 

alphabet. Further, it has low correlations with only two other 

i terns on other scales--naming and wri ting i tems--which are 

adequately covered in other scales. Lastly, the residuals are 

moderately high across all ability levels and the information 

values are low to moderate. Item 34 is a response time for an 

immediate recall task. It too does not load on any factor and 

is not substantially cor related wi th any i tern on the other 

scales. The residuals are moderately high and the information 

values are low. Item 39 is the response time for a sentence 

completion task. It is not represented in the factor 

structure and is only correlated wi th two i terns on other 

scales in a minor way. The residuals for this item are not 

particularly high but the information values (Appendix C. 6) 

are low. This appears to be an item that does not contribute 

anything to this scale. 

Item 41 is an error score on a word arrangement task. 

It is one of two items represented on the last of five factors 

derived from this scale (Golden et al., 1980). It is 
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correlated with four items from the Intellectual Process scale 

and perhaps should be included in that scale. The residuals 

are high across the range of ability levels. The information 

values for this item are also relatively high, however. In 

this case, Hambleton suggests that the a-value may not be 

accurately specified. In any case, in cases of conflict such 

as this, the test author is advised to give more weight to the 

high residuals than the ,high information values (R. K. 

Hambleton, personal communication, October 1984). 

Reading Scale. On this scale there are six items (5, 

6, 9, 10, 11, 13) with high average residuals (Appendix B.8). 

Inspection of these residuals and information values (Appendix 

C.8) indicates that items 6, 7, 10, and 13 should be retained. 

Their information values are adequate and their residuals are 

high, mostly in the extremes of the ability d(stribution. 

Item 5, 9, and 11, however, are of limited utility in 

this scale. Item 5 involves reading phonemes. It loads 

moderately on the second of two factors. The factor has been 

labeled deliberate reading (Golden et al., 1980). This item is 

an example of the need to use both the residuals and the item 

information values in decisions regarding items. In this 

case, the item parameters (Appendix A) suggest that this.is a 

good item. This is reinforced by relatively good item 

information values. However, the residuals are moderate to 

high across most ability levels suggesting that the a-value 
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may be somewhat inaccurate. In any case, deleting this item 

would improve the fit of the scale to the model without 

detracting substantially from the factor structure. The item 

has low, but significant, correlations with four items on the 

Reading and Writing scales, so its absence would not be 

greatly missed. This is also an example of an item that could 

perhaps be changed to improve the fit. A possible change might 

be selection of different phonemes. 

Item 9 involves reading difficult words. It loads 

moderately on the deliberate reading factor and is correlated 

with only one other item on the Intellectual Processes Scale. 

It has moderate to high residuals across most ability levels 

and low to moderate information values. It appears to 

contribute little to the scale and might be better if placed 

in the Intellectual Processes Scale. This would be the 

alternative of choice, since the item also contributes to the 

Pathognomonic scale. 

Item 11 involves timed reading of two sentences. It 

too loads moderately on the deliberate reading factor. This 

item is. correlated with 10· other items on the Reading and 

Wri ting scales. It has high residuals and low to moderate 

information values across most ability levels. A case could be 

made for altering rather than deleting this item, perhaps by 

lengthening the sentences, which might improve the fit of this 

item. 
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Writing Scale. This scale has five items (1, 2, 3, 18, 

9) with average residuals (Appendix B.7) exceeding 1.0. 

Retention of items 1, 2, and 9 is indicated by residuals 

concentrated in only part of the ability distribution with 

relatively high information values. 

Items 3 and 8, however, should either be altered or 

deleted. Item 3 involves copying individual letters. It loads 

substantially on a motor factor of writing and is correlated 

with 18 other items on several other scales. The residuals for 

this item are moderately high and are widely distributed 

across the ability spectrum. As would be expected, this item 

has high information values (Appendix C.7) at the lower end of 

the ability distirbution. This item, because of the 

information values, should be altered, perhaps by increasing 

the stimuli from letters to phonemes or writing to dictation 

rather than copying, or deleting it. Clinically, the item 

appears to effectively measure writing at a narrow and low 

level of ability. Its utility is questionable because only 

very severely impaired patients would score errors on this 

item and these individuals are usually severely impaired in a 

large number of areas so it would contribute little to an 

evaluation. 

Item 8 is also of questionable value. This item 

involves writing two phonemes and simple words using these 

phoneems. The i tern loads moderately on the speech sounds 
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analysis factor. It correlates with these other items on the 

Reading and Writing scales. The residuals are high and the 

information values low to moderate across the ability 

distribution. This item should probably be deleted since it 

contributes little to the scale at any ability level. Deletion 

of this item, which has the highest average residual in the 

scale would significantly affect the fit of this scale to the 

model. The Writing scale is the poorest fitting scale in the 

battery. 

Arithmetic Scale. This scale has eight items (6, 7, 9, 

12, 14, 15, 20, 22) wi th high average residuals shown in 

Appendix B.9. These items generally appear quite specific in 

measuring effectively only at selected ranges of the ability 

distribution. Only items 6 and 14 appear to be of 

questionable value to the scale. Both items have fairly high 

residuals and low information values (Appendix c. 9) through 

most of the ability distribution. These items involve reading 

numbers and simple subtraction respectively. Item 6 might be 

improved by increasing from single digi t numbers to two or 

three digit numbers and item 14 might be upgraded in 

difficulty slightly and provide a better fit. Neither of these 

items is represented in the Golden et al. (1980) factor 

structure. Both are correlated with a number of other items, 

so their absence on this scale would not significantly affect 
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the measurement properties on either psychometric or clinical 

levels. 

Memory Scale. This scale has eight items (1, 4, 5, 6, 

8, 9, 11, 12) with average residuals above 1.0 (Appendix B.lO) 

including item 4 wi th an average residual of 2.59. Item 4 

should definitely be deleted from the scale. It does not load 

on either of the two factors for this scale and does not 

correlate wi th any i tern in the other scales. Further, the 

residuals for this item are high throughout the ability range 

and the information values (Appendix C.lO) are the lowest on 

the scale. This item also has the lowest item discrimination 

estimate (Appendix A.lO) on the scale. The item involves a 

memory task for color and shape of three simple geometric 

figures wi th interference between stimulus and recall. The 

results on this item suggests that the memory construct is 

confounded with some other trait, perhaps attention and 

concentration, that interferes with its performance as a 

memory task. 

Items 6 and 9 are also of questionable value to this 

scale. Item 6 involves tapping a rhythmic pattern after a 

demonstration. This item loads on neither of the two memory 

factors and correlates with other items on the Rhythm scale, 

where this item properly belongs. The high residuals for this 

item are evenly distributed across the ability range and the 

information values are relatively low in magnitude. Item 9 
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also loads on neither memory factor and correlates with no 

other item on the other scales. The high residuals are evenly 

distributed and the information values are modest at best. 

This item ia a word recall task with interference and appears 

to suggest attention and concentration rather than memOrjl as a 

construct. 

The rest of the items 

should be retained, although 

. improve the fit to the model. 

sentence recall after rehearsal. 

(1, 5, 8, 11, 12) probably 

item 11 might be altered to 

The i tern consists of simple 

This item appears to measure 

effectively only at the lower end of the ability spectrum 

where the clinical importance of accurate measurement is 

reduced. This item might therefore be improved by increasing 

the difficulty level by either increasing the delay between 

stimulus and recall or by increasing the complexi ty of the 

sentences. 

The other items have relatively broad ranges of 

effective measurement at clinically useful levels, with 

significant contributions on the other criteria for retention. 

This scale, it should be noted from Table 4, is one of the two 

poorest fitting scales in the battery. 

Intellectual Process Scale. This scale only has seven 

items (6, 10, 11, 27, 30, 32, 33) out of 34, with average 

residuals exceeding 1.0, as seen in Appendix B.ll. Of these, 

items 10, 11, 27, 30, and 33 should be retained. The residuals 
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for these items show bands of effective measurement at 

clinically useful levels. They also have moderate to high 

information values (Appendix C.II) and contribute to the 

Golden et al. (1980) factor structure. 

Items 6 and 32 have little to recommend their 

inclusion on this scale. Item 6 is a time score on a picture 

ar rangeme~t task. The residuals for this i tern are high and 

evenly distributed. The information values are low throughout. 

This i tern loads minimally on the fourth Golden et al. (1980) 

factor which was unlabeled. This factor consisted of five 

picture arrangement items. On the other side of the scale, 

this item is part of the Pathognomonic Scale. The contribution 

of this item to disrimination of brain damage will be examined 

later. In any case, this does not appear to be sufficient 

justification for retention of this item. 

Item 32 is also part of the Pathognomonic Scale, which 

will be examined later. The residuals and information values 

for this item are high and low respectively across the ability 

range. This i tern is a response time to a difficult verbal 

arithmetic problem. The poor performance of this item may be 

due to the fact that this item is so difficult (b-value -2.72, 

from Appendix A.Il) that few examinees obtain a passing or 

unimpaired score. In fact, this is the most difficult item on 

the scale. It appears to be so difficult as to contribute 
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lit tIe to the scale. Liberalizing the scoring cri teria for 

this item might improve its performance in the scale somewhat. 

Form II 

Item analyses of· this form of the test is somewhat 

simplified since the information regarding the factor 

structure and item intercorrelations has not yet been 

published. This form of the battery is not scheduled for 

release until January 1985 and those research efforts are 

still under way. The criteria for suggestions regarding 

retention or deletion of items is based solely on the 

standardized item residuals and item information values. 

Actually, the factor structure and intercorrelations should 

not be very different from those obtained on Form I. Some 

i terns are identical on both forms and the changes in item 

content are very minimal in most cases. 

There are two additional factors to consider with this 

form of the battery. First is the stability of item parameter 

estimations. There are several items for which stable 

estimation of the item difficulty (b) values was not possible. 

Inspection of Appendices A.3 and A.6 for the Tactile and 

Expressive Speech scales reveal four items with unreasonably 

high b-values. These items, Tactile 19, 20 and Expressive 

Speech 33 and 39, are excluded from any further analysis 

because the computer program was unable to successfully derive 
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appropriate b-values. This situation can occur when the items 

in question are extremly unrelated to the trait they are 

supposed to measure or when the sample size is insufficient 

for estimation of the b-values. Appendices E.3 and E.6 shows 

that these items have information values of 0.000 throughout 

the ability spectrum. This is curious because the items are 

not substantially different from the corresponding items on 

Form I. The conclusion suggested then, is that this represents 

an effect due to the smaller sample size in the Form I I 

sample. 

The second factor is consistency 

performance across the two forms of the test. 

in the item 

Theoretically, 

the items should perform in an identical manner if they are 

identical, as many items are, on the two versions of the test. 

Moreover, sampling fluctuations will cause some differences, 

pointing out the need to equate the two forms of the test for 

adaptive testing purposes. For items that differ slightly in 

the two forms, the data should reflect corresponding 

differences in the parameter estimates, residuals and 

information functions. To some extent, these differences will 

also be reflected in the ICC's. Existing differences for 

similar but different i terns may prove instructive regarding 

subtle neuropsychological differences operating in the items. 

The parameter estimates for Form II are listed in 

Appendix A. The standardized residuals are listed in Appendix 
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D. The information values for Form II are liated in Appendix 

E. 

Motor Scale. This scale has 26 i terns wi th average 

residuals exceeding 1.0, shown in Appendix D .1. Twelve of 

these items have average residuals exceeding 2.0 including one 

of 3.2 and one of 5.2. These two items (31, 34) are identical 

in both Forms ("put your tongue between your teeth and your 

upper lip" and "show me how to chew"). The i tern parameter 

estimates (Appendix A) for these items are somewhat, but not 

greatly different. The residuals for these items are high 

except at the lowest ability level. The information values 

(Appendix E.l) are moderate to high across the lowest several 

ability levels. For item 34 the same is true except that the 

information values are very low for all except the lowest 

ability level. This item also performs poorly on Form I. The 

residuals for these items appear to reflect their low 

diff icul ties. Cl inically, these i terns could be useful for 

distinguishing very severly disabled examinees and might be 

retained for that reason, despite their high residuals. 

Of the i terns whose average residuals exceed 20 (30, 

32, 35, 37, 41, 45, 46, 48, 49, 50) the same situation appears 

to exist for items 30,32,37,43,48,49, and 50 as with 

items 31 and 34. The high residuals appear to be due to the 

low difficulty levels of these items where measurement is less 

precise at all but the lower extreme of the ability 



125 

distribution. Items 35, 41, and 46 appear to be particularly 

poor fi tting i terns with high residuals and low information 

values. These items are identical on both forms so their 

differences in fit appear to refiect differences in the sample 

populations. This may also be the reason for the higher 

overall magnitude of the residuals for this scale compared to 

the Form I Motor Scale. The Form II sample, for example, could 

consist of a larger number of examineess with peripheral motor 

impairments which could produce the higher residuals for this 

scale than on Form I. The information regarding perpheral 

impairment for this sample was not available so there is no 

way to confirm whether this is the case. However, it appears 

to be a likely explanation. An alternative hypothesis would be 

that the subjects in the Form II sample may have been tested 

earlier in the onset of their neurological condition and may 

be generally more impaired than the Form I sample. There is 

some support for this hypothesis in comparison to the b-values 

in Appendix A.l shows that for many of the poorly fitting 

i terns the b-values are in the direction suggesting that the 

same item in Form II is more difficult than on Form I. In any 

case, suggestions regarding deletion of items based on 

residuals and information values must consider this 

possibility. 

Items 35, 41, and 46, for example, should not be 

deleted based on their poor psychometric performance because 
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the items perform adequately on Form I. Rather, the reasons 

for the discrepancies in their fit across the two forms should 

be further investigated in the nature of the sample 

differences. 

I terns 3, 9, 19, 22, 33 , 36 , 38 , 39 , 4 a , 42, 44, 45, 

47, and 51 have residuals exceeding 1.0. Of these, items 3, 9, 

and 44 have high residuals and lower information values across 

all ability levels. These items also perform relatively badly 

on Form I as does item 34, discussed earlier. Items 19, 38, 

and 51 also perform badly on Form II but adequately on Form I. 

Those i terns whose psychometr ic character istics are poor in 

both forms should be considered for deletion. The rest of the 

items should be retained, based on the distributions of 

residuals ana information values. 

Rhythm Scale. This scale has only one item (1) with an 

average residual exceeding 1.0 (Appendix D.2). There is also 

an item (7) with an average residual of .96. For item 1, these 

residuals are high across the ability distribution and the 

information values in Appendix E.2 are low. This item stands 

out clearly as not contributing to the scale. The item 

requires some. different judgments regarding tone patterns. The 

fact that this item does not appear to belong in this scale is 

curious because it is the same type of item employed in the 

Seashore Rhythm Test, used as part of the Halstead-Reitan 

Battery (Reitan, 1979). Since the stimuli are the same on both 
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forms of the test, the differential performance may be due to 

differences in the samples. 

The other item includes counting the number of tones 

in different groups of tones presented on audiotape. This item 

has irregularly distributed residuals and moderate information 

values. The corresponding item on Form I also has 

approximately the same magnitude and distribution of residuals 

and information values reflecting the consistency in 

performance of this item. In any case, the data suggest that 

the item should not be deleted, even though its performance 

may be somewhat marginal. 

Tactile Scale. This scale has four items (3, 19, 20, 

22) with average residuals of more than 1.0 (Appendix D.3). 

Two of these items (19, 20) have b-values that are very high 

(Appendix A. 3), accompanied by very low a-values suggesting 

that the parameters have not been successfully estimated. As 

stated earlier, this can occur either because of inadequate 

sample size or item multidimensionality. Since these items are 

not sufficiently different from those on Form I which were 

successfully estimated and adequately fitting, the problem 

must be that of low sample size. 

Item 3, number of errors on a sharp-dull touch 

discrimination task has high, irregularly spaced residuals and 

low information values. This item also performs poorly on Form 

I, reinforcing the suggestion of deletion of this item. 
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Item 22 also has high, irregularly distributed 

residuals and low information values in both forms of the 

scale. This item is a left hand stereognosis time score. The 

reason for poor performance is not immediately apparent but 

the inclusion of this item in the scale is questionable. The 

Reitan Battery uses a difference score between the right and 

left hands in a similar stereognosis task that is more 

effective clinically. This suggests that this might make an 

appropriate alternative for this item rather than to delete 

it. 

Visual Scale. This scale has three items (1, 5, 8) 

with average residuals exceeding 1.0, shown in Appendix D.4). 

Items 1 and 8 were also identified on Form I as having high 

residuals and low information values (Appendix E.4). The 

rea son s for the i r p 0 0 r per 

of the item parameter values in Appendix A. Item 1 appears to 

perform badly because it is very easy. Few examinees miss this 

item so it contributes little to the scale. Item 8 has the 

opposite situation in that it appears to be a relatively 

difficult item and not many examinees pass this item 

successfully.- Item 5 presents a different situatipn. 

Inspection of the b-values for Forms I and II indicate a large 

difference. This item was easy for the Form I sample and very 

difficult for the Form II sample. This item is an embedded 

figure perception task which differs in stimuli from Form I to 



129 

Form II. Apparently the differences in stimuli substantially 

affect the performances of these items. In any case, the Form 

II version of the item does not contribute to the scale and 

should be altered to conform more closely with that in Form 

II. 

form 

Item 3 is also worthy of some discussion. This is a 

perception task in which the stimulus becomes 

progressively more vague. The Form I I version of this item 

involves different stimuli from the Form I version and is much 

more difficult. Although the average residual for this item is 

only moderately high (.86), the high residuals are irregularly 

distributed, the information values are the lowest on the 

scale and the item is very difficult. This item too, should be 

decreased in difficulty. 

Recepti ve Speech Scale. Most of the i terns on this 

scale have average residuals exceeding 1.0 (Appendix D. 5) . 

Some items (11, 15, 19, 20, 27) have average residuals ranging 

from 5.8 to 11.0. Of these, only item 19 ("Point at the key", 

"point at the pencil") was identified as a poor performer on 

Form I. This item is so easy as not to be useful and should be 

deleted. Very few examinees will have receptive speech 

deficits so poor as to miss this item. 

Items 11, 15, 20, and 27, appear to suffer from a 

combination of factors. These i terns are all quite easy as 

indicated by their b-values in Appendix A. However, their 
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residuals indicate that in fact, the items are. more difficult 
than predicted by the model. This finding could be explained 

by a combination of sample size, a more impaired population 

than was used for Form I and item multidimensionality. These 

factors would also explain why these items performed so 

differently op Form I although they are very similar on both 

forms. 

Items 12, 13, 14, 16, 17, and 22 all have average 

residuals between 2.0 and 5. O. All of these i terns too, are 

more difficult than predicted by the model. Items 8, 9, 18, 

24, and 28-33 have average residuals between 1.0 and 2.0. They 

also are more difficult than predicted by the model. The trend 

with this scale is clearly that the population that took Form 

I is possibly more impaired than the population that took Form 

I. Moreover, the more restricted size of the Form II sample 

may tend to accentuate this difference in impairment between 

the populations. This may also be the cause of the large 

number of high average residuals that occurred on the Motor 

Scale as well, since more than 90 percent of the large average 

residuals for that scale appear to have occurred in the 

direction of the items being more difficult than predicted by 

the model. This hypothesis is further supported by the fact 

that the high residuals for the items on both scales generally 

occurred only for the items with low b-values where the 
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differences between Forms I and II item performances would be 

expected to be most apparent. 

Expressive Speech Scale. There are 17 out of 42 items 

on this scale with average residuals between 1.0 and 2.1 in 

Appendix D.6. They are items 4, 5, 14, 29-42. Items 33 and 39 

must be excluded from the analysis becuase of extremely low 

b-values (Appendix A. 6), indicating that the parameter 

estimates for these items are unstable. It is interesting to 

note that these items were also among the poorest performers 

on Form I. 

There is no clear pattern to the average residuals on 

this scale as there was on the Receptive Speech scale except 

that items 34 through 42 all have low b-values and very low 

information values (Append ix E. 6) • Yet, inspect ion of these 

i terns suggests that they are not particularly easy items. 

Horeover, identical and nearly identical items on Form I do 

not have comparable b-values. This suggests that these 

parameter estimates may also be unstable and should be 

excluded from further analysis. 

Of the remaining items, only items 31 asnd 32 have 

high residuals and low information values. These two items do 

not have especially low b-values however, so they cannot be 

grouped with items 34-42. Item 31 is probably 

multidimensional, being confounded with attention and 

concentration. This item requires the examinee to recite the 
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days of the week in reverse order. Item 32 is probably also 

multidimensional and confounded wi th overall level of 

impairment, which may be unrelated to receptive speech 

impairment. This item is the response latency to a picture 

description task. Again, in a population more impaired than 

the one from Form I, multidimensionality in these items might 

be expected to be more apparent. This would explain why items 

31 and 32 have relatively low residuals on Form I. 

Writing Scale. This scale has six items (1, 2, 3, 5, 

9, 11) out of 13 with average residuals of more than 1.0, seen 

in Appendix D.7). Moreover, items 1, 2, 3, and 9 also had the 

highest residuals on Form I. Items 1 and 2, which also have 

low information values (Appendix C.7), are probably 

multidimensional in measuring attention and concentration. 

These items involve counting the number of letters in several 

words. The words used in the two forms of the test are 

different. This is reflected in their respective b-values 

which suggest that the words on Form II are somewhat easier 

and less discriminating than the words on Form I. The Form I 

version of these items appear to be the more clinically 

useful. As in Form I, there is some question as to whether 

items 1 and 2 should be retained in the scale. Item 3 

involves writing letters of the alphabet. This item has a 

relatively broad range of effective measurement and moderate 

information values and should be retained. 
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Item 9 has high residuals across the range of 

abilities and moderate information values on both forms of the 

scale. This item invovles writing several words. Sinc~ this 

scale involves writing on a number of items, this item would 

not be missed and would not substantially affect the test 

information function. 

Item 5 is probably somewhat multidimensional, 

involving immediate written recall of three words. This item 

also could be deleted without substantial loss to the scale. 

On the other hand, it has some clinical value and does not 

substantially affect the fit of the scale to the model. 

High Item 11 residuals occur mostly in the higher 

ability levels and the information values are relative. This 

item involves writing words and phrases to dictation and 

should be retained in the scale. 

Reading Scale. All but three items on this scale have 

average residuals in excess of 1.0 (Appendix D.a). Only items 

1, 6, and 12 have average residuals less than 1.0. Almost all 

of the items with high average residuals have low difficulty 

values (Appendix A. a) and the individual residuals indicate 

that, as on t~e Motor and Receptive Speech scales, these items 

are more difficult than the model predicted. There is some 

overlap with the items on Form I with high average residuals, 

but the patterns are different. No items were poor on both 

forms, suggesting the role of sample differences. 
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Items 2, 5, 7, 8, and 13 should be retained. Their 

high residuals are concentrated in only parts of the range of 

the ability distribution and, in most cases, the information 

values (Appendix E.8) are adequate. 

Items 3, 4, 9, 10, and 11 are of questionable value to 

the scale, with the Form II population. However, if they were 

deleted, the scale will suffer. These items are probably 

somewhat multidimensional, since reading is a very 

neuropsycho10gica11y complex activity. Item 4 may be an 

exception. This item has high residuals, low information 

values and does not involve any reading. It has no apparent 

value to the scale. 

Overall, this scale, on both forms, appears to need 

some alterations for both psychometric and clinical purposes. 

Some of the i tern residuals reflect sample differences. Some 

reflect probable unavoidable mu1tidimensiona1tity. The 

remainder need either alteration or replacement. Since the 

scale only has 13 items, even the loss of one or two items 

through deletion would affect the measurement properties of 

the scale. 

Arithmetic Scale. This scale has only two items (17 

and 18) with noteworthy average residuals from Appendix D.9. 

Item 17 is pretty obviously multidimensional being confounded 

with spatial perception. The item requires subtraction of "the 

number that is above from the number that is below." This 
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Items 28 and 30 are also response times for verbal 

arithmetic problems. Their information values are relatively 

low and these two items appear to be easier on Form II than on 

Form I, again reinforcing the hypothesis concerning possible 

sample differences. The problems to which these i terns are 

related are different from the corresponding problems on Form 

I which may also affect their differential performances across 

the two forms. In any case, these items could be deleted from 

Form II since they apparently do not contribute to this scale. 

Equivalence of Form I and Form II 

The two forms of the battery were designed to be as 

nearly parallel as possible. More than 100 of the 269 items 

are identical on both versions of the test. A large number of 

additional items have only minor content changes. A very small 

number of items are slightly different across the two forms 

with the differences attributable to changes in item 

difficulty or neuropsychological processing requirements. The 

tests indeed should be parallel forms. However, the data 

presented previously suggests that a large number of items 

have quite different psychometric characteristics. Inspection 

of the item parameter estimates in Appendix A suggests that 

the trend in i tern differences on the two forms is that the 

Form II items tend to be more difficult than the Form I items. 

Appendix G gives the results of this comparison of b-values 

for each item on Forms I and II. 
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Due to the possible confounding of the Form I I item 

parameter estimates with the effects of marginal sample size 

and possibly different ability distribution, no real 

conclusion is possible regarding the extent of parallelism of 

the two forms of the battery. However, it would be expected 

that there a~e few, if any, actual differences between the 

forms, based on the close agreement of the i terns on both 

forms. The solution to the problem would be to increase the 

sample size of the Form II sample to more closely match that 

of the Form I sample, when the data becomes available, and 

reanalyze the tests. This would take some considerable time 

and effort to collect sufficient data before it could be 

implemented. 

This aspect of the data analysis 

b-values to the ICC's in 

Pathognomonic Scale. 

compares the use of item 

identification of biased items. Since the LNNB item selection 

procedures maximized the identification of brain damage, the 

items selected for the Pathognomonic scale should appear 

biased when normal and brain-damaged populations are compared. 

The differences between the two methods of determining bias 

are the use of i tern difficulty values alone as compared to 

those of other item difficulty and item discrimination values 

in the ICC's. Another difference in the two methods is one of 

conservativeness. The statistical test of b-value differences 

is a less conservative test of bias than the use of ICC's. 
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This is because the i tern parameter estimates can be quite 

different without greatly affecting the ICC's (Hulin, Drasgow, 

& Parsons, 1984). 

The Z-scores of the b-value differences are continued 

in Appendix G. Selected ICC's will be used in the following 

text to illustrate various aspects of the comparison. The data 

concerning the Pathnomonic and Right and Left Hemisphere scale 

analyses are taken from examinees and test responses from Form 

I of the LNNB. 

In examining the ICC's for differences between the 

populations, an arbitrary criterion was used to determine 

significance of the difference. If, at the correct answer 

probability of .90 for the normal population, the probability 

for the brain damaged population was less than .50, the item 

was considered to behave differently on the two populations 

and, therefore, able to accurately discriminate the two groups 

at specific ability levels. The upper limit of effective 

discrimination of the tV-TO populations was also arbitrarily 

chosen. When the two ICC's approach intersection, almost no 

examinee in either group missed the item. The upper limit 

then, was the point at which there was less than .10 

difference between the two ICC's. While these are arbitrary 

criteria, they are conservative. 

The most important items on a scale designed to 

0.iscriminate normal from brain damage examinees are those that 



138 

provide accurate classification at the higher ability levels. 

At low ability levels, the need for precise measurement is 

reduced because the differences between the groups are more 

obvious. It is more important for a scale to be able to 

correctly distinguish normal from mild brain damaged examinees 

where the differences are more subtle. 

Of the items on the Pathognomonic scale, Figures la 

through Ie show those that do not effectively discriminate the 

two populations. It appears that for these items, many normal 

examinees receive raw scores of 1 or 2 and many brain-damaged 

examinees score O. In some instances this tendency is so 

pronounced the ICC's actually cross each other. 

Item 16 on the Tactile scale (Figure la) is the left 

wrist errors on a tactile letter discrimination task. This 

item loads moderately on the first of four factors obtained 

for this scale. The factor was labeled simple 

perceptual-expressive functions (Golden et al., 1980). Since 

the left hand is the nondominant hand in most examinees, it 

may be that performance on this item is more variable in both 

groups. However, another i tern on the pathognomonic scale, 

tactile 14, is left wrist errors on a tactile number 

discrimination task (Figure 2) which appears to be effective 

in discriminating the groups, albeit within a narrow range of 

ability. Inspection of the item parameter estimates for these 

items share that the difference in item performance may be 
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that the difference in b-values between the two groups for 

each item is much greater for the better performing item. 

Item 2. on the Receptive Speech scale (Figure 1a) 

consists of writing the phoneme for letters of the a1phabe~. 

This item would only be expected to distinguish the two groups 

if a very severe receptive speech or dysgraphic condition were 

present. This situation does not occur with sufficient 

frequency for the item to be effective with groups of 

examinees. The use of this item on the Pathognomonic scale is 

questionable because of its high degree of specificity. This 

item loads moderately on the first factor obtained by Golden 

et al. (1980). 

Item 9 on the Receptive Speech scale (Figure 1b) 

requires pointing to various body parts. This may be a bad 

item for the scale because it has a very low difficulty value. 

Very few examinees will miss this item and those that do miss 

it will be so severely impaired that the classification will 

be obvious. While the item might be effective in 

discriminating brain-damage, its clinical utility for this 

purpose may be questionable. This item loads on the spatial 

skills factor of Golden et ale (1980). 

Item .25 on the Expressive Speech scale (Figure lb) 

involves picture identification and loads on the first factor 

of this scale. The pictures on this item may be too easy so 
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that even most brain damaged examinees can correctly respond. 

This item appears to have little value on this .scale. 

Item 30 on the Expressive Speech scale (Figure lc) 

involves recitation of the days of the week. This item is so 

easy, few brain damaged examinees fail so there is practically 

no difference in performance between the two groups. Only a 

small number· of severely impaired examinees will fail this 

item. This item loads at a relatively low level on the third 

(visual-spatial skills) of Golden et aI's. (1980) .factor 

structure. This item contributes little to discrimination of 

the two groups. 

Item 34 on the expressive speech scale (Figure lc) is 

the time to respond in paraphrasing a short paragraph 

presented verbally by the examiner. Appendix G shows that the 

b-values for these items are only slightly different. Although 

the ICC in Figure 5 shows rather different curves for the two 

groups, at the .90 probability level for the normal group, the 

curves differ only slightly. This i tern does not appear to 

distinguish the two groups effectively because it may be too 

easy for both groups. Increasing the difficulty of the 

paragraph to be recalled would serve to further separate the 

ICC'S and proyide improved discrimination. 

Item 37 on the Expressive Speech scale (Figure Id) 

also apepars to have little value in discriminating normal 

from brain-damaged examinees. This item scores for the number 
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of words in the first five seconds of the response to a 

request to explain a single topic. This item appears to be 

generally ineffective because the only group that is likely to 

have significant difficulty were motor aphasics. In fact, as 

the ICC's show, even a fair number of normal examinees score 1 

or 2 on this item. At the same time, a substantial number of 

the brain damaged sample scored 0 on this item. Revision of 

the scoring criteria for this item might improve its efficacy. 

In fact, this item does not load on any of the four factors 

obtained by Golden et ale (1980). 

Item 10 on the Wri ting scale (Figure Ie ) involves 

writing two complex words to dictation. The b-values in 

Appendix G indicate that this is a difficult task even for the 

normal examinees and may be too difficult to effectively 

discriminate the two groups. This item loads on the fourth 

factor, labeled complex expressive skills (Golden et al., 

1980). With an item like this, the low ability, normal 

subjects will fail and the high ability, brain damaged 

examinees will successfully complete the task, rendering the 

item ineffective. 

Item 9 on the Reading scale (Figure Ie) involves 

reading two complex words out loud. As in the previous item, 

this task appears to be difficult, even for unimpaired 

examinees, as shown by the high b-values for both groups. This 

item also loads on the fourth of the Golden et al. (1980) 
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factors. Again, this item might be improved by decreasing the 

difficulty levels of the two words (astrocytoma, hemopoiesis). 

The next group of items on the Pathognomonic scale are 

those whose ICC I s (Figures 2a-2c) show only marginal 

differences over a narrow range of ability levels. Examinees 

who fail these items within the specified ability range are 

almost certain to have brain damage. However, the frequency 

of failure on these items by brain damaged examinees will be 

somewhat low. Inspection of these items shows that the brain 

damaged population may have a correct response probability of 

.80 while the normal sample has a correct response probability 

of approximately .00. These items involve a compromise between 

general utility and certainty of classification over a narrow 

range. The rationale for their inclusion in this scale depends 

on the degree of measurement precision needed at specific 

ability levels. For the purposes of this scale, the greatest 

need for precise measurement occurs at ability levels of 

approximately 0.00 through 5.00. This is because a difficult 

and common referral question for neuropsychologists involves 

the determination of whether there is brain damage of a subtle 

nature in examinees at average and above average ability 

levels. Examinees with lower ability levels will not have as 

great a need for measurement precision in this regard since 

their deficits will be more obvious. Since the pathognomonic 

scale is basically for diagnosis of brain damage, measurement 
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accuracy at the higher ability levels appears more relevant. 

Figures 2a through 2c show the ICC for these items. Table 8 

shows the ability levels over which these items provide 

effective measurement. 

Table 8. Pathonomonic scale - ability levels for items best 
discriminating normal and brain-damaged examinees. 

Scale Item 

Motor 8 
Motor 9 
Motor 19 
Motor 37 
Motor 39 
Motor 42 
Motor 43 
Motor 45 
Tactile 1 
Tactile 14 
Tactile 19 
Tactile 20 
Tactile 22 
Visual 4 
Writing 4 
Arithmetic 11 
Intellectual Process 6 
Intellectual Process 32 

Low Ability 

-2.0 
-1.2 
-5.0 
1.3 
2.2 
3.9 
1.1 
2.2 
-.4 
-.3 
o 
1.1 
1.9 
2.0 

-1.0 
-4.0 

2.5 
3.2 

High Ability 

1.0 
1.0 
-.5 
5.0 
5.0 
5.0 
5.0 
5.0 

.8 
1.0 
1.3 
3.0 
3.9 
5.0 

.9 
-.5 

5.0 
5.0 

As can be seen from the ICC's and Table 8 above, under 

some circumstances these items might contribute to the correct 

classification of an examinee as brain damaged. However, these 

circumstances will be relatively infrequent. 
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The remainder of the i terns on the Pathnomonic scale 

have ICC's which show clear differentiation of the two groups 

at different ability levels. Figures 3a and 3b illustrate a 

representative selection of these ICCs for comparative 

purposes. Table 9 shows the ability levels where there is 

clear differentiation of the two groups for all of these 

items. 

Table 9. Effective differentiations of the two groups at 
middle levels of ability. 

Low Ability 

High Ability 

Receptive 
Speech 

7 

-1.0 

.5 

Receptive 
Speech 
24 

-1.9 

1.0 

Additional Pathognomonic Items 

Expressive Writing 
Speech 

16 1 

.0 

1.3 

-3.0 

1.0 

The next group of i terns to be examined consists of 

those i terns not included on the Pathognomonic scale, whose 

ICC's are similar to that of item 37 on the Motor scale, shown 

in Figure 3a; For these items, virtually anyone who faB.s to 

successfully respond to the task will be brain damaged. For 

these items, almost no normal examinees failed and almost no 

brain damaged examinee successfully completed the task. These 
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items will successfully differentiate examinees up to an 

approximate ability level of 0.0. These i terns include the 

following types of assessment; body dysgnosia, complex proxis, 

dynamic organization, simple oral-motor function, integrative 

oral proxis, logical inflective grammar, word articulation, 

writing to dictation, comprehensive of number structures and 

number differences and discoursive arithmetic reasoning. As 

can be seen from the above list, these are the types of 

deficits that would only be expected at the lower ability 

levels. The wide range of neuropsychological functions 

assessed by these items suggests that they may be useful for 

an initial screening type of assessment. Alternatively, they 

might be the types of i terns incorporated into the initial 

aspects of an adoptive testing protocol to establish basal 

levels in various areas. These are the types of items Luria 

might have included in the preliminary conversation aspect of 

his assessment. 

Figures 4a and 4b show examples of the ICCs for those 

items not in the Pathonomonic scale that show clear 

differentiation of normal and brain damaged examinees at 

clincally useful ability levels. These items would appear to 

add measurement precision at ability levels for which a 

neuropsychologist might be receiving referrals for 

differential diagnosis of brain damage. These i terns assess 

complex proxis, motor selectivity, confrontation norming, 
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Right Hemisphere Scale. The two populations for 

analysis of this scale are groups of brain damaged examinees 

whose deficits are mainly confined to either the right or the 

left cerebral hemisphere. The same criteria are employed in 

determining significantly different ICC's as were employed 

with the Pathognomonic scales. 

The first group of items to be examined consists of 

those items that do not differentiate lesion laterality. The 

ICC's for these i terns are shown in Figures 5a through 5e. 

Appendix H shows that there is no difference between the 

b-values for this item. 

For item 2 on the Motor scale (Figure 5a), the absence 

of differences between the two groups is partially unexpected. 

This type of item is commonly used by both neurologists and 

neuropsychologists and it has been widely shown that this type 

of item clearly differentiates right hemisphere lesions when 

errors occur. These ICC's may be indicating that the scoring 

criteria do not allow this differentiation to occur. The 

b-values indicate that this is a difficult item for both 

groups so perhaps more liberal scoring would serve to 

differentiate them. At the same time it is a known clinical 

fact that this type of i tern discriminates normal from brain 

damaged examinees wi th a high degree of reliabili ty. 

Differences between the ICC's on this i tern would only be 

expected in the middle ability range where Figure 5a shows a 
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spatial orientation and complex grammatical constructions, 

respectively. Following is the complete list of these items. 

Motor items 20, 24, 26, 27, 29, 34, 35 

Receptive Speech - items 19, 20, 30 

Expressive Speech - item 4 

Writing 

Arithmetic 

Intellectual 

Processes 

- item 7 

- items 1, 5, 6, 10 

- item 23 

The ICCs for these items suggest that they should be 

considered for inclusion in the Pathognomonic scale. 

There are four additional items listed in Table 9 

whose ICCs show effective differentiation of. the normal and 

brain damaged groups in the important ability area ranging 

from -1. 5 to 1.5. These i terns appear to be candidates for 

replacing some of the Previously listed marginally 

differentiating items. Inclusion of these i·tems and those 

i terns in Figures 4a-4b, and deletion of those i terns noted 

earlier would increase the total scale length by two items. 

Moreover, this should substantially improve the measurement 

precision and hence the ability to differentiate normal and 

brain damaged examinees. However, this is an empirical 

question that remains to be determined. 
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very slight tendency for the right hemisphere group to perform 

worse than the left hemisphere group. Another possibility for 

the lack of differences between the groups on this item may be 

that there is only a small number of examinees in the right 

hemisphere sample that have either cortical or peripheral 

nerve losses severe enough to affect their performance on this 

item with the current scoring criteria. 

Item 6 on the Motor scale is also almost diagnostic in 

that anyone who fails this item has a high probability of 

right hemisphere damage. This item involves a simple finger 

positioning task with the left hand. 

Item 14 on the Motor scale (Figure 5b) involves 

copying the examiner in placing the hands in a specific 

posi tion. This i tern requires some right-left awareness and 

some degree of spatial orietation in addition to the motor 

component. The ICC's in Figure 5b show performance differences 

between the groups at the lower ability levels. However, 

probably because of the other response components, the correct 

response probabiliqy differences are not large enough for this 

item to have clinical utility as an indicator of right 

hemisphere deficit. This kind of item would provide support 

for results on other items but could not be diagnostic by 

itself. 

Item 18 (Figure 5b) is in much the same situation as 

the previous i tern in that even though the ICC's are clear ly 
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different at the lower ability levels, the differences in 

correct response probabilities have little clinical utility 

because neither group is successful on this i tern wi th more 

than .50 probability. This item is clinically useful only in 

that from ability level -5.0 to -1.0, any examinee who 

responds cor~ectly is not left hemisphere damaged. Virtually 

every right hemisphere damaged examinee will fail this item at 

those ability levels while the small number of examinees who 

are successful will not have right hemispehre damage. The item 

involves copying the examiner in pointing to the right eye 

with the left hand. 

On the Tactile scale, item 2 (Figure 5b) also shows 

clear differences between the ICC's at the lower ability 

levels. However, as in the previous items, the correct 

response probabilities for both groups are relatively low. 

Again, this item has clinical utility in ruling out right 

hemisphere damage if the item is performed correctly at 

ability levels of -.50 to approximately -1.0. This item 

consists of the number of left hand errors on a tactile 

localization task. 

Item 4 on the Tactile scale (Figure 5c) is the number 

of left hand errors on a sharp-dull touch discrimination task. 

Like the previous items, this one can only rule out right 

hemisphere damage if the item is successfully completed at 

ability levels of -3.0 to -0.3. 



167 

Item 12 on the Tactile scale (Figure Sc) is the number 

of left side errors on a tactile form recognition task. The 

item is useful for ruling out right hemisphere damage from 

ability levels of -5.0 to -1.0. 

Item 16 on the Tactile scale (Figure Sd) is a tactile 

letter discrimination task on the left hand. This i tern may 

contain a 'secondary component involving language functions 

that could be minimizing the differences in performance 

between the two groups. If so, some examinees with left 

hemisphere damage would also perform badly on this item, 

resulting in ICC's similar to those in Figure Sa. Although the 

b-values in Appendix H appear substantially different, the 

ICC's show that the difference is not clinically significant 

for differentiating the two groups. It must be kept in mind 

that all of the items in this section do have known clinical 

value in differentiating right hemisphere lesioned examinees 

from normal examinees. 

Item 21 and 22 on the Tactile scale (Figures Sd, Se) 

follow the same pattern as the previous item with only slight, 

if any, differences in the ICC's. These items are the left 

hand error and time scores respectively, for a tactile form 

discrimination task. It is not greatly surprising that these 

items do not differentiate right and left hemisphere 

examinees. A more effective way to use these data is in the 

right and left hand difference scores. The difference scores 
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have been shown repeatedly to effectively lateralize lesions 

among those groups (Reiten & Davidson, 1974, p. 23). 

All of the above items could also be used to establish 

the probability of left hemisphere damage because any examinee 

who successfully completes the item at the lower- ability 

levels, has some probabililty of having left hemisphere 

impairment. This point could be illustrated by comparing these 

ICC's to those from a group of normal examinees, a project for 

further research. Also, on a clinical level, those items that 

aid in ruling out certain types of brain damage can be as 

useful as items that are diagnostic of a type of damage, so 

these items do have clinical utility even though they may not 

be particularly effective in this instance. 

The next group of items, listed below comprise those 

items that are practically diagnostic of right hemisphere 

damage if the items are failed by the examinee at certain 

abili ty levels. Inspection of Table 10 ICCs indicate that 

these ICCs are effective at the middle and upper ability 

levels. It can be seen from the table that the ~tems in the 

Right Hemisphere scale must be clinically employed in 

different ways at different ability levels. However, together 

they provide effective discrimination throughout almost the 

entire range of ability levels. 

The next group of i terns to be examined consist of 

those i terns not included in the Right Hemisphere scale that 



Table 10. Ri~ht Hemisphere scale. Items and ability levels of effective 
differentiation of right hemisphere brain damage. 

Motor Motor Motor Motor Motor Motor Tactile Tactile Tactile Tactile 

Low ability 
level 

High ability 
level 

4 

1.6 

3.8 

6 

-1.2 

.8 

8 10 16 

.9 -.7 -.6 

2.6 1.0 .3 

20 6 10 14 18 

-.3 -.7 -1.6 1.5 -1.0 

.9 1.3 .2 5.0 .5 

...... 
0"1 
\0 
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appear to be candida tes for inclusion in the scale or as 

replacements for some of the current items. A representative 
\ 

sample of the ICC's for these items is shown in Figure 6a 

through 6c. Table 11 lists all of the items and the ability 

levels at which they provide effective differentation of the 

two populations. 

It can be seen from Table 11 and Figures 6a through 6c 

that many of these items provide better differentiation of the 

groups than the items on the Right Hemisphere scale. It 

appears that the effectiveness of this scale could be 

substantially improved with the addition of a replacement by 

some of these items. Again, that is a question awaiting 

further research. 

Left Hemisphere Scale. It appears that only a few of 

the items on this scale provide effective differentation of 

left hemisphere damaged examinees. The items that do allow 

effective classification are shown in Figures 6a through 7d. 

Inspection of these ICC's indicates that four of these 

items (Figures 7a, 7b, 7c, 7d) differentiate the two groups in 

a "positive" manner and two items (Figures 7b, 7c) 

differentiate. the groups in a "negative" manner. That is, the 

"positive" items are those in which almost all left hemisphere 

lesioned examinees perform successfully and right hemisphere 

lesioned examinees have some probability of failing the item. 

The "negative" items function by ruling out left hemisphere 
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Table 11. Items and ability levels differentiating right 
hemisphere brain damage. 

Motor Motor Motor Rhythm Rhythm Visual 
29 37 39 2 11 2 

LOltT ability 
level -1.5 3.0 4.3 . 7 4.0 1.3 

High ability 
level 0 5.0 5.0 2.8 5.0 3.2 

178 

Receptive Expressive Expressive Expressive 
Speech Speech Speech Speech 

19 16 23 24 
Low ability 

level -3.1 1.3 1.5 1.5 

High ability 
level -1.6 3.6 4.0 5.0 

Expressive Expressive Reading :, Arithmetic 
Speech Speech 

25 34 9 12 

Low ability 
level 1.8 2.6 2.3 1.2 

High ability 
level 3.8 5.0 5.0 3.0 

1P 1P 1P 1P 1P 1P 

1 2 7 8 10 11 

Low ability 
level 2.9 2.9 2.3 3.0 5.0 1.6 

High ability· 
level 3.0 5.0 5.0 5.0, . 5.0 5.0 
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brain damage when examinees successfully complete the item 

because almost all of this group fails the item. As can be 

seen from the ICC's, these items discriminate the two groups 

at either low or high ability levels with only one item, Motor 

scale item 19, with any effective differentiation at the 

middle range of ability. 

The rest of the i terns on this scale appear to have 

little or no ability to differentiate the two groups. A 

representative sample of these ICC's in Figures 8a and 8b show 

that the poor differentiating items can be grouped into two 

categories. The first category (Figure 8a) consist of those 

items listed below, whose ICC's are generaly identical 

throughout the ability spectrum. In most cases, the items in 

this group are either below or above average in difficulty. 

This suggests that the scoring criteria for these items might 

be changed somewhat to better differentiate the two groups. 

The items with nearly identical ICC's are: Motor scale items 

1, 3, 11, and 17; Tactile scale items 5 and 11. 

The other group of poor discriminating items (Figure 

8b) have ICC's that differ in the appropriate manner. However, 

the differences are not sufficient to constitute a clinical 

psychometric significance. These items are: Motor scale items 

5 and 13; Tactile scale items 1, 13, 17, and 19. 

Inspection of these items suggests the reasons for the 

lack of differences in the ICC's. Motor scale item 5 (Figure 
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8b) is a very easy item as shown by the b-values in Appendix 

I. This item is so easy that both groups pass and fail the 

item by a similar manner. 110tor scale item 13 (Figure 8b) 

involves copying the examiners hand position and requires some 

right-left awareness and spatial orientation abilities in 

addi tion to the motor function components. The two groups 

could be responding to different elements in this item in a 

way that yields very similar ICC'S. Tactile scale item 1 

consists of right side errors on a touch localization task. 

The b-va1ues for this i tern also show that the i tern is very 

easy f9r both groups, although, as expected, it is a little 

more difficult for the left hemisphere 1esioned examinees. 

Increasing the difficulty level of this i tern might serve to 

better differentiate the groups. The same comments apply to 

the remaining three items, Tactile scale items 13, 17, and 19. 

Increasing their difficulty levels would likely improve their 

ability to differentiate the two groups. 

There are thirty-six items, not on the Left Hemisphere 

scale, that appear to effectively differentiate the two 

groups. These items can be approximately grouped into three 

clusters wi th each cluster discriminating best at the low, 

middle, and high ability levels, respectively. These items are 

listed in Table 12 by the cluster to which they relate. 

Examples of ICC's of items from each cluster are shown 

in Figures 9a through 9b. It can be seen from these ICC's that 



Table 12. Items effectively differentiating left hemisphere lesioned 
examinees by ability level clusters. 

Motor Motor Rec. Rec. Ex Ex Ex Ex. IP 
Speech Speech Speech Speech Speech Speech 

34 35 9 22 9 15 22 2B 25 
Low ability 

Low range -5.0 -2.5 -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 -5.0 
High range -1.2 -1.6 -1.5 0.0 -2.0 -1.0 -2.0 -1.5 -1.5 

-----------------------------------------------------------------------------------------------
Motor Rec Exp Exp Read. Read. Arith Arith Arith Arith Arith Mem IP 

Sp. Sp. Sp. 
27 27 4 B 2 6 1 3 B 10 19 12 20 

Middle ability 

Low range -.8 -1.1 -2.2 -.3 .7 -.7 -1.2 -1.3 -.7 -1.2 .6 .3 -1.5 
High range .7 1.1 -1.1 .9 "2.3 1.1 .3 .3 2.0 .4 2.5 2.3 .5 

------------------------------------------------------------------------------------------------
Motor Motor Motor Motor Motor Rhythm Rhythm Vis Vis Rec writing Mem Mem IP 

Sp. 
36 3B 44 46 51 3 6 4 13 28 12 6 11 31 

Hi-goabili ty 

Low range 2.2 3.4 3.0 2.2 .B 2.0 .9 2.2 2.4 2.8 2.0 2.1 1.7 2.0 
High range 5.0 5.0 5.0 5.0 2.9 5.0 2.7 5.0 4.5 5.0 5.0 5.0 3.1 4.5 

I-' 
ex> 
w 
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the Left Hemisphere scale could probably be greatly improved 

by addition to and replacement by some of these items, 

especially from the middle and high ability clusters where 

precise measurement is important. 



CHAPTER 5 

DISCUSSION 

In this chapter the results presented in Chapter 4 are 

reviewed in relationship to the research hypotheses presented 

in Chapter 3. 

Hypothesis 1 

The first hypothesis stated that the two parameter 

model would fit the data adequately and that the one parameter 

model would not. This statement implies the importance of the 

item discrimination parameter in neuropsychological assessment 

and conforms wi th evidence that this is usually the case 

(Birnbaum, 1968, p. 402). 

This hypothesis was generally confirmed but with a 

qualification. For the one parameter model on Form I, only the 

Writing scale fit at an acceptable level. On Form II, the 

Rhythm, Writing, Arithmetic, Memory and Intellectual Processes 

scales fit the one-parameter model adequately. For the 

two-parameter model, the Reading, Wr i ting, Memory and 

Intellectual .Processes scales on Form I provided poor or 

marginal fit. On Form II, Motor, Receptive Speech and Reading 

scales fit was marginal and the Receptive Speech scale fit was 

poor. 

187 
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These results suggest that the neuropsychology domain in 

general and the LNNB in particular are appropriate for IRT 

applications, extending the robustness of this approach to 

measurement. More importantly, however, the results indicate 

that for the most part, the LNNB scales are unidimensional. 

This is important because it has been a source of criticism of 

the LNNB. The implication was that the use of heterogeneous 

test items implied measurement of multidimensional constructs. 

This debate has ignored the fact that it is the 

responses to the i terns, not the items themselves that have 

dimensionality. If an examinee responds to test items on the 

basis of one underlying trait, the test will be 

unidimensional. Even though the scales were developed on the 

basis of didactic convenience rather than clinical 

significance, they appear to be unidimensional. 

The differences for each form, between the fit of the 

one-parameter and two-parameter models reveal the importance 

of the item discrimination parameter in describing test 

performance. This result has some implications for the use of 

IRT in test development as distinct from the analysis of 

existing data. While the Rasch model has advantages over 

traditional methods in test development, it is probably 

inadequate to describe the characteristics of tests already in 

existence. The large costs associated with the two-parameter 

model are becoming smaller as more efficient a10gorithms are 
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developed to reduce computer time expense (Shields, 1984). 

In only four instances, all on Form II, were there 

failures to successfully estimate the item parameters. This 

result appeared to be a function of the smaller sample size 

used with Form II as the identical items on Form I appeared to 

ahve successfully estimated parameters. 

The qualification is that according to strict criteria, 

only a few scales actually provide adequate psychometric fit. 

However, the fit of the data to the model does suggest 

unidimensional scalar constructs. Further, it is clear that 

with some modifications in the addition, deletion and 

alteration of some items, a much improved test would result. 

The data also suggests that an adaptive testing protocol could 

be developed which would be brief, efficient and accurate. 

Hypothesis 2 

Hypothesis two stated that residual analysis and 

information functions would also establish that the scales 

were unidimensional in content and accurate in measuring 

ability across a broad range! 

This hypothesis was also confirmed. Appendix F consists 

of graphs of -the test information functions for each scale of 

Form I and II and the standard errors of measurement. These 

graphs show that the scales provide accurate measurement 

across a wide range of abi Ii ty levels. Within the ability 

areas of greatest interest in neuropsychology, from -1.5 to 
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1.5, the scales provide the most information regarding the 

underlying construct and with the greatest accuracy. The 

intent of the LNNB authors, stated in the test manual (Golden, 

Pur ish , and Hammeke, 1980, p. 4), was to accurately measure 

neuropsychological defici ts at the middle and lower abili ty 

levels where most brain-damaged examinees function was 

realized. 

The individual item residuals and information values in 

Appendices B, C, D, and E, show that the items in each scale 

are, for the most part highly related to the scale construct 

and measure accurately across a wide span of ability. 

However, in each scale there were a few i terns that did not 

appear effective and suggestions were made to delete these 

items. There also were a few items on each scale that would be 

better placed elsewhere in the battery or that could be 

altered slightly in either stimulus content or scoring 

criteria, to improve their psychometric performance. These 

suggstions are generally confirmed by the traditionally 

obtained factor structure and item intercorrelation data. 

However, the advantage of the IRT method in identifying these 

items was that of examining the item performances at different 

ability levels. This advantage allowed a great deal of 

specificity in the descriptions of the merits and faults of 

each i tern, which can be accomplished only indirectly wi th 

traditional methods. There is every reason to expect, although 
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it is an empirical question, that implementation of the 

suggestions concerning the ill-fitting items, would produce a 

much improved, more accurate battery. Lord (1980) 

demonstrated how removal of certain items from a test could 

improve the measurement accuracy of the test. 

The results from this project also inpact abeit 

indirectly on the issue of content validity. One of the 

criterians offered by Spiers (1980), Delis and Kaplan (1983) 

and Stambrook (1983) was that heterogeneous test items must be 

measuring multidimensional traits. Therefore, the LNNB sc~les, 

which are composed to heterogeneous items, do not have content 

validity because the items measure several different traits. 

One problem wi th the assertion is that the issue to 

which they refer is not content validity. Scale dimensionality 

does not reflect content representativeness or content 

relevance. Scale dimensionality is a component of the 

technical properties of the items and scales. These technical 

properties, which also include item difficulty and 

discrimination, do not indicate that the responses to the test 

reflect the behavior that is intended. A unidimensional scale 

could be unidimensional in measuring a trait other than that 

intended for that scale. 

There is clear evidence from the results of the project 

that the LNNB scales tend to be fairly unidimensional, 

although they could be improved in that respect by some 
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The effect of sample size on the Form II parameter estimates 

is evidenced by the fact that the parameters for several items 

on Form II were unable to be successfully estimated by the 

computer program when the parameters of identical i terns on 

Form I were successfullly estimated. 

Another possible reason for the differences in 

parameter estimates across the two forms lies in different 

distributions of abili ty in the two populations. One effect 

of small sample sizes is that the ability distribution may be 

narrow, which will affect the parameter estimates. The general 

trend in the b-value differences between the two forms was 

that the same items tended to be more difficult on Form II 

than on Form I suggesting that the Form II sample as a whole, 

may be more severely impaired than the Form I sample. Lord 

(1980) discusses the need for large sample sizes and 

heterogeneous ability distributions are required for initial 

test calibration to get stable parameter estimates. 

The failure on this issue was not complete, however. In 

some instances, when the items were judged to be significantly 

different across the two forms test and had, in fact, somewhat 

different content, the reasons could be traced to the nature 

of the ite~ content differences. For example, in the Reading 

and Writing scales, examinees are asked to read and write to 

dictation. Examination of the content of some of these items 

shows that there may be differences in the difficulty values 
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Hypothesis 3 

The third hypothesis stated that IRT methods would 

allow comparison and confirmation of the equivalence of the 

two forms of the LNNB. Only part of this hypothesis could be 

established. No determination of the equivalence of the two 

forms of the battery was possible. 

While it is clear that IRT methods provide a means of 

very precise specification of equivalence of two test forms, 

such a specification was not possible in this instance. The 

data from tests of b-value differences and inspection of item 

characteristic curves strongly indicated substantial 

differences between the two forms. These data are summarized 

in Table 14. Wi thin each scale, estimates of significant 

differences ranged from 33% of the i terns to 91%. Overall 

estimates of significantly different items ranged from 49% to 

65% of the items. These data were in conflict with the fact 

that nearly one-half of the items on both forms were 

identical. A large number of items were identified as 

significantly different even though they were exactly the same 

on each form of the test. These results, then, have to reflect 

differences between the two populations rather than 

differences between the items. The sample size of the Form II 

population was only marginal for use wi th the two-parameter 

model. Lord (1980) recommended a minimum sample size of 500 

for tests of fewer than 30 items with the two-parameter model. 
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changes suggested in Chapter 4. It is also clear that hte 

items on the LNNB scales accurately measure their respective 

constructs across a wide range of ability wi th the area of 

greatest measurement accuracy at ability levels of the 

greatest clinical interest to neuropsychologists. 

The issue of content validity, for which a more 

accurate label would be content representativeness, was 

determined by Luria when he developed the test items used in 

his evaluation; by Christensen when she described the 

administration procedures for the items and by Golden and his 

colleagues when they refined the administration procedures and 

developed scoring criteria for the items. Thus, any criterion 

related to content representativeness must be directed to 

these three sources. In any case, the current results show 

that even though the LNNB scales were developed as a matter of 

didactic convenience (Christensen, 1975), they are fairly 

unidimensional in nature. Tables 4 and 5 show that the traits 

measured by the LNNB scales generally reflect the traits they 

purport to measure and establish the diagnostic validity of 

the battery in a variety of situations. Therefore, the current 

results, combined with previous research, combined' with 

previous research, show that the LNNB scales are reI iable, 

have representative content, measure accurately across a broad 

range of ability and are valid for a variety of applications. 
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of the content of these items which would account, at least 

partially, for the differences in parameter estimates. One of 

the tasks on the Writing scale, for example, is to determine 

the n~ of letters in several words. The words used in the 

Form I item may be more difficult than the words on the Form 

II item, according to the American Heritage Word Frequency 

Book. In some instances, the neuropsychological aspects of an 

i tern may be altered wi th a change in the i tern content. For 

example, an i tern on the Form I Intellectual Processes scale 

requires 

pictures. 

interpret. 

interpretation of a sequence of activities in two 

On the Form II item, there is only ~ne picture to 

While this difference may appear trivial, the 

information processing components may differ (Das, Jarman, & 

Kirby, 1979)., contributing to the differences in the b-values 

for this item. 

The only solution to the problem of inability to 

determine equivalence of the two forms is to increase the size 

of Form II sample to match that of the Form I sample and 

reanalyze the data. This procedure would require considerable 

time and expense to collect the necessary data, however. 

The clirrent data concerning scale fit statistics in 

Table 6 suggest that the best fitting scales from each form of 

the test could be combined to construct an LNNB form that 

would maximize the fit to the two parameter model resulting in 

improved measurement accuracy and the associated clinical 
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benefits. From Table 6, an improved battery would result from 

combining the Motor, Tactile, Receptive Speech, Expressive 

Speech, and Reading scales of Form I with the Rhythm, Visual, 

writing, Arithmetic, Memory and Intellectual Processes scales 

of Form II. However, such an attempt must proceed with caution 

because of the possible artifactual results of the Form I I 

item parameter estimates. 

Under IRT methods, if the item parameter estimates were 

"clean" this same procedure could occur at the item level, in 

selecting the best fitting items compare each scale. However, 

this development will await further research. 

Hypothesis 4 

The fourth hypothesis stated that differences between 

the item b-values and the differences between the item 

characteristic curves for normal and brain damaged populations 

would allow identification of those items that most 

effectively differentiate the two groups. 

procedure would be expected to include 

Further, this 

items on the 

Pathognomonic scale, serving to cross validate the original 

scale. This ~ypothesis was partially confirmed. 

The IRT methods employed appeared effective in 

identifying items that differentiate the two populations. 

However, approximately one-third of the items on the 

Pathnomonic scale were not effective in identifying the brain 

damaged examinees at ability levels that are clinically 
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useful. Another (approximately) one-third of the items on the 

scale were termed marginally effective items. 

appeared to provide effective differentiations 

These items 

but over a 

rather narrow range of abilities. Several other items from the 

battery were identified that are not included in the 

Pathonomonic scale, that appear to have potential for 

differentiating the two groups. Thess items were recommended 

for consideration as additions to other Pathognomonic scales 

or as replacements for some of the poor or marginal items. The 

selected items are all validated by the external criteria of 

clinical practice or neuropsychological theory. That is, 

reasons for the performance of each item selected as either 

effective or ineffective in differentiating the two groups 

could be explained, albeit on a post hoc basis, on the basis 

of known clinical utility and/or neuropsychological theory. 

Each i tern type has already been documented by other test 

batteries and neurological examination procedures, as 

clinically effective in identifying brain damaged examinees or 

as expected to be effective in such identification, based on 

Luria's theory of brain functioning. The agreement of the IRT 

results with ·current clinical theory and practice serves to 

strengthen and validate the IRT results. Of course, the 

actual effectiveness of these items remain to be determined in 

futher research, as the empirical validation. 

is reason to expect that IRT methods will 

However, there 

prove to be 
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effective in improving the measurement accuracy and scope of 

this scale. 

Hypothesis 5 

Hypothesis five was similar to the previous hypothesis 

in that it was proposed that the same methods applied to 

populations wi th brain damage lateralized to the right and 

left cerebral hemispheres respectively, would identify those 

items best differentiating these two groups and serving as a 

validational study of the Right Hemisphere and Left Hemisphere 

scales. This hypothesis was also partially confirmed. As for 

the Pathognomonic scale, approximately one-third of the items 

on the Right Hemisphere and Left Hemisphere scales were 

identified as not effective in differ~ntiating the two 

populations at clinically useful ability levels. Another 

approximately one-third of the items on both scales were 

identified as marginal in measuring effectively over a narrow 

span of ability. Also, additional items were identified that 

appear to effectively identify the two groups. These 

additional items too were supported by the external criteria. 

As expected, most of the additional items identified for these . . 

scales were from items on the Receptive and Expressive Speech 

scales. Somewhat surpr isingly, several items on the Visual 

Scale were also identified. Apparently these items contained 

elements of language, a spatial processing that received 

differential responses by examinees wi th lateral ized damage. 



199 

This finding is in accord wi th the information processing 

requirements postulated by Das, Jarman, and Kirby (1979). That 

is, that visual information involving language based stimuli 

is processed sequentially while spatially based stimuli are 

processed simultaneously or globally. As with the 

Pathognomonic scale, it appears that IRT methods could aid in 

selecting items that might substantially improve the 

measurement properties of these scales. However, this remains 

to be empirically demonstrated. 

Another interesting finding from the results from the 

Right Hemisphere and Left Hemisphere scale analysis is that 

when the ICC of one group was substantially different from the 

other group, the ICC of the better performing group was nearly 

identical to the ICC of the heterogeneous brain-damaged group 

in the pathgnomonic ~cale analysis. This finding is important 

because Golden and his colleagues (1980), in developing the 

Right Hemisphere and Left Hemisphere scales, selected those 

items that best discriminated the lateralized damage 

populations from normal examinees. In the current project, 

items were selected which differentiated the right and left 

hemisphere damaged examinees from each other. Yet when the 

ICC's showed that, for example, the left hemisphere damaged 

group performed significantly different from the right 

hemisphere damaged group, the right hemisphere group ICC was 

nearly identical to the ICC of the heterogeneously 
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brain-damaged group in the Pathognomonic scale analysis in 

most instances. His finding implies that not only do the IRT 

selected items differentiate the lateralized brain-damaged 

groups from each other, but also can differentiate lateralized 

damage groups from diffusely damaged groups. This would be a 

logical expectation, of course, but is now verified with 

empirical results. 

Hypothesis 6 

The sixth hypothesis stated that the statistically 

based and judgmentally based methods could be compared in 

their abilities to identify test items as potentially biased 

for determination regarding which method was more efficacious 

with neuropsychological test results. This, hypothesis was 

confirmed. 

The two approaches investigated with these data are the 

use of item b-values and the use of both the item b and a 

values through the comparison of item characteristic curves. 

In addition, investigation of the Right and Left Hemisphere 

scales and the pathognomonic scale allow comparison of IRT 

methods with those of traditional test theory in 

identification of biased items. 

Appendix G contains the i tern parameter estimates for 

Form I and Form II and the Z-scores of the differences in 

b-values for each item corrected for the difference in the 

metr ics. An arbi trary, but general, rule of thumb is that 
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Z-scores greater than 4.0 indicate significant differences 

between the b-values for the item on Form I and Form II (D. O. 

Anderson, personal communication, September 1984). As can be 

seen from the z-scores, a large number of items on each scale 

are significantly different across the two forms of the test. 

This often occurs despite the fact that out of 269 items, at 

least 100 items are identical on both forms. These results 

then have to reflect differences between the two populations 

rather than differences between the items. 

The same situation holds for the data in Appendices G, 

H, and I. The Z-scores for the b-value differences appear to 

be significant for more i terns than is justified, based on 

clinical practice and neuropsychological theory. There are two 

possible reasons for this situation, which are described by 

Hambleton (1983). The first is poor model fit. When the model 

fit is poor the parameter estimates will be unstable and 

significant differences in b-values may only be reflecting 

lack of fit. On Form II in Table 6, Motor, Receptive Speech, 

Expressive Speech, and REading scales are marginal fits to the 

model. The Receptive Speech scale is a particularly poor fit 

to the model. The reasons for the differentially poor fit of 

this scale may lie in the reduced sample size and ability 

differences but any significance test of the b-value 

differences involving items from the above scales may be 

affected by the marginal model fit. 
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The second reason pointed out by· Hambleton for 

difficulty with testing b-value differences is that of sample 

sizes and the associated problem of different distributions of 

ability. Hambleton (1983) states "It is well known that there 

is a positive relationship between the number of items 

detected as biased and the examinee sample size." Also, when 

comparing separate samples, different ability distributions 

will sometimes affect parameter estimates and, therefore, may 

affect tests of b-value differences. 

The second method of bias detection involves inspection 

of differences in graphical plots of the item parameters. The 

differences in these plots can then be judged regarding their 

sigificance. There are no statistical tests available on which 

to base these determinations, so judgments of significant 

differences must also be grounded in clinical practice and 

neuropsychological theory. 

This appears to be a more conservative and realistic 

approach for two reasons. First, as already noted, item 

parameter estimates can be moderately different without 

greatly affecting the item characteristic curves. For example, 

the slope of ·the ICC is approximately .481 of the a-value of 

the item (R. K. Hambleton, personal communication, October 

1984). Item a-values then, will have to differ by a fairly 

large margin to provide perceptively different graphical 

slopes. Second, the requirement for judgments of significant 
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differences to coincide with external criteria provides a 

further check on the reliability of the judgments. 

That this latter method was effective is observed in 

the results of the analysis of the pathognomonic, right 

Hemisphere, and Left Hemisphere scale. Tables 13, 14, and 15 

summar ize the results of these analyses. The i terns on these 

scales, derived by traditional methods, overlapped with those 

selected by examination of the parameter plots by approximaely 

66%. That is, about two-thirds of the traditionally derived 

scales had significantly different ICC's at clinically useful 

ability levels. One-third or fewer of the items had little or 

no differences in their ICC's. Further, the reasons for the 

lack of differences were supported by the external criteria. 

Moreover, several additional items were identified that may 

have potential for inclusion on the appropriate scale. The 

identification of these additional items was also supported by 

the external criteria. These additional items require further 

investigation, but this appears to be an effective method for 

identification of potentially biased items. 

Generally, the data in Tables 13, 14 and 15 show that 

the statistical method identified more items as biased than 

the judgmental method, but missed items whose ICC's were 

similar at the b-values but differed greatly at more distant 

ability levels. at the same time, the judgmental method missed 

some items classified as biased by the statistical method. 
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Although the two methods overlapped in their selections 

of biased items, there were substantial differences. The 

choice as to which method is better depends on the needs for 

the test. In this case, there is slightly greater need to 

minimize the false positives than the false negatives. That 

is, in developing scales to discriminate various aspects of 

brain damage, it is better to avoid selecting items that will 

only minimally differentiate the populations of interest than 

to include them. The items selected for a scale of this type 

should maximize the differences between the population of 

interest. Poor or marginally discriminating items will only 

serve to obscure the differences when combined with more 

effective items. 

identified fewer 

Therefore, the judgmental 

items, selected some items 

method, which 

missed by the 

statistical method, and was supported by external criteria, 

appears to be the better method in this instance. 



CHAPTER 6 

SUMMARY AND CONCLUSIONS 

This chapter summarizes the research conducted 

and the results obtained and describes implications for 

further research. 

Project Summary 

This project represents a detailed analysis of 

the i terns and scales of the two forms of the 

Luria-Nebraska Neuropsychological Battery through an 

application of Item Response Theory. The purposes of the 

project were to investigate the psychometric structure 

and clinical relevance of the LNNB and to extend and 

assess the use of Item Response Theory in the 

neuropsychological domain. 

All of the data for this project was provided by 

Dr. Charles Golden of the University of Nebraska Medical 

Center from the files of the Neuropsychology Laboratory. 

The data consisted of demographic information and 

complete LNNB protocols for two samples. The first sample 

consisted of 1280 examinees administered Form I of the 

LNNB. The second sample consisted of 405 examinees who 

were administered Form II of the LNNB. The two forms of 

the test are directly parallel with many identical items 

on both forms. 

205 
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The Form I sample was further subdivided into 

several subpopulations. Samples of normal, unimpaired 

examinees and brain damaged examinees were composed to 

investigate the performance of the LNNB Pathognomonic 

Scale. Samples of right hemisphere lesioned and left 

hemisphere lesioned examinees were compared to 

investigate the performances of the Right Hemisphere and 

the Left Hemisphere scales in discriminating lateralized 

brain damage. 

One and two-parameter IRT models were applied to 

Form I and Form II to investigate IRT adequacy in 

describing test performance and item characteristics. The 

residuals of the difference between observed and model 

predicted test results were used to determine model fit. 

In addition to fit to the model, item characteristic 

curves and significance tests of the differences in item 

difficulty values were used to assess the equivalence of 

Forms I and II. 

Analysis of the i terns common to both forms was 

formed to determine the extent to which the two forms of 

the test we~e parallel. 

In analysis of the Pathognomonic scale, 

examination of i tern character istic curves was used to 

identify test items that best differentiated normal and 

brain-damaged examinees throughout the ability 
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distribution. The same procedure was used for both the 

Right Hemisphere and Left Hemisphere scales to identify 

test items that best differentiated brain damage 

lateralized to either hemisphere. 

Item and test information functions were 

obtained, relating the items to the scale and the scale 

to the appropriate psychological construct in an 

investigation of the content validity of LNNB scales. 

This data, 

suggestions 

alteration 

ability of 

in addition to the item residuals, allowed 

regarding the retention, deletion, or 

of individual test items to improve the 

the test to effectively measure the 

appropriate psychological construct. 

Two methods of identifying potentially biased 

test items were compared using the Form I and Form II, 

normal and brain-damage and Right and Left· Hemisphere 

samples. For each set of data, the method of 

statistically significant b-value differences was 

compared to the method of ICC examination for substantial 

differences. The latter method also required support by 

the external criteria of 

neuropsychological theory. 

clinical 

Major Findings 

practice and 

A large volume of data were generated regarding 

the psychometric structure and function of the two forms 
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of the LNNB. The results were presented in detail in 

Chapter 4 and reviewed in the context of six research 

hypotheses in Chapter 5. Some noteworthy outcomes from 

the project are briefly summarized below. 

The one-parameter IRT model did not provide an 

adequate fit to the LNNB data. The fit of the 

two-parameter model, while not entirely psychometrically 

adequate, suggests that the scales are clinically useful 

in measuring the scalar constructs. That the IRT model 

provided a generally adequate fit to the LNNB data has an 

important implication. A major requirement for IRT 

applications is test unidimensionali ty. All test items 

must primarily measure only one psychological construct. 

The LNNB has been widely criticized for the heterogeneous 

nature of the i terns in each scale as an indication of 

lack of content validity for the scales. Although 

unidimensionality does not consitute content validity, 

since the model fit the data, the scales must be 

unidimensional in assessing only one psychological 

construct despite the heterogeneous items. 

From examination of the fit statistics for the 

scales, the two forms of the LNNB appeared approximately 

equivalent. An "ideal" LNNB could be developed by 

combining the best fitting scales from each form, to 

create the one "best" LNNB. However, at the item level 
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some complications developed. A large number of items on 

the scales were substantially different on the two forms. 

of the test from inspection of the item characteristic 

curves. This occurred in spite of the fact that many of 

the items on the two forms were identical. The conclusion 

was made that several factors were operating to cause 

this result. First the Form II sample was only marginally 

large enough for application of the two-parameter IRT 

model and some instability of the item parameters 

resulted, contributing to the ICC differences. Second, 

the Form II sample may have been somewhat more impaired 

than the Form I sample, therefore, changing some of the 

item parameter estimates. Third, some of the items that 

were different on the two forms had different difficulty 

values. Moreover, some i terns were composed of slightly 

different neuropsychological components which changed the 

parameter estimates. It is impossible to separate out 

these factors to determine the equivalence of the two 

forms at the time. Reanalysis would be required with a 

larger Form II sample to determine form equivalence. 

The test information functions indicate that the 

scales provide accurate measurement across a wide and 

clinically useful range of ability levels. The item 

information values show that the test items are highly 

effective in measuring the psychological trait assumed by 
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the scale, and at a wide range of ability levels. 

Together, these two conclusions demonstrate that each 

LNNB scale has high content validity and accurately 

measures the psychological construct implied in the 

scale. 

Use of residual analysis and i tern information 

values allowed suggestions to be made regarding changes 

in the scale that would improve measurement accuracy. 

Several items were identified in each scale that did not 

contribute clinically or psychometrically to the 

measurement of the scale trait as to the derived scales. 

It was suggested that deletion of these items would 

improve the measurement accuracy of the test and acheive 

improved economy of time spent testing. Additional items 

were identified in each scale for which either relocation 

to another scale or alteration of the content or scoring 

criteria would improve measurement accuracy. The results 

of this analysis were also compared with the scale factor 

structure and item intercorre1ations obtained by Golden 

et ale (1980). In general, the factor analysis and 

intercorre1ation results indicated trends in item 

performance but with insufficient precision to allow the 

depth and specificity of analysis provided by IRT. 

Compar ison of the normal and brain-damaged 

samples allowed identification of the test i terns that 
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best differentiated the two groups. These i terns were 

identified through examination of the item charactristic 

curves for each group on each item. There was 

approximately 66% agreement on the items already on the 

Pathgnomonic scale, partially cross-validating this 

scale. Approximately one-third of the items on the scale 

were shown to be ineffective in differentiating the two 

samples or effective only at ability levels that were not 

clinically useful. However, a number of other items were 

identified that appeared to effectively differentiate the 

two groups that might improve the performance of this 

scale. These items await further validation research to 

confirm these findings. 

The same procedure was used in comparing the 

right and left hemisphere damaged examinees. The purpose 

was to identify items that best differentiated 

lateralized brain damage. As with the pathognomonic 

scale, approximately one-third of the i terns on each of 

the Right and Left Hemisphere scales were found to be 

ineffecti ve in discr iminating lateralized damage. 

However, as in the prior analysis, additional items were 

identified that might be expected to improve the 

measurement accuracy of these two scales. These items 

also await further validational research. 
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Lastly, the methods of statistically different 

b-values and different item characteristic curves were 

compared for the three sets of data to investigate the 

efficacy of each method in identifying potentially biased 

items. It was found that the method involving 

statistical tests of the b-value differences was 

particularly sensitive and identified a large number of 

items as potentially biased, based on item difficulty 

differences of approximately .75. There are two problems 

with this method that limit its utility. This method is 

dependent on sample size to some extent for sensitivity 

to differences. Second, the method failed to identify 

items with similar b-values but greatly different 

a-values, a situation that frequently occurred. The 

second mehtod identified fewer items as potentially 

biased, but accurately identified those items missed by 

the first method. The choice of which method is best is 

analogous to the choice between Type I and Type II 

errors. In general, in order to minimize the somewhat 

greater cost of false negatives, the second method 

reinforcd by the external criteria of clinical practice 

and neuropsychological theory, might be the better method 

in this situation and with this type of data. 

In general, it appears that the LNNB is a 

psychometrically sound, content valid, clinically useful 
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test battery and that criticisms of the battery on these 

points may be invalid. It also appears that IRT methods 

provide a number of advantages over traditional test 

theory that are realizable in the neuropsychological 

domain. An adaptive testing protocol could be developed 

that would result in accurate and efficient measurement 

with methods approximating Luria's original assessment 

procedures. With such a step, the LNNB would no longer be 

a "vulgarization" (Reitan, 1976) step, of Luria's methods 

but a scientifically determined duplication with the 

added advantage of having known psychometric properties. 

The combination of the LNNB and IRT provided a means of 

potentially improving the battery and could stimulate 

additional research. 

1. 

Implications for Further Research 

As mentioned in Chapter 1, 

offered by IRT methods is 

a major advantage 

the development of 

adaptive testing protocols. The current results 

clearly suggest that this is a viable direction 

for the LNNB. Such a step could yield an 

ass~ssment system that was quick, highly 

accurate, and a comprehensive duplication of 

Luria's original methods. The first step is to 

equate the two forms of the battery so that an 

item bank can be formed. The next step is to then 
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select the items and develop the flow charts of 

the computer program for implementation. While 

this would require a major research effort, it 

clearly is within grasp. 

2. Expansion of the cur rent analys is to the newly 

developed Impairment, Elevation, and Delayed 

Memory scales would add further insight into the 

battery and additional clinical applications. 

3. A validity study should be undertaken to assess 

the efficacy of the additional i terns suggested 

for the pathognomonic, Right Hemisphere and Left 

Hemisphere scales. Improvement in the 

measurement accuracy of these scales would 

provide distinct clinical advantages. Moreover, 

successful validation of these items would also 

validate the use and advantages of IRT methods in 

the neuropsychological domain. 

4. One way of investigating the obtained differences 

in Form I and II would be to reanalyze the data 

using a Form I sample matched on sample size and 

ability distribution with the current Form II 

sample. Comparison of the current results with 

the new data would indicate the impact of these 

two elements on the results obtained with this 
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project and would provide a clearer picture of 

the actual equivalence of the two forms. 

5. The current results show that selected LNNB items 

can differentiate lateralized lesion groups from 

each other. However, the question remains 

whether the items can discriminate lateralized 

brain damage groups and normal examinees. 

6. An "ideal" LNNB battery could be constructed from 

the best fitting scales of Forms I and II and the 

performance characteristics of this battery 

compared with Forms I and II to determine whether 

IRT methods could result in "post hoc" test 

improvement. Dr. Golden's cur rent research 

efforts include development of a Form III version 

of the battery which would include items from the 

children's version of the LNNB to extend downward 

the' age range accessible for assessment by one 

test protocol. Development of any "ideal" form of 

the LNNB would provide important assistance on 

that project. 

7. The CREDIT program could be modified to use with 

the data. This would allow analysis without the 

change in scoring that was employed in this 

project and would serve as a cross-validation of 

the current results. 
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8. Detailed pattern analysis of item responses with 

various population analysis of item responses 

with various populations could lead to the 

development of additional LNNB scales. 

9. An adaptive testing protocol could be developed 

with the creation of additional items, that would 

represent a major advancement in 

neuropsychological assessment. 
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-.ll; 
-.l95 
-.093 
-.666 

-:Z~~ 
-.111 

.581 
-.046 
-.901 
-.101 

.279 
-.193 

.037 
-.4Zb 
-.910 
-.8l2 
-otlt.\9 

-il· 11S 
- .300 

.&&1 

.306 

I\J 
I\J 
o 
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RECEPTIV 
ITEI1 FORPU A FOR"l B FOR"2 A FORt12 B 

1 .828 -.920 .465 -3.819 
2 1.032 -.801 .959 -1.1&2 
3 1.216 -.550 1.308 -.191 
4 1.566 -.424 .1 .. 0 -.643 
5 1."0" -.243 1.313 -.116 
6 1.619 .061 1.02" -.013 
1 • 092 -1.143 1.595 .11) . 
8 .161 -1.003 .694 .095 
9 .8ltl -3.092 2.000 -e8~0 

10 .141 -.584 .912 -.OGB 
11 .923 -2.381 .808 -1.922 
lZ 'i96 -Z.529 .6~2 -.4"0 
13 • 82 -1. 651 .9 9 -.630 
14 .92" - .11" .194 -1.036 
15 .629 -3.133 .547 -3.335 
16 .675 -2.965 .961 -1.100 
17 .835 -1.838 .291 -3.256 
18 .71' -.759 .916 .232 
19 .80Z -3.394 t.l04 -Z.0"6 
20 1.039 -1.877 1.5"8 -1.001 
21 .905 -1.327 ~.320 -.321 
Z2 .90Z -Z."4" .629 -1.Z15 
23 .156 -.166 .809 1.0fJ7 
2,. .965 -.838 1.664 0046 
25 .891 -2. 171 e8l3 -.846 
Z6 .909 -.95 t.1 " .183 
27 .850 -2.370 1.367 -1'119 
28 .281 -.501 1.012 -. 01 
29 'f61 .670 .913 .302 
30 1. 65 -1.312 1.828 .022 
31 .811 -.963 .149 .41t1 
32 .663 -.203 .999 .531 
33 .561 .500 1.100 .535 

I\J 
I\J 
I\J 



EXPRESS: 

IlE 11 f ORtll A FURH1 B FORt12 A fORHZ Jl 

1 .187 -2.304 l.lt29 -.17Q 
Z • ~ 15 -.t-11 1. 151 -.003 
3 .840 -)..6Zb 1.!I,.4 .12] 
It .621 -3.859 1:4~6 - .4~ b 
5 .930 -1.589 -.0 0 
b .901 -.64" 2.000 .054 
7 .601 -(.055 1.676 -.155 
e 1.031 - .121 l.ltZ~ .OY1 
9 .739 -1.711 1.64 • 1 6 't 

10 • 161 -1. BBZ 2.000 .337 

U .139 -.78" Z.OOO .378 
1.003 .139 1.164 .33b 

13 1.03' -1.43P 1.677 .016 ,It 1 • L (16 -2 ... 61 1." 53 -.056 
J 5 .910 -2. "bO 1 • 783 -.05" 

I~ 1·~'t3 -:~~~ \.603 - .15 3 
• 30 • Z" 8 .183 

I e 1.021 -2.1,,3 ).4'J" .O~S 
19 1.0b6 -.381 J • 534 .590 

~y 1.0~0 -Z.ZfO 1.~ge • 069 
.8 0 -i· 2 " 

z.ooo -.251 
22 .839 - .696 z.OOO .076 
l3 .770 .092 J.393 .3]8 
lit .74t;. -.263 1.337 .209 
25 .655 _\#59 1- 507 .237 
Z~ .516 -1.721 .114 - _015 
21 .755 -1.793 Z • (,'00 - .)5 5 
Z8 .870 -2.616 £.000 -.25) 
Z9 .136 -1.067 .b79 -.b10 
30 .802 -2.329 .889 -.319 
31 .9"9 -1.2~1 _ 361 -1.505 
32 .~12 -.ebb .357 .J~ r; 
33 • PO -.207 .010 -21.0 U 
3" .'t'tlt -.028 .125 -'.ZZ2 
35 .560 -.'t 97 .06lt -b.20H 
16 .237 -le 697 .132 -3.271 
37 .1,01 • Jlt9 .010 -).512 
38 .416 1.936 .010 -3H:I~1 39 .451 4.799 .010 
40 .785 .080 .1"" -t.9b3 
41 .952 .269 .145 -3.511 N 

42 1.013 .1Y U .114 -1,.768 N 
w 



WRITING 

ITE" F OR"1 A FOR"! 8 FORM2 A FORf1Z 8 
1 • b18 • 3 It It .396 -1.20t, 
2 1.3fl5 -.059 .bSb -.720 
3 1.027 -1.3"6 .6b6 -. ,,3~ 
It 1.132 -1.095 .~39 -1.237 
5 1.425 1.210 .629 -.385 
6 .115 -2.3"3 1.221t -2.1l8 
7 .7CfIt -2.181 .lt33 -1.911 
8 .892 -.760 1.032 - .e16 
9 1. 121 .272 .756 -. 58 " 10 .69 2.466 .645 .133 

II 1.613 .026 .936 -.033 
.9 2 1.119 .902 -.C2~ 

13 1.017 .068 .783 -.370 



READING 

ITE" F OR"! A FORMI B FORHZ A fORI12 R 

1 1.041 - • It 5'1 .~56 -1.5b7 
2 1.248 -.3b8 .482 -1.004 
3 1.Z 84 -2.2Z4 .6b7 -].5b8 
4 • f.5I -2.103 .310 -3.050 
5 1·l9 .368 .659 -1.049 
6 • 15 -.937 .88 Z -.?37 
7 .900 -Z.Z08 .496 -3.735 e 1.911 -.108 .753 -1.1Z5 
9 .'toy Z.7;7 .339 -.71~ 10 .15 -1.582 .241 -2.31 

I! .881 -.615 ,648 -.425 
1.51 .716 1.09Z - .199 

13 1.014 .651 1.327 .221 



ARITHMI 

ITEM FORM1 A FORM1 8 

1 .903 -2.653 
2 1. lit 1 .358 
3 • 890 -2.003 
It 10391 -.833 
5 1."77 -1.082 
6 .936 -3.127 
1 .9"5 -.521 
8 .928 -1.316 
9 .980 -1.193 

10 .9l9 -Z.21t5 
11 .8 4 -Z.1t61 
12 .81t3 -.624 
13 .963 -\.320 
lit 1.1"1t - .5Z1 
15 .960 .230 
16 .947 -1.02" 
11 .911 -.296 
18 1.01t" .Z61 
19 1.095 -.,.7,. 
20 .91t9 .150 
21 1.465 .521 
2Z 1.ltl" .952 

FO ... 2 A 

.681 

.511 

.511 

.919 

.171 

.631 

.601t 

.556 
• 5 '" .391 
."66 
.713 

1·1t71 .,.98 
1.203 I." 31 .523 

."11 
1.200 
1.101 
1.110 

.816 

FORM2 B 

-1.638 
.8!»b 

-1. 8~1 
-.1\" 
-.57" 

-1.198 
-.857 

-1.3~!» 
-1.683 
-1.819 
-1.213 

-.4Z8 
-.1'3 
-.564 
-".2b() 

-1.1t90 
-1.Z9b 
-1.Z1Z 
-.653 
-."17 
~.248 

.054 

N 
N 
m 



MEMORY c 

ITE" FORttl A FORtU 8 FORt\2 A fORHl 8 

1 2.000 .198 .542 .157 
2 .931 .640 .611 - .. 309 
3 2.000 -.171 1.410 -.614 ,. .269 .312 .41JO - .. 801 
~ :~~~ -:~~g .1fj -iGlOO .6 8 - 8 02 
1 .570 1.501 .964 -0070 
8 1.CO~ -.7~4 .91b -.554 
9 .55 .5 3 1.576 .417 

10 .862 1.033 1.278 -.224 
11 .631 .151 1.002 -1.227 
12 .837 .006 .911 -.550 
13 .q23 .633 .7Z9 .041 



INfEllI 
IlEft FOR"1 A FOR"1 8 FOI"2 A FOR"2 B 

1 • 5 It It .Olt 1 .700 -.010 
2 .753 .801 .726 .3"1 3 .581t .883 .891 -.201 
It .305 l.lt92 1.108 -.611 
5 .512 .lt31 .999 -.3l') 
6 .lt56 1.099 1.102 .Zlt3 
1 .792 .8"5 1.186 -1.5!»2 
8 .694 .1"6 .9"1 -1.911 
9 .68B .966 .172 1.51" 10 .70e. 1.0ltlt .6lt5 .5" 8 11 .676 -.1"9 .963 .3&0 

12 .951 -.238 1.256 -.151 
11 .692 1.631 .899 1.414 
lit .562 1.136 .6"0 .020 
15 .566 Z.073 1.0"6 1.71i} 
16 .925 -t.ll.70 1.071 -.941 
17 .798 -1.452 1.106 -.143 
18 .953 -1·l38 1·2lt2 -.118 
19 .969 • 62 .060 -.59ft 
20 1.0ltl -1.610 1.190 -1.912 
21 1.214 -:l~~ l:~i~ .lle8 
22 .990 .181 
23 1.091 -2.576 1.585 -1.8;}" 
2" .666 -.651 .808 -1.280 
25 1.021t -2.281 1.326 -1.721 
26 .891 -1.055 .990 -l.161 
27 1.05" -.368 1.25" -.265 
28 .315 -.298 .358 -.ltIj6 
29 1.lt6lt .1t5" 1.lt97 .291 
30 .108 1.215 .562 .1,30 
31 1."16 .805 1.751t .895 
32 .251 2.721 .209 1.948 
13 1.126 -.184 1.612 -.316 
3" .687 .281 .59" .222 
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STANOARDI1EO RESIDUAlS- ONERYltiH SCALE 

ABilITY 
2. 1 . 4 5 " 7 

rt )f> - POI NT -2.~50 -1.750 -1.Z50 -.750 -.250 .250 .750 
HO. llF 

198 178 EXAMINEES 2Z 72 ?O t Sit 203 

ITE"11 

1 -l.13Z -.g47 .~38 1.01b -."lft .021 -.311 
·z -.306 • 64 • 48 .611 -.681 .151 .012 
3 -.~50 -1.l15 1.01" 1. 010 -.111 -.008 -1.015 

~ '-. $26 .029 ...;. 121 .058 -.123 .081 -.822 
l.ZCfIJ ).063 .966 -2.724 -.2Z2 -2.1,42 1.999 

6 .598 Z.4lQ. .10r. -1,Sf; -.31f -1.051 1. 131 7 1 .860 -.bll 1.966 -.'3 " .85 .906 - .89 
a -1.017 -.969 .l10 l.tOl .169 -.061 .251 

18 -.817 -1.llZ -Z.OSIf t.814 .18" 1.061 -1.326 
3. 120 -Z..094 -1.27Z .521 1.853 .1,23 -.94,. 

I I -.3l9 -.90lJ .531 -.)(H 1.345 -1.01" .625 
JZ ·.6 1 -.031 -.352 -.409 1.162 -.668 .313 

lEVEL 
B 9 

1.250 1.1'0 

92 66 

.473 .21ft 

.018 -.18C; 

.801 .052 

.()02 .670 
1.801 .603 

• 31t .126 
-.40 .686 
-.~66 -2.016 

.115 -.281 
-2.636 3.695 

-.192 -.799 
.If 15 -1.lt51 

10 

2.250 

II, 

.713 . 

.351 
1.010 

.915 
-4.362 
-1.900 

.207 

.290 

.851 
-It.187 

1.495 
.776 

Ave. 

Sid. 

Reald. 

.563 

.276 

.699 
• It:3 5 

2.050 
1.022 
1.073 

.71 Z 

.962 
2.075 

.764 

.631 

N 
W ...... 



STANOARDIZED RESIOUAlS- ONETACTIlE SCALE 

ABilITY lEVEL 
7 3 4 5 6 7 8 9 10 Ave. 

HIO-POINT -2.250 -1.1IjO -1.2S0 -.750 -.Z50 .250 .750 I.Z'O 1.750 Z.250 Std. 
NO. OF 
EXAHIUf:ES 21 46 92 1;2 237 220 188 90 1t6 21 Reald. 

rTf" 
1 .0£14 -.b46 -.517 .155 .587 -.ltl1 -.253 -.023 .91 " .455 .405 
2 -1.115 -.513 -.645 1.006 1.198 -z.011 .~ftft ]:l~~ -.19ft .4"1 .765 
3 .469 1.166 -.6,.0 -.(\96 .215 2.19 -2. 51t .545 -6.43] 1.943 
4 - el3A -1.399 -.ft89 1.199 .8ftt. 1.190 -3.059 .1~2 -.087 .125 .961 
5 1.806 -.491 -.691 -.111 .101 2."04 -.503 -l.108 .823 -3.0feO 1.33ft 
6 .154 -.~67 .81& .661 -."02 -.029 .189 -1.424 .623 .728 .560 
7 5.665 .lZ4 -.155 -.6111 -.3H -.312 .367 2.096 -.018 .453 1.051 
8 3.117 -.71>2 -.041 1.300 -1.481 -.998 1.531 1.513 -.719 .301 1.250 
9 - .379 1.875 -1.015 -.044 1.016 -1.67" 1.004 .483 .240 G145 .187 

10 -.328 .665 .163 -.h85 .33ft -.9ft7 .1t31t .100 .215 .145 .422 

11 -1.593 .171 .271 -.190 -.163 1.998 -.890 -.593 -1~ 253 .595· .832 
lZ - J .t 98 -.641 -.209 .178 .332 .623 .458 -.51& -1.221 .764 .634 
13 -l.303 -.126 .683 .?92 -.831 .2ft3 -.625 .4&0 1.051 .518 .,613 
H .730 -.60h .202 1. HI .312 -1 5 699 -.064 .33ft 1.011 .498 .659 
J 5 -1.400 1.225 -.126 .630 .629 .151 -.503 -.932 2.927 -Z.088 1.122 
)6 I.pie -.801 1.90" .55ft -.221 -1.1t6ft ~055 -1:~1' 1.652 .794 .999 
11 -1.304 .359 .397 .711 -.113 .628 .208 .880 .458 .728 
J8 -.981 .505 -.074 0653 -1.633 .832 1.'l5 .370 -2.551 .313 .9ft4 
19 .439 1.6l) .8l5 -1.301 .002 -.631 .631 .&31 1.055 . .496 .1b3 
20 -.1;!4 2.413 -.070 -1.434 .661 .636 -.664 -.166 .609 1.379 .~Ub 

21 .860 -~r;28 1.730 -.422 -.425 -.897 1.660 .!»28 -.644 .519 .831 
22 1.770 -.Q24 1.660 -.8l4 .538 -.709 .9Z4 -.266 -1.00Z 2.635 1 .12 Ij 
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SIA~OAROIZEO RESIOUALS- OHEEXPRESS SCalE 

ABIlI n lUEl 
Z 3 " 5 b 7 8 9 10 11 12 Ave. 

HID-POIN' -7.70;0 -Z.750 -1.150 -1.250 -.750 -.250 .250 .150 1.250 1.150 2.250 z.no Std. 
HO. OF 
EXl"INEfS lit l3 H 99 175 2"9 207 IH 96 '6 13 11 Resld. 

ITE" 
1 -1.659 ."53 -1.919 -.399 .108 1.063 -.564 1.116 .909 .497 .171 .113 .7lt8 
2 -.886 • ,.11 -0315 -.193 1.,.06 -.10B .197 .01" -1·'''2 -.081 .ftll .310 .555 
3 -.961 .601 -.0'" 1.nl) -.5'i5 -1.233 .93ft 1. 563 - .169 -.829 .221 • !Ii 6 .802 
It .191 .Hl -1.200 .81' -.675 'ao, -·t°ft 'l" -2.381 .388 '11t3 '105 .bB3 
5 .833 .~5B -.919 -.303 1.059 -. 68 1. 67 -. 92 .O~, -1'147 • 73 • 07 .683 
6 .b,.8 .921 .091 • ftl6 .696 -.'26 -'l'~ -.llft9 -.ft58 1. 96 'Z93 '1'7 

.510 
7 -.91B .6B8 -1.1BO .102 1.397 .185 -l' , -.'-11 .09B -.83ft • 00 • 8' .729 
8 l.671 .151 .5"5 -.38ft -.3,.0 .352 .002 -.731 -1.301 .596 .185 • 09 .691) 
9 1.19ft -.5l1t -.21" .146 1.0bO -1.539 .279 -.007 .765 .816 .287 .193 .6100 

10 -.276 .9b9 -.300 -.Z,.7 .558 -1.129 .766 .505 -."33 .611 .232 .153 .511t 

U -I.OBB -.OB9 -10325 -.29b 2.3M .568 -1.970 1. )91 -2."00 .156 -1.370 .360 1.115 
-.319 -.bZ6 -1.11 Z 1.21l6 .096 .ft"I -.596 ."11 -1.0,." -.351 .596 'J58 .602 
-.24B .811 .6U -.125 .031 .119 -1.218 -.198 -.175 .ft53 .1U • 05 .,.22 

,~ .5lt8 -.1J15 -. HI) -.028 .60' .508 :l:~7~ .518 .310 .237 'P" '105 .ft56 
-.198 .69!> .3l2 .059 2.005 .32" -1.6U .556 -3.185 • 1" • 05 .951') 

Ib 2olt3 1.81tl .698 1.191 -1.389 -.590 .122 -.683 • ,.t,] .9'" .ll9 .158 1.02 I 

U -.25ft -.505 • 22 It ."51 .395 -.985 1.395 -.188 -1.158 -.380 -.B9' .396 .bOI 
-, H5 .HO -2.023 1.Olt9 1.300 -."3 -.381 -1.&91 -1.3117 .260 .114 .105 .81~ 

1Q 10.198 -.8(12 -.265 1.01} 1.072 -.920 -l.ft'l 1.151 .352 1.085 • 33l .191t .Olll 
20 .020 -.?17 .569 .08 .706 -.123 -.19 .980 -1.66' .231 .11 .105 .526 

21 -.9RO .'Ibl .175 .Q95 .557 -.967 -.969 .26' -.U9 ."38 • lit 8 '1°5 .~31 

2Z .11" -1.1031 .3910 .Oo;b 1.130 -.98" .63~ .96ft -."95 -2.502 .216 • 39 "F 23 -.582 -.OZ5 -.3bl -1.01ft -1.159 1.'18 1.31ft .280 -1.783 -1.1038 -.328 -1. 811 .9 2 
Zit -.lB3 .919 -1.1104 -.589 -.209 2.269 -.on -1.673 -.611 -.026 .123 ft85 .713 
25 .~50 Z .131 -.119 1.619 -.926 -.037 -1.0 -.t"8 . 1.038 .551 .0103 .110 1 .Bbl 
26 .!J 13 .485 -.10"8 l.ll0 -. 791 .235 .783 -2.321 1."33 .333 -1. o 1ft .1061 .851 
11 .510 .3B -.6~3 .b22 .81 .019 -1.378 -.238 .656 .710 .269 .180 .544 
28 -.103 • b3Z oJ2Z -.lll1 .1H -.631 • 51 ft 1.095 -~.22ft .296 • 11ft .105 ."95 
29 -.471 -1.252 .U8 .309 .359 .387 .5 7 -.S59 - .369 1.269 .,.,.7 .301 .106 
30 .Ii 17 -.ROS .2M -1.161 -.938 .180 1.23' -0266 • 85ft .lt64 .159 .105 .637 

31 -.1101 -.ft61 l.10H .092 -.500 .134 -1.301 .6'6 -.259 .665 • 21ft .• p2 .605 
3Z -1.b6] -.2]0 1.4b8 1.051'1 -.101)9 -.30ft -.992 -.261 2.ftb6 -.307 .052 -1. 55 .890 
3J -.I]b 1.251 1.510; -.302 -.039 -.ft09 -.100 -.075 .215 -.9,.2 .052 .882 .,.1 " 
]It -1·1H 1.019 t· 471 -Z.264 1.062 -1.538 .• 93ft -.1t'9 1.026 -."61 .75ft .197 1.111t 
35 - .l80 .201 .609 .153 1.369 -1.1013 -.l1ft -.231 .6ftO .392 -.125 .707 • 7B 7 
36 .21i] -.9 Jl .598 -2.l09 -.153 .952 .879 -.110' • 3le 7 -.609 .899 .'92 .1!J0 
H -.5ib -.107.10 -I .1(.6 I.U6 .396 .0,.2 .1009 -1.328 • 17i .639 -1. 75ft .511 .720 
38 -.114 -1.0'P ."18 .201 -1.523 -.12ft 1.176 ,'576 -.:33 -1.650 -.122 -.016 .729 
39 'J." 1 8 -.li'~ 1.114 1.00lt -.931 -.93] -.,.61 .1 ge -.393 -.ft39 .326 -.113 1.1022 
"') -.'.i'>t. -1.011 • 34" -.956 .4ftS 1.269 -1.286 -.7'j( -1.172 .651 .8ft8 .55'1 .Q05 
41 5.~lZ 1.004 ft.6"t. .B19 -1.~77 • til 7 -1.656 -1,020 1.1t39 1.2 1n .7Z6 .ftlo5 J .751 
42 b.4', ~ 1.141 Io.SBZ .111 -. ?8 .616 -1.509 -1.)53 1.867 1."06 .612 .366 1."''' tv 

W 
U1 



'~I\fJllftl")llI"ll ~E<;II)lJALC)- ONEWRITING SCALE 

ABILITY 
7. J " 5 6 1 

HIIl-IJrntll -:,.;-r,q '1.7<;0 -1.7.50 -.750 -.2')0 .250 • 150 
NU. 'H 
r:t A,..' /1( r"; 21 l''i A4 17') 194 251 lQZ 

IIlH 
1 .51 IJ ~.4'jl -.4hO -.710 1.549 -2.949 3.092 
2 2 • (' II <J ~. t· 5 0 -J .310 -1.015 1.196~ -. "92 -.

961 J -1.1 Itl 1.11,2 --I."~h 2.355 .417 -1·08lt 1.30 
It -.Il'i -.734 -1.9~1J 2.310 .1 72 - .598 -.Z8 
'j - • I 'j ~ - • 1 'j IJ -.433 .614 -.354 I.Z02 -2.163 I, 1 • ? 1 " -~.9(l1 -.110 • 4b'~ .036 -1.179 .179 
1 1 • ~.,1'j -7.')15 .152 -.I?7 -.341 .063 -.299 
n -1.5')11 .• 'lilt' 1. 181 -2.1 H 3.418 -1.:3 84 .914 
.~ - .', II • t"11 ].266 -.17ft -1.829 -.109 1.278 

J 1\ - • ", J - . '. ,'., .nT -1.4fl'l .859 .114 -.516 

) 1 - • ;" I .' I • 11 (, .1 - • '1', 1 .0'12 -1.010 1.471 -1.95Z 
I 7. - • -' '.1,1 -.~41 7.04Q -.3'/0 .ZQZ -.590 -.b41 
1 1 -.'.'" ·-I.lll') .1175 -.474 .696 .501 -2.185 

lEVEL ,. 9 

1.250 1.750 

109 31 

-1.134 -Z.010 
-.46" -Z.Z9i 

.149 -2.:31 
• 69 .360 

-.609 1.848 
.JIS .463 
.687 .Z6l 

-Z.19Z -2.864 
-2.084 .578 

.461 1.041 

.151 .524 
1.130 -3.035 
.452 -.3l1 

10 

2.Z50 

29 

-.013 
.110 .2i3 
.2 5 

1.643 
.330 
.1Bl 
.550 
.815 

-1.140 

.255 

.11,1 
-.436 

Ave • 

Std. 

Res/d. 

l.b04 
1 • r., 7 b 
1.4h2 

.1q5 

.926 

.9Z7 

.620 
1.730 
1.17. 5 

.600 

.B74 

.917 

.772 

N 
W 
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~ , '''til h Pili 1 J: n P. E c; IIHU L S - 0 N ERE A 0 I N G seA L E 

ABILITY lEVEL 
1 7 1 4 5 6 7 8 9 Ave. 

HIO-POPH - ') • 1') I) -? I on -1.500 -.~OO -.300 .300 .900 1.500 2.100 Std. 

NO. [IF Rosld. 
EXAt1(rJErS 1 T ?A 80 171 263 233 219 ~a 59 

J , ( I'J 

I -.56') l.lbl .019 .209 .76Z -1.!51 .168 -. ft 61 .198 .779 
7. - , , It 7 I. c;rH -.666 .'HI 1.3bl, -.586 -.511 -1.119 .560 .621 
J • l ') I) -1.4('1 1 .!J 62 -.341 -1.080 -.063 .1eE'9 .~19 .243 .656 
4 - • ') '.1 'j -1.143 I • ~59 .636 -1.153 .175 -.915 .126 .135 .990 
5 -.)II·j -.4~5 -1.350 .53? 2.71,2 -1.903 -.056 -1. Z 91 1.330 \.093 

. ~ J • I, f} 1 . • 31 a -1.4'19 .760 2.214 -2.61e9 1.001 0310 .243 .351 
1 - • I') 1 -1'~'5 2. H4 .085 -.1~9. -.1e9~ ..;..831 .40b • las .014 
(} - .1 3 U -.70!:J .11)2 .'j'jq .806 ."68 -1.Oaa .508 • ZI, 3 .463 
'J -.ftft') 4.0 'J] -.)99 -2.040 -i.22ft 1.8l5 -.699 8.730 -6.143 l.8f'8 

J ' I -.7L' - 1 • '. I) '3 -1.812 4.~0'j -.521 -.391 -.399 -7.451 .732 2.014 

n _ • 11 ') 'j -1.104 -?41'. 2 • (HJO 1.146 -1.272 -1.269 -.044 1.006 1.335 
) ~ -,loW - ,It. 1 -.')11 .fJ41} 1.232 .524 -.666 -3.100 1.295 • Qb 7 
1 ~ -.?\:l ,}. 71 1 .O6l -.017 -.194 2.016 -1.881 -1.840 2.203 2.004 



~IAr~f)A~JI~EO RE~IDIIALS- ONEARITH SCALE 

ABILITY lEVEL 
? 1 4 5 6 7 8 Ave. 

HID-POINT -1.750 -1.250 -.750 -.2';0 .250 .7S0 1.250 1.750 Std. 
NO. IJF 
EXUlfNEfS 41, 813 127. 164 235 160 133 50 Resld. 

llEM 
1 .iH 1 .751 .508 .000 -.799 -2.!21 .511 .241 .751 
2 .? AO .146 .018 -.657 1.543 -034" -2.661 1.833 .943 
3 -.105 -.414 .7aa .566 .195 0287 -1.062 -4.440 .982 
It I .107 1.460 -1.081) .000 .467 -068ft -.Oft3 .334 .64 B 
5 1.926. -.1~6 -.207 -.482 .362 0,.72 .617 .224 .559 
6 -.Iaft .6t2 1.661 -1.81~ 1.044 -1.153 .365 -4.251 1.J66 
7 t.Oll) -.109 1.122 -.252 -.813 1.334 -.264 -2.456 1.003 
n .4'}3 1.006 .8B6 -.059 .3Z1 -Z.120 -1.147 .b30 .634 
9 .971 -.195 .863 1.494 .112 -1.22ft -3.217 -1.044 1.140 

10 1.75~ -1.587 -.714 -.011 -.153 1.219 .752 .312 .813· 

J 1 -1.1~2 1.0~6 .662 -.034 -.939 -.568 .732 .310 .713 
J 7 .'i39 .1 20 .817 -1.046 1.605 -1.303 .113 -2.714 1.040 
1 3 -.381 I .1 71 -.314 -.166 -.837 1.819 -.751 -1.184 .836 
1 ~ - • Ij 'I j 1.411 -.112 .• BO 7 1.232 -4.435 .719 .~94 1.223 
) 5 -1.34~ -.473 -.122 .bOl .989 1.200 -.909 -5.901 1.443 
16 -.('!ll ."16 1.439 .494 -1.072 -1.151 .740 -.516 .B18 
1 7 1 .1 (~6 -.560 -.006 -.9;a .Z 30 -.012 -1.112 -1.904 .755 
18 .668 -L. 5 84 .411 -.175 .606 .574 -1.076 -1.521 .852 
19 -.4!l3 .598 -.312 .343 .881 -1.125 -1~273 .892 .736 
?O -l.4h? -.4R3 -.951 -.fJQl .b60 .116 1.301 -3.58, 1.257 

21 -.4Jl -1.034 .946 .943 -1.005 -.364 .404 1.531 • B29 
?? -.230 -.594 2.563 -.624 -1.018 .788 -1.900 2.b02 1.290 

N 
w 
co 



~'h~UA~111EU RESIOUAlS- nNEHEHORY SCALE 

ABILITY 
7. 3 4 Ij 6 7 

HIO-PlJlllf -7 • 7 'j I) -1.1';0 -1.750 -.750 -.l50 .250 .750 
NU. (IF 
fXA~lI'Hr) 7. '1 52 101) 162 208 190 166 

JI[H 
1 - • 1 10 -.761 -.85] -7.540 -4.383 1.5le7 3.668 
7. -.519 -1.075 l.O]'; .012 .951 -1.279 .428 
j -.1 10 -.412 -1.591 .515 -.516 .303 1.5Z9 
'" '1.",4 -r..~(jO -.IIH 1.011) -2.616 -.530 -1.1 . .3 6 
5 -.1')3 -1.413 -).154 .475 1.8;11 .316 -1.:160 
-6 -1.1':J1J ~.415 1 .041) -2 • ~ Ij 'I -.230 -.lt50 .. -.215 
1 - • ll/'; -. (lI5 • 1,01 • t 47 .7l5 .Z47 -Z.1e95 
0 -J.'-'1(, -? · .. H14 7.011 1. H4 .117 -.627 -.390 
'I -1.41'j -1 • 'J 1 1 -1.141 .5('1 Z.716 -.086 -1.548 

I r) - • " 'If, 7.117. -. 714 -.112 1.118 -.642 -.164 

II - • 'I , ' -. 1 J (. -2. 1 H 2.bU) I .489 -1.494 -2.383 
J7. - I • tI ., ,. .~~o - J .1:10'1 1 • '14 'l 1.654 -1.374 -1.286 
I 1 - • 'i I, 1 - I • 1 Ii' 1.40') - .1, 74 .1';8 -.195 -.117 

lEVEL 
8 9 

1.250 1.750 

105 51 

1.714 .510 
-.112 .112 
-.186 .273 
l.fJ79 1.'i96 

-1.;95 1.572 
1.061 -.462 
1.741 -1.005 
-.761 -L.442 

-1.185 .194 
-.14 1 1.027 

1.101 .859 
-.199 -. 03lt 
.415 -1.368 

10 

2.250 

22 

.148 
-1.1~2 

.1"£1 
3.01L 
-.182 

.628 

.019 

.316 
.) 4 16 

-1.122 

1.058 
.950 

1.319 

Ave. 

Std. 

Resld. 

1.580 
.859 
.519 

2.595 
1.13 5 
1.614 

• £102 
1.158 
1.035 

.932 

1.431 
1.0149 

.85? 

N 
W 
\0 



STANDARDIZED RESIDUAlS- ONEINrEll SCALE 

1 ? 3 . ft 5 6 ABIlJ'Y lEVEL 
8 9 10 11 12 Ave. 

"AD-POI N' N • OF 
-2.750 -2.250 -1.750 -1.250 -.750 -;,no • 250 .750 1.250 1.750 2.250 2.750 Std • 

eXlHlllEES 10 20 60 96 lit 6 209 228 Z09 96 51 16 ~ Resid. 
ITEH 

1 .366 -.828 .839 ."Oft -1.313 .206 -.530 1.228 -.556 -.109 -.913 .571 .655 2 -.326 -.63ft -1.511 -1.823 .856 2.U9 -.195 -.981 -1.366 .890 .,20 .57~ .956 3 -.~21 1.268 Z.OOO -.761 -.ft67 .1H -."61 .o,~ .695 -1'U" • 71 .1" .731 " 1.0~7 .329 1.981 -1.976 .0"3 -.652 .068 -.37 -.612 .066 • 38 • 9 • 77ft 5 -.792 .~83 .070 .Zft9 -.652 -.~9t 1: ~I' -2:: II i'212 -1,5~5 -Z.l78 -.8U .763 6 Z.ZH , 19 2'1 81 -1.1119 -,O,~ -1,00 .062 ,635 I. 19 -·I'Il.2ft3 1 -.281 -.557 • 76 -1.062 -.8 3 1.61 .3 9 -.66 -.163 -."5" - .~ 0 ,5 .680 8 -.573 -.115 -. 3ft 5 -.695 -.!-'~n 2."8 -1.192 "U3 -u86~ .282 I.U6 ."30 .812 9 -.360 -.682 -.9H .526 -1.869 2.166 an -.7 .. 9 .021 -1.685 .592 ."'05 .882 10 -.32ft 1.026 3.553 -1.0"3 -.322 .091 -.953 .105 .ft31 1.311t -.607 -2."2~ 1.100 

11 -.109 -.523 -.ft59 -1.263 .7"6 1,"63 -.909 1~078 -2.183 -1.3I1t' 1.008 .3711 1~003 12 -.U5 2.66" -1.329 -.r,55 1.127 -.89' -.396 -.IJ 3 5 .720 -.OZ! -1.366 .179 .875 13 -.240 -."56 -1. 060 -.651 -."85 .555 1.336 -.7ft3 -.297 -.079 -.955 1,036 .658 
I~ -.371 -.666 .363 .793 1.061 -1.079 .102 -.",O~ -.850 Ip2 1.069 - ,DOl .761 -.111 -.559 1.267 ."ft' 1.3H -.982 .628 -1.291 -."25 -. 61 .663 1 ..... ~ .811 16 .27" .560 -1.769 .208 .652 1.553 -.ft3} -z.71" .063 .71 9 .2-72 .?92 .715 

Ii 1.370 ."83 -1.585 1. 7ft" -1.357 .0"2 -.09 -.3 3 .913 .8 " .U5 • 16 .763 -.851 -.51" -.650 2.120 -.211 -.865 ~.051 I:Ut -.7'" -.171 '.251 ,086 .607 -.2"" -.520 -1.360 -.5H -.036 .020 -.33 -.509 -2.07 -1.629 .280 .753 20 -1.216 1.382 -.ft87 -.232 .88" -.088 .516 -1.'286 -1.980 .3~6 .121 .063 .711 

21 - • ." 1 -.3"2 1.981t -.76" .lt72 -.038 .089 -.530 -."80 -1.28" ... 01 .117 555 22 1.196 1.329 .628 -1.231 -.0"" .127 l:~n -2.672 .7p .~80 :IU .106 .881 23 -'Fe -."37 -.790 .970 -.569 -.lIt6 '-.8n .3 0 I 26 .063 .1016 Zit • 70 -o5Z2 -.",.0 .363 -.6"9 .593 .213 .-"63 -.670 -1.071 -1.106 .292 .613 25 -.0"5 -.5fo8 .299 .782 .839 -1.70~ ."'5 -:tu ."53 .226 • 27 .063 .539 26 -.873 ·'.511 -.r,ltl ."2" ."07 -.07 -.OH -1.321 -1.539 • 26 .111 .5"9 21 -.3710 -.828 2.099 -.920 .009 -.ZlO .250 -.03" -."'It -.839 .383 -8.0771.206 28 1.895 -1.327 .278 2.805 -.762 -1.lI}2 -:~gr -'1 6 l .~It' • bitt .U7 .157 .977 29 -.100 -.155 -.lt99 1."13 .798 -.1 3 -. " -. 39 1."2 ."28 .115 .558 30 3.176 1.211 1.011 2.981 -1.3It0 -1.095 -1.920 1.151 .202 .166 .n5 .79<\ 1.Zen 
31 -.100 -.l t,} -.358 •. 393 .89ft -.015 -.015 -."98 .116 -.600 -.16" .192 .351 32 1.2r,5 .621 ].558 .592 .629 -1. 989 -Z.105 -2.107 1.62b 2."91 2."13 -.Oll 1."16 13 -.211 -.619 2.517 1.586 -.llt6 - .S12 -.260 .781 .3lt1 1.122 -2.203 .1211.007 3ft 1.112 .011 3.M1 -.221 -1.118 -1.IH -.521 -.205 .573 1.860 .398 ."71 .9!»" 

f\J 
~ 
0 
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.... I'. 

,,. 
1.0 ?4 
0.5"1 
1).~'jJ 0." q~ 
0.4"' 

.0.'.U3 
o ... n 
0.4"1 
O. t, v. 
0."0" 
0')99 
r) oJ 7l 
0.369 
O.lbB 
O. )'1IJ 
o.HI 
O. Z91 
1).765 
0.Z"8 
O. ZZ? 
O. ZZ~ 
O.ZII1 
O. Z lJ 
0.104 
0.191 
0.I'Jl1 
0.111 
{).It.~ 
0.1';1 
(1.130 
0.1 H 
0.115 
0.1 ]I 
0.130 
0.1 Z 1 
o .09Z 
0.08b 
0.0 "" o .OU" 
1).0al 
1).070 
I) .0(,0 
O.Of.1 
0.1)'/" 
o .O'H 
0.U4? 
0.11"0 
(I.1}41. 
I) • II 1'~ 
II.U7.1 
0.11.'1 

I. ! t 

,: .. ,,, 
I Z • 
? to • 
III • 
1 I • 
b. 

J ~ • 
I I, . 
1" • '. " . 

1. 
II • 
5. 

I" • 
21. 
1 1 • 
It. 
~O. 
I , . 
"1 • 

J • 
Z 7. 
11. ., .. I, . 
?'i. 
I 'j • 
t,1). 
II) • 
ll~ • 
'. ~ . 

It • 
ZIl. 
71 • 

I • 
4 , • 
, 1 • 
J 'J • ..... 
41 • 
t, I • 
H. 
1'>. 
't I • 
! , • 
3 1

; • 

10 I • 
l't • 
3" • 
4'). 
11. 
I • 

11"1'1 

a :i90 
\} 4n! 
o 468 
o 446 
o 446 
o 307 
o :184 
o :l7H 
o 3?'1 
() 312 
o 20;0 
() ;:1:J 
o 269 
o 266 
o :::!63 
I} 2tJ2 
o 261 
c) 255 
o 211 
o 210 
o 187 
() 171 
o 155 
o 152 
o 12'7 
() 127 
o 124 
o 116 
o 10C; 
U 101 
() 099 
o U8J 
o 07'1 
I) 0513 
o 040 
o 047 
o 046 
o 0-19 
o 04:S 
o 043 
o O'lf. 
o 033 
o 026 
o 025 
o C25 
o 016 
o 010 
Gala 
.\ lJoa o 004 
o 003 

11'.'111 

n. 
I Z • 
10. 
Zft • 

I, · " . 71 • 

1} : 
1 • 

41) • 
10 • , . 
II. 
tl. " . e. 
'i 1 • 
6. 

I~. 
5. 

23. 
20. 
lto. 
5') • 
H. 
H: 
46. 
Zh. 
10. 
9. 

)9. 
15. 
)1). 
4 •• 
"". 41. 
49. 
26. 
Z9. 
)b. 
27. 
4). 
~ . "Z. )9. 

45. 
1;. 
310. 
17 • 

11.7) 

11 Ii .-

0.134 
0.661 
0.65? 
0."9' 
0.,,10 
0.1065 
0.45Q 
0.1048 
0.409 
0.188 
0.lb8 
0.3109 
0.3101 
0.339 
0.126 
0.100 
O.lIB 
o .l11 
0.Z5) 
0.210' 
0.22) 
o .ZlO 
0.21 4 
O.Z 1 
0.211 
0.211) 

0'1" (J. 1) 
O. 61 
0.153 
0.141 
O.HO 
0.136 
o .ll5 
0.110 
0.109 

0'106 
O. 0' 
O. 010 
0.091 
0.085 
0.081 
0.079 
0.06" 
0.066 
0.054 
0.05] 
0.0101 
0.0]; 
0.021 
O.OZ1 

- . ~' I 

I 1 (,111 .111 r 0 

22. 1 ~39 
21 1. 022 

I 
0 909 

Z 0.610 
1 . O. bOS 

. 0.493 
O. 490 

~J17 g.l~b 0.372 
o 337 

J 0.313 
3 . o. {ltH 

t o. 277 
:J 0.261 
g. 0.259 
1 0.2419 

40 0.229 
11 0.202 
10 0.192 
9 0.1"l0 

46 0.171 
2 0: 164 

i! O. 150 
O. 14tJ 

o O. 142 
:J1 0.134 :If 0 128 
of O. 127 

O. 126 
" O. 124 

137.. 0.12::! 
O. 1:?1 
o 118 

30 O. 115 
26 O. lOb 

I 0.094 
:) 0 .. 089 
49 0.086 
16 0.084 
19 0 011 
4' 0.069 21 0.067 
2 0.062 

I 0 C~jI] 
t. 0 .13'5:3 
5" 0 O~4 

"Jl Q 050 
\) 027 

3 0 024 3" ·0.017 

o . )'1 

IlIrn 
i !34b 
t 312 
I. 272 
1. 19' 
0.B07 
0:624 
0.483 
0.418 
0.S8l? 
0.364 
0.251 
0.219 
0.211 
0.207 
O. 1'17 
0.170 
O. 165 
o 163 
O. 15~ 
O. 139 
0.138 
O. 133 
O. 129 
O. 128 
O. 116 
O. 114 
O. I t I 
0.09a 
0.096 
0.094 
0.090 
0.OS9 
0.081 
0.070 
0.069 
0.067 
0.061 
0.063 
0.061 
0.061 
{l.060 
0.060 
0.059 
0.05' 
0.0'4 
0.041 
o 037 
0.02'1 
0.0:26 
1).017 
0.010 

0.7" 

IlIrn 
t: S!36 
o 953 
0.'150 
o 945 
0.613 
0.667 
0.5S13 o 378 
o 250 
0.235 
O. lea 
0.162 
o 119 
O. 147 
0.14;! 
O. 140 
0.140 
O. 136 
O. 1~9 
0.lv4 
0.095 
0.09' 
0.094 
0.092 
O.OBi' 
0.066 
0.065 
0.06:; 
0:Ob5 
0.064 
0.063 
0.060 
o 0513 
0.055 
0.053 
0.047 
e;e1S 
0.0413 
0.045 
0.044 
0.038 
0.036 
0.034 
0.033 o 027 
0.027 
0.025 
o 019 
0.G16 
0.012 
f) OlJb 

I. 7.01 

I I. ('III In f (1 

2 0 89£J 
29 0 828 
33 0 724 

1- 0 451 
2 0."42 

4. 0.426 
22 0 261 

3 0 ;!52 

1
0 O. ,<19 

1 O. 147 

I 
8.: §~ 

· \) 130 
O. 123 
o 123 1 ~ :~g 

3 .0.092 
:l 0 090 

14 0.084 
~ 0.Ob7 

I
S' 8: g~~ 

I
. 0.061 
· 0 0~9 

0.053 
·0 053 

· 0.0:53 

~ 
0.051 

· 0.048 

f
. 0 OH 

'I . 0.041 
: 0 O~6 

2 . 0.035 

5

11
0 8: g~5 

0.029 
· 0.027 
· 0.024 

1 . 0.024 
0:023 

5' 0.022 
5. 0.019 

}
;I O. 019 
IJ 0 OHI 

1
0 0.017 

· 0.013 
1 0 010 
2 O. 010 
3 .... o.ooa 
3 ..... O. 004 

1.'1'. 

LtC'1II 1111'., 
~ 0.665 

,~ 0.275 
23 0.212 

1. O. 187 
'1 . O. 113 

O. III 
38. O. III 
., 7. O. 10'7 

)
It. 8: 19~ 

0.098 
0.093 

6.0.085 
6. 0.0£11 

45". 0.068 
51 0.061 
'17 0 059 
39 0 as? 41 0.054 4 0 052 
2 0 051 
23.0.043 
2B.0.040 
2~ 0.037 

~
q I} 033 
., .>.029 
rt 0.026 
1 0.024 

31. 0.023 
..., O. 022 

-19 0.022 
37 0.022 

~
2 6.020 
1 0.019 
o 0.01~ 

f
. O. OIS 

2 . D.Ot~ 
· 0.012 

S .0.011 
2 . O. all 
1~. O. Oil 28 0.009 
25 O. OOEI 

· 0.007 
20 0.006 
3S'. 0.005 1t 0.004 Z O. 004 
2 

. Q.004 
· 0.004 

31· O. 002 



-1.96 

ItEm Info 
7.0.470 

f
· O. "2~ 
. 0 .a' 

o. '4' . 0.131 
0.086 

10 O. OBI 
2. 0.073 

, 

0.049 
. 0.041 
. 0.036 

t • 0.020 

Rhythm Scale 

Median Theta 

-1.34 -0.79 -0.25 0.27 0.83 1. 35 1. :n 

Item Info Item Info Item Info Item Info Item InfoItem Info Item Info 

t
. o. 70S ,. 0.792 i· '1; 03B ~. 1.26' J. o. 751 J~. O. '96 ,ll' 0 449 

: 8: g11 ~: 08: t~t Ji: 8: ~~l sa: 8: til11: 8: ~~B j: 8: ~i8 I.J~: 8: g~~ 
.0.2J3 1 .. 394 1.0.469 1.0.'7' ... 0.'93 1.0.3 I ft·

O. 174 
t. O. J8' l~. 0; :139 . 0; 46B .0:"4.&· 0.-498 0: 303 y·O 163 

• a 0'1 74 I' O. 3~6 . O .• '9 . O. 486 J. 0.41S .. . 0.274 .1g. O. " 
5 O. 70 . 0.2'9 . 0.419 !. O. 4:Z9 . 0.302 •. O. :l06 . O. 12 

IS. 8: Ig~ . g~ ~Ag ll: 8: g~~ 16: 8: ~~~ 21
0

: 8: ~a~ J: 8: AU3 1: gg~ A04'3 
.. O. 123 J . O.IBS 12' O . .,3B 7. O. :l14 . o. loa ~. O.OBO s· .0 . 
3 0.092 O. 0'1 76 . O .• S3 & O. I 4 . 0.103 It. 0.071 l' .041 

I •. O. o~,. J1. O. 16 S". O. 164 fS~ O. 139 7· 0.091 7. 0.039 . O. OIB 



I ~ 1'111 

10 

J~. 
1. 

11. 

It 
11: 
1~. 
J 1. 
12. 
ff· 
I· 
4. 

2J. 
1§. 
l~· 
20. 
22. 

Inl"o 

t 310 
0.466 
0.376 
0.291 
0.211 
0.262 
0.2~6 
0.246 
0.'04 
0.IB7 
O. IBb 
O. 163 
O. 1~1 
O. 14' 
O. 143 
O. 135 
O. 112 o 104 
o 081 
o 073 
0.Ob3 
o 014 

.. I . ~.1 

I t· (' 111 I 1\ I" (J 

8. 
7. 
2. 

l? 
21. 

1t 
ll .. 
lii. 
1~: 16. 
t: 

1]. 

Ji 
3. 

22. 

0.60' 
0.471 
0.4~9 
O. 4~~ 
O. 403 
0.401 
0.39' 
0.39' 
0.392 
0.371 
0.322 
0.316 
0.296 
0.244 
0.234 
0.230 
O. ~08 . 
0.193 o 166 
O. J'7 
O. II' 
o 047 

. II. "1'; 

1\ 0111 Tnfo 

s. 
Ill: 
J 

'J 
1 
1 
1 

2 . 

1~: 
$. 

19. J' . 3. 

~~: 
9. 

0.a,4 
0.643 
0.613 
O. '23 
O. 4" 
0.426 
0.426 
0.369 
0.366 
0.363 
0.317 
0.2~' 
0.222 
0.216 
0.21' 
0.21' 
0.214 
O. 161 
0.123 
O. 103 
0.094 
0.,092 

'J'actilc Scale 

Median Theta 

··D./'4 0.23 

] tCIll 

9. 
21. 

7. 
1&. 

11: 
12. 
2U. 
2. 

23. 
14. 
lS'· 1. 
~': 
II. 

22. 
19. 
3. 

17. 

IS: 

Info Itcm Info 

0.723 21. O. 491 
0.629 8. 0.442 
0.'91 7.0.41' 
0.462 16.0.402 
O. 441 ~O. O~ 344 
0.429 :11. 0.319 
0.334 19. 0.306 
O. 322 }2.. O. 264 
0.314- $. 0.2'6 
0.281 2. O. 249 
O. 274 I' O. 204 0.250 l' O. 191 
0.22" : o. IB4 
0.209 . 0.177 
0.177 . 0.147 
O. 172 S. O. 136 
O. 162 &. O. 129 
0.133 ~. 0.113 
0.121 la.O.OBO 
o. 11' ~7. 'l.077 
0.046 9.' ~.023 
0.031 10. O.OIP 

I.tem 

t~: 
~1. 
'6. IS. 

i: 
:11, 
22. 
1%: 
~. 

13. 

2l: 
6. 

'
211: 1 . 
1 : 

0.75 

Info 
0.349 
0.309 
0.290 
0.280 
0.230 
0 .. 227 
0.204 
O. 19~ 
0~'J79 
0.17' 
O. 136 
0.114 
0~114 
O. 109 
0.099 
0.095 
0:-087 
0.085 
0.047 
0.044 
0: 011 
0.003 

1.2', 

Item Info 
22. 0.,404 
20. 0.237 
:15. O. lB3 
'6. 0.170 
21. O~t42 
7. 0.112 

12.. O. 110 II' O. H~9 : 0~097 
1 . 0.092 

Q. 0.086 
3. 0.082 

13. 0.064' s: 0.064 
:to 0.061 

24. 0.061 
6. O. 0~7-
J. 0.048 

:11. 0.029 
19. 0.024 
~. 0;'00:) 

10. 0.901 

1. 97 

Item Info 
22: '0. S!:J4' 
20. 0.136 q. 0.116 

. 0.074 

. 0.O~9 
4. O.0:S7 

12. 0.0:S2 
21. 0.050 
11. 0.045 

7. 0.038 
19'. 0.03:S 

::i". O. 033 
, .0.030 

1~: 0.028 
:14. 0.026 

2 0.024 
9' 0.024 
1-' 0.021 

37' 0.014 
lff 0.010 

9.' 0.!>02 
10': . 0.000 



Visual Scale 

Merlian Theta 

-~. II-! -1.1? -I) • 71 -0.13 0.37 0.79 1.19 1 .• 77 
] II.~III Infn 11.('111 rnfn I t em InCo j t( '1 I ] II i:o 1 tl;1I1 11L::0 lte •. ; ill.~O Item Info Item Info 

t. 0.649 ~ 0.66' f 0.
841 7. O. 76~ l~.· L 330 Ill.3" 11' O. '167 II' 0.440 I. 0.~2~ &. 0.432 · 0.73 t. 0.748 . 1. 24 · O. eB6 · O. :J79 · 0.3'2 

J1. O. 13 1. 0.366 ~.O.33 J . 0.634 2. 0.649 . . 0.6" · 0.53' · O.30B 
6. O. J24 lA· O. 164 J . 0.244 · 0.600 10. O. :J48 jf' O. 544 1 .0.494 · O. ';297 

13. 0.043 J . O. 117 · 0.244 2. fl. 478 6. O. ,o6 · 0.469· 11·0.4~4 1 . 0.210 
8. 0.041 3. o. II ~ 3.0.217 18' 0.430 ~. 0.434 j • 0.441 · 0.436 3. 0.~'6 

JO. 0.03' 4 0'1 ~ 14.0.191 · 0.3'1 . 0.431 ~. 0.439 · O. 38:J 1 gJ~~ 1: 0.031 .0. 0' 9.0. la~ I' 0.319 
1 . 0.338 1 . 0.334 11' 0.312 0.031 · 0: 10] 13. 0 .17 1 .' D. 261 5. 0.320 t. 0.300 · ·0.164 · '0. 142 

0.021 · 0.092 1. 0 .173 1 . O. ;l09 13. O. 31~ · O. 167 · O. 141 · 0.084 
7. 0.0;11 1" 0.0'3 II 0.164 ~1·o.146 '1' O. 122 l' O. 133 · O. 08~ · O. G62 

l~~ 0.01' I . 0,0'0 · 0.103 · 0.099 : O. 119 1 . O. 100 11. 0.080 J . 0.056 
0.010 · 0.049 · O. 014 1. 0: 012 9. 0.04:5 ". 0.Oj6 B. 0.067 · 0.030 

Ii· 0.007 .0.017 : 0.024 8. 0.034 t. 0.033 J.. 0.0 7 1..0.009 j. 0.003 



wd tin9 Scale 

Median 'rheta 

-2.00 -- I • J'l -O.GS -0. 1 G 0.29 0.68 1.26 2.08 

11.1.'111 Illf., 1 I ,:; III III f I I 1 I CIIl In fo ltom Info Item Info Item Info Item Info Item Info 
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,TANnflRnln=1l PESIOtlAl~- TWOPEAOIN SCALE 

ABILITY 
7 ~ 4 'j 6 7 

t4 I ['- p nTH J -2.250 -1.75" -1.750 -.7'i0 -.7';0 ; 250 .750 
Nfl. OF 
E ~ A t4 JtH P: 5 14 40 7~ 31 50 43 

11 r f4 
1 -I.7f14 -1.Oh] 1.047 -.00 ] .26R -1.~42 -.02f' 
7 1."QA 7.7AI -2.540 .o"f' .934 .057 -.28A 
1 I.l67 -7..'300 -5.003 -.77.3 • It 71 1.11'2 -.ft72 
4 -.elf! -2.lt]Q -5.I)Pl .136 -. 3 ~4 .584 .Q96 
~ -1.141 -2.577 -4.0~O 7.lFo,1) .719 .Pf'f' -.020 ,.. -.4Q4 -.787 -.000 .770 -.A14 -1.130 .715 
1 • 1 7 II -?111-10.~44 -.7.24 .575 -.253 -1.017 
fl J.l~S; -1.31)2 -3.MA -.'1}0 1.664 -.Z64 -.1f'7 
Q -1.1t~7 -.r::44 -Z.C:43 1.000 -.59R -1.994 -.691 

]0 -.47/. -l."OR -4.100 .41~ I.R67 .~51 -Z.310 
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Motor scale 
51 ITEI'lS 1'1 :O~110N 

• :: 39 CORRElATIOh ult CC:;I1I'lQN TTF. I"S 
- .19 to TiUNSL" T ION CONSTANT ICUIi·.CURaE"'T+I..uNSTt.~T 1 

ITE!" RE F R"EF CUll' e loR' liEF- s.r. 
14 1.11 E OtFF S .• E. "IFF s.t. CUR* R-e z* 

::~ -4.22 .1 e -l.'n .17 -z.z~ .~~ _C .Cb 
-2 • .37 .OC; -.,,'" .zt, -2.1! .t. t. --'.t-~ 

H -2.22 
• "C; - • ..1C; .10 -2el2 ' - -lo.J: .. .: zc; -2.qC; .lZ -.9/) .1C -2. ~ ~ .1 t -!.;.C~ 

" -2.31 .12 -.4e .OC; -1. c.:: .1 ~ -l, .2' 
26 

-2.e7 .oe -.39 .1, -1. e C; .14 -1:.7~ 
-2.ee .I, -I.," .oc; -l.c~ , " -11. ,! · .~ 10 -1.73 .C -.17 • e8 -1. ~ ~ .11 -i4.1..& 

19 -2.52 .oc; -.9b .22 -l..~" .,4 -~ • ~c 
2" -1.Z1 .Ob .15 .0 c; -1. ::b .11 -12.0'-
2~ -1. H • C8 -.' e .0" -1.1.1. .14 .c. ~~ 
H: -1.92 .06 -te~ .oe -1.07 .11 -,. ~£ 
3" -4, • ZS .1C, -:.21 · ,c -1.03 .2 C - v, ," 

b -2.03 .07 -1.0t; .10 -.97 .1, -S.CE 
6 -~.b8 .07 -.el .l~ -.88 .1 = -e . .;; 

Co;; -,.05 .10 -l.ZO .12 -.flt, • .1. b -~.4(1 
11 -1. b7 .07 -.8b .1., -.P1 • I: - ~. ,F 
~O -1.93 .08 -1.30 .1.3 -.b~ .l! -4 .l~ 

7 -1.39 .Ob -.cC; .09 •• '" c; .ll -4.;; 

H -l'''f of; -~.oz .p -'i~ .~" -Z.7' 
- .5 • 0 -"1,, • f: -. ..: .co -1 .;:{ 

·48 -1.35 .Ob -1.00 .09 -.::!I!: .11 -.3.1, 
31 -1.B2 ooe -1.54 .10 -.' c; • 1;: -2.1 '" 
3Z -1.33 .Ob -1.18 .1C -.l~ .12 -1. ,e 
lI, -.95 .Ob -.810 .0 C; -.;J5 .le -. ~~ 
"0 -.17 .07 -.16 .1C .(,,1 .10:. •• C5 
17 -."8 · ", -. Sl .12 .02 .l ~ .H 
30 -l·77 .09 ~~. 7c; .1 :: .i.J2 • 16 .l!' 
20 -,.1~ .08 ; .20 .12 ... 7 .14 .:; 
13 -.9b .• Ob -1.07 .1e .10 .11 • c(' 42 • bO .12 ." !' .10 ' - .16 • c;: ... .-
51 -.b9 • Cb -.85 .1, • 16 • 1 ~ 1 .2! 

4 .4.3 .05 .2!: • elf .1 c .1C 1 • .: :: 
37 -1.03 • 1El -1.,7 .11 .24 .2 ! 1 , . · .-1 .2b .03 -.4e .CE .7:' .Olf e • t: 
22 -. C1 .03 -1.0e .eE .:;~ .cc l!.lCf 
47 .b7 • DC; - .itl .06 1.:e .12 e;.l:' 

3 .00 .05 -1.2i:. .15 1.2 Z • 1 f: 
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I ... ~ 
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.423 TP1~SlATION CONSTANT (CUR •• CURRENf.CONSTANT~ 

ITEM REF REF CYR. CUR. REF- S.~. NAME DIFF S.E. D FF S.E. CUR. R- Z·, 
7 -1.16 .05 -.12 .13 -1.0lt .14 -7.!i5 
6 -l.l~ .08 -.37 .11 -.77 .14 -!i.69 

12 .Z4 .05 .85 .14 -.61 .15 -It.10 
8 -.57 .04 -.28 .I¥ -.29 .11 -2.70 

10 .37 .01 .36 .0 .01 .10 .0& 
9 .19 .05 .17 .11 -.02 .12 .15 
1 -.17 .05 -.31 .38 .20 .38 .53 
5 -.90 .08 -1:fl .13 .31 '1 5 2.0& 
4 .49 1105 .08 .3 • 0 3.Z1 
2 .16 .04 -.31 .10 .53 .10 5.09 

11 1.09 .05 .55 .06 ."53 .08 6.81 
3 .68 .05 '1 .11 .19 .12 6.50 
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ITEH REF REF CUR. CUR. REF-
NAHE DIFF S.E. DIFF S.E. CURt 

6 -3.13 .13 -1.81 .16 -1.32 
11 -2."6 .09 -1.22 .18 -1.2" 

1 -2.65 .10 -1.65 .15 -1.01 
1" -1.52 .06 -.51 .01 -.95 
13 -1.32 .06 -.76 're -.56 

2 .36 .Olt .86 • 6 -.50 
5 -1.08 .Olt -.58 .11 .... 50 
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20 .15 .05 -."5 .oe .60 
21 .52 .03 -.26 .oe .~B 
22 .• 95 .0" .05 .10 • 1 

I' 
-.30 .05 -1.3ft .16 1. 01 

.26 .0" -1.2 .19 .5" 

S.E. 
R-C 
.21 
.20 
.18 
.09 
.10 
.16 

'1 2 . " .13 
.19 
.10 
.17 
.09 
.15 
.12 
.09 
.18 
.10 
.09 
.10 
.17 
.20 

Zt 

-6."3 
-6.19 
-5.51 

-10.38 
-5.81 
-3.0~ 
-".22 
-I. ~H 
-1.lt1 
-.75 
-.16 
-.0) 
2.01 
2.35 
3.98 
5.61 
2.16 
6.l7 
e.B7 
8.8~ 
~. 91 

.11 

N 
\0 
o 



Visual Scale 

1" ITEHS IN COHHON 
.203 CORRELATION ON COHHuN ITEttS 
.502 TRANSLATION CONSTANT ICUR*.CURRENi+CuNSTANT' 

ITEM REF' REF 'CURt CUR. REr-- S.F. 
NAME OIFF S.F. OIFF S. E. CUR. R-C It 

5 -.79 .05 3.59 .66 -".36 .6b -6.6" 
3 .61 .05 3.00 I.OC -2.38 1.00 -~. ~~ 

11 -1.03 .08 .19 .11 -1.22 .14 -q.uo 
~ - • It! .04 .13 .06 -.5" • C, 7 -7.31t 

."1 .04 ."1 .05 .00 .07 -.Ob' 
It 1.53 .09 1.21 .09 .32 .13 2."8 

1" .61 .03 .30 .06 .37 .07 5.15 

11 ..-2.3 .08 -2.~7 .5~ ."~ .~~ .8J' 1.Z8 .Ob • Z .0 .Ie .0 " 5.1 
10 .57 .05 .08 .oe • "9 .09 5.25 
13 • 7" .06 -'lO .08 .8 .. .IC 8."8 

2 .60 .• Olt' -. 7 .• 10 .1. u7 .11 9.5~ 
9 .PO .05 -.30 .10 1.10 .11 9.97 
8 3.4" .15 .03 .07 ~."1 .1 b 21.36 



Receptive Speech Scale 
3" ITEMS IN COHHO~ 

.7"2 CORREl.lION ON COHHON ITEMS 

.352 TRANSLATION CO~STANI (CURt·r.URRE~l.CONSTA~T' 

II'E'" REF REF CURt CURt REF- S.E. 
NAMF DIFF S.E. DIFF S.E. CURt R-C Zt 

22 -.11t .05 .53 .09 -1.27 .10 -1~.3!» 
17 -1."5 .Ob -.39 .07 -1.06 '1 0 -10.8" 
23 -2.58 .09 -1.5" .10 -1.03 • 3 -1.68 

9 .97 .Ob 1.93 .11 -.96 '1 3 -7.5S 
25 -2.28 .08 -1.37 .09 -.91 !O~ -7.33 

I~ -.15 .06 .71 .07 -.86 -9.09 
-t.l" .05 -.1t3 .07 -.71 .09 -8.13 

16 -1.17 .05 -.59 .08 -.58 .10 -6.0r, 
21 -.37 .04 .09 .06 -.45 .• 08 -5.98 
31 .81 .0" 1.Z5 .05 -."4 .01 -6.7" 
21 .13 .0" .50 .01 -.37 .08 -It.96 

.Ole .01 .llt .10 -.30 .1Z -Z.5!» 
34 .28 .06 .51 .1~ --.Z9 'IZ -Z'18 
lb -1.06 .05 -.8 .0 -.Z" • 0 

-Z. b 

l~ -.Z" .0" .00 .06 -.·Zlt .08 -3.0& 
-.18 .04 .Olt .05 -.22 .01 -3.26 

13 1.63 .01 1.83 .10 -.19 .1Z -1.60 
28 -.30 .10 -.10 .11 -.19 .20 -.98-
Z9 ."5 .03 ·.61t .05 -.19 .06 -Z.98 
15 Z.07 .09 Z.13 :lY -.06 '1" -.4l· 
20 -1.61 .06 -1.6Z -.05 • 3 

-.39 
2 .80 .06 .69 .09 .• 11 .11 1.00 

10 1.0" .06 .90 .10 .1t, .12 1.20 
24 -.65 .06 -.93 .10 .28 .12 2.3Z 

5 .lt3 .• 01 .01 .01 ."2 .10 3.99 
32 2.72 .16 2.30 .30 ."2 .34 1.23 
30 1.22 .Ob .78 .1Z ,,43 .13 3.2'J 

6 1. H' .09 .59 .01 .50 .11 It.61 
19 .36 .04 -.Z4 .07 .60 .09 1.01 

3 .88 .01 .14 .08 .14 .11 7.01 
1ft 1.14 .08 .31 .10 1.36 .13 10.37 
e .15 .06 -l.63 .12 1. 71 .13 l~:~~ ft 1.49 .12 -.32 .07 .81 .14 N 

7 .85 .0" -1.21 .09 2.06 .11 19.15 \.0 
tv 



Expressive Speech Scale 
'-Z I Ift1S IN COI'II'IOIi 

-.688 C~AREl.'ION ON CO""ON lTEKS 
1.136 'RANSl" ON COliS"N' C UR.·CURRENTtCONST'N,. 

II Et1 REF lIEF CUR. CURO REF- S.E. 
N'HE OHF S.E. DIFF S.E. CUR. R-C Zt 

I, -3.86 .11 .119 .06 -4.15 '1 8 -21.0t· 
J5 -2.46 .09 1.28 .05 -3.7'1 • 0 

-35.7't 
11, -Z.t,6 .09 1. 28 .06 -3.14 '1 1 -35.05 
Z8 -2.6Z .10 .08 .05 -1. 10 • 1 

-33.25 
20 -2.22 .oe ,.41 .05 - .63 • 0 -37.1A 

IK -1.118 .01 .61 .04 -3·U .09 -41.1 
-Z.IZ .08 1.39 .06 -3. .09 -31.15 

1 -2.30 .09 1.16 .06 -3.46 .11 -32.14 
Z1 -Z.21 .08 .08 .05 -3.36 .10 -33.15 
30 -z.n .09 .96 .OB -3.19 .IZ -Z1 .. 2,. 

9 -1.18 .07 1.50 .. 05 -3.28 .. 09 -36 .. 60 
1 -Z.06 .09 1.18 .. 06 -3.ZIo .10 -31.41 

Z2 -1.10 .01 1.41 .05 -~.1l .08 -38.03 
3 -1.63 .07 1.46 .05 - .08 .09 -36.20 

26 -I· n .09 ,.26 .05 -2.98 .10 -29.35 
Z1 - .79 .01 .18 .05 -2.91 .09 -33069 

5 -1.59 .06 1.26 .05 -i·n .08 -15.11 
13 -1."" .06 .35 .05 - .19 .01 - 1. 1 
32 -.89 .12 

1'61 
.11 -2.56 .2& -12.21 

8 -1.12 .05 .~3 .Of -2." .0 -33.50 

n -.78 .06 .71 '8' -1. 50 .01 -3'.'" -.38 .0" ,9 • 6 - .32 .01 -33.12 
6 -.64 .05 1.39 .05 -Z.03 .01 -30.24 
2 -.67 .05 l:n .01 -f'OO .09 -U· 56 

2" -.28 .05 .06 - .83 .08 - .80 
29 -1.09 .06 .61 .10 -1. 15 .12 -H.56 
23 .09 .05 1.61 .06 - .58 .08 -20.39 

U -'i 8 .Ole 1:19 .O~ :I:H 'Sl :n:~~ . " .04 .0 • 8 
25 .06 .06 1.51 .05 -1.51 .08 -16.79 

U .32 .0" .1·F .06 -1·"0 .08 -lB.51 
-1.25 .05 -. ! .19 - .OB .19 ~5.5!1 

36 -1.10 .1(, -1.9 ." 8 .2" .50 ."8 
31 .15 .09 -.18 5.88 .32 5.B8 .06 
1,0 .08 .05 -1.63 .4" 1.11 ."" 3.86 
H .2l .01, -2.11 ."5 2."" .le5 5."" 
"l • PI .0" -3.lt3 .51 3.62 .58 6.29 
310 -.03 .08 -3.119 .55 3.86 .55 6.90 
35 -.50 .01 -".81 .11 It. 31 .11 '.65 
38 1.9\ '1 0 -l.Ie' 5.89 9.38 5.89 1.59 
H -.21 • 3 -19.15 5.97 19.55 5.97 3.27 
39 ". eo .22 -36.9" 6.19 Ie 1.14 6.19 6.74 



Writing Scale 
13 ITEMS IN COf1'm~ 

.560 CORRflATION ON COMMON ITEMS 
• 759 IRANSlAJ ON CUNSTANT rCUR.·CURRENT+CO~STANT • 

11 EM Q EF REF CURt CUR. REF- S.E. 
tUHE Olff S.E. OIFF S.E. CURt fl-C Zt 

8 - .. 11 .05 .21 .10 -.92 .11 -B.1" 
1 .20 .03 .92 .15 -.12 .15 -It.7!. 
9 .57 .01 1.1B .01 -.60 .10 -6.19 
3 -.17 .03 .15 .OB -.32 .OB -3.83 
6 -.BB .09 -.6" .16 -.23 .IB -1.30 

12 .01 .05 .21 • 0 
-.20 .11 -I.e" 

13 .63 .05 .8 -1 2 -.17 .13 -1. 38 
Z .64 .05 .Ie, 

• 2 
• <I .13 .42 

" .31 .14 -.Oft .17 .35 .22 1.6) 
10 1.03 .06 .54 .08 .50 .10 5.2l 
11 .16 .05 -.4' .1 1 .62 .1 3 ".9B 

5 .35 .05 -.34 • 3 
.69 . " 4.82 

1 1.50 .08 .69 .O~ .81 .12 6.56 



Reading Scale 

'13 ITEMS IN COMMON 
.612 CORRELATION ON COMMON ITEMS 
• 820 TRANSL~TION CONSTANT (CURt.CURRENT+CONSTANT • 

ITEM REF PEF CURt CU~. REF- S.E. NAME OIFF S .• E. OIFF S.E. CUP. R-C Z· 
6 -. "lit .Ole .58 .10 -1.52 .11 -13.80 
3 -2.22 .08 -.75 .15 -l.t,(t .17 -8.6Z 

11 -.62 .05 .39 .13 -1.01 .It, -7.2Z 
13 .65 .04 1.Oft .08 -.39 .09 -".lt2 

2 -.37 .Olt -.18 .17 -.18 .18 -1.03 
10 -1.58 .07 -1.49 .31t -.09 .35 -.26 
12 .72 .03 .62 .09 .10 .10 1.00 

It -2.10 .09 -2.23 .31 .13 .32 .It( 
8 -.11 .03 -.31 .13 .20 .1 3 1.5t) 
1 -.lt6 .04 -.75 .13 .29 • 3 2.11 
5 .37 .04 -.23 .14 ~60 .14 4.15 
7 -Z.21 .08 -2.92 ·.31 .71 .32 2.19-
9 2.76 .13 .10 .23 2.65 .26 10.16 



Arithmetic Scale. 
2Z I TE f1 S J N COM ,.ON 

-.ZCtb CURRELATION ON CO""ON ITEMS 
Z.~90 TRANSl.TION CONSTANT ICUR •• CURRENT+CONSTANT. 

11 EM REF REF CURt CURt RE,- s.~. 
NAME DIFF S.E. DIFF S.E. CU • R- z· 

9 -2.85 .11 Z.,," .06 -5'f9 .13 -~1.10 
18 -Z.06 .08 2.04 .06 -It. ° .10 -"o.38 

6 -1.48 .08 2.59 .08 -4.06 .11 -36." 
10 -2'''3 .09 1.59 .01 -~.OZ .11 -36,5! 
11 -2.16 .09 1.61 .01 -3.82 .11 -33.18 
1~ -1.Z5 .Ob ~.53 .Off -J'l8 .11 -1 3-18 

8 -.69 .O~ .01 .08 - • 6 .09 - 1. 0 

zl -1.ltO .01 Z.Z8 .01 -3.75 .09 -39.9l 
-."6 .05 3.15 .09 -3.61 .10 -36.68 

13 -1.21 .06 2.30 .12 -3.'0 .1~ -25.76 
12 -.13 .06 2.17 .07 -3.50 .09 -38.31 

If -1.19 .06 2.Z0 .05 -3'18 .08 -1t3.09 
-.12 .05 2.39 .08 -3. 0 .10 -32.63 

~ -.6i .09 I·lto -1 5 :1:81 :11 -IJ·~8 
-.6 .0' .38 • 0 - .~5 

5 -1.35 .08 1.56 • 2 -2.9 .1 -20.79 
4 -.80 .07 1.82 .12 -2.62 .11t -18.13 

l~ .09 .Ob f·o b .IS -1. 91 :11 -puc, 
-.33 .05 .58 .0 - .9 - 8.0l 

Zl 1.38 .06 2.80 .12 -1.lt2 .1 " -10.12 
19 -.02 ',05 -26.65 6.1~ 25.02 6.13 1t.2Z 
20 .20 .06 -ItO.51 6.35 40.71 6.35 6.ltZ 



Memory Scale 
13. ITEHS IN COMHON 

.805 CORRELATION ON CO""ON ITE"S 

.521 TRANSLATION CO~STANT CCURt·CURRENT+CO~STANTJ 

ITEH REF REF CURt CUR· REF- S.E. 
NAHE OIFF S.E. OIFF S.E. CURt R-C ,. 

3 -1.35 .06 .20 .11 -1.'" .12 -12.90 
1 -2.78 .11 -l.~" .18 -1.34 .21 -6.32 
6 -2.,It °8 9 -!:tS ;AZ -.1" .1 6 -".,~ 8 -. 6 • 5 -.lt7 • 0 -It. 

11 .03 .03 ·~I .08 -."1 .09 -,.It, 
It -1.10 .05 -:1 .1 " -.39 .15 -2.63 

13 .01 .Olt .09 -.09 .10 -.81 
2 -.06 .03 -.19 .1 1 .13 .If 1·1' 9 .21 .Olt -.06 • 0 .33 .1 3. ~ 

.If 1.,2 .05 -10 :f9 .62 .10 ':~I . " .05 -. B 1.02 • B 
5 ... 21 .y" . ·l~ :11 1.13 .12 9.4' 

10 l.It? • 0 • 6 .81 .11t 12.51 



Intellectual Processes Scale 
33 ITEHS IN CDHHOH 

.513 CORRELATION ON COHHDH ITEHS 
-.609 TRANSLJTION CONSTANT (CURt·CURRENTtCON~TJNT. 

IT EH qEF REF CURt CUR. REF- S.E. 
NAHE DIFF S.E. DIFF S.E. CURt ~-C 

9 -3.09 .13 -1.1t7 .06 -1.62 .11t 
12 -~.53 .11t -1.09 .11 -I."" .IB 
16 -2.91 .12 -1.71 .09 -1.26 .15 
31 -.96 .05 -.19 .09 -.17 .11 
30 -1.31 .05 -.59 .05 -.73 .07 

f~ -Z.11 .08 -1."5 .09 -.72 .12 
-J.39 .15 -2.69 .13 .... 70 .20 

7 -1.11t .05 -.50 .05 -.65 .07 
23 -.11 .22 .'-6- .10 -.62 .2" 
21 -2.37 .09 -t.75 .08 -.62 .12 
22 -2.It" .09 -1.82 .12 -.62 .15 
26 ~.95 .05 -."3 .05 -.53 .01 

B -1.00 .06 -.51 .10 -."9 .1 
13 -1065 .06 -1.2" .OB -."1 .10 
21 -1.33 .06 ~.93 .06 -."0 .OB 
IB -.76 .06 -.38 .08 -.38 .10 
21t -.8" .05 -.56 .05 -.2B .07 
20 -1.88 .07 -1.61 .07 -.21 .09 
lit -1.77 .07 -1.6" .10 -.13 .12 
32 -.20 .06 -.08 .08 -.13 .10 

If -.58 .05 -.62 .08 .03 .10 
-2.39 .09 -2.53 .13 .11t .16 

2B -.51 'A3 -.11 .07 .20 .15 
5 -.21t • 3 -.7 .06 .5" .07 

33 .50 .01 -.07 .01 .51 .10 
6 .01 .03 -.62 .01 .69 .08 

15 -3.13 ~ 13 -3.9" .2" .81 .21 

" -."2 .03 -1.25 .10 .83 .10 
3 -.55 .0" -l.ltO .07 .85 .08 

29 .67 .1,. -.3J .08 .98 '1 6 
Z -.80 .0" -2.3 .12 1.51 • 2 

II -1.8" .07 -3.86 .28 2.0l .29 
-.92 .05 -It.1t3 .Z8 3.5 .28 

Zt 

-11.62 
-7.96 
-8."6 
-7.09 

-10.32 
-5.81 
-3.56 
-B.96 
-2.55 
-5.35 
-It.06 
-7.26 
-1,.21 
-It.o" 
-~.69 
-3.88 
-3.87 
-Z.83 
-1.01 
-1.30 

.31t 

.91 
1.31 
1.62 
5.79 
8.6,. 
3.00 
1.99 

10.8? 
6'Jl 12. 3 
7.06 

12.32 

I\J 
\0 
00 
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300 
COMP1RlSON-NOPMAL,BR1IN nAM1Gf tTF.~S 

AffeRENCE TFSTl NOQ"A~ CURRENT TeST, SR1INO 
N8R OF STUDENTS' 1~5 NBR OF STUOENT~I 5e~ 

51 ITeMS IN ~OM~ON 
.'64 CORAFllTtON ON COMMON YTFMS •••••• TRANSLATION CONSTANT (CUA •• CURRENT+CONSTANT) 

"OTOR SCALE 
ITE~ NORP1l A ~ORP1l 8 S RD 111 A 8RDA'1 =! 7· 

1 1.011 -.139 1.30Z .,,~~ -0.37 
2 1.Zl~ 1.065 1.095 l.7~O -".~; 
3 1004 -.314 .Bl0 .17~ -7.~" 
4 1.141) .• 214. .997 .Ol~ -4.';~ 

5 .18'3 -12.410 .731 -1.7t1 -4.QO 
0 .b44 a..~.e"8 .877 -1.623 -3.;'3 
7 .31~ -4.~44 • ~ 91 -.9'.)0 -5.4" 
8 .285 ~'1" aD .6 ee -1.Z3~ .24 
9 .491 - • 00 .581 -1.8;~ b.P6 

10 .532 -4.034 .952 -l.lQ,) 9.4~ 

11 .604 -3.159 .~ll -1.341 10.25 
12 .500 -4.0b~ 1.222 -1.0;~ 11.51 
13 .69~ -.9'3~ .717 - .67; 23.35 
14 .Q9C; -1.273 .A54 -.t1,,, 40.76 

l' .137 -2.312 .66Z -Z.LO~ 26.4~ 

Ib .189 -2.Z73 .934 -1.531 42.6~ 

11 .9113 -.812 .902 -.1'3~ 34.49 
18 .974 -Y 107 1.055 -.z'n 42.7~ 
19 .02'.) -10', : 51 1.034 -1.913~ 63.27 
2~ .010 -241..~b51 .888 -l.b!:t') 44.4", 
Z1 .911 -. a,. 1.365 .4~~ 46.38 
ZZ 1.23~ -.611 1.437 .29e; bO .AS 
23 1.604 • J '3.6 1.457 .B2~ 62.~3 
24 .030 -62.128 .901 -.194 60.74 
25 .105 -9.701!J .59'3 -1.13:) 49.8" 
21!J .071 -23.023 .72Q -1.11' 66.5~ 

Z7 .010 -15&.694 .431 -1.~'')~ 85.51 
ze .337. -~.026 .439 -3.00:) 85.23 
Z9 .03~ .'9.0r; .566 -'3.1,)~ 39.66 
30 .Z29 -4.5 ~ .469 -1.621 74.~1 

31 .101 -lL.18 • C; SO -1.41t 121.4~ 

3Z .469 -3.0it7 .730 -1.0'3~ 82.2~ 

33 .4;0 .,'51.8 1.246 .B77 197.26 
34 .Ol~ -151.347 .621 -3.B~4 93.64 
35 .010 -223.952 • ~ 8Q -4.5~~ 151.0'3 
36 .13Q 2.t2t; .481 .714 179.84 
31 .311 -Z.591 .131 -1.0bl) 91.31 
38 .422 .951 .484 .\17, 232.41 
39 .40a; -.91~ .253 1.31') 14~.10 
40 .487 -.635 .477 .251 1 '35 .22 
41 .·46~ -.151 .459 .;63 15R.~3 

42 .19~ 2.30~ .383 .b;~ , ~O.4~ 
43 .5413 -1.132 .2 qe -.03~ 131.1Q 
44 .53b .817 .415 .9'H 9Q.70 
45 .;67 .004 .323 1.5~7 1 86. ~ q 
4& .390 -.947 .407 .4"3 83.Q'3 
41 .RS; -.484 • 4 ~1 • 1 ~~ 124.a~ 
48 .49; , 2 .. <195 .'103 -l.O~' 96.63 
49 .t04 ·lO.8~~ .473 -1.757 ~5.Qe 

50 .534 - '3. 56"J • '; 82 -1.921 35.41 
51 .3711 -2.174 .102 -.4t)~ 47.B5 



301 

CO~PARI~ON-NO~MAl,~RArN DA"A~E ITf~S 

Re~EReNCf TF5TI Nn.Q~'l CUAPENT TEST! ~P'tNO 
NaR OF STUDfNTSI 1~~ ~8R OF STUOeNT~1 5P~ 

R'(r~ ... )CAlE 

ITEM ~ORMl A ~OQ Ml 13 8~OAM ~ BRDA'" ~ 1· 

1 • ~4 ~ -.77~ • R 00 -.03'l -4.0~ 
2 1.504 -.420 1.167 .3bO -1.t,t, 
3 .$31~ .063 .763 1.0'31 -.51 
4 .800 .278 1.008 .56~ -.44 
5 .457 -1.191 .534 -.44"3 -. 3~ 
6 .260 -2.496 .605 -.04l .or; 
7 .401 -4.11:; .813 -1.1'30 1.0~ 
e .618 -1.61Q 1.207 -.4tl ~.RI) 
9 .677. -.431 .817 .2:;l~ 1.15 

10 .3:;R -.624 .'04 .68; 2.~q 

11 .140 .240 .~e~ 1.40'3 2.~1, 

12 .t,3Q -.130 .112 .51 ! s.en 



302 

COHPA~ISON-NOR~AL,RRAIN DAMAGE TTE~S 

REFERENCE TE~T' NORMAL CURRENT T~ST' RRAIND 
N8R OF STUDfNTSI 185 N8R OF STUDENTS' 5~~ 

22 tTE"S IN CO"~O~ 
.058 CORRFLATI0N ON COMMON ITEMS 

-3.861 T~~NSLATION CONSTANT (CUR •• CUP~ENT+CON~TANT' 

TACTILE SC ALE Z· 

ITEI1 .... O~..,l A NOR' "'l B BRDAM A BRDA.., :J -7.?~ 
-.51 

1 .610 -2.367 • 73~ -1.11~ -1.52 
2 .540 -2.729 .853 -.797 -.26 
3 .307 -1.084 .452 -.42? .09 
It .3413 -1.556 .638 -.469 .B2 

5 .60~ -5,e~3 .6 ~3 -.9:)5 2.R9 
6 .233 - .~."~ .601 -1.1~1 6.65 
7 2.000 -. q .9bO -.276 2.94 

8 Z.OOO -.830 1.031 -.3~1 R.~8 

9 .441 -1S·.lt»1 • A 59 -2.484 10.21 
10 .9l5 -4.011 1.166 -2.0~~ 7.72 
11 .306 -~ .113 .749 -.37ft 17.44 

12 .022 -4 .• 5"0 .~09 -.42~ 9.33 

13 .557. -2.364 .680 -.844 19.Q4 

f~ .239 -.5.574 .701 -.7~13 12.96 
.010 '"!7'11Q .643 .414 21.41) 

16 .173' -3. 0 • ~ 34 .149 24.97 

17 .631 -2.432 .671 -1.947 9.s:J4 
16 .634 -3.172 .6 e~ -1.931 34.41) 

19 1.06Q -1.224 .96l -.334 12.55 
20 .890 -.380 .707 .604 35.42 
21 1.055 -.7~9 1.115 -.032 
22 .953 .645 .793 1.79~ 



303 

CDMPARISON-NORHAl,8RAIN DAMAGE tTFMS 
PEFEPFNCF TFSTt NORMAL CURR~NT TESTI BRAIND 
~BR OF STUDfNTS1 185 NBR OF STUDfNT~1 58~ 

14 ITEMS IN COMMON 
.077 CORRFLATION nN COMMON tTFHS 
.11q TRANSLATION CO~STANT rCUR.·CURRENT+CONSTANTl 

VISUAL SCAl E 

ITEM NOPMl A NORMl R BROAM A AROAM q l· 

1 .363 -1.146 .643 -l.lftl -6.42 
2 .4213 • tt7 r .139 -.1R3 -B.5'; 
3 .462 -.02B .341 -.30~ -6.37 
4 .203 2.497 .510 -.3~!> -4.55 
5 .424 -2.690 • ~6Z -.~,:n -.36 
6 .354 -Z.458 .571 -1.07ft .61 
1 .621 ~.11e .1353 -.175 4.192 
8 1.3Ql 1.223 1.099 -.2;~ 4.9; 
9 .415 .666 .e16 -2.604 6.87 

10 ."51 -.113 1.116 -2.1~9 4.AQ 
11 .343 -3.431 .693 -.2~1 11.12 
12 .~ 90 .613 .754 -.33L 10.46 
13 1.455 .199 .633 -.7j:J4 5.72 
lit .786 .1 en .677 -.6$31 11.7Q 



304 

COMPARIS~N-NOR~AL,BP.AIN DAMAGF ITfMS 
REFERENCf TFSTI NOPMAL CURRENT TFST' RRAIND 
NBR OF STUDENTSs 185 NBR OF STUDENTS' '83 

!! ITe~S IN CO"~ON 
.141 COARFlATJON ON COMMON tTe~S 

-9.121 TRANSLATION CONSTANT CCUR.·CUPPfNT+CONSTANT' 

RECEPTIVE SPEECH SCALE 
ITEJ1 NO~ML A NORMl R 

1 
2 
3 
It 
5 
6 
7 
8 
9 

10 
11 
12 
13 
lit 
15 
16 
17 
18 
19 
20 
21 
2Z 
23 
24 
25 
Z6 
27 
ZB 
29 
30 
31 
32 
33 

1.0~n 
.cH5 

2.000 
2.000 
2.000 
1.870 
1.622 

.510 
1.-141 

.437 

.678 

.313 

.271 
1 .567 
1.;1)13 
1.117 
1.076 

.352 
1.084 

.010 
.590 
.918 
.108 
.341 
.988 
.554 
.q~3 
.235 
.077 
.221 
.452 
.7l5 
.381 

-.763 
-.e86 
-.673 
-.673 
-.527' 
-.404 

-1.B44 
-2.508 
-2.443 
-1.B61 
-3.686 
-4.254 
-~.O~~ 
,." • 8l'dJ 
-1.962 
-2.193 
-2,,035 
'!~.259 

- Z'tt. ett i'f 
-237,91.'1 

-2.860 
-3.266 

-.923 
-5.107 
-~."67 
-1.981 
-2.311 

-.918 
~.~2a 

··10.9~Z 
3.b;0 
-.518 
-.29~ 

BRDAM A 

.813 
1.060 
1.083 
1.349 
1.138 
1.315 

.Q59 

.191 
1.120 

.636 

.1 B3 

.2 B4 

.715 

.827. 

.600 
0131 
.621 
.712 
.630 

1.221 
1.027 

• A 83 .154 
1.011 

• B64 .167 
.79& 
.25& 
.2 lEI 

1.051 
• I) & 3 
.515 
.504 

BRDA"1 '3 

-.A3? 
-.64'3 
-.31'; 
-.184 
-.025 

.377 
-.945 
-.791) 

-2.547 
-.1 q~ 

-2.4113 
-2.61. 
-1.4!t1 
-1.6n 
-3.37') 
-2.1)51 
-2.043 

-.521:» 
-3.8~1 
-1.6 ~. 
-1.1134 
-Z.152 

.31~ 
-.51:»" 

-l.eQ) 
-.131, 

-Z.22~ 
-.1';3 
1.4,)~ 

-1.2~1 
-.90l 

.055 

.5b~ 



COHPARISON-NOPMjL,BRAIN DAMAGE ITEMS 
'EFeRFNCE TESTI NOR"'L CU~RENT TFSTI ARAINO 
N8R OF STUOFNTSt l!S NBR OF STUDENTSI ~83 

4~ IT~"S IN COM"ON 
.486 CORRELATION ON C~"MON TTEMS 

-2.752 'TRANSLATION CONSTANT (CURt.CURPENT+CONSTANT' 

fXP~E~stVE SPEECH SCALE 
ITEM NORML A NORHL 8 

1 
2 
3 ,. 
5 
b 
7 a 
9 

10 
11 
12 
13 
1" 15 
16 
17 
18 
19 
ZO 
21 
22 
23 
Z4 
25 
26 
Z7 
Z8 
Z9 
30 
31 
32 
33 
3" 
35 
36 
37 
38 
39 
40 
41 
42 

.776 

.4~3 

.621 

.032 
• a80 
.937 
.B18 
.527 
.613 
.449 
.894 
.901 

1.092 
1.332 

.792 
1.510 

.774 

.919 

.9~3 
1.5bO 

.586 

.315 

.589 

.B79 

.;80 

.352 

.~11 
2.000 
, .31 e 
1.253 

.490 

.229 

.207 

.364 

.408 

.254 

.239 

.210 

.514 
'.563 
1.2~9 
1.202 

-Z.746 
-1.616 
-2.751 

-l'4.038 
-Z.31~ 
-1.042 
-1.904 
-3.216 
-2.255 
-4.041J 

-.895 
-.151 

-l.aS3 
-Z.643 
-3.370 

-.940 
-.070 

-2.465 
-1.236 
-2.339 
-3.36Q 
-5.119 
-.520 
-.903 
-.151 

-2.241 
-2.783 
-2.692 
-3.520 
-2.250 
-2.965 
-2.995 
-.716 

-1.027 
-1.240 
-2.865 

.153 
2.964 
3.393 
-.343 
-.381 
-."59 

BRDAH A 
.810 
.712 
• R 36 
.446 
.888 
.822 
.588 

1.060 
.645 
.798 
.809 

1.006 
.932 

1.041 
.805 
.948 
.949 
.,~71 

1.067 
.977 
.785 
.881 
.957 
.756 
.749 
.487 
.695 
.737 
.758 
.607 
.1344 
.294 
.235 
.403 
.444 
.323 
.412 
." 53 
• 6 eo 
.R52 

1.109 
1.079 

8RDAI1 ~ 

-2.270 
-.473 

-1.41? 
-4.349 
-1.37~ 
-.426 

-l.A34 
-.95? 

-1.734 
-1.702 

-.503 
.37~ 

-1.311 
-2.415 
-2.47~ 
-.1 !J5 

.5 'H 
-1.945 

-.11;,3 
-2.261 
-2.272 
-1.426 

.265 
-.0139 

.32" 
-1.460 
-1.7'30 
-2.96'1 
-.~n 

-2.56') 
-1.03) 
-1.0,>1 
-.1;,6~ 

.044 
-.575 
-.1313 
.l~l 

Z.Z4'J 
3.111 

.2':l? 

.4~~ 

.4:;4 
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COHPARJSON-NORMAL,8RAIN DAMAGE ITEMS 
RE~ERfNCf TFST1 NORMAL CURRfNT TESTI e~At~O 
HBR OF STUDfNTS1 1~' M8R OF STUDENTSI 5e~ 

13 'TEM S IN COMf4n~ 
.61~ CORRfL'TI0N ON COMMON ITfMS 

-8.99 T~ANSl'TJON CONSTANT (CUR •• CUORENT+CONSTANTl 

WRITING SC Al E 

ITE'" NOQMl A NORMl B BROAM A BRDA,., ~ 1· 

1 .B61 -.124 .809 .41:J1 -1j.64 
2 1.156 ",.570- 1.517 .1 H 6.40 
3 .567 -5 •. ~ 2.5 ."J 42 -1.023 Q.Q3 
It .836 -2. 00 1.040 -.6!>l 1Q.~4 
5 1.469 .702 1.985 t.3!>'J 29.53 
6 .4';7 -;.021 .645 -2.023 36.AC; 
7 .026 -10}.~2A .819 -2.441 62.98 
8 .336 - • 1 t • B 78 -.510 66.50 
q 1.0St -.474 1.0eQ .4~7 41.5A 

10 .1:J33 2.251 .841 2.2b~ 74.04 
11 1.061 -.846 1.5 en .351 80.94 
12 .562 .594 .775 1.4!>5 60.1Q 
13 .549 -1.010 .777 • 5 9~ 34.~6 
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COMPARISON-NOPMAL,BRAIN DAMAGE ITEMS 
PEFERfNCE TfSTI NOR"AL CURRfNT TFST, SPAIND 
NBR OF STUDENTS1 185 N8R OF STUDENTS1 583 

13 ·ITEM!i IN CO""nN 
.109 CORRELATION ON CnMMON ITEMS 

-1.~36 TRANSLATION CONSTANT rCUR*.CURRENT+CONSTANT) 

READING SCALE 
rTEM NnRML A NORMl B BRDAI1 A BRDA"'! =\ z* 

1 1.0Q4 -1.17Q 1.113 -.3~~ -5.6b 
2 1.094 -1.004 1.190 -.ZQ~ -l.lO 
3 z.OOO -2.964 1.103 -2.0~3 .40 

" .178 ~Q .:3'~ .724 -1.7133 1.15 
5 .1350 -.3Q 1.275 .471 2.A9 
6 .9&9 -1.779 1.4Q9 -.A;l 1.54 
7 .524 -4.'377 1.121 -1.837 4.1b 
e 1.801 -.640 1. A 84 .055 4.45 
Q .197 3.024 • ,. '39 2.97~ 5.41 

10 .5~O -2.518 .807 -l.40~ 7.89 
11 .751 -1.15b .814 -.524 4."0 
12 1.127 • :310 1.326 .89~ 7.36 
13 .794 -.263 1.106 1.114 2.11 
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COMPARISON-NOR~.L.BRAIN DAMAGE ITEMS 
REFERENCE TFSTI NORMAL CURRENT TFST1 8RAIND 
HBR Of STUDENTSt 185 NBR OF STUDENTS' 583 

22 ITEMS IN COMMON 
.478 CORRELATION ON COM~ON ITE~S 

•••••• TRANSLATION CO~STANT CCUR •• CUPRE~T+CONSTANT' 

ARITHMETIC SCAlf 

IrE'" NORMl A NOR I1l B BROAM A B ROAM q l* 

1 .140 -18.0Bl ~ 781 -2.50) -5.5" 
2 .439 -.8"'TZ 1.205 .6~4 -3.95 
3 ,526 -4.768 .1301 -1.717 .00 
4 1.01R ,l'j91 1.46'3 -.577 .93 
5 .032 ... 1. 52 1.432 -.7Q3 10.Q5 
6 .010 -250.4~a 1.052 -2.724 23.03 
7 .653 . ·1'.8 .966 -.34Q 4Q.~0 
8 .620 -2.925 .977 -.941 66.64 
9 .685 -2 ~ 5..38 1.026 -.~53 IjQ.O~ 

10 1.037 -~.45~ .B65 -1. en; 79.09 
11 .467 ~ .61 • ~ 97 -2.237 67.6~ 
12 1.448 -.796 .903 -.4~3 74.15 

II .675 -l.249 .937 -1.0BS 89.~2 
.91~ -2.574 1.271 -1.?'3~ 61.18 

l' .835 -.670 1 .076 .403 66.1 ~ 
16 1 .094 -1.664 1.052 -.84!;) 103. O~ 
17 1.012 -1.324 .R09 -.1 ~4 110.9Q 
IB • r; 96 -.1~4 1.134 .525 94.10 
19 .557 -1.90~ 1.165 -.lQ7 98.11 
20 .639 -.934 1.199 .4?9 93.56 
21 .600 -.216 10508 • 70~ 104.91 
22 .700 .641 1.579 1.115 144.8'3 
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CO"PARISON-NORMAL,BRAIN DAMAG~ tTFMS 
Rf~fRENCF TFSTI NORMAL CURRFNT TESTI 8RlINO 
HeR OF STUDFNTSI 185 ~8R OF STuoeNTSI 583 

13 ITfMS IN COMMON 
.972 CORPELATJON ~H COMMON tTFMS 

-.834 TRANSLATION CONSTANT fCUR •• CUPRENT+CONSTANT) 

ME .. ORY SCALE 
ITEP1 ~ OR foil 4 N IJR f1L B BROAM A 1\ R O·A '1 1 zt 

1 Z.OOO -.315 Z.OOO .~'H -1.95 
2 1.00Z -.049 .178 .734 -1.9!;' 
:3 Z.OOO -.830 2.000 .O~~ -1.31 
4 .239 - .13 9 .245 .7!>!> -.47 
5 .479 .085 1.132 .631 -.17 
6 .417 -1.121 .414 -.75~ -.43 
1 .410 1.485 • b18 1.~9J -.11 
8 .796 -1.646 1.031 -.4j~ -.07 
9 .457 .087 .492 .7~2 .; q 

10 .920 .701 .630 1.54 /) 1.54 
11 .~55 -.487 .645 .40'~ .59 
12 .650 -0953 .806 .Z'B 1.41 
13 .1351 -.oeo .982 .939 Z.?3 



310 

. 
CD"PA'I~ON-NO'"_l,~RArN DA",r.e tTf"S 
PfFERENCF TFSTI Nn.R~'l CU'PENT TF~TI ~RAtND 
HBR OF STUDfNTSI 1~' HBR OF STUDF.NT~I ~p~ 

INTELLIGENCE SCALE 

IrE,.. N OlH1l A NORMl B B RD AM A BRDA"" ~ z· 
1 .371 -1.044 .597 .l~l .00 
Z .377 .246 .b52 1.15~ -.46 
3 .394 .311 .420 1.777 -.33 

" .247 1.12q .229 2."47 .04 
5 .189 -.118 .608 .70~ .36 
6 .571 .321 .446 1.590 .67 
7 .313 .508 .661 1.022 .64 
8 .306 -1.688 .796 .043 I.Z1 
9 .422 .434 .614 1.3JJ Z.l~ 

10 .34FJ .796 .736 1.0t,3 2.07 
11 .313 -1.814 .772 .072 I."~ 
lZ .2133 -2.670 1.100 -.~17 1.26 
13 .571 1.328 .616 1.!D'J 3.47 
lit .496 1.631 .456 2.4~~ z.g., 
15 .424 2.081 .565 2.3~~ 1.81 
16 .491 -3.210 .908 -.944 3.1" 
17 .995 -2.056 .753 -1.401) ... 63 
18 1.2~2 -1.883 .913 -1.0:>1 3.72 
19 .35e -.578 1.042 .39-3 8.64 
20 .794 -3.632 1.001 -1.503 4.91 
21 .527 -1.189 1.430 .3~7 e.5;7 
22 .421 ... 2.546 1.094 -.46~ 5.24 
23 .699 - ~7 .iTA .806 -2.7~~ 8.01 
24 .510 -2. 42 .676 -.394 10.21 
25 2.000 -3.675 .929 -2.?'~5 5.82 
26 .517 -3.085 • A 54 -1.01~ '.~I) 
27 .511 -1.926 1.102 -.lS" 3.07 
28 .40b -1.281 .293 .047 8.82 
29 .783 -.325 1.303 .721 11.7~ 
30 .9313 .608 .660 1.54~ 7.93 
31 .974 .301 1.301 1. O~B 5.At 
32 .~48 1.221 .207 3.613 8.01 
33 .912 -.915 .969 -.043 6.~Q 
34 .693 -.216 .654 .51~ 7.19 



APPENDIX I 

FORM I - RIGHT HEMISPHERE AND LEFT HEMISPHERE 

LESIONED EXAMINEES - ITEM PARAMETERS 

AND B-VALUEDIFFERENCES 
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tTE~ 

1 
? 
"3 

" 5 
6 
1 
a 
q 

1~ 
11 
12 
13 
14 
15 
16 
17 
1 ~ 
111 
20 
21 
22 
23 
24 z; 
26 
27 
28 
29 
30 
31 
32 
"3~ 
34 
35 
36 
31 
3~ 
3q 
40 
41 
42 
43 
44 
4; 
41) 
47 
4i3 
4~ 
50 
51 

312 

COMPARISON-PIGHT E LEFT HEMISPHERE ITEMS 
RF.FEaENCF TFSTt RTHF~t 
MBR OF STUDENTS1 77 

CURRe~T TESTs LTHFMt 
NBR OF STUDeNTS1. 92 

51 tTE~! IN Cn"~ON 
.100 CORPElATION ON COMMON tT~"S 

-5.qql TPANSLATIDN CONSTANT (CUR.·CURRENT+CONSTANT) 

LTHEM a 
1.0'31 
t.75~ 

.343 

.qzq 
-1.Q5'3 
-.024 
-.303 
-.tI:'O 

-4.414 
- .15 q 
-.~t4 
-.07~ 

.ZqO 

.43'> 
-3.37~ 
-.361 
-.171 

.187 
-2.7C:" 
-.e5~ 
1.139 

.746 
1.107 -.oe5 

-1.50q 
-2.570 
-3.2 eq 
-2.513 
-1.5Zq 
':'1.317 
-2.812 
-1.154 

t.Z37 -lse.oeQ 
-7.3~1) 

.519 
-1.133 

.~74 
~.f312 

.472 
1.67t 
." qq 
.152 
.754 

2.15 "3 
.533 

,1.Z17 
-.Q76 

-A3.41~ 
-1.034 

.056 

FOR 1'12 A 

1.3A3 
• cHZ 
.~77 
.422 

1·666 .'7eo 
.3t7 
.432 
.5~Z 
.363 
.7E:3 
• 5 ~q 
.47" 
.620 

2 .00') 
1.241 

.874 

.625 
1.7 <;t 

.q07 
1.10e 
2.000 
1.124 

.318 

.87" 
1.0q4 

.533 

.471 

.756 
e35q 
.327 
• '356 1.047 

1.157 
.1, 60 
.26q 
.414 
.213 
.414 
.3Q2 
.724 
.OQ4 
• '3 tl2 .010 
.1 sQ 
.044, 
• Z 78 .723 
~ Q78 
.458 

1.004 

r* 
-5.~Q 
-5.03 
-2.30 -.oe 

.71 
3.00 
6.65 
3.6Q 5.eQ 
7.16 

12,5':) 
0.1~ 
7.'7 

12.66 
13.P.3 

3.SQ 
10.''3 
11.18 
23. Q'3 

2.14 
18.29 
10.81 
23.4Q 
21.86 
13.13 
22.57 
25.28 
27.76 
20.37 
26.40 
41.70 
17.70 
Zl.0Q 
16.35 
27.40 
14.60 
20.8" 
11.02 
20.56 
24.44 
10.86 
15.54 
31.6'3 
17.02 
15.06 

8.22 
24.31 
16.02 
16.3t 
25.77 
17.00 
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CO~~'RISON-RIGHT £ LEFT He~tSPHERE ITF~S 
PEFe~fNCE TeSTa RTHf~t CURRENT T~~Tt lTHF.Mt 
N6P OF STUDENTSa 77 H8R OF STUDENTS1 qZ 

12 tTF.~S IN COM~ON 
.153 CORRELATION ON CO~~OH TT~~S 
.OQ6 TRANSl~TION CONSTAN! (CUR*.CUPRE~T+CONSTANT) 

~y T·P" '~.\L E 

[T E'~ of rH~!" a ~ THE,.. '\ LTHI:'" A L THe:~ ~ z* 
~ .1'1)8 -.140 .1, 40 -.z~c; -2.0~ 

.565 .34~ 1.734 .J!t1 -2.7Q 
'1 ."PH • 0 tr~ .304 1.;~4 -1.~4 :. .7~'; .579 .I~ 50 .0:1; 1 -1.50 
'3 .7'31 -.oo~ .638 .l7, -1.27 
t:l 1.l'.l~ -.2'27 .4Q6 -.2~'1 -.04 
7 •. ~ 3' -1.310 .7"'1 -1.3t 1 -.27 
Il 1.A.Sl -.104 .711 -.71'.l -.10 
~ .6 ;0 .23Q .1 Q7 .O3~ .27 

10 .820 .E!64 .64~ 1.2,)~ .70 
11 .2~'.l 4.226 .600 1."54 ~.4~ 
1? • 7QA .ZQ'3 .76Q .5~1 2.Rt 
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.COMPARISON-RIGHT ~ LEFT HEMISPHERE ITE~S 

REFERENCf TESTI RTMENt CURRENT T~ST~ LTHF~r 
HaR OF STUDENTS! 11 NBR OF STUDENTSI 92 

22 ITE~5 IN COM~ON 
-.055 CORRELATION ON CO ""ON !TEMS 
3.1QZ TRANSLATION CONSTANT (CUR.·CURR£~T+CONSTANT' 

RY T'I~'" ~CALE 

ITE'" ~ THF'" A ~ THEM A LTHEM A L THE~ ~ Z. 
1 • '.11 -l.sal .~ 52 -.7')~ -6.54 
2 • '~;"3 .147 .311 -2.1~1 -5.2~ 
3 .1~q -1.5Q3 .821) -. 3~~ -10.0'; 
4 1.237 .223 .68e -1.227 -12.35 
5 .1~6 -1.025 .68e -1.2';1] -~.~o 
6 • eo 7 -.10; .380 -3.;40 -16.24 
1 .13~ -.440 1.721 .Jq4 -8.~1 
9 1.7';6 .359 .615 -1.~;4 -10.61 
~ .14!) -1,.46a 1.145 -1.'3 7 ,) -q.q4 

10 • 'J ~7 -1.683 2.000 -2.Hl -A.5; 
11 .1q2 .054 .660 -.Z1~ _Q.~~ 

12 .QQq .236 .382 -.~~I) -5.4q 
1 3 .57~ -.53lt • ~ 26 -1.:)54 -6.QQ 
14 .Q('I) .26'3 .010 -65.Cp7~ -q.55 
15 .';12 .682 1.465 .2";)') -5.20 
16 1.0QQ .Qse .704 .;~7 -5.<;2 
17 1.159 -.719 .656 -l.n~ -6.?6 
16 1.57<; -.363 1.050 -Z.~'5 -5.,Q 
1<; .560 -.616 .955 .043 -5.1., 
20 .4QZ 1. OQ 1 1.563 .15) -1.7!J 
21 1.12'3 .582 .554 .256 1.04 
22 2.001) 1.362 1.931 1.4~1 4.33 



PEFeRENC~ TE5Tt RTH~"t 
NBR OF STUDENTS- 77 

14 tT~"! IN CO""ON 

CUQRENT TFSTI lTH~HT 
NBR OF STUD~NTSI 92 

315 

.013 CORPELATION ON COMMON tTEMS 
~.3~9 TPANSlATIDN CONSTANT (CUR •• CURPe~T+CDNSTANT) 

RYT!.fM 5r.~LI: 

ITE'" ~r4EM ft. ~THEM F3 LTHE"1 A. L TH'='" ~ I· 

1 .776 -Z.07l .AO~ -1.11~ -5.46 
2 .722 1.443 1. 8 ~Z .7~,) -.56 
3 .61)~ 1.34~ .~13 .~") 2.05 
4 1 •. ~ 7 Z l.3!:9 .139 3.6'3=1 9.16 
5 1.032 -.65" 1.400 -.15 t 10.3'5 

" .n; .253 1.1,42 .l~~ 17.92 
7 1.'~~ .932 1. '3 01 . :.; ~ ".01 
~ .1-:;" t'J.04Q .010 17~.ltl 19.1~ 
q .rHO 117.0&9 .;' 8& 2.:'4r, 14.1~ 

10 .Q04 1.070 .69f) .14 '3 14.5ft 
11 .!t$l~ -1.39~ • '37"3 -1.0S:; 17.11 
1~ ."13 1.799 .121 ".~07 2u.,-~ 
13 L • .102 1 .27'3 .5 Z4 1.~1.' 17.q~ 
14 .'H4 1.49L 1.236 1.'))7 5.70 . 
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COMPARiSON-RIGHT , lF~T HeHISPHFR~ rTEMS 
REFeRfHtF TEST. RIG~T 
H8R OF STUOENTSl 77 

QECFPTIV,= SC At F 
[TEI1 RTHcM A PTHE'" A 

1 Z.OOr. - .130 

~ ? .000 - .lQ1 
2.0C(, -.032 

4 1 .~ 7 e ".131 
5 1 .7. Q 5 .33·3 
6 1.34<; .445 
1 .343 -1.686 
a 1 .eft 6 -.409 
Q. 1.0Ct2 -Z3.t:55 

10 .b4 r; -.320 
11 .473 -2.0Q5 
12 .1 ~ Q -10.5Q1 
13 .721 -1.724 
14 .732 -1.525 
15 .747 -2. flO 4 
16 .'J 10 -145.146 
17 .33(: -2. AO 1 
18 .300 -2 • 7~ e 
1Q ." 2 " -3.481 
20 .'l41 -2 .11~ 
21 .br; 2 -2.23£1 
22 1.~4 2 -23.655 
23 .255 .437 

~~ .443 -1.0e6 
.'33(: -4.Qoe 

2b .969 -.956 
27 .819 -2.641' 
ze .3" 7 -. f'21 
29 .260 1.1£11 
30 1.1QC; ~1.471 
31 .614 -.855. 
32 .56" .157 
33 .Ae 0 -.06q 

CUQPENT TEST1 LEFT H 
HBR OF ~TUOENT~. qZ 

LTYFM A LTHFM B z* 
1.134 .074 -~.40 
1.407 .010 .00 
1.1el .3~3 .00 
1.7ez .4~1 -.5~ 
2.0CO .044 -.9q 
1.4CO 1.142 3. A'-
1.234 -.4~0 7.07 

.620 -.~4e 14.20 
1.578 -1.~56 11.52 

.500 -.321 11.Zq 

.761 -2.51)4 16.53 

.348 -2.11P 15.40 
• f.o60 -l.141 7.50 
• b 35 -1.Q5Z ,-4.22 
.742 -2.bq~ 29 .. 20 

1.470 -2.204 Q.73 
.763 -2.11r; 16.21 
.871 -.337 20.77 
• 3 (:5 -6.643 36.60 

1.3CZ -1.314 23.13 
1.740 -.Q33 37.24 

.977 -1.';6e 43.45 
• Z <;s .Z~2 41.35 
.922 -.3:?4 18.-;8 
.728 -1.bI4 37.Q'3 

1.040 -.223 11.li4 
.575 -1.550 lR.5~ 
.031 B.029 q.75 
.249 1.Q31 24.29 

1.25q -1.134 "0.67 
.573 -.629 17.63 
.6Sq -.1~0 13.65 
.5 eo .3~b 7.49 
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CQMPARISON-PIGHT & LEFT HEHISp~eRE ITfM~ 
REFeA~NCF T~STI AtGWT 
N8R OF STUDENTS' 77 

EXPIlES~TVJ: SPJ:fC4 ":-:~lE 

ITEM QT~ EM A RTI-4EM B 

1 .7-.., -2.003 
2 .647 -.345 
3 .8et 5 -1.400 
ft .452 -5.044 
5 .1 q 5 -4.381 
6 .245 -1.~e3 
7 .3 A P -2.474 
8 1 .090 -1.4511 
Q .4~ 1 -3.4~3 

to .845 -2.080 
11 .109 -.676 
12 .124 .173 
13 .714 -I'. -;66 
14 .561 -3.750 
15 .016 -Q8.lp17 
1& .357 -.520 
11 .47e .471 
18 1.232 -1.937 
1q .B 13 -.576 
ZO 1 .514 -1.78& 
21 2.000 -1.'54 
22 .50 e -2.79q 

~~ .3q 2 .381 
.010 -20.032 

25 .555 1. 30~ 
Z& .4Q 1 -1.016 
27 .36 Z -3.113 
28 .01 q -97.RP4 
29 .6 ;7 -1. ~4 7 
30 .058 -2.610 
31 .Q7 e -1. IZl 
32 .010 1.526 
33 .302 -.930 
34 .010 1.52b 
35 .18 B -4 •. 531 
36 .176 -.446 
37 .371 -.781 
38 .362 1.Q57 
3Q .015 167.170 
40 .q23 .2Ql 
41 1.46 b .4Q3 
42 1.lt~q .388 

CURRENT TEST, tF~T H 
N8R OF ~TUOE~TS' qZ 

lTHEt1 A lTHEM b 1. 

1.142 -1.~01 -5.5~ 
.644 .b27 -?2~ 

1.241 -.730 -1..1' 
.861 -Z.245 -~.21 1.002 . -.QOq -1.~0 
.701 .110 -. qlj 
.3 F2 -1.245 -1.3Q 
.863 -.589 -.Q7 

1.525 -.7q~ -.en 
1.587 -.662 .12 

.723 .248 .3~ 

.662 1.097 1.40 
1.520 -.~44 1.Oq 

.770 -Z.145 2.7~ 
1.715 -1.~13 2.'n 

.912 .100 2.7B 
1.117 .Q'32 3.19 
z.oeo -1.061 3.03 

.813 .lql 3.57 
1.025 -1.573 3.7~ 

.782 -1.4q9 4.t4 
1 .555 -.513 3.~7 
1.502 .601 4.4~ 
1.033 .212 2.q~ 
1.004 .492 1.52 
1.194 -. !:I 15 2.64 

• B42 -.6q3 4.10 
2.0CO -1.658 5.42 
1.077 -.203 6.04 

.300 -3.65~ 4.2~ 
• e 52 -.bBe 7.3Q 
.2(:1 .003 ~.~4 
.1 ~3 -3.501 4~3Z 
.644 .574 5.52 
.716 -.b12 B.4) 
.4CO .151 6.~4 
.357 -.313 7.Q~ 
.7£27 2.197 .21 

Z.ooo 2.Z0b 4.0" 
1.000 .703 .~~ 
1.132 • b ~ b 4.87 
1.107 .672 4."3~ 
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COMPARIsn~-RtGHT £ lE~T HEMISPHERE ITEMS 
ReFEQ~NCE T~STI RIG~T 
NBR OF STUDENTSI 77 

13 ITEMS t~ CDM~ON . 

eURRFNT TF.STt LEFT H 
~BR OF STUDe~TS1 q2 

• 852 CORRELATION ON COMMON YTEMS 
-.7~5 TRA~SLATION CONSTANT (CUR.·CURRE~T+CONSTANT' 

WR t Tt~G SCALE 
ITEM ~ THE,., A ~THEM B LTHf'1 A L THE'" , z* 

1 .363 1.521 .SOO .5t7 -~.2~ 
2 .720 - .126 1.723 .~27 -1.14 
3 .7'3~ -1.2QO 1.666 -.C;3' -.68 
4 .~~5 -.772 2.000 -.4U -.71 
5 1.a06 .943 2.000 1.4~' -.0'; 
b .q~3 -2.417 1.632 -1.417 -.0'3 
1 .405 -'3.199 1.073 -2.04~ .3& 
S .r;~4 -1.061t .666 -.·H~ .Qa 
9 .~3'J .14~ 1.1 75 .~~3 .9t; 

10 2.') ')') 1.464 1.20:; 1.813 .65 
11 1.C;;7 .030 1.713 .71:' 1.4R 
12 1.?q~ .B4~ .501t ,. 21 ~ 1.51 
13 .176 .14·3 .Seq 1.iHC, 3.5lt 



REFERENCE TEST: RtGHT 
NBR OF STUDENTS' 77 

13 ITEMS IN COMMON 

CURRENT TEST: LEFT H 
~8R OF STUDENTSI q2 
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.784 CORRELATION ON COM~ON ITEMS 
-.181 TRANSLATION CONSTANT (CUR-·CURRENT+CONSTANT) 

REAJIHG SCALe: 

tTe~ -< rlofF.!1 
'" 

~ THE"4 B lTHE"4 A l THEI1 l z* 
1 .SqC; -1.07b .841 -.21; -4.24 
Z .5ql -1.413 .640 .3 C; 7 -1.88 
3 2.000 -1.317 1.b65 -t • 3t ~ -2.21 
It .57~ -2.3'37 .6QO -1.3')1 -2.05 , 

1.~;4 .544 .742 .q2; -Z.07 
b Z.OOO -1~3q5 .728 -. 9~~ -1.48 
7 1.l30 -2.0'37 1.300 -1.51~ -1.63 
8 1.3qa .134 .q61 .i)C, -.82 q .162 7.1qa 2.000 1. 713 ~ -.80 

10 t.417 -1.363 2.000 -.74~ -.Sq 
11 .51!0 -1.260 .Q51 -.:13 :; -.15 
12 1.752 .7QC; 1.204 1.334 .83 
13 1.35q 1.l en 1.051 1.!tLl 4.28 
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CO"PAPI~ON-;IG~T & LEFT He~ts'HeRe ITFMS 
PEFEREHCF TESTS RIGHT CURR~NT TF~Tt lEFT H 
HBR OF STUDENTSt 11 HBR OF STU~ENTSI 92 

22 tT~~S IN COH~nN 
.63~ CORRELATION ON CO~~OH tTe~s 

-.711 TRANSLATION CO~STAHT (CUP •• CUPRENT+CONSTANT) 

AQtTHMETIC SCALE 
IT Ell! ~ T~E'1 A RTHEM B LTHE'1 A L PiE'" ~ Z· 

~ 
1.899 -t.98'; .72~ -1.532 -3.1'" 
1.066 .026 .930 .'3~t -2.83 

) ~.OOO -1.9~3 1.113 -.6 ~q -2.60 
It 2.000 -.98' 1 • t 1t9 -. ~ ~~ -Z.6~ 
5 2.aOO -.805 1. '3 29 -. 50~ -1.7'5 
(, 1.688 -2.04~ 1.658 -1.8'3~ -.72 
7 .957 -.5fO .810 -.tJ~ -.4~ a 1.107 -1.6 ; .038 -.0';7 -.21) 
q .699 -1.326 2.001) -.5:;~ .. 11 

Ii .1391t -r,61~ 1.046 -.7~~ .31 
~.OOO - .5a5 ,lt06 -3.0'~ 

12 .~05 -3.92~ 1.?03 -.OL~ 
.84 

13 .531 -2.460 1.028 -.41"~ 
.67 
.9~ 

U 
1. ;69 -l.er .771 -1.4"~ .11 

l:~3~ -l:i ~ 
.~ c;a .7~' 
• 0, 

-.9 . , .86 
.56 -.;;~ 1.lt2 

18 .51)2 • a5 '3 1.101 .6~1 
2.7't 
1.45 

19 .eno -,104 • -; 96 .21Ct 1.7~ 
20 .413~ .b30 .920 .7:> -:, 2.4~ 
21 1.043 .1b8 2 .00') 1.1;7 3.49 
22 1.096 1 •. 062 1.632 1.5~' 4.11 



COMPARISON-RIGHT t LEFT HEMISPHERE IT;M~ 

REFEAENCF TfST. RIG~T 
HBR Of STUOENTS' 17 

13 ITfM~ IN enMMO~ 

CURRENT·TFST1 lEFT H 
HeR OF STUD~~TS' 92 

.191 CORPfLATIO" ON COMMON TTfMS 
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2.069 T~ANSLATION cn~STANT (CUR •• CURDEHT+CONSTAHT) 

"'E"11~'f SCALE 
Ire" qTHEM 4- ~ TJ.4 E lot a LTHE"1 A L T"4E 11 ~ z* 

~ 2.000 .5zq ~.O~O 1,011 -12.43 
1.306 .256 .Q '3 .071 -q.qc; 

'3 1.L'l2 .14~ Z .000 .515 -12.9' 
4 .175 1.897 .31q ,n~ -10.60 
5 1.2':13 1.253 1.730 .q7~ -6.65 
6 .65; ~045 .010 -31,50~ -15.5~ 
7 .915 1.~5; .644 2.11 ? -14.54 
B ."16 -1.30Q 1.137 • 3~ t -13.54 

13 .54~ .5413 ." 14 .• 7 '3 ~ -6.20 
.36 z.~7r; ."65 1.547 -1."6 

11 .1,15 -. 93 .; 78 1.06" -2.2'3 
12 1.5q~ -.419 .702 .57; -1.1Q 
13 1.4RQ .920 1.040 t.7~1 Z.2'3 



Ca"PA~lS0N-~IGHT & LEFT HE~tS?He~e ITE~S 
~eFe~eNCE TESTa ;IGHT 
tolaR OF STUDENTS I 17 

3~ rTE"S 1M CO~~UN 

:URRENT TESTI LEFT ~ 
... SR OF STUDENTSI 92 

.789 CORRELATION ON COMMON rTE~S 

322 

-L.ZZD TRANSLATION CONSTAtoIT (CUR*.CURRENT+CONSTANTl 

PHeLLIGe~CE Sr-'LF. 

tTE'1 ~T!-tE" , ~ THEM 8 lTHE/1 A L T"4E" , z* 
1 .1'n .<;10 1.16S • '" 11 -4.05 
Z .'34Z 2.Z3~ .,46 1.323 -4.01 
3 .lln 2.672 .833 1.04:' -1.12 .. .714 1. IH2 .20'3 '3.'3 I:; -.31 
5 .2 qt) 1.7113 .2Q1 .~~l .01 
~ .524 1.se" .ol~ .~1t .09 
1 .Lac; 4.46~ .900 1. J~ 7 .28 
.~ .087 .262 .621 .2'i~ .25 
q .4R~ .777 .140 t .·:n~ .Z3 

10 .'.-,~ .924 .~44 1.,'13 .26 
11 .7.37 -.77'5 1.211 .le4~ .32 
12 •. "~l -.419 1.11e -.1~':I .39 
13 .'-b8 "'.1&13 .':115 1.7'; 4 2.24 
1" .5~q 1.3b4 • 5 '3~ 2.1.,'. .91 
15 .331 1.770 • a 'i1 Z.2C;~ 1.83 
1" .04l -1.438 1.0bl -.3:J~ 1.23 
17 ."Q4 -2.425 1."86 -i. 3'. 7 1.09 
18 .291 -2.698 .AQ7 -. 7 ~~ 1.32 
19 1.103 .11" .IJEl5 • ') Ie ) 1.32 
20 1.03~ -2.b86 .619 -1.5 H 3.52 
21 1.5Q1· -.22Q 1.560 .014 3.03 
2~ .094 -.531 1.258 -.4~4 4.34 
Z3 .09-, -1(1.472 .541 -3.4~" 3.18 
Z" .31? -.502 .540 .o~') .78 
25 .0<;2 -Z3.31& .& 40 -3.37~ 5.38 
2b .4'30 -1.792 .737 -.':11' 1.17 
27 1.72~ .01'3' .336 -.1 11 4.31 
ole .l91) .583 .474 .4~1 6.b3 
29 .e3'. .5.00 .& ~7 1.1"" 3.29 
30 • ~oo· 1.504 .910 1.333 3. 05. 
H 1.64'3 t.123 .582 z.7.;~ 4.03 
32 ."16 t.604 .381 Z.C,'-17 5.28 
3~ .823 -.423 .416 -.4l~ 4.00 
34 .7'30 .416 ." 82 .S'H 4.99 
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