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The factor structure of the Luria Nebraska 

Neuropsychological Battery (LNNB) Form II was examined. A 

principle components factor analysis was performed on a 

sample of 102 psychiatric and neurologic subjects. It was 

necessary to remove 45 items from the analysis due to perfect 

performance by most subjects. The results were orthogonally 

rotated to simple structure using a Varimax method of 

rotation, and then compared to previous LNNB Form I and Form 

II results. 

Thirty-three factors were generated in the Exploratory 

Factor Analysis (EFA) . There was a very high agreement with 

the factors from Form I. Only one new factor was identified 

that didn't have a comparable Form I factor, and this factor 

appears to have neurological support. The similarity of the 

factor solutions between the two forms supports the continued 

use of factors derived from Form I for the interpretation of 

Form II, and supports the underlying structure presupposed by 

Lurian constructs. 



The present study also tested the significance of the 

hypothesized factor structures through confirmatory factor 

analysis (CFA). No hypothesis about the underlying factor 

structure based on previous exploratory studies was 

supported. The CFA did suggest that the best factor solution 

to the LNNB Form II is one that (a) has correlated factors 

and (b) has items loading on more than one factor. The 

confirmatory results were interpreted as not supporting the 

current exploratory results, or the previous factor analytic 

results. Problems notwithstanding, researchers may be better 

directed to propose factor models for the LNNB that have 

correlated factors, and to work samples approaching the 10 to 

1 recommended sample size for multivariate analysis. 

One conclusion that was drawn from the concurrence 

between the two Form II studies pertains to psychiatric 

populations used in both studies. It was necessary to 

exclude a large number of items in each study due to perfect 

performance by most of the subjects on those items. Most of 

the items removed were identical in both studies supporting 

the notion that a shortened version of the LNNB could be 

administered to psychiatric populations. 
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EXPLORATORY AND CONFIRMATORY FACTOR ANALYSIS OF THE LURIA-

NEBRASKA NEUROPSYCHOLOGICAL BATTERY FORM-II 

A. R. Luria has made many contributions to the field of 

neuropsychology including the most comprehensive theory of 

cortical functioning in man (Lewandowski, 1987). Theoretical 

test batteries have been developed based on his theory 

including a recent revision of the Luria—Nebraska 

Neuropsychological Battery developed by Golden and his 

colleagues. This paper will look at the correspondence 

between Luria's theory and Form II of the Luria-Nebraska 

Neuropsychological Battery. Before discussing the specifics, 

however, it is important to understand the context from which 

this battery emerged through a discussion of the current 

status and historical roots of clinical neuropsychology. 

The Emerging Status of Clinical Neuropsychology 

Clinical neuropsychology is a rapidly growing discipline 

that has emerged out of the fields of behavioral neurology, 

experimental psychology, and clinical psychology. Since 

1970, there has been more than a tenfold increase in the 

number of neuropsychological citations published in 

Psychological Abstracts (Hartlage, 1985). As a further 

indication of the interest and development of this 

discipline, clinical neuropsychology has been included as 



Division 40 of the American Psychological Association, and 

several professional interest groups have been developed. 

In addition to this growth of publications and 

professional interest groups, there has also been a dramatic 

increase in the demand for professionals with 

neuropsychological training. In the ten years from 197 6 to 

1986, there has been a steady and consistent increase in the 

number of neuropsychological^ related employment notices 

published in the APA monitor (D'Amato, Dean, Holloway, 1987), 

as well as a nearly tenfold increase during that same time 

period for job listings that required neuropsychological 

training as a prerequisite. 

In light of this burgeoning interest, many authors are 

concerned about the adequacy of graduate training in 

neuropsychology, and the developing issues in neuropsychology 

(cf. Boll, 1985; Costa, 1983; Long, 1985; Noonberg & Page, 

1982; Reynolds, 1982a; Satz & Fletcher, 1981) . By 1981, the 

International Neuropsychological Society had already 

developed a training proposal that outlined five models of 

graduate neuropsychological training, and also established 

criteria for defining neuropsychology as a specialty (Satz & 

Fletcher, 1981). Neuropsychological training at the graduate 

level continues to be one of the priorities of both the 

International Neuropsychological Society, and Division 40 of 

the American Psychological Association. 



The developing issues within this field are numerous, 

and illustrate the emergent status of neuropsychology as a 

discipline. One of the major trends in this emerging field 

is a movement away from diagnosis as the primary goal of 

neuropsychological assessment toward treatment and 

rehabilitation considerations (Dean, 1986; Long, 1985; Satz & 

Fletcher, 1981). The sophistication of noninvasive physical 

diagnostic techniques has grown geometrically in the past 20 

years. With the new generation of computerized tomography 

scanning equipment and more recent advances in positron 

emission tomography and other techniques, neurologists are 

becoming more capable of accurately locating lesions without 

the help of neuropsychological assessments. The future 

impact of the increased refinement of computerized scanning 

technology seems clear; continued refinement of radiological 

procedures could reduce the dependence on neuropsychological 

assessment in diagnosis (Dean, 1986). Despite this possible 

decrease in the need for diagnostic work, there is no 

equivalent medical or psychological exam that provides the 

information on brain-behavior relationships necessary for 

treatment and rehabilitation like that provided by the 

neuropsychological exam (Long, 1985). Therefore, the field 

of neuropsychology is in a unique position to offer valuable 

information not only for head injured patients, but also for 

the myriad of medical and psychiatric categories in which 

there may be a compromise of cortical functioning 



(degenerative diseases, learning disabilities, schizophrenia, 

immunodefiencies, etc.). 

Another trend in neuropsychology is a movement away from 

a deficit model of assessment (measuring what a person is 

unable to do) toward the measurement of both strengths and 

weaknesses (Boll, 1985; Chelune, 1985) . Further, 

determination of strengths and weaknesses contributes to 

treatment and rehabilitation planning. Accompanying the 

trend of determining what a person can do is an increasing 

prognostic function expected from neuropsychological 

assessments (Boll, 1985). Neuropsychologists are 

increasingly being asked to predict (often in a forensic 

context) if a person will be able to return to work, if a 

person will be able to function independently, and what 

support will be needed to help a person function as 

independently as possible (Heaton & Pendleton, 1981; Hale & 

Foltz, 1982). 

Other trends include an increased use of 

neuropsychological assessment procedures to gain a better 

understanding of learning disorders (Costa, 1983; Obrzut & 

Obrzut, 1982; Reynolds, 1982b; Satz & Fletcher, 1981). 

Neuropsychological information is also being used more 

frequently in documenting the neurocognitive consequences of 

medical diseases (Huntington's chorea, dementias, AIDS, etc.) 

and environmental toxins (Boll, 1985; Buckingham & Van Gorp, 

1988). Also, many authors are arguing for a movement away 



from blind interpretation towards more flexible and 

integrative approaches in the assessment of individuals 

(Barth, 1985/ Dean, 1986; Long, 1985). 

In light of the developing trends, the need for 

continuing research is apparent (Boll, 1985; Costa, 1983; 

Satz & Fletcher, 1981). Neuropsychologists will be required 

to integrate the empirical and clinical aspects of the 

growing body of literature (Satz & Fletcher, 1981) . The 

scientist-practitioner will not only be more aware of the 

research in the field and how that can benefit his or her 

patients, but will also be in the position to make vital 

contributions to the growing body of literature. Further, 

the refinement of neuropsychological batteries to more 

accurately reflect underlying cortical functioning and to 

more accurately assess the behavioral implications of any 

damage is important not only for the current practice of 

neuropsychology but also for preparation of future directions 

the field may take. 

Foundations—Qf—Clinical Neuropsychology 

Despite the recent increase in the interest in 

neuropsychology, attempts to measure brain-behavior 

relationships date back to very early periods of written 

history. Attempts to discover a material substrate that was 

responsible for mental processes was undertaken in the 

earliest days of philosophy. Often, the theories (e.g. the 

humors) that were presented had little relation to positive 
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fact. By the fifth century B. C., the brain was recognized 

as being at least partly responsible for mental processes. 

Hippocrates claimed that the brain was the organ of the 

intellect, but the heart was the organ of the senses (Luria, 

1966). Around 300 B.C., Herophilius attributed all cognitive 

facilities as being localized within the cerebral ventricles 

of the brain (Hartlage & DeFilippis, 1983). From this period 

until the late seventeenth century, various philosophers and 

scientists continued to attempt to localize or identify the 

one single area of the brain underlying all mental functions 

(Luria, 1966). 

By the early eighteenth century, the scientific 

Zeitgeist had shifted to the belief in localization of 

function. More specifically, the scientific community 

believed that specific brain areas were responsible for 

specific behaviors. Many scientists began to catalog the 

specific brain areas that mediated specific behaviors 

(Hartlage & DeFilippis, 1983). It was in this vein that Gall 

proposed that skull contours were related to specific 

personality traits or behaviors. The study of skull 

contours, known as phrenology, gained little support from the 

scientific community, although phrenology did gain some 

popular support. 

The foundation of modern clinical neuropsychology has 

its roots in the work of nineteenth century scientists such 

as Broca and Jackson (Hartlage, 1987). These two scientists 
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presented empirical evidence from autopsies that demonstrated 

relationships between specific cortical areas and impaired 

function of certain behaviors. 

Following the example of Broca and Jackson, research 

efforts at that time attempted to relate cortical areas to 

specific behavior. Early clinical neuropsychology, however, 

did not look at the disfunction of specific cortical areas. 

With the relative paucity of appropriate neuropsychological 

patients, and the limited understanding of brain functioning, 

it was easier to study brain damage as a unitary phenomenon. 

There were no attempts to localize brain damage, but just to 

diagnose its presence or absence. Neuropsychologists 

generally used a single test, such as the Bender-Gestalt, 

Benton Visual Retention Test, or the Graham-Kendall Memory 

For Designs test, to diagnose brain damage (Hartlage, 1987; 

Tarter & Edwards, 1986) and no diagnoses were made to specify 

the location or functional nature of the damage. 

The single test approach continued to be popular for 

many years but eventually came under considerable criticism 

(Tarter & Edwards, 1986). The criticisms were primarily 

along three lines. First, single tests tap only one, or a 

limited number of brain functions. Therefore, large areas of 

brain functioning were not assessed by the single measure. 

Second, the use of a single test assumes a uniformity of 

brain function, which was contrary to what was known about 

cortical functioning (in particular the neurological theory 
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of localization of function). Third, measurement of a single 

function did. not allow determination of strengths and 

weaknesses. The considerable conceptual and methodological 

weaknesses of the single test approach, as well as the 

accumulating knowlege regarding brain-behavior relationships, 

led psychologists to the recognition of the need for more 

extensive and inclusive measures of cognitive functioning. 

It became apparent that no single test could tap all the 

complexities of cortical behavior (Osmon, 1983; Tarter & 

Edwards, 1986). 

The Development of Neuropsychological Toat. Rsl-tpripg 

Although systematic clinical evaluation had been ongoing 

since the late 1930's in the Soviet Union (Luria, 1966), the 

adoption of multiple measures, or the battery approach, in 

neuropsychological assessment came into being in only the 

late 1940*s in the United States. In addition to the 

dissatisfaction with the single test approach in the United 

States, several other factors provided the impetus to develop 

neuropsychological test batteries. First, the need for the 

screening and diagnosing of brain injured and behaviorally 

disturbed soldiers during wartime (as well as rehabilitative 

efforts after the war) created the first large scale demands 

for neuropsychological programs (Lezak, 1983). Second, the 

sheer number of concussive and penetrating wounds inflicted 

on the soldiers provided not only a need for services but 

also a ready source of patients for study (Hartlage, 1987). 



Finally, the emergence of clinical psychology as a 

profession, with particular interest in abnormal behavior, 

primed the American system into a readiness to develop a 

systematic and comprehensive method of evaluating patients. 

Ward Halstead was interested in distinguishing the 

effects of frontal lobe dysfunction. In 1935, he 

administered a battery of 13 tests to 50 neurological 

patients with frontal lobe damage, and to 30 control 

subjects. In 1947, Halstead published his observations on 

these patients (Parsons, 1986). Included in this publication 

was empirical evidence that supported the use of his battery 

in the diagnosis of frontal lobe damage. Using a collection 

of ten tests, Halstead was able to distinguish patients with 

brain lesion from normal controls at the £ < 0.00001 level of 

confidence (Hartlage, 1987). While Halstead1s collection of 

ten tests appeared to be very accurate in the diagnosis of 

frontal lobe dysfunction, most of his original conclusions 

were not born out in subsequent research. Halstead did, 

however, contribute an empirical tradition that was carried 

forward by one of his students, Ralph Reitan. 

Other batteries that have been developed since 

Halstead's include the works of the following researchers: 

Arthur Benton (Benton, 197 4; Benton, diHamsher, Varney, & 

Spreen, 1983), Anna-Lise Christensen (1975a, 1975b), Charles 

Golden (Golden, Hammeke, & Purisch, 1980; Golden, Purisch, & 

Hammeke, 1985), Muriel Lezak (1983), and Ralph Reitan 
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(Reitan, 1969). While all of the batteries developed by the 

above authors may be considered roughly equivalent in terms 

of their comprehensiveness and efficacy, two batteries in 

particular have gained considerable popularity. The 

Halstead-Reitan battery and the Luria-Nebraska 

Neuropsychological Battery represent the two most popular 

neuropsychological batteries among practicing clinical 

neuropsychologists today (Hartlage, 1985; Hartlage, 1986). 

In a recent survey, Hartlage (1985) found that the Halstead-

Reitan and Luria-Nebraska batteries were being administered 

in their complete form by 34 percent and 33 percent of 

practicing neuropsychologists respectively. These two 

batteries, however, have a fundamental difference between 

them. The Halstead-Reitan battery was developed from an 

empirical approach, while the Luria-Nebraska 

Neuropsychological Battery was developed from a theoretical 

approach. 

Halstead began a tradition of empiricism that was 

continued by Ralph Reitan. As an empirical test battery, the 

Halstead-Reitan represents an outgrowth of the single test 

approach (Osmon, 1983). While it is the most common 

neuropsychological battery in use today (Parsons, 1986), it 

is also the least theoretical of the test batteries in common 

use. Specific tests evolved more because of their 

psychometric adequacy than because of any unifying theory of 

cortical functioning (Dean, 1986). 
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The composite of tests within the Halstead-Reitan 

battery were included primarily for their ability to identify 

location and presence of brain damage, even though several of 

these tests were originally developed for alternate reasons. 

For example, the Tactile Performace Test is essentially the 

Seguin-Goddard formboard that was initially developed to 

measure intelligence. The Seashore Rhythm test was 

originally developed to assess musical aptitude (Tarter & 

Edwards, 1986). The point to be made is that the nine 

standardized subtests that make up the Halstead-Reitan 

battery (Category, Seashore Rhythm, Speech Sounds Perception, 

Finger-tapping, Tactual Performance, Trail Making (A & B), 

Sensory-Perceptual Examination, and Aphasia Exam) were 

included for empirical reasons, and there were no attempts 

made to theorize about the underlying psychological processes 

of cortical functioning. 

The Halstead-Reitan battery represents an advance over 

the single test approach in that more neuropsychological 

abilities are tested. In fact, the Halstead-Reitan measures 

most of the abilities that Benton identified as necessitating 

a complete neuropsychological battery: attention, 

concentration, speed of response, orientation, memory, 

perceptual functions, perceptual—motor functions, 

flexibility, language, reasoning, and general intelligence 

(Osmon, 1983, 1987). 
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Despite the apparent comprehensiveness of the battery, 

the Halstead-Reitan is not without criticism. The lack of a 

theory underlying the construction of the battery has led to 

conceptual gaps that plague the neuropsychologist when 

attempting to understand the relationships between the 

various tests. For example, a discrepancy between 

performance on Trails A and Trails B may indicate that the 

left hemisphere is more impaired that the right hemisphere. 

At the same time, this patient may show a deficit on the 

Seashore Rhythm test indicating greater hemisphere 

impairment, particularly in the temporal lobe. This 

discrepancy is hard to resolve without going beyond the 

actuarial approach supported by Reitan. Even when the test 

data do not contain any contradictions, the actuarial nature 

of the battery does little to explain the underlying cortical 

processes. Research may have demonstrated the relationship 

between a particular subtest and lateralized brain damage, 

but there is no explanation of why the relationship exists. 

This disadvantage in the interpretation of the results of the 

Halstead-Reitan battery argues for a test battery with a 

unified theoretical structure where deficits are 

systematically related to each other. 

Other criticisms of the Halstead-Reitan battery include 

the lengthy administration time required for the entire 

battery (up to eight hours or more), the lack of portability 
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of the battery, and the substantial cost of the battery 

(Golden, Hammeke, & Purisch, 1978). 

In response to the above criticisms, a second generation 

of neuropsychological test batteries was developed based on a 

unifying theory of cortical function. One of the primary 

distinctions between the development of an empirical and 

theoretical battery is the reasoning behind the inclusion or 

omission of specific test items. A theoretical battery 

includes test items within the battery that distinguish 

specific elements of brain dysfunction based on theory rather 

than including established tests for their empirical ability 

to distinguish brain damaged from non-brain damaged groups 

(Osmon, 1983). 

For example, Luria's theory predicts that damage to any 

one of four brain areas can result in a rhythm deficit. On 

the Luria-Nebraska, all four areas are qualitatively and 

quantitatively analyzed in order to determine the basic 

underlying deficit. With a battery such as the Halstead-

Reitan, a rhythm deficit is measured only for its presence or 

absence, and there is insufficient information to make a 

finer distinction about the nature of the deficit. The 

interested reader is directed to Tarter and Edwards (1986), 

or to Osmon (1983, 1987) for a more extended discussion of 

methods and issues related to the development of a 

theoretical test battery. 
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Currently there are two test batteries that qualify as 

theoretically derived, and both are based on the theory of A. 

R. Luria. The first battery was developed by A. L. 

Christensen (1975a; 1975b); the second battery was developed 

by C. Golden and his associates (Golden, Hammeke, & Purisch, 

1978, 1980). Because of the integral link between the 

development of these batteries and the theory they are based 

on, it is important to understand Luria's theory of cortical 

functioning in man. 

Luria's Theory . While Luria's major publications were 

written around the time of the second World War, it was not 

until the mid 1960's or later that these works were 

translated into English (Goldstein, 1986) . Luria had diverse 

interests in areas such as psychophysiological research and 

rehabilitative treatment. His greatest impact on western 

psychologists, however, has been his comprehensive theory of 

brain function. No theoretical account of brain function is 

as complete as that proposed by Luria (Lewandowski, 1987). 

In a survey of the members of Division 40 of APA (clinical 

neuropsychology), 25 percent of the respondents listed Luria 

as the individual most influential on U.S. neuropsychology 

(Hartlage, 1985). Luria explicates his theory in two books: 

Higher—Cortical—Functions in Man (1966), and The working 

Brain (1973). The two major concepts that have become 

popular in American neuropsychology are (1) Luria's division 

of the brain into three main blocks (functional units) , and 
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(2) Luria1s concept of functional systems. A description of 

each follows. 

Based on empirical evidence and current conjectures, 

Luria proposed a comprehensive theory about brain 

organization and what types of functions are subserved by 

specific brain units (Lewandowski,1987). Luria 

conceptualized the human brain as being composed of three 

main parts that he referred to as functional units. The 

first unit is described by Luria as the arousal unit. This 

unit is comprised primarily of the reticular activating 

system, and is responsible for filtering sensory inputs, and 

for adjusting the arousal level or tone of the cortex. The 

reticular activating system is the most primitive unit of the 

brain, and gives rise to important ascending and descending 

sensory and motor systems. 

The second unit of the brain is the sensory reception 

and integration unit, and is composed of all cortical areas 

posterior and inferior to the central sulcus. Luria 

describes a hierarchical subdivision of the second unit 

distinguishing primary, secondary and tertiary zones of all 

three lobes of the second unit (temporal, parietal, 

occipital). The primary zone, or primary projection area, of 

each lobe is responsible for modal (sensory) specific 

reception. For example, the primary area of the occipital 

lobe (area 17) is chiefly responsible for visual reception; 

the primary areas of the temporal lobe are responsible for 
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reception of auditory input, and the primary area of the 

parietal lobe is responsible for reception of somatosensory 

input. The secondary zones are located adjacent to the 

primary zones, and have a lesser degree of modal specificity. 

These areas are chiefly responsible for analysis, coding and 

storing of information. The tertiary zone is located at the 

juncture of the temporal, parietal, and occipital lobes. In 

this area, information from the three different sensory 

sources is integrated. This zone has the least amount of 

modal specificity, and the highest level of sensory analysis 

takes place in this area as the information from the 

different senses are combined. The chief process of this 

area is organization of information. 

The third unit of the brain is involved in programming, 

regulation and verification of activity. In other words, the 

functions of the third unit are involved with motor output, 

planning, and evaluation of behaviors. This unit is also 

hierarchical in structure. The primary zone (motor cortex) 

is chiefly responsible for motor impulses. The secondary 

zone (premotor cortex) is involved in the analyzing, 

organizing, and sequencing of motor behavior. The tertiary 

zone (prefrontal lobe) is involved in the formation of 

intentions, as well as planning and regulating complex 

behaviors. 

The second major concept introduced by Luria is the 

functional system. Luria proposed that all conscious 
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behavior is a result of different areas of the brain 

cooperating with each other in a small network. Luria 

referred to this network of cooperating brain areas as a 

functional system. 

Any, especially higher (mental) function is a 

functional system based on the combined work of a 

dynamic structure of cortical zones working together. 

But it is especially significant that each of these 

zones contributes its own factor to the making of a 

functional system; destruction of each of these parts, 

removing that factor, leads to the disintegration of 

the whole functional system. However, each time this 

functional system suffers in a special way. Close 

study of the structure of the symptom permits us to 

evaluate the factor which underlies the disturbance 

and to use the symptom for a local diagnosis of the 

brain damage. (Luria, 1980, p. 5) 

Luria uses the analogy of links in a chain to further explain 

a functional system. If the functional system of a complex 

behavior is represented by a chain of three links, the 

behavior will be disrupted if any of the links in the chain 

are broken. Each link, however, adds a specific component to 

the complex behavior, such that anaylsis of the behavioral 

syndrome can reveal the underlying cortical deficit. 

Further, the link that is disturbed may also be involved in 

another complex behavior (or functional system) which would 
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also be disrupted. Therefore, by careful assessment of the 

patient's behavior, (or through syndrome analysis) 

conclusions can be drawn about the cortical dysfunction 

involved in any disturbance of behavior. 

Luria's method of clinical assessment follows logically 

from his description of a functional system. An injury in 

any specific area of the brain will disturb any behavior that 

uses the skills represented by that area (Golden, Ariel et 

al., 1982). Luria's assessments were flexible and 

individualized to each particular patient, allowing the 

clinician to choose only those procedures that were 

appropriate for a particular patient. Further, Luria's 

methods were qualitative rather than quantitative, and were 

used in an intuitive fashion that required the clinical 

judgment of the examiner (Osmon, Golden, Purisch, Hammeke, & 

Blume, 1979). 

While the flexible/qualitative approach used by Luria 

may reduce the amount of items administered to a particular 

patient, there are several limitations to this approach. In 

an intuitive method, a clinician who is not an expert may 

fail to assess brain areas that have cortical damage. 

Further, a qualitative approach does not allow for the 

establishment of objective rules for scoring, and normative 

data cannot be established. Standardization of the specific 

procedures into a battery of items accomplished four 

objectives (a) systematic and comprehensive assessment of all 
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brain areas so that clinical errors could be reduced; (b) 

establishment of more objective criteria for scoring; (c) 

establishment of normative data; and (d) facilitation for 

empirical validation of the underlying theory. 

In the mid 1970's, Christensen (1975a, 1975b) translated 

many of Luria's diagnostic procedures into a standardized 

battery. Christensen, however, adhered to Luria's flexible 

and qualitative assessment approaches where the deficits 

demonstrated by the patient dictated the direction of the 

exam (Christensen, 1984). While the standardization of 

Luria's diagnostic procedures was viewed as a step in the 

right direction, many limitations of the flexible assessment 

method remained. Golden and his associates developed a 

standardized objectively scored battery based on Luria's 

items that was an attempt to answer the criticisms of the 

flexible battery approach (Golden, Hammeke, & Purisch, 1978, 

1980) . 

Development Research and on the Luria-Nebraska 

Neuropsychological Battery 

Originally starting with 285 items, Golden, Hammeke, and 

Purisch (1978) retained 269 of those items that best 

discriminated a brain damaged group from a medical control 

group. The retained 269 items are theoretically related and 

form the basis of the standardized Luria-Nebraska battery. 

The battery is divided into 11 sections; each section 

represents a complex psychological function, and include the 
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following: Motor, Rhythm, Tactile, Visual, Receptive Speech, 

Expressive Speech, Writing, Reading, Arithmetic, Memory, and 

Intelligence. While detailed administration and scoring 

instructions were provided, examiners were encouraged to 

observe qualitative aspects of the patient's behavior. "It 

was hypothesized that a combination of Luria's qualitative 

approach with the advantages of standardized testing could 

produce an instrument that would lend itself to the 

standardized interpretative process as exemplified by the 

work of Reitan (1964) and at the same time be subject to the 

qualitative analysis used by Luria" (Golden, Ariel et al., 

1982, p. 292). 

Since its inception, the psychometric properties of the 

Luria Nebraska Neuropsychological Battery (LNNB) have been 

thoroughly examined by many authors. For the purposes of 

this paper, the reliability will be discussed under three 

headings: (a) interrater reliability (interscorers 

consistency), (b) test-retest reliability (stability over 

time), and (c) internal consistency (content sampling 

homogeneity). The validity will also be discussed under 

three headings: (a) diagnostic and discriminative validity, 

(b) concurrent validity, and (c) construct validity. Several 

reviews of the psychometric properties of the LNNB have been 

previously published (cf. Golden, Hammeke, & Purisch, 1980; 

Golden, Purisch, & Hammeke, 1985; Moses & Maruish, 1987, 

1988a, 1988b). 
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Reliability studies. During the initial development of 

the battery, Golden, Hammeke, and Purisch (1980) reported a 

95 percent agreement rate for scoring individual items on the 

282 item version of the standardized Luria battery between 

five pairs of raters (each pair of raters scoring one 

patient). In a follow up study, Bach, Harowski, Kirby, 

Peterson, and Schulein (1981) examined the interrater 

reliability under normal conditions and under conditions in 

which the responses were deliberately vague. Even in the 

condition of deliberate vagueness, the interrater agreement 

was 75 percent, while the easily scored protocols yielded an 

interrater agreement of 90 percent. Moses and Scheft (1985), 

replicating the methodology of Golden et al. (1980), found 

comparable rates of agreement (95.7 percent) despite the fact 

that the second author was a novice with the battery. The 

above results substantiate the interrater reliability of the 

LNNB. 

In an initial study of the test-retest reliability, 

Golden, Berg, and Graber (1982) examined a small group (n=27) 

of discharged chronic neurological patients who were re-

admitted to a psychiatric service for emotional problems. 

The test-retest interval was highly variable (from 10 to 469 

days), so the study has been criticized (Stambrook, 1983). 

Nevertheless, this study reports substantial correlations 

between the test and retest scores, ranging from 0.77 to 
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0.96. Parceling out the variance contributed by the test-

retest interval yielded little changes in the correlations. 

A follow-up study by Plaisted and Golden (1982) 

attempted to extend the above results to the localization and 

factor scales of the LNNB. High test-retest correlations 

were reported for the clinical, summary, and localization 

scales. The correlations of the factor scales, however, were 

more variable, with two of the factors failing to reach 

acceptable levels of reliability. Unfortunately, the 

inclusion of two patients in their sample with degenerative 

brain disorders calls the results into question. A third 

study by Campbell (1983) appears to be methodologically sound 

(Moses & Maruisch, 1987). Campbell reported test-retest 

correlations ranging from 0.87 to 0.98 for the clinical and 

summary scales. While the research on test-retest 

reliability has been flawed by methodological problems, the 

overall results suggest that the LNNB clinical and summary 

scales are highly stable over time. The factor scales, 

however, have yet to be reported as reliable on a test-retest 

basis. Therefore, they should be used and interpreted 

cautiously (Moses & Maruisch, 1987). 

The internal consistency of the LNNB has been measured 

by split-half methods, and by calculating coefficient alpha. 

The latter procedure is the preferred measure, because 

coefficient alpha represents the mean of all possible split-

half reliability values for a given item pool (Moses & 
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Maruish, 1987) . In the one published split-half reliability 

study, Golden, Fross, and Graber (1981) compared even 

numbered items to odd numbered items on the LNNB. They found 

split-half reliability values ranging from 0.89 to 0.95. 

The coefficient alpha values that have been reported in 

the literature are in general agreement with the above study, 

but the values reported are somewhat lower. The studies that 

analyzed the reliability of the LNNB using alpha values have 

been methodologically sound, and two studies had subject 

pools of well over 1,000 patients (Maruish, Sawicki, 

Franzen, & Golden, 1985; Moses, 1985). The results of these 

two studies, and a series of studies by Moses, Johnson, and 

Lewis (1983a, 1983b, 1983c) are in support of each other, 

generally reporting alpha values above 0.80 for the clinical, 

summary, and localization scales for mixed psychiatric and 

brain impaired groups. The alpha values for normals often 

fall below acceptable levels for clinical use (alpha less 

than 0.70) due to a restriction of range by normals on the 

LNNB . 

Evaluation of the factor scales reveals that from 37 

percent (with a brain damaged subgroup) up to 77 percent (for 

psychotic and alcoholic subgroups) of the factors failed to 

reach an alpha criterion value of 0.70. In a recent article, 

however, Wagner, Greene, Adair, and Dawson (1987) argue that 

the factor scales revealed anomalies in skew and kurtosis, 

which spuriously lowers estimates of reliability. Using a 
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maximized reliability method of analysis, Wagner et al. found 

that 22 of the 29 factor scales had reliability measures 

greater than 0.70. Five of the seven factors that failed to 

reach a value of 0.70 were from the Receptive Speech Scale 

(other discrepancies have been found with regard to the 

Receptive Speech Scale - see factor analytic studies 

discussed below). The conclusion that can be drawn from the 

internal consistency literature is that the clinical, 

summary, and localization scales have adequate homogeneity to 

substantiate their use in clinical practice. Due to the low 

reliability values, however, the factor scales must be 

interpreted with caution, particularly those factors with a 

small number of items. 

Validity studies. One of the first questions asked about 

a new test battery is whether or not it measures what it is 

supposed to measure. With regard to the LNNB, there have 

been many studies supporting the diagnostic accuracy of the 

battery in discriminating brain damaged from medical control 

groups (Golden, Hammeke, & Purisch, 1978; Moses & Golden, 

1979). The above two studies achieved comparable results, 

correctly identifying approximately 75 percent of the cases 

using a cutoff score criterion and correctly identifying over 

90 percent using discriminant function analysis (using the 14 

clinical and summary scales as predictors). 

In light of the effects age and education have on the 

LNNB (cf. Marvel, Golden, Hammeke, Purisch, & Osmon, 1979; 



25 

Vannieuwkirk & Galbraity,1985), Golden, Moses, Graber, and 

Berg (1981) used the patient's age and education to generate 

ipsative cutoff scores (T-scores) for each of the clinical 

scales. Using a criterion of two scales, other than Reading 

and Writing scales, elevated above the individualized cutoff 

scores, Golden, Moses, Graber, and Berg (1981) correctly 

classified 84 percent of the subjects in their study. Using 

this same criterion, many studies have demonstrated the 

diagnostic validity of the LNNB. The LNNB has been found to 

accurately classify normals from primary and secondary 

epileptics (Berg & Golden, 1981; Hermann and Melyn, 1985), 

patients with mixed neurological disorders (Sawicki & Golden, 

1984) , and patients with relatively mild brain impairment 

(Malloy & Webster, 1981). In most of these and other 

studies, the diagnostic accuracy is approximately 80 percent 

or above. 

The LNNB has also been studied for its ability to 

differentially diagnose specific psychiatric disorders and/or 

specific categories of brain impairment. Some of the groups 

that have been studied include alcoholics (Teem, 1981), 

learning disabled (Parolini, 1982), epileptics (Berg & 

Golden, 1981) , severely disturbed delinquents (McManus, 

Brickman, Alessi, & Grapentine, 1985), and affectively 

disturbed subjects (Silverstein, McDonald & Meltzer, 1988; 

Newman & Sweet, 1986). 
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The discriminative validity of the LNNB has undergone 

particularly extensive investigation with regard to 

schizophrenia. Moses and Maruish (1988c) have recently 

published a critical review of the literature on the LNNB 

from 1978 to 1986 as it pertains to schizophrenia. The many 

areas of study regarding this population include 

distinguishing the presence of enlarged ventricles, 

distinguishing the presence of cerebral atrophy, 

differentiating between schizophrenic and schizoaffective 

patients, and differentiating between paranoid and non-

paranoid subtypes (Langel, Purisch, & Golden, 1987). The hit 

rates vary from 78 percent correct to 92 percent correct when 

just classifying schizophrenics. The hit rates for correct 

classification of the schizophrenics when including a 

comparison group are slightly lower and range from 73 percent 

to 90 percent. Moses and Maruisch (1988c) concluded that the 

"LNNB measures thus appear to be able to predict both the 

presence and pattern of cortical dysfunction in schizophrenic 

patients" (p.60). 

Concurrent or criterion validity is a measure of how 

well the test in question systematically and consistently is 

related to established tests of known validity or to other 

criterion measures (Isaac & Michael, 1984). The Halstead-

Reitan was viewed as the hallmark of American 

neuropsychological assessment for two decades prior to the 

introduction of the LNNB (Hartlage, 1987) . Therefore, it is 
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a logical step to compare the results obtained by the LNNB 

with those obtained with the Halstead-Reitan. In a typical 

concurrent validity study, a group of subjects is 

administered both the Halstead-Reitan and LNNB, and the 

results of both batteries (generally in terms of hit rates) 

are statistically compared. Moses and Maruisch (1988b), have 

recently published a critical review of the concurrent 

validity research on the LNNB. 

Some of the initial concurrent validity studies reported 

have roughly comparable hit rates of approximately 80 percent 

when expert raters judged the protocols (Kane, Sweet, Golden, 

Parsons, & Moses, 1981) . Vicente et al. (1980), in a 

methodologically expanded version of the above study by 

Golden, Kane, et al. (1981) used correlational methods to 

compare the Halstead-Reitan and LNNB. They found significant 

intercorrelations and multiple correlations (R) between the 

two batteries (all R's greater than 0.71, p. < 0.05). 

Discriminant analysis performed in the second study found 

both batteries to be equally effective in identifying brain 

damage with hit rates greater than 85 percent. 

Chelune (1982) criticized the Golden, Kane, et al. 

(1981) study attributing from 63 percent to 93 percent of the 

degree of association between the two batteries as due to 

overlap with the Weschler Adult Intelligence Scale (WAIS) IQ 

scores. Chelune concluded that it was premature to establish 

the equality of the Halstead-Reitan and LNNB either in 
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effectiveness in diagnosing brain damage, or thoroughness of 

cortical assessment. Chelune, however, used postmorbid 

intelligence as a covariate in his study, and was resultingly 

criticized by Golden, Gustavson, and Ariel (1982) . Because 

postmorbid IQ reflects the effects of brain damage, its use 

as a covariate (as was done in the Chelune study) would 

spuriously underestimate the real ability of the Halstead-

Reitan and LNNB to predict each other. In another study also 

addressing the contributions of IQ to the diagnostic 

validity, Moses and Johnson (1984) found that the postmorbid 

WAIS IQ measures served roughly as a general measure of level 

of performance. Once the level of performance distinction 

had been made, the IQ scores added little additional 

information to the assessment of cortical dysfunction. 

In a factor analytic study of the summary scales of both 

the LNNB and Halstad-Reitan, Shelly and Goldstein (1982a) 

found that three of the four factors extracted from the two 

batteries had significant loadings from each battery. They 

concluded that there was a great deal of commonality of 

content between the two batteries. Finally, some recent 

studies have found that the Halstad-Reitan and LNNB are 

substantially correlated when assessing older children 

(Tramontana, Sherrets, & Wolf, 1983) and comparable as 

diagnostic screening batteries when judging the presence and 

extent of brain impairment (Kane, Parsons, & Goldstein, 1985; 

Kane, Parsons, Goldstein, & Moses, 1987). 
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In light of the high correlation between the WAIS IQ and 

both neuropsychological batteries discussed above, the 

relationship between the LNNB and WAIS IQ was investigated 

(cf. Kupke & Lewis, 1985; McKay, Golden, Moses, Fishburne, & 

Wisniewski 1981; Moses, 1986; Prifitera & Ryan, 1981). The 

study by Prifitera and Ryan (1981), and a replication of that 

study by McKay, Golden, Moses, Fishburne, and Wisniewski 

(1981) found substantial correlations between the Luria-

Nebraska Intellectual Processes Scale and WAIS IQ measures. 

The correlations between the Intellectual Processes Scale and 

WAIS averaged 0.85 for Full Scale IQ, 0.75 for Performance 

IQ, and 0.85 for Verbal IQ. 

Prifitera and Ryan (1981), and McKay, Golden, Moses, et 

al. (1981) developed a set of regression equations for 

predicting WAIS IQ scores from the LNNB. While the derived 

IQ's were highly correlated with the WAIS, they are not 

sufficiently accurate to use clinically. Using these same 

regression equations on a group on non-brain damaged students 

(undergraduates and high school students), Picker and 

Schlottmann (1982) found that the correlations previously 

demonstrated between the Luria-Nebraska Intellectual 

Processes Scale and WAIS IQ measures, while present for their 

subjects with low IQ's, were not present for their subjects 

with average or above average IQ's. While the LNNB is 

intended for brain damaged populations, the above study does 

point out limitations for the use of the Intellectual 
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Processes Scale. More recent studies have extended the 

Prifitera and Ryan (1981), and Mckay, Golden, Moses, et al. 

(1981) studies by including the clinical and summary scales 

of the LNNB in the analysis (Moses & Johnson, 1984; Moses, 

1985) and by extending the results to the Weschler Adult 

Intelligence Scale-Revised (WAIS-R) (Koffler & Zehler, 1986). 

Other concurrent validity research has examined the 

relationship between the LNNB memory scale and the Weschler 

Memory Scale (Ryan & Prifitera, 1982; McKay & Ramsey, 1983) , 

between the LNNB clinical and summary scales and the Wide 

Range Achievement Test (Shelly & Goldstein, 1982b), and 

between the LNNB and several other criterion measures (cf. 

Goldstein & Shelly, 1984; Moses & Maruisch, 1988b). The 

general finding of these studies is that there is a high 

degree of correlation or commonality between the LNNB and the 

criterion measures. Correlations of 0.70 or greater are 

generally reported between the LNNB and the criterion 

measures. Golden, Purisch, and Hammeke (1985) have reviewed 

a large number of these other concurrent validity studies. 

Construct validity is not measured directly but inferred 

by determining the degree to which certain explanatory 

concepts or constructs account for performance on the test. 

The procedure generally involves three steps. First, the 

investigator generates hypotheses from a theory regarding the 

expected results of the analyses. Second, the data are 

collected. Third, the data are analyzed to determine if the 
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theory is adequate to explain the data collected (Isaac, & 

Michael, 1981). 

A number of studies have been published on the LNNB in 

attempts to validate Lurian theory of cortical functioning, 

and to clarify interrelationships between items and allow for 

more extensive and accurate interpretation of the battery. 

In a recent article, Moses and Maruish (1988) reviewed the 

construct validity research on the LNNB. The studies have 

generally been in one of three types: (a) analysis of deficit 

patterns demonstrated by patients with localized lesions, (b) 

univariate item intercorrelations, and (c) scalewise factor 

analysis. 

One method of examining the relationship of the LNNB to 

Lurian theory is by examining the performance of subjects 

with localized brain damage. Predictions can be made based 

on theory as to how these patients would perform on the 

various clinical, summary and localization scales. This is 

well illustrated by a quote in Golden, Moses, Fishburne, et 

al. (1981) : "We theorized that if Luria's assumptions were 

accurate, we could identify a pattern of items on the test 

that was consistent with an injury to a given hemisphere or 

specific brain locus" (p. 492). Two studies of this type 

(Lewis et al., 1979; Golden, Moses, Fishburne, et al., 1981) 

have been published. Both studies yielded results that were 

consistent with Lurian theory. 
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In a series of articles by Golden and Berg (1980a,b,c,d; 

1981a,b,c; 1982a,b; 1983a,b,c) they attempted to demonstrate 

the interrelationships of all the LNNB items. The purpose of 

the set of articles was to examine the relationship between 

specific Luria items and the full set of Luria items. This 

was expected to shed light on skill areas that are related to 

the performance of individual items, and to provide evidence 

for the validity of Luria's assumptions about functional 

systems. The methodology was essentially the same for each 

article where the items from one scale were correlated with 

every other item in the battery (with the exception of items 

contained in the same clinical scale). While only items that 

correlated highly were discussed (x > 0.35: p. < .0001), the 

sheer number of univariate comparisons (more than 60,000) 

lowered the actual alpha level and inevitably resulted in 

some chance capitalization. While the results generally 

supported Lurian theory, the methodological problems call the 

results into question. 

Factor Analytic Studies. To control for the large 

number of univariate comparisons, it was necessary to use 

multivariate techniques. Multivariate techniques control for 

the multitude of intercorrelations present in the LNNB. 

Factor analysis was viewed as a statistically sound method to 

use to determine the relationships among the test items, and 

construct validity of the battery. Even with factor 

analysis, however, it is important to maintain a subject-to-
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variable ratio of 10 to 1. Fewer subjects than this 

recommended amount will cause the results to be less stable, 

and subject to chance variations. Fewer subjects than this 

recommended amount are acceptable for exploratory studies, 

but the results require cross-validation. 

Golden and his associates (Golden, Sweet, et al., 1980; 

Golden, Purisch, et al., 1980; Golden, Osmon, et al., 1980; 

Golden, Hammeke, et al., 1981) performed a series of 

principal component factor analyses (with communalities on 

the diagonal and iteration to the most ideal solution) on the 

11 clinical scales, the Pathognomic Scale, and the Right and 

Left Hemisphere Scales of the LNNB. The results were 

obliquely rotated into simplest factor structure, with the 

number of factors determined by the Scree Test. The subjects 

for this study were equally divided among normal controls, 

psychiatric patients, and brain damaged patients (90 subjects 

each group). The average age of the subjects was 41.3 years. 

With only 270 subjects, any scale with more than 27 items 

lowered the subject-to-variable ratio below the recommended 

10 to 1 range. This was the case with the Motor (51 items), 

Receptive Speech (33 items), Expressive Speech, (42 items), 

and the Intellectual Processes (34 items) Scales. Despite 

the low number of subjects, the factor structure of all of 

the scales, except the Receptive Speech and Memory scales, 

were interpreted as supporting Lurian theory. The Receptive 

Speech scale has been reanalyzed using a larger number of 
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subjects (McKay & Golden, 1981a) and differing methodologies 

(Moses, 1984a; Moses & Johnson, 1983). The results of these 

studies demonstrated support for Lurian theory. The factor 

structure of the Memory scale was re-examined by Moses 

(1984c). The results were consistent with the first analysis 

by Golden. 

After the initial series of factor analyses by Golden 

and his associates, McKay and Golden (1981b) developed a set 

of 34 factor scales for the 11 clinical scales. The reason 

for the design of these scales was to examine the patterns of 

strengths and weaknesses shown by groups of subjects with 

localized cortical damage. Analysis of variance indicated 

that four of the 34 factor scales did not significantly 

differentiate brain-damaged from non-brain damaged subjects 

and were dropped from the analysis. The 30 remaining factors 

were retained for analysis, and form the basis of the factor 

scales still used on the LNNB Form I and Form II. 

Moses (1983, 1984a,b,c, 1986a) replicated the principal 

components factor analysis of Golden and his associates. 

This study utilized a larger subject pool (542 subjects), and 

somewhat different methodology. The majority of the subjects 

in this study (331 subjects) had a diagnosed CNS abnormality. 

Also included were a large percentage of psychiatric subjects 

(14 6) and a smaller group of normal and medical controls (35 

subjects). In the studies by Moses, the results were 

orthogonally rotated by Varimax rotation, as opposed to an 
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oblique rotation method used by Golden and his associates. 

With the exception of the Tactile, Visual, and Intellectual 

Processes Scales, the factors derived in the orthogonal 

solution were roughly comparable to the oblique solution. On 

the Tactile and Visual scales, the resulting orthogonal 

solutions reflected the inclusion of a large number stroke 

patients with lateralized damage in the subject pool. The 

lateralized deficits, for example, resulted in dividing a 

simple sensation factor identified by Golden et al. into two 

factors measuring sensation of the right and left side of the 

body. For the Intellectual Processes Scale, the orthogonal 

solution generated a larger number of factors particularly 

with regard to the LNNB items involving calculation. Because 

the oblique solution was based on too few subjects, the 

orthogonal solution may be the more satisfactory solution. 

A brief description of the factor structure of the 11 

clinical scales follows. Each clinical scale will be 

discussed in terms of Luria's theory, and the empirical 

support derived in the factor analytic studies. A scale by 

scale comparison between the oblique and orthogonal solutions 

is provided in Appendix A. 

Luria (1966) divided the motor aspects of his battery 

into three main sections: motor movements of the hands, oral 

praxis (oral movements or series of movements of the mouth), 

and the speech regulation of the motor act. The movement of 

the mouth and hands are further divided into simple movement, 
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kinesthetic basis of movement, dynamic organization of 

movement, and complex forms of praxis (i.e., an action or 

series of movements). Two additional subsections include 

optic-spatial organization of hand movement and selectivity 

of motor function. These 11 subsections reduced to seven 

factors. Two of these factors, however, did not 

significantly differentiate brain damage from normal subjects 

(McKay & Golden, 1981b), and were subsequently dropped from 

the factor scale. The five remaining oblique factors 

(Golden, Osmon, et al., 1980) measure kinesthetic based 

movement, drawing speed, fine motor movement, spatial based 

movement, and oral motor skills. The orthogonal solution 

(Moses, 1983) includes two additional factors: the accuracy 

of drawing simple figures, and complex praxes. In general 

these factors support the divisions of motor functioning 

proposed by Luria. 

Luria divides rhythmic function into two categories: the 

perception and motor reproduction of pitch relationships, and 

the perception and motor reproduction of rhythmic structures. 

The Golden, Osmon, et al. (1980), and Moses (1983) studies 

both revealed two factors that provide some support of Lurian 

theory. The two factors involve rhythm and pitch perception, 

and singing. Moses (1983) derived one additional factor, 

"Acoustic perception and analysis," involving counting the 

number of beeps in a group of tones. 
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Luria proposed that tactile functions are composed of 

simple cutaneous and deep tactile sensation and of more 

complex stereognostic abilities such as the ability to 

kinesthetically recognize a common object placed in the hand 

when blindfolded. The oblique solution resulted in two 

factors measuring simple tactile sensation and stereognosis. 

The orthogonal solution also arrived at a stereognosis 

factor, but the other two factors were lateralized ("Right 

side body sensation," and "Left side body sensation"). As 

previously mentioned, this was possibly due to the inclusion 

of a large number of subjects with lateralized brain damage 

in the subject pool of the Moses (1983) study. 

The LNNB was designed to tap three areas of visual 

functioning proposed by Luria: visual perception, spatial 

orientation, and intellectual operations in space. Two 

oblique factors derived by Golden, Purish, et al. (1980) 

corresponded closely to the first two divisions of visual 

function proposed by Luria. The factors were named "Visual 

acuity and naming," and "Visual-spatial perception." The 

orthogonal solution was substantially different from the 

oblique solution. This was due possibly to the inclusion of 

a large number of subjects with lateralized brain damage. 

The three derived factors include "Complex visual processing 

and analysis," "Naming visual stimuli" (similar to "Visual 

acuity and naming"), and "Complex visual synthesis." 
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There are four scales (Receptive Speech, Expressive 

Speech, Writing, and Reading) that are designed to tap 

different aspects of language functioning. This extensive 

measurement reflects the neuropsychological complexity of 

language skills. Luria divides receptive speech into four 

subcategories that include phonemic hearing, word 

comprehension, simple sentence comprehension, and 

comprehension of complex sentences. 

The first oblique solution for the Receptive Speech 

scale (Golden, Purish, et al., 1980) only derived two factors 

(Phonemic discrimination, and Verbal comprehension) with 

significant loadings only on the first factor. It was found 

that 21 of the 33 items on the Receptive Speech Scale did not 

load significantly on either of the two factors generated. 

The Receptive Speech Scale- was subsequently re-examined 

(McKay & Golden, 1981a) using a substantially larger number 

of subjects, with a larger proportion of brain-damaged 

subjects than in the earlier study. The methodology was 

unchanged from the first study. Seven factors emerged from 

this second study that varied on a dimension of complexity of 

comprehension, which seemed "quite consistent with Luria's 

theoretical approach to receptive language skills" (p. 188). 

Only the first factor, "Phonemic descrimination," was 

duplicated in the second study. The other five factors 

measured (a) the use of relational concepts, (b) concept 
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recognition, (c) verbal-spatial relations, (d) word 

comprehension, and (e) logical grammatical relations. 

Two additional studies were completed of the Receptive 

Speech Scale by Moses and Johnson (1983) and Moses ( 1 9 8 4 a ) . 

These studies utilized orthogonal factorial solutions and 

revealed two factors that had adequate internal consistency. 

While other higher order factors did emerge, they did not 

have internal consistency as measured by coefficient alpha. 

This scale is intended to measure impairment of verbal 

expression from the most simple forms of articulation to 

complex forms of narration. Both solutions identified three 

similar factors that are consistent with Lurian theory: 

"Simple sight reading," which involves reading monosyllabic 

common words; "Word repetition," which involves repetition of 

phonemes, syllables, and words; and "Reading poly-syllabic 

(sic.) words," which involves reading complex sounds, words, 

and sentences. Additional factors were derived in both 

studies (Golden, Purish, et al., 1980; Moses, 1 9 8 4 a ) , but 

these factors either failed to discriminate brain damaged 

from normal subjects, or lacked internal consistency. 

Although Luria proposed a more complex arrangement of 

reading skills, the two factors generated by both factor 

solutions do fit Lurian theory. The first factor, "Reading 

complex material," involves reading paragraphs and 

polysyllabic words. The second factor, "Reading simple 

material," involves reading letters, and simple words. Most 
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words on this second factor are easily sight read without the 

need for phonemic analysis by adults with average 

intelligence. This second factor has also been called 

automatic reading. 

Both factor solutions identified two similar factors 

that are in agreement with Luria's division of writing 

skills. The first factor, "Spelling," involves spelling 

and/or the phonemic analysis of words. The second factor, 

"Motor writing skill," involves the writing of letters or 

words, either copying or from dictation. 

Both factor solutions were almost identical for the 

Arithmetic Scale. Further, the two factors that were derived 

closely fit Lurian theory. The first factor, "Arithmetic 

calculations," involves the reading and writing of Roman 

numerals, and performing a graded series of simple through 

complex arithmetic operations. The second factor, "Number 

reading," involves the reading and writing of numbers, and 

one simple addition task. While there are additional 

subdivisions of these skills both in Lurian theory and in the 

items included in the LNNB, the two factor solution may well 

be a result of the factor analytic process, which looks for 

the simplest solution to a given variable matrix. 

Luria noted three important aspects of memory. The 

first involved successfully repeating a series of seven 

words. The second aspect involved modal specific retention 

and retrieval. The third aspect involved a paired associates 
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task, or logical memory. The factor solutions both derived 

two similar factors that did not closely correspond to Lurian 

theory. The first factor, "Verbal memory," involves 

recollection of verbal material. The second factor is called 

"Visual and complex memory" (McKay & Golden, 1981b), or just 

"Visual memory" (Moses,1984b). All items on this factor 

involve a visual component in the presentation and recall or 

recognition of the presented material. Despite the lack of 

correspondence to Lurian theory, Golden, Osmon, et al. (1980) 

indicate that the two empirically derived factors involve the 

functioning of different brain areas, and postulate possible 

clinical inferences that can be drawn from differential 

performance on these two factors. 

This scale is a measure of neuropsychological 

competency, and provides an estimate of IQ. Luria theorized 

that intellectual processes could be divided into three 

subcategories. The divisions involve (a) the interpretation 

of thematic pictures, (b) concept formation, and (c) problem 

solving. The three factors derived by Golden, Hammeke, et 

al. (1981) do not correspond closely to Lurian theory. The 

derived factors include "General verbal intelligence," 

"Complex verbal arithmetic," and "Simple verbal arithmetic." 

As previously discussed, however, this study was based on an 

inadequate number of subjects for the number of items on this 

scale. 
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Using a larger subject pool, Moses (1984b) derived five 

factors in his study that more closely resembled the 

divisions proposed by Luria. One of the factors, "Nonverbal 

concept formation," involves the analysis of pictoral 

stimuli, and resembles division (a) above. Another factor, 

"Verbal concept formation," corresponds to division (b) 

above. The remaining three factors are "Complex conceptual 

analysis," "Calculation speed," and "Simple verbal 

arithmetic." While all of these three remaining factors 

measure some aspect of problem solving (division (c) above), 

they do not form a unitary factor. Nevertheless, the Lurian 

divisions are supported. 

In addition to the scale by scale factor analytic 

studies, Moses (1986c) performed a factor analysis of the 

LNNB grouping all items into three broad conceptual item 

bands. The Motor, Rhythm, Tactile, and Visual Scales made up 

a sensorimotor band. The Receptive Speech, Expressive 

Speech, Writing, and Reading Scales formed a Speech band. 

The last band consisted of the Arithmetic, Memory and 

Intellectual Processes Scales and was considered a conceptual 

item band. The three item bands were factor analyzed with 

orthogonal rotation in a manner similar to his other factor 

analytic studies (cf. Moses, 1983). The derived factors from 

this study were very similar to the original scalewise 

solutions. This was interpreted as supporting Lurian theory, 

and the construct validity of the LNNB. 
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Tntrodur.tion to the Luria-Nebraska Neuropsychological 

Batterv: Form II 

In response to comments offered by clinicians and 

researchers using Form I of the LNNB, Golden, Purish, and 

Hammeke (1985) published a second form of the LNNB. Form II 

of the LNNB was developed as a largely parallel version of 

Form I, but the revised form has several significant changes. 

While the content and overall level of difficulty remains 

similar, approximately 70 percent of the items on Form II 

have been changed. These changes include changing the 

stimulus cards, increasing the number of trials, and altering 

the specific requirements for scoring. 

There have been several changes with regards to the 

stimulus cards that may have effected the comparability of 

the two forms of the LNNB. Form II has a new spiral-bound 

set of stimulus cards that are larger than the original loose 

cards used in Form I. In addition, many of the specific 

cards (items) were modified in one of several manners: (a) 

adjustment of the difficulty of items which were either too 

difficult or too easy; (b) changes in administration and 

scoring to facilitate discrimination of localized brain 

damage, and (c) modifications to make the items more familiar 

to patients in the United States. Any one of these 

modifications of the test could affect the overall scores -

and therefore the direct comparability of the two forms of 

the LNNB. 
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One additional change to Form II is the addition of ten 

new items that comprise scale C12 (Intermediate Memory). 

This scale is intended to measure longer delays of recall 

than covered in the original memory scale (CIO). Form II 

also has some additional scales that are scored (factor and 

localization scales). Additionally, qualitative scoring was 

included in Form II. These last few changes, however, do not 

affect the comparability of the two forms of the battery. 

RPSftarr.h on the T.NNB Form II. There is an extreme 

paucity of published studies on the LNNB Form II. Most of 

the literature available is presented in the manual for Form 

I and Form II (Golden, Purish, & Hammeke, 1985), or is in 

abstract form from papers presented at different meetings 

(e.g., International Journal of Clinical Neuropsychology 

publishes abstracts from papers presented at the annual 

meeting of the National Academy of Neuropsychologists). 

In general, the available research supports the 

similarity of the two forms of the LNNB. One study reported 

in the manual (Golden, Purish, & Hammeke, 1985) indicated 

that there were no significant differences on the means of 

the clinical, summary, localization, and factor scales 

between the two forms (Golden, Purish, & Hammeke, 1985). It 

is not clear from the manual, however, if the comparisons 

between Form I and Form II were made with the same or 

different subject pools. Despite the limited research, 

Golden, Purish, and Hammeke (1985) make claims throughout the 
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manual of the equivalence of the two forms. They do, 

however, conclude with a cautionary note. They urge that 

more research is needed to fully establish equivalence, and 

"care should be taken at present when interpreting individual 

item scores of the two batteries in not assuming exact 

equivalence of neuropsychological processes in each score" 

(p . 2 63) . 

Given the above warning, it is surprising that the 

factor interpretations of Form II are based on regression 

equations derived from the analyses of Form I (McKay & 

Golden, 1981b). In light of the substantial changes made in 

Form II, empirical evidence supporting the equivalence of the 

factor solutions is desirable. One study of particular 

interest that has addressed this issue on the LNNB Form II is 

a dissertation by Von Seggern (1987/1988). 

Von Seggern performed an exploratory factor analysis of 

Form II, and compared her results to earlier results obtained 

by Golden and his associates on Form I (Golden, Hammeke, et 

al., 1981; Golden, Osmon, et al., 1980; Golden, Purish, et 

al., 1980; Golden, Sweet, et al., 1980). The 107 subjects in 

her subject pool were all classified with psychiatric 

disorders. There were no normal controls or subjects with 

verified brain damage. Many of the subjects had multiple 

diagnoses, 39 of which were considered psychotic, 63 of which 

were diagnosed with substance use disorders (no verified 

atrophy). Her analysis involved an oblique solution, with 
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her methodology being very similar to the series of studies 

performed on Form I by Golden and his associates. One 

difference in the methodology between Von Seggern's study and 

the ones performed by Golden and his associates is that 52 

items in her study were removed from the analysis because 

they were either performed within normal limits by every 

subject (score of 0), or "were missed so seldom that the 

amount of variance was negligible and prevented the 

completion of the factor analysis procedures" (p 22). The 

easy items were defined as any item that had a mean of 0.05 

or less. 

Her results were very similar to the ones obtained by 

Golden and his associates with two general differences. 

First, the Form I factors often contained items that were 

excluded in the Form II factors due to the removal of these 

items from the analysis as a result of perfect or near 

perfect performance by all subjects on these items in the 

Form II analysis. Second, the factors generated in the Form 

II analysis tended to have fewer items, and the items tended 

to be more homogeneous in function. The results of Von 

Seggern's study are presented in Appendix A. 

The study by Von Seggern (1987/1988) represents a first 

attempt at exploring the underlying factor structure of the 

LNNB-II. While that study represents a step in the right 

direction, several improvements can be made. 
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Unlike an orthogonal rotation, an oblique rotation (as 

used in the Von Seggern study) is not a linear transformation 

of the original solution in a factor analysis (Kim & Mueller, 

1978). The oblique solution creates factors that are not 

independent from each other and makes interpretation of these 

factors problematic. Further, it becomes important to know 

whether the "pattern" or "structural" coefficients were used 

for the interpretation, because these coefficients produce 

different results (Sawicki & Golden, 1984) . Neither the 

solutions by Golden and associates, nor the study by Von 

Seggern reported how the interpretation was done. Finally, a 

set of data may be oversimplified in an exploratory analysis 

using an oblique rotation (Nunnally, 1978). Given these 

criticisms, it is not surprising that many authors argue for 

the use of orthogonal rotation in exploratory factor analysis 

(Kim & Mueller, 1978; Moses, 1983, 1984a; Sawiciki & Golden, 

1984) 

A second improvement that can be made involves the 

analysis of the Intermediate Memory Scale (C12). Factor 

analysis of the memory scale on Form I (CIO) did not produce 

results consistent with Lurian theory. An analysis of this 

additional scale may shed light on the validity of Lurian 

theory as it pertains to memory functions. 

With these two changes in mind, the present study is an 

attempt to look at the factor structure underlying the 12 

clinical scales of Form II of the Luria-Nebraska 
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Neuropsychological Battery using ail orthogonal solution 

similar to that used by Moses (1983, 1984a,b,c) in his series 

of articles examining the factor structure of Form I. The 

results from the first 11 scales will be compared to previous 

analyses on both Form I and Form II. The twelfth clinical 

scale (Intermediate Memory) will also be analyzed to 

determine its underlying factor structure. The results will 

be discussed in terms of their correspondence to Lurian 

theory. 

One additional improvement that can be made to the study 

of the LNNB is to test the adequacy of the derived factors to 

account for the variance within the battery. Exploratory 

factor analyses can find where factors exist but confirmatory 

factor analyses specifically tests hypotheses regarding the 

factors previously defined with exploratory factor analyses 

or defined on theoretical grounds. In confirmatory factor 

analysis, restrictions are made on the model, predefining 

which variables will load on which factors as well as whether 

or not factors are correlated. This is done by setting the 

loadings for certain variables equal to zero and allowing 

other variables to vary and be freely estimated. The fit of 

the model can then be tested using chi-square. "An overall 

test of the adequacy of the hypothesized factors to reproduce 

all the data is provided by a chi-square test" (Gorsuch, 

1983, p.131). If the chi-square value is high relative to 

the degrees of freedom and the chi-square test is 
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significant, then the model must be rejected. In other 

words, a small chi-square value (p>0.05) will confirm a good 

fit to a model. The solutions derived from the principal 

component analysis will be used to make parameter estimates 

to test using confirmatory factor analysis. When the factor 

solutions from previous analyses are substantially different 

from the solution derived in the current study, these 

solutions will also be used to also generate paremeter 

estimates. 



CHAPTER II 

METHOD 

Subjects 

The subjects for this study represent 102 consecutive 

neuropsychological referrals to a clinical neuropsychologist 

practicing in the north Texas area. The following data were 

obtained for each subject: age, gender, handedness, level of 

education, psychiatric diagnosis (if diagnosed), and scores 

on the Luria-Nebraska Neuropsychological Battery, Form II 

(LNNB-II). 

Subjects included 61 males and 41 females with a mean 

age of 29.5 years (range = 13.2 to 74.0 years). Eighty-nine 

of the subjects reported being right handed, eleven reported 

being left handed, and two reported being ambidextrous. The 

mean level of education was 10.7 years with a range of 5 to 

20 years. Psychiatric diagnoses were made according to DSM-

III criteria (American Psychiatric Association, 1980) by the 

clinical neuropsychologist. A summary of the diagnostic 

frequencies grouped by clinical categories is presented in 

Table 12 of Appendix B. When appropriate, more than one 

diagnosis was assigned to a subject. Within the subject 

pool, 12 subjects had diagnosed brain damage and 7 were 
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classified as psychotic. No control subjects were used in 

this study. 

Procedure 

All subjects were administered the LNNB-II. Performance 

on each item was reported as a scaled score (0, 1, or 2) 

according to criteria provided in the test manual based on 

normative data. A score of 0 generally indicated normal or 

adequate performance on any particular item; a score of 1 

indicated borderline deficits; and a score of 2 indicated a 

significant deficit on that item. 

Exploratory Factor Analysis. The method of analysis 

used in this study on Form II is an approximate replication 

of the methodology used in the series of factor analytic 

studies performed on Form I by Moses (1983, 1984a,b,c). A 

principal components factor analysis without iteration was 

completed for each of the 12 clinical scales. Each factor 

solution was rotated to simple structure using the orthogonal 

Varimax method. Factors were extracted if the eigenvalue was 

greater than or equal to 1.0. An associated loading of 0.40 

or greater was required for an item to remain on a given 

factor, and no items that loaded 0.40 or greater on more than 

one factor were retained for discussion (Moses, 1983). This 

relatively conservative value for inclusion helps to minimize 

chance variation as a selection factor among items included 

in factors. At least three items had to meet inclusion 

criteria in order for the factor to be considered acceptable 
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for the final factor solution. All analyses used the 

Statistical Package for Social Scientists (SPSS) program 

(SPSS, Inc., 1986). After the factor solutions were derived, 

the factors were compared, scale by scale, to previous factor 

solutions performed on both forms of the LNNB. Substantial 

agreement between factor solutions from Form I and Form II 

would indicate a stable factor structure across forms of the 

LNNB. Substantial disagreement between the factor solutions 

would suggest a difference that could be attributed to the 

changes made to Form II of the battery. Factors that shared 

more than 50 percent of their items were considered to be 

similar for the purposes of this study. 

Confirmatory Factor Analysis. Confirmatory factor 

analysis using maximum likelihood approach was used to 

analyze the sample data collected on the LNNB-II. The 

LISCOMP program (Muthen, 1987) for categorical data was used. 

This program does not assume the multivariate normality which 

is generally assumed in confirmatory factor analysis, and 

therefore removed some of the problems created by the 

trichotomous variables of the LNNB. This program also 

accounts for the leptokurtic distribution of the data. 

Several scales were analyzed separately using the factors 

identified in this study as well as those identified in 

previous studies of Form I to establish parameter estimates 

for the analysis. Items not specified by a factor were left 
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free to rotate. A chi-square test was then used to test the 

adequacy of the hypothesized factor structure. 



CHAPTER III 

RESULTS 

Exploratory Factor Analysis 

Similar to the Von Seggern (1987/1988) study, several 

items were performed within normal limits (score of 0) by all 

or most of the subjects. These items accounted for little to 

none of the variance on the correlation matrix and interfered 

with the factor analytic procedures. As a result, it was 

necessary to exclude these items from the analysis. For this 

study, the "easy" items were defined as any item that had a 

mean of 0.05 or less. It was necessary to exclude 45 of the 

27 9 items for this analysis. A description of the omitted 

items and the items loading on each factor is provided. Also 

provided is the factor matrix for each scale indicating the 

item loadings on the derived factors. 

Tables 1 through 11 in Appendix A have been designed for 

easy comparison of the various factor analytic studies of the 

LNNB Form I and Form II. The names of the factors for each 

scale are listed in the left hand column of each Table. The 

items loading on that factor appear in columns under the 

author's name. Once understood, these tables facilitate the 

comparison of the four major factor analytic studies 

performed on the LNNB to date. It should be noted that 
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Golden and his colleagues performed the oblique factor 

analytic study on Form I that derived the initial set of 

factors for the LNNB Form I. McKay and Golden, however, 

refined the original factor solution into the set of factors 

currently used for the interpretation of both forms of the 

LNNB. Because the refined set of factors is used in the 

interpretation of the battery, this set of factors was used 

for comparison purposes unless otherwise noted in Appendix A. 

Mntnr Scale. As in the Von Seggern (1987/1988) study, 

it was necessary to exclude several items from the analysis 

due to performance within normal limits by most to all of the 

subjects. Seven of the 51 items comprising the Motor Scale 

were performed within normal limits by most sub^scts and were 

eliminated from the analysis. These "easy" items are 

presented in Table 13 in Appendix C. The factor matrix for 

the Motor Scale was derived from the remaining 44 items and 

is presented in Table 14 in Appendix C. The four factors 

that met the criteria for inclusion on this scale are 

presented in Tables 15 through 18 in Appendix C, and account 

for 25.1 percent, 9.4 percent, 6.3 percent and 5.4 percent, 

respectively, of the variance on the Motor Scale. 

Rhythm Scale. All twelve items were retained for the 

analysis of the Rhythm Scale. The factor matrix for the 

Rhythm Scale is presented in Table 19 in Appendix C. Two 

factors met the criteria for inclusion on this scale and are 

presented in Tables 20 and 21 in Appendix C. These two 
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factors accounted for 38.0 percent and 10.2 percent of the 

variance on the Rhythm Scale. A third factor was included in 

the results despite having only two items because this two 

item factor is consistent throughout the literature. Factor 

3 is presented in Table 22 of Appendix C and accounts for 8.5 

percent of the variance on this scale. Table 2 in Appendix A 

provides a display of the current and previous factor studies 

on the LNNB for easy comparison. 

Tactile Scale. Four of the 22 items comprising the 

Tactile Scale were performed within normal limits by most 

subjects and were eliminated from the analysis. These "easy" 

items are presented in Table 23 in Appendix C. The factor 

matrix for the Tactile Scale was derived from the remaining 

18 items and is presented in Table 24 in Appendix C. The 

three factors for this scale are presented in Tables 25 

through 27 and account for 25.5 percent, 11.0 percent and 7.9 

percent, respectively, of the variance for the Tactile Scale. 

Table 3 provides a listing of the factors derived in this and 

previous studies on the Tactile Scale. 

Visual Scale. Two of the 14 items comprising the Visual 

Scale were performed within normal limits by most subjects 

and were eliminated from the analysis. These items are 

presented in Table 28 in Appendix C. The factor matrix for 

the Visual Scale was derived from the remaining 12 items and 

is presented in Table 2 9 in Appendix C. The two factors that 

met the criteria for inclusion in this study are presented 
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in Tables 30 and 31 of Appendix C. The first factor 

accounts for 29.3 percent of the variance on the Visual 

Scale, and the second factor accounts for 12.7 percent of the 

variance. Table 4 in Appendix A provides a display of the 

current and previous factor solutions for the Visual Scale. 

Receptive Speech Scale. Eleven of the 33 items 

comprising the Receptive Speech Scale were performed within 

normal limits by most subjects and were eliminated from the 

analysis. These items are presented in Table 32 in Appendix 

C. The factor matrix for the Receptive Speech Scale was 

derived from the remaining 22 items and is presented in Table 

33 in Appendix C. The two factors that met the criteria for 

inclusion on this scale are presented in Tables 34 and 35 in 

Appendix C, and account for 21.6 percent and 8.3 percent of 

the variance. Table 5 in Appendix A provides a listing of 

the factors derived in this and previous studies on the 

Receptive Speech Scale. 

Expressive Speech Scale. Twelve of the 41 items 

comprising the Expressive Speech Scale were performed within 

normal limits by most subjects and were eliminated from the 

analysis. These items are presented in Table 36 in Appendix 

C. The factor matrix for the Expressive Speech Scale was 

derived from the remaining 29 items and is presented in Table 

37 in Appendix C. The four factors that met the criteria for 

inclusion on this scale are presented in Tables 38 through 41 

in Appendix C. The four factors accounted for 20.6 percent, 
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7.9 percent, 6.3 percent and 5.1 percent of the variance on 

this scale. Table 6 in Appendix A provides a comparison of 

the factors identified in the current and previous 

exploratory factor analytic studies of the Expressive Speech 

Scale. 

Writing Scale. All items were retained for the analysis 

of the 13-item Writing Scale. The factor matrix is 

presented in Table 42 in Appendix C. Two factors met the 

criteria for inclusion in this study and are presented in 

Tables 43 and 44 in Appendix C. These factors account for 

31.2 percent and 12.0 percent of the variance on the Writing 

Scale. Table 7 in Appendix A provides a display of the 

current and previous factor analytic studies on this scale. 

Riding Scale. One of the 13 items comprising the 

Reading Scale was performed within normal limits by most 

subjects and was eliminated from the analysis. This item, 

number 194, requires subjects to read the individual letters 

in small blocks of letters (i.e., "HEW, DOE, PR") that are 

presented on a stimulus card. The factor matrix for the 

Reading Scale was derived from the remaining 12 items and is 

presented in Table 45 in Appendix C. The two factors that 

met the criteria for this study are presented in Tables 4 6 

and 47, and account for 36.3 percent and 11.9 percent of the 

variance. Table 8 in Appendix A provides a listing of the 

factors derived in this and previous studies. 
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Scale. F i v e of the 22 items comprising the 

Arithmetic Scale were performed within normal limits by most 

subjects and were eliminated from the analysis. These items 

are presented in Table 48 in Appendix C. The factor matrix 

for the Arithmetic Scale was derived from the remaining 17 

items and is presented in Table 4 9 in Appendix C. The three 

factors that met the criteria for inclusion on this scale are 

presented in Tables 50 through 52 in Appendix C. The first 

factor accounted for 37.6 percent of the variance on the 

Arithmetic Scale, the second and third factors accounted for 

10.1 and 8.2 percent of the variance respectively. These 

factors are also presented in Table9 in Appendix A along with 

previous factor analytic results. 

Mpmnry Srals. All thirteen items were retained in the 

analysis of the Memory Scale. The factor matrix for the 

Memory Scale is presented in Table 53 in Appendix C. The two 

factors that met the criteria for inclusion on this scale are 

presented in Tables 54 and 55 in Appendix C and accounted for 

33.2 percent and 9.0 percent of the variance on the Memory 

Scale. A comparison of the current and previous exploratory 

factor analytic solutions is provided in Table 10 of Appendix 

A. 

Tni-el 1 sr.tua 1 Processes Scale. Three of the 33 items 

comprising the Intellectual Processes Scale were performed 

within normal limits by most subjects and were eliminated 

from the analysis. These items are presented in Table 56 in 
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Appendix C. The factor matrix for the Intellectual Processes 

Scale was derived from the remaining 30 items and is 

presented in Table 57 in Appendix C. The four factors that 

met the criteria for inclusion on this scale are presented in 

Tables 58 through 61 in Appendix C. These factors accounted 

for 18.5 percent, 10.8 percent, 6.8 percent and 5.8 percent 

of the variance on this scale. Table 11 in Appendix A 

provides a comparison of the factor structures from the 

various studies of the LNNB. 

Intermediate Memory Scale. All of the ten items 

comprising the Intermediate Memory Scale were retained in the 

analysis. The factor matrix for the Intermediate Memory 

Scale is presented in Table 62 in Appendix G. The two 

factors that met the criteria for inclusion on this scale are 

presented in Tables 63 and 64 in Appendix C. These two 

factors account for 35.7 percent and 6.8 percent of the 

variance. There have been no previous factor analytic 

studies of the Intermediate Memory Scale. Therefore, there 

is no comparison table in Appendix A. 

Confirmatory Factor Analysis 

A number of the LNNB-II scales were analyzed using 

maximum likelihood confirmatory factor analysis (CFA). CFA 

is sensitive to sample size relative to the number of 

parameters being estimated, so the subtests with the fewest 

number of variables were tested first. The visual scale with 

14 variables (or items), the writing scale with 14 variables 
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and. the memory scale with 13 variables were tested, using 

LISCOMP's categorical maximum likelihood CFA. "Easy" items 

were removed from these scales prior to analysis. 

None of the models tested fit the data using 

confirmatory factor analysis. The model that came closest to 

fitting the data was on the Visual Scale, but the final 

solution was far different from the original exploratory 

factor solutions. For the Visual Scale, the exploratory 

solution derived in the Golden, Von Seggern and the current 

study all had two factors. The Moses study had three 

factors. Each of the above models only allowed loadings 

greater than or equal to 0.4 with no variable loading on more 

than one factor. The best fitting CFA model had four factors 

with variables loading on more than one factor. This model 

also had correlated factors. The model did not come close to 

fitting unless the fators were allowed to correlate and 

variables were allowed to load on more than one factor. 

Because the model did not fit (p = 0.03) the parameter 

estimates may not be trusted. On all other scales analyzed, 

the results were similar, with no tested model significantly 

fitting the data. With the other scales, however, the tested 

models were rejected with a greater degree of certainty. All 

CFA models with independent factors were rejected with chi-

square values ranging from 71.406 to 506.334. All models 

were rejected based on these chi-square values. 



CHAPTER IV 

DISCUSSION 

F.xpioratorv Factor Analysis 

Thirty-three factors wers generated in the Exploratory 

Factor Analysis (EFA) that met criteria for inclusion in this 

study. There was a 75.7 percent agreement between the 

factors generated in this study and the factors generated by 

Moses (1983, 1984a, b, c) using a similar methodology. There 

was also a 64 percent agreement with the factors of McKay and 

Golden (1981b). Only two factors generated in this study did 

not have a comparable factor from the Form I studies. Both 

of these factors were derived on scales with the largest 

number of items. Therefore, the limitations of my sample 

size bring into question the stability of these factors 

across other samples, and restrict the conclusions that can 

be made about these two factors. 

The first of the two factors was the "Verbal 

productivity" factor on the Expressive Speech Scale. As 

noted in Table 6 of Appendix A, a similar factor was 

identified by Golden and his associates in the original 

oblique solution. This factor, however, was excluded in the 

ANOVA study by McKay and Golden (1981b) and was subsequently 

not included as a factor used for the interpretation of the 
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LNNB. The reasons for the exclusion of this factor from the 

ANOVA study were not explained. 

The second factor derived in the current study that did 

not have a comparable Form I factor was the "Nonverbal 

processing speed" factor identified on the Intellectual 

Processes Scale. This factor was very homogeneous in item 

content and may reflect a discrete neurological process. 

With the exception of these two factors, three other factors 

derived in this study shared less than half of their items 

with a comparable factor identified in the Form I studies. 

These three factors, "Word recognition" and "Word repetition" 

on the Expressive Speech Scale and "Calculation speed" on the 

Intellectual Processes Scale, did appear to measure similar 

constructs as the Form I factors, despite sharing a low 

percentage of items in common with those factors. 

The overall agreement between the factors from Form I 

and Form II speaks favorably towards the comparability of the 

factor structure of the two forms of the LNNB, especially 

considering the limited sample size in the current study and 

the necessary exclusion of 45 items in this analysis. A 

scale by scale discussion of the results follows. Each 

factor is discussed noting similarities and differences to 

the previous exploratory factor analytic studies and noting 

correspondence to Lurian theory. 

Motor Scale . There is a remarkable similarity between 

the factors derived for the Motor Scale in this and in 
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previous studies on Form I of the LNNB (see Table 1, Appendix 

A). This is especially striking considering the extremely 

low 2:1 subject to variable ratio present for this scale of 

51 items. Despite the unfavorable conditions for the factor 

analysis, the high correspondence of the factors between this 

study on Form II and other studies on Form I suggests a 

stable and roughly equivalent factor structure for the Motor 

Scale for both Forms I and II of the LNNB. While Luria 

proposed a greater number of divisions of motor functioning, 

the identified factors in the present study support Lurian 

constructs. 

The first factor consists of the identical eight items 

as the "Fine motor speed" factor identified in the orthogonal 

factor solution investigated by Moses (1983) . This factor 

also shares seven items in common with the "Fine motor speed" 

factor identified by Golden, Sweet, et al., (1980) . The 

items on this scale involve manual motor speed and 

sequencing, plus one item measuring oral praxis speed and 

sequencing. Successful completion of these items requires 

the ability to perform a rapid series of movements accurately 

and repetitively. The production of this set of movements 

which involve bilateral coordination correspond to Luria's 

concept of "dynamic organization of movement" (Golden, Sweet, 

et al., 1980). 

The second motor factor corresponds exactly to the 

"Drawing speed" factor identified in both LNNB Form I 
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studies. The six items on this scale measure the time 

required by subjects to copy or draw from memory simple 

geometric figures (ie., a circle, a square, a triangle). On 

this study as in other factor studies of the Motor Scale, 

drawing speed appeared as a factor independent of drawing 

quality (which accounted for the items on a separate factor). 

Also similar to the previous studies of Form I, drawing speed 

accounted for a greater percentage of the variance than did 

drawing accuracy. A probable explanation posited in the 

Golden, Sweet, et al. (1983) article suggests that 

individuals with mild construction dyspraxia will have a time 

deficit rather than a quality deficit, because the figures 

being drawn are very simple. Individuals who have quality 

deficits as well will have more severe construction dyspraxia 

which would localize more clearly to the right hemisphere 

than does the drawing of more complex figures. 

The six items on the third factor do not correspond to 

any single factor derived in previous studies, but appears to 

have items that have been previously grouped into two 

different factors. Items 5, 6 and 7 are contained in the 

"Kinesthetic based movement," factor identified in previous 

studies on Form I, whereas items 15, 16 and 20 appear to more 

closely resemble the "Spatial based movement" factor also 

found in previous Form I studies. Despite the lack of 

correspondence to previous studies, the items on this factor 

do form a logical grouping. All items on this factor require 
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subjects to perform spatial movements with either kinesthetic 

or visual feedback. While it may be desirable to separate 

these skills for clinical purposes, the current factor 

solution does not n\ake this distinction. 

The fourth factor corresponds almost exactly to the 

"Drawing simple figures accuracy" factor identified in both 

factor analytic studies of Form I. In the current analysis, 

item 40 was excluded from this factor because it loaded on 

more than one factor with a value greater than 0.40. The 

items on this scale are very homogeneous in nature and 

measure the accuracy of the figures either drawn or copied by 

subjects. These items appear to measure constructional 

difficulties. McKay and Golden (1981b) removed this factor 

from the interpretation of the LNNB because in the above 

study this factor failed to significantly discriminate brain 

damaged from non—brain damaged subjects using Analysis of 

variance design. Retention of this factor for clinical 

interpretation of the LNNB should be considered, as this 

factor may be useful in detecting more severe cases of 

construction dyspraxia. It is possible that the 12 subjects 

in the McKay and Golden study with right parietal-occipital 

damage did not have substantial enough parietal damage to 

result in severe constructional apraxias. Nevertheless, this 

factor has been extracted in all studies of Form I and II to 

date, and has been found to have adequate internal 

consistency as measured by means of coefficient alpha (Moses, 
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1983). Therefore, this factor does have reliability and 

stability across sample populations and forms or the LNNB. 

Nevertheless, clinical validity (criterion validity) still 

remains to be established for this factor. 

Rhythm Sr.ale. The three factors derived from this scale 

in this study closely resembles the factor structure 

previously derived for Form I of the LNNB by Moses. The 

Lurian division of rhythmic functions into two divisions 

(rhythmic and pitch abilities) is partially supported. This 

scale, however, has consistently produced higher order 

functions like singing and acoustic analysis which were not 

discussed by Luria. 

All five items that loaded on the first factor are 

contained in the parallel factor "Rhythm and pitch 

perception" identified in both studies of Form I. The items 

on this factor involve several non-verbal analysis skills 

including pitch discrimination, discernment of rhythmic 

properties in acoustic sequences and motor production of 

rhythmic sequences. The probable common element of these 

items is a measure of sustained attention and concentration 

necessary for successful performance of these items (Golden, 

Sweet, et al., 1980). 

The second factor is a heterogeneous collection of four 

items that shares half of its items with a factor identified 

by Moses called "Acoustic perception and analysis." The 

items on this factor involve pitch discrimination and 
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counting the number of beeps present on a taped auditory 

stimulus. While the skills required for the items on this 

factor appear similar to those required on the first factor, 

the analytic component may distinguish these items from the 

others. This factor, however, failed to reach satisfactory 

reliability levels in the Moses study, and was not 

recommended for clinical use. 

The final factor identified on this scale is identical 

to the "Singing" factor identified in both previous studies 

of Form I. While only containing two items, this factor was 

retained for discussion due to the presence of strong support 

for this factor in previous studies. The skills required for 

singing appear to be separate from acoustic analysis skills, 

and probably represent a right hemisphere task. Further 

investigation has been suggested to investigate the clinical 

relevance of this ability (Moses, 1983). 

Tar.i-.ilft Scale. The three factors derived in this study 

most closely resemble the factor solution derived by Moses 

(1983) . The difference between this solution and the Golden, 

Sweet et al. (1981) solution is the division of "Simple 

tactile sensation" into two distinct factors measuring 

tactile sensations on the right and left side of the body. 

This distinction between left and right side tactile 

sensation is understandable from a neurological standpoint, 

as the left and right side of the body have separate neural 

pathways. A difference in performance would be especially 
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pronounced in unilateral stroke patients. A two factor 

division of tactile abilities is most consistent with Lurian 

theory. 

The first factor identified in this study corresponds to 

the "Stereognosis" factor identified in all previous factor 

studies of the LNNB. All three items on the current factor 

are included in the parallel factor identified by Golden, 

Sweet, et al. (1980). The items on this factor involves two-

point discrimination and the identification of common objects 

by touch. These items require the simultaneous synthesis of 

tactile information and do not lateralize to any particular 

side of the body. 

The items of the second factor lateralized to the left 

side of the body and correspond to the "Left side body 

sensation" factor identified by Moses. The items on this 

scale require intact cutaneous sensation on the left side of 

the body. These items measure tactile finger localization, 

discrimination of light and heavy pressure, and 

graphesthesia, which are all right parietal functions. 

The items on the third factor identified on this scale 

do not localize to any particular side of the body. These 

items are homogeneous in function and involve the ability to 

identify numbers or geometric figures drawn on the back of 

subjects' wrists. While this factor has not been identified 

in previous exploratory factor analyses of the LNNB, 
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graphesthesia appears to form a separate functional system 

measuring posterior parietal functioning. 

Sr.ale. The two identified factors measure visual 

perception and visual-spatial abilities, providing support 

for the division of visual abilities theorized by Luria. All 

the items on the first factor are included in a parallel 

factor identified by Golden, Purisch, et al. (1980). The 

items on this factor, "Visual acuity and naming," require 

subjects to identify and name visually perceived stimuli. 

These items form a very homogeneous factor with all items 

requiring the ability of visual perception and naming. 

The second factor involves the analysis of complex 

visual stimuli in order to draw conclusions about the 

stimuli. This factor is similar to a factor derived in the 

Moses study, who named this factor "Complex visual processing 

and analysis." These items also could be classified as 

measuring non-verbal problem solving, or visual-spatial 

perception. Regardless of the name for this factor, the 

items contained in this factor appear to require analysis and 

simultaneous synthesis of visual stimuli into spatial 

patterns (McKay & Golden, 1981b), which is supportive of 

Lurian theory. 

Receptive Speech. The factor structure of the Receptive 

Speech Scale has been studied more extensively than any other 

scale on the LNNB. In most of the five studies on this scale 

a clear factor structure with internally consistent factors 
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did not emerge. It was only by increasing the sample 

population and including a greater percentage of brain 

damaged subjects that a satisfactory multi-factored solution 

emerged (McKay & Golden, 1981a). 

It was found in the study of Form II by Von Seggern that 

a large percentage of the items were performed within normal 

limits by most of the patients. As in the Von Seggern study, 

it was necessary to exclude 11 items from the current 

analysis. The two factors identified in this study conform 

to the solution derived by McKay and Golden. It should be 

noted, however, that 25 of the 33 items on this scale did not 

significantly load on a satisfactory factor. While other 

factors were identified for this scale, the factors either 

had fewer than three items, or had an eigenvalue less than 

1.0. This minimal inclusion of items on acceptable factor 

brings into question the current solution for this scale. In 

a similar fashion, Golden, Purisch et al. (1980) found that 

21 of the 33 items on this scale did not load on a factor in 

the original oblique solution to the Receptive Speech Scale. 

It was only with very large samples and inclusion of higher 

percentages of brain damaged subjects that a satisfactory 

factor was identified. 

The first factor is most similar to the "Using 

relational concepts" factor identified by McKay and Golden 

(1981a). With the exception of item 131, these items require 

the subjects to demonstrate understanding of simple 
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relational concepts. Item 131 requires complex language 

processing, and involves more involved language skills. 

The second factor shares three of its four items in 

common with the "Phonemic discrimination" factor present in 

all factor analytic studies of the Receptive Speech Scale. 

All items on this factor involve speech sounds perception and 

word comprehension. For each of these items, groups of 

phonemes or words are spoken by the examiner and are 

identified by the subject through repeating, writing, or 

pointing. This factor appears to support Luria's theoretical 

organization of receptive language skills. 

The breakdown of receptive speech into different levels 

of complexity - from phonemic discrimination and word 

comprehension to simple relational concepts to complex 

relational concepts - is consistent with Lurian theory. This 

division of receptive language skills was present in the 

McKay and Golden study, but is oversimplified in the current 

analysis by the two-factor solution. 

Expressive Speech. More items were removed from this 

scale than any other scale, reflecting the relative ease that 

the subjects in this study performed the items on this scale. 

Eight items were also removed from the analysis in the Von 

Seggern study. The resulting factor structure for this scale 

shared only minor similarity to factor structures previously 

derived. The factors derived in this study were more 

heterogeneous in item content and there was as little as 20 
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percent correspondence between the items derived for the 

factors in the current study and the item content on factors 

previously identified. This scale is the second largest 

scale on the LNNB and the limitations of the sample size for 

the current study produced a very unfavorable subject to 

variable ratio. 

The seven items of the first factor were very 

heterogeneous in content. The items involved skills as 

diverse as word repetition, phonetic reading, naming objects 

and verbal organization. This factor is been grouped with 

the "Word Repetition" factor in Table 6, for comparison 

purposes. There does not appear to be a single 

neuropsychological construct, however, that succinctly 

organizes the items on this first factor. 

Like the first factor, the second factor is very 

heterogeneous in item content. The six items on this factor 

involve reading polysyllabic words, sentence repetition, 

automatic speech and word finding. This factor contains only 

one reading item, and the other items on this factor are more 

lexicon oriented. Therefore, this factor is included in 

Table 6 with the "Word finding skills" factor identified by 

Moses, although this factor name does not adequately describe 

the the heterogeneous content of this factor. 

The third factor is fairly homogeneous and the five 

items measure word repetition and verbal productivity. This 

factor is similar to the "Verbal productivity" factor 
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identified in the Golden, Purisch, et al. (1980) study. The 

Golden et al. factor, however, was not found to discriminate 

brain damaged from non-brain damaged patients and was 

subsequently dropped from the overall factor structure of the 

LNNB used for interpretation. Nevertheless, it is the 

construct of verbal productivity that best accounts for the 

items on this factor. 

The fourth factor represents the only homogeneous factor 

that was derived on this scale. Two of the three items 

contained on this factor are contained in the parallel factor 

"Speech automatization/fluency" identified by Moses (1984a). 

All items on this fourth factor involve recitation by the 

subjects of automatized overlearned sequences (e.g., counting 

from 1 to 20, naming days of the week). 

Wri tina. The two factors that met criteria for 

inclusion in this study closely resemble the two-factored 

division of the Writing Scale found in previous studies, all 

of which are consistent with Lurian theory. All five items 

that loaded on the first factor are contained in the parallel 

factor "Spelling" previously identified. The items on this 

factor involve the spelling and phonetic analysis of words, 

and require knowledge and application of basic phonetic rules 

and the relationship between letters and sounds. 

Two of the three items on the second factor are 

contained in the parallel factor "Motor writing skills" 

identified in both studies of Form I. The items on this 
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factor require the subjects to copy letters or groups of 

letters, or write sentences about their own ideas. The last 

item on this factor (item 187) makes this factor less 

homogeneous than previous similar factor. Writing one's own 

thoughts is a more complex neuropsychological process than 

copying groups of letters. Writing skill, however, still 

appears to organize this group of items. 

Reading. The two factors derived from this scale 

closely resemble the factor structure previously derived on 

studies of Form I of the LNNB. While consistent with Lurian 

theory, neither this or other studies identified the more 

complex arrangement of reading skills posited by Luria. 

The first factor shares six of its seven items in common 

with the parallel factor "Reading complex material." The 

items on this scale involve complex integrative verbal skills 

(Moses, 1984a). This series of items on this factor are 

organized by level of complexity, with phonemic analysis only 

necessary for the first items in this factor. Word attack 

skills and passage comprehension are necessary to pass the 

later items on this factor. 

The second factor shares two of its three items with the 

closely parallel "Reading simple material" factor. These 

items involve the reading of simple words and sentences with 

straightforward declarative syntax. The words read on these 

items are commonly recognized by the average subject taking 

the battery. As the items are timed, the subjects must 
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perform these items with relative ease in order to score 

within the normal range. 

Rr-it-hmetlc. The three factors generated from this scale 

closely resemble the factor structure derived in both studies 

of Form I. One difference noted in this analysis is that the 

"Arithmetic calculations" factor of previous studies was 

divided into two factors in the present study: one measuring 

simple arithmetic calculations the other measuring complex 

mental arithmetic. 

The four items on the first factor involve the writing 

and reading of two, three, and four digit numbers. All items 

on this scale are included in the "Number reading" factor 

identified in both studies of Form I. These items involve 

the basic skill of reading and recognizing numbers. 

The second factor identified in this study is a five-

item factor that shares all of its items in common with the 

"Arithmetic calculations" factor, although the factor derived 

on this study is more homogeneous in content. Most items on 

this current factor require the capacity for complex mental 

arithmetic. Some problems also involve addition and 

subtraction of multi-digit numbers. 

The three items that comprise the third factor are all 

contained in the roughly parallel factor "Arithmetic 

calculations." The items in this third factor, like the 

second factor identified in this study, are more homogeneous 

in content than the similar factor derived in studies of Form 
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I. These three items appear to measure simple arithmetic 

calculations that can be easily performed by most subjects 

taking the LNNB. The difference between the second and third 

factors generated in this study appears to represent an 

organization of the complexity of the items on the factor, 

with items on the third factor being more easily performed 

than the items on the second factor. The clinical relevance 

of this distinction is unclear, as ability to perform the 

more difficult arithmetic items may covary with years of 

education more than it does the location of a specific brain 

lesion. 

Memory. Two factors were identified that were 

consistent with the two-factored structure previously 

identified on studies of Form I of the LNNB. Four of the six 

items on the first factor were contained in the parallel 

factor "Verbal memory" identified in Form I studies. Most of 

the items on this factor involve recollection of verbal 

information through rote list learning or recall after 

interference. The two items that were not included in the 

"Verbal memory" factors of previous studies (items 227 and 

235) involve a greater degree of visual memory, making this a 

less homogeneous factor than the Form I factor. Item 227 is 

a short term visual recollection task. Item 235 is a word-

association task, requiring subjects to remember words and 

pictures paired together. 
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Two of the three items on the second factor were 

contained in the parallel "Visual and complex memory" factor 

identified in both Form I studies. The items on this factor 

require short term auditory memory, integration of visual 

memory with sensorimotor skills, and memory for combined 

visual and verbal information. The visual aspects of these 

items apparently organize this factor. 

Golden, Osmon, et al. (1980) posited that the 

distinction between these two factors relates to temporal-

limbic functioning ("Verbal memory") versus higher cortical 

functions ("Visual and complex memory"). Another way of 

conceptualizing these memory factors is considering the 

"Verbal memory" as a left hemisphere memory factor and 

"Visual and complex memory" as relating to more integrative 

and/or right hemisphere functioning. This contention is 

supported in the McKay and Golden (1981b) article which looks 

at the factor profiles of patients with different categories 

of lesion locations. Three of the four categories of left 

hemisphere impaired patients had a more impaired "Verbal 

memory" factor score than a "Visual complex memory" score. 

The one category of left hemisphere patients where this 

relationship between the two memory factors did not hold true 

was the left-sensorimotor patients. The requirement of the 

integration of visual and sensorimotor information on item 

22 9 may have created poorer performance for left-sensorimotor 

patients on the second memory factor. While this 
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conceptualization of the Memory Scale still requires 

empirical verification, it seems in agreement with the 

current data. 

TntPi lentil 1 Processes. The four factor structure 

produced in this study resembles the factor structure 

identified by Moses (1984c), but not that described by McKay 

and Golden (1981b). The division of items in the current 

study is also consistent with Luria's division of 

intellectual processes into three categories: (a) 

interpretation of thematic pictures, (b) concept formation, 

and (c) problem solving. 

Half of the six items on the first factor were contained 

in the similar factor "Complex conceptual analysis" 

identified by Moses. The first four items on the current 

factor involve the definition of words and expressions, and 

the explanation of proverbs. The last two items involve 

complex verbal arithmetic. While this factor is not as 

homogeneous as the factor identified by Moses, the concept of 

complex conceptual analysis does adequately describe the 

items on this factor. 

The three items on the second factor form a very 

homogeneous factor that measures the time required to solve 

simple arithmetic problems. Although this factor shares only 

one of its three items in common with the "Calculation speed" 

factor identified by Moses, this concept very accurately 

explains what is being measured by the items on this factor. 
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The first two factors on this study resemble Luria's division 

(c) listed above. 

The third factor identified in this study does not have 

a parallel factor identified in any of the previous studies 

of the LNNB. Nevertheless, the three items form a 

homogeneous factor with all items measuring the time required 

to solve nonverbal tasks. For descriptive purposes, this 

factor was named "Nonverbal mental processing speed." These 

items are presented in Table 60 of Appendix C. It is 

possible that the mental quickness for solving nonverbal 

tasks represents a discrete neurological function from the 

mental quickness required to solve mathematics problems. 

Whereas both constructs appeared independently in the current 

study, only the latter construct ("Calculation speed") was 

present in the Moses study. This factor is consistent with 

Luria's division measuring interpretation of thematic 

pictures. Granted, the items on this current factor measure 

the speed of the answer to thematic pictures rather than the 

correct interpretation of such. 

The fourth factor is most similar to the "Verbal 

concept formation" factor identified by Moses with which it 

shares two of its four items. The four items on this scale 

involve reading and comprehending a written passage, word 

analogies, and one mathematical word problem. The common 

element of these items appears to be verbal processing 
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abilities. This factor corresponds to Luria1s division (b) 

above. 

Tni-.ftrmedjat-.ft Memory. The ten items on this scale 

produced a two factor solution. The Intermediate Memory 

Scale has not been previously analyzed by factor analysis, so 

the factors derived in this study do not have a ready source 

of comparison. The four items on the first factor involve 

kinesthetic recall, recall of cutaneous sensation, delayed 

recitation of a list of rote learned words, and delayed 

visual recall. The three items on the second factor involve 

memory of drawn figures, memory of visual-word associations, 

and delayed verbal recall of a story. 

The two factors identified in this scale do not have a 

simple theme that unifies the items in each factor. Memory 

functions are often categorized by recall of verbal or visual 

information. Another categorization is between procedural 

(motor-skill) and declarative (long term verbal-experiential) 

memory (Thompson, 1988) . Both of these schemata have 

neuropsychological support. Unfortunately, neither of these 

schemata appear to explain the loading of the items on the 

two Intermediate Memory factors. A third schemata involves 

the division of memory into two forms: episodic and 

categorical, or semantic (Maclnnes & Robbins, 1987). 

Episodic memory refers to memories that have been given a 

temporal and spatial coding. Semantic memory is a verbally 

mediated memory similar in conceptualization to Luria1s model 
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of categorical memory. Although the factors derived from 

this scale are not completely homogenous, this categorization 

does partially explain the organization of the items within 

the two Intermediate Memory factors derived in this study. 

The first factor appears to be less verbally oriented and can 

be considered as episodic memory. The one item that does 

involve verbal recall measures the recitation of an 

overlearned list of seven words. Subjects may have used 

spatial memory for this task, so episodic memory could also 

explain the loading of this item on this factor. The items 

in the second factor could be considered as measuring 

categorical memory, as all items can be more verbally 

mediated. Nevertheless, the failure of the current analysis 

to identify homogeneous factors is no surprise, considering 

the limited number of items in the Intermediate Memory Scale 

that measure a large number of discrete memory skills. 

Confirmatory Factor Analysis 

In the second analysis of this study, the factors 

derived in the current study and previous Form I studies were 

used to generate parameters to test the adequacy of the 

assumed factor structure. None of the models tested fit the 

data. Despite the negative results, there were some 

conclusions that can be made about (a) the use of CFA for 

this current sample and (b) the possible underlying factor 

structure of the LNNB. 
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CFA and the chi-square test are sensitive to sample 

size. Most often with a very large sample (n > 1000) the 

chi-square will be significant and the model rejected due to 

the sample size. When the sample is small, as in the current 

study (n < 100-200), or if the model is rejected because of a 

large chi-square value, the parameter estimates may not be 

trusted. Unlike principal component analysis, CFA allows for 

the estimation of standard errors which can be used to 

interpret the parameter estimates and the fit of the model. 

If the model does not fit the data, then it is useless to use 

the parameter estimates derived from that model. In this 

study both small sample size and large chi-square values call 

into question the estimated parameters. 

In this study, even when the scales with the smallest 

number of variables were tested, the models did not fit the 

data. Under the best possible conditions for this sample, 

CFA could not come up with good parameter estimates for any 

of the models tested. Most likely, the sample size of 102 

was too small to confirm the underlying factor structure. 

Attempts to generate models to fit the data were also 

unsuccessful. Nevertheless, a substantial decrease in the 

chi-square values was noted when factors were allowed to 

correlate. Further, the best fitting CFA models had 

variables loading on more than one factor. The assumption of 

independent variables made in orthogonal rotations may not be 

a valid assumption for the LNNB. Constructs in the real 
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world are rarely uncorrelated (Harman, 197 6). Therefore, an 

oblique solution may be a better rotation method for use on 

the LNNB. Allowing items to load on more that one factor 

would also account for a greater percentage of the variance 

on the clinical scale. If an oblique rotation method is used 

for the factor solution, however, intercorrelations among the 

factors should be presented to assist in the interpretation 

process. Neither Golden or Von Seggern reported correlations 

among their factors. The interpretation of correlated 

factors is, nevertheless, problematic (Kim & Mueller, 1978). 

Although CFA is useful in testing complicated models, it 

is not always the best method to use in analyzing data. 

Given the complicated interwoven constructs of the LNNB and 

the trichotomous variables, the question arises if CFA is an 

appropriate technique to use in the analysis of the LNNB. 

Comparing groups of subjects whose scores should profile 

differently, as in the McKay and Golden study (1981b), may be 

a more fruitful method of investigating the validity of the 

derived factors. This later method would also lend itself to 

direct clinical application. 

Concluding Remarks 

There were several differences between the current study 

and previous Form I exploratory factor analytic studies. 

These differences could conceivably create a substantial 

change in the underlying factor structure identified in the 

current analysis of the LNNB Form II. 
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The first difference was the use of different forms of 

the LNNB. While Form II is described as a largely parallel 

version of Form I, there is minimal empirical evidence to 

support this claim. With 70 percent of the items having some 

form of change, the validity of using the factors derived 

from Form I to interpret Form II is questionable. It is 

assumed that the same underlying skills or functional systems 

are being measured by the second form. However, the specific 

items contributing to those skills may be different in the 

two forms of the test. 

The second difference between this and previous studies 

is the subject parameters. The Form I studies were based on 

a mixed population of normal, brain damaged and psychiatric 

patients. Additionally, most of the psychiatric patients 

were diagnosed with schizophrenia. In contrast, the subjects 

in the current study came from one referral source and were 

primarily psychiatric with a small percentage of strictly 

brain damaged subjects. The psychiatric subjects were more 

heterogeneous with fewer schizophrenic diagnoses. This 

minimal inclusion of brain damaged subjects may have 

contributed to the relative proficiency with which the 

subjects answered the questions on the battery and could have 

resulted in changes in the derived factor structure for the 

LNNB Form II. Also, the necessary exclusion of many items 

from the current analysis, could have affected the final 

factor solution. 
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Despite these significant differences, the current study 

gave encouraging results in the exploratory analysis. There 

was a high degree of agreement between the factors derived in 

this study and previous Form I studies. Only one entirely 

new factor was identified ("Nonverbal processing speed") on 

the Intellectual Processes Scale. All other factors from 

this study had roughly equivalent factors from the Form I 

studies. This agreement between factors of the two forms of 

the LNNB supports the approximate equivalence of the two 

forms and supports the continued use of the factors derived 

from Form I for the interpretation of Form II. 

There were, however, several discrepancies between the 

current results and the factor solution used for the 

interpretation of the LNNB. As in the Moses study (1983), 

the current investigation supports the division of the 

"Simple tactile sensation" factor on the Tactile Scale into 

two separate factors measuring right and left side 

performance. This distinction between left and right side 

performance is logical in that there are separate neural 

pathways for tactile sensation on differing sides of the 

body. The use of these two factors, as opposed to one, could 

be beneficial in identifying unilaterally damaged stroke and 

other neuropsychological^ impaired patients. 

A second discrepancy between the McKay and Golden 

factors and the current factor solution is on the 

Intellectual Processes Scale. The McKay and Golden factors 
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are based on an exploratory factor analysis that had an 

inadequate number of subjects (Golden, Hammeke et al., 1981). 

A second analysis of this scale by Moses had an adequate 

number of subjects and arrived at a substantially different 

factor solution, one which was more consistent with Lurian 

theory. While the current study had an inadequate number of 

subjects for a stable analysis of this scale, the factor 

solution for this scale is more supportive of the solution by 

Moses. The failure to support the factor solution by Golden 

et al. brings into question the validity and stability of 

that solution. This lack of concurrence also brings into 

question the adequacy of interpreting the Intellectual 

Processes Scale with that factor solution. 

With the exception of the two discrepancies noted above, 

the current results were supportive of a similar factor 

solution between the two forms of the LNNB, and supportive of 

the underlying structure presupposed by Lurian constructs. 

In some cases, Luria theorized a more complex breakdown of 

skills than was realized by the factor solutions. This may 

be an artifact of the factor analysis process, which looks 

for the simplest solution to a factor matrix. In general, 

computer models will accept the most parsimonious model to a 

given factor matrix (Kim & Mueller, 1978). Therefore, more 

complex factor structures may explain the data, but these 

solutions are not discovered using the EFA process. 
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In addition to looking at the exploratory factor 

analytic studies on Form I of the LNNB, the current study 

provided data from the only other factor analytic study of 

the LNNB Form II. Similarities between the two Form II 

studies that were not consistent with the Form I studies 

would suggest that the areas of divergence from the Form I 

solutions are a result of differences between the two forms 

of the battery. Such was not the case. The current solution 

was more consistent with the two Form I studies than it was 

to the other Form II study. In general, the differences 

between the two Form II studies appears to relate more to the 

method of rotation than to different factor structures for 

the two forms. The Von Seggern factors more closely 

resembled the McKay and Golden factors, whereas the factors 

from the current study more closely resembled the Moses 

factors. Albeit, there is considerable factor overlap 

between all four studies. The consistency of the factor 

structure across forms of the LNNB, even when using a small 

and substantially different sample population, is strongly 

supportive of a stable factor structure for the LNNB. 

The current study represents many improvements over the 

previous factor solution on the LNNB Form II. The criticisms 

of an oblique rotation have already been discussed. Oblique 

rotations (a) can lead to an oversimplification of the data, 

(b) are not a linear transformation of the data, and (c) can 

lead to difficulty in interpreting factors. In an oblique 



89 

rotation, it should be reported whether "pattern" or 

"structural" coefficients were used. This was not reported 

in either oblique study. 

One additional criticism of the Von Seggern study is 

that many of the factors that were discussed were inadequate 

in size to be stable or interpretively useful. The Von 

Seggern study averaged 2.7 items per factor while the current 

study had an average of 4.5 items per factor for the same 11 

clinical scales. Seventeen of the 38 factors identified in 

her study had two or fewer items; five factors had only a 

single item. Even including the items accounted for on these 

17 factors, only 103 of the items from the battery loaded on 

factors. In the present study, 139 items loaded on 

acceptable factors (excluding the seven items that loaded on 

the Intermediate Memory Scale) with only one factor having 

fewer than three items ("Singing" on the Rhythm Scale). The 

poor inclusion of items on adequate factors on the Von 

Seggern study brings into question the adequacy of her factor 

solution. Von Seggern concluded that as a result of using a 

strictly psychiatric population for her study, many of the 

items were performed without difficulty and did not load on 

any factors. The results of the present study, while having 

primarily a psychiatric sample, did not have the same 

problems with items loading on factors. 

Despite problems in the Von Seggern study, there was 

considerable agreement between the factor solution of her 
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study and the current one. Further, both studies found it 

necessary to remove a large number of items from the 

analysis, which may have related to the relative cerabral 

intactness of psychiatric subjects compared to brain damaged 

subjects. Both studies were based on a similar number of 

psychiatric subjects (107 and 102) . it was necessary to 

exclude 52 items in the Von Seggern study and 45 items in the 

current study. Most of the items removed were identical in 

both studies (34 items) supporting the notion of a shortened 

version of the LNNB that could be administered to psychiatric 

populations. Removing these 34 items when administering the 

battery to psychiatric patients would save considerable time 

without losing much information. 

The present study also tested the significance of the 

hypothesized factor structures through confirmatory factor 

analysis. Unfortunately, no hypothesis about the underlying 

factor structure based on previous exploratory studies was 

supported. The CFA did suggest that the best factor solution 

to the LNNB Form II is one that (a) has correlated factors 

and (b) has items loading on more than one factor. The 

difficulty that arises with correlated factors, however, is 

the trouble interpreting the factors once they are derived. 

While apparently contradictory, the rejection of all 

hypotheses tested through the CFA process is statistically 

understandable. Factor analysis assumes continuous variables 

that are normally distributed, and it is not robust to 
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violations of these assumptions. Correlations from 

trichotomous data are usually not reliable and this strongly 

affects the subsequent factor analyses which essentially 

attempt to reproduce the correlations (Kline, 197 9). 

Further, where the item split is uneven, the correlations are 

limited in size. The SPSS exploratory factor analysis 

program does not take into account the limitations imposed by 

the data. The LISCOMP confirmatory factor analysis takes 

into account both the type of data (categorical/ 

trichotomous) and its distribution (leptokurtic). Therefore, 

the categorical data of the LNNB affected the confirmatory 

factor analysis to a greater degree than the exploratory 

analysis. 

A second explanation for this apparent contradiction 

regards the size of the sample used in this study. Accepted 

practice calls for at least ten times as many cases as there 

are variables entering the correlation matrix (Thorndike, 

1982). Smaller samples than this will lead to unstable 

factors in the exploratory analysis. CFA is even more 

sensitive to sample size. With small samples, the hypotheses 

can be rejected as a result of chi-square values, or as a 

result of the greater percentage of error variance. 

A third explanation for the contradiction between the 

EFA and CFA results is related to the process of confirmatory 

factor analysis. In CFA, restrictions are made to the 

variables such that only certain variables are free to vary 
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and. load on specified factors. By taking away the variance 

normally accounted for by the variables not allowed to load 

on specific factors, the net result is an increase in the 

percentage of error variance. 

Despite the above statistical explanation for the 

negative confirmatory results, these data from the 

confirmatory analysis must still be interpreted as not 

supporting the results of the exploratory factor analysis, 

which were consistent with Lurian theory. The method of 

testing one model, however, is not the best use of the CFA 

process. Marsh (1985) concludes the following: 

While CFA allows the researcher to explicitly define 

alternative models to fit the data and to generate 

parameter estimates, support for these models is often 

based on subjective indicators for which conventional 

'rules of thumb1 are poorly understood. If the purpose 

of the CFA is to determine in an absolute sense whether 

or not a single model can adequately fit the data, the 

problem appears to seriously undermine the usefulness of 

CFA. However, the problem is less serious when a viable 

set of alternative models can be specified on the basis 

of theory, and the purpose of the CFA is to compare the 

abilities of competing models to fit the data. (pp. 447-

448) 
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Problems notwithstanding, researchers may be better directed 

to propose models that have correlated factors and to work 

with a larger sample size. 

Given the conflicting results of the exploratory and 

confirmatory analyses, the results must be viewed with 

caution. Guidelines have been offered for future research. 

In addition to searching for correlated factor solutions, 

looking at performances of specific clinical populations may 

be beneficial. Further, in light of the adequate performance 

by a majority of the subjects on many items, a screening form 

of the LNNB could be developed for psychiatric patients that 

has removed many of the "easy" items. 
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Appendix A—continued 

Table 1 

Factors Derived in Factor Analytic studies of i-hq Motor 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Nagel 

Kinesthetic 5 5 5 
Based 6 6 a 
Movement 7 7 7 

8 8 8 
15 
16 
20 

48 
50 

Drawing 37 37 37 37 
Speed 39 39 39 39 

41 41 41 41 
43 43 43* 43 
45 45 45* 45 
47 47 47* 47 

Drawing 12 
Simple 36 36 36 
Figures 38 38 38 38 
Accuracy 40 40 

38 

42 42 42 
44 44 44 44 
46 46 46 

Simple 13 
Hand 14 
Movements 17 

18 
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Appendix A—continued 

Table 1 (cont.) 

Factors Derived in Factor Analytic Studies of the Motor Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Fine 1 1 1 
Motor 2 2 2 
Speed 3 3 3 3 

4 4 4 4 
21 21 21 
22 22 22 
23 23 23 

33 33 

Spatial 9 9 
Based 10 10 
Movement 11 11 

12 12 
15 15 
16 16 

19 

Oral 29 
Motor 32 
Skills 35 

Complex 22 
Praxis 23 

25 
26 
48 48 48 
50 50 50 
51 

Note. In the Moses study, the "Spatial based movement' 
factor was divided into a left side (items 10, 12, 16) and 
right side (items 9, 11, 15, 19) factor. 
* These three items formed a separate factor in the Von 
Seggern study. 
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Appendix A—continued 

Table 2 

Factors Derived in Factor Analytic Studies of the Rhythm 

Scale 

Factor McKay 
Golden 

& Moses Von Seggern Nagel 

Rhythm 52 52 52 
and 53 53 
Pitch 54 54 54 
Perception 55 55 55 

58 58 58 
59 59 59 
60 60 

61 
62 62 62 62 
63 63 

Singing 56 56 56 56 
57 57 57 

Acoustic 53 
Perception 54 
and 58 
Analysis 60 60 

61 61 

Note. The "Singing" factor was derived by Golden, Sweet, et 
al. (1980), but then removed from the factor structure used 
for the interpretation of the LNNB as this factor failed to 
discriminate brain damaged from non-brain damaged patients. 
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Appendix A—continued 

Table 3 

Factors Derived in Factor Analytic Studies of the Tactile 

Scale 

Factor McKay & 
Golden 

Moses Von Seggern Nagel 

Simple 64 
Tactile 65 
Sensation 68 

69 
72 
73 
74 
75 
76 76 

77 
79 79 

Right 64 
Side 68 
Body 70 
Sensation 72 

74 74 
76 76 

77 

Left 64 
Side 65 65 
Body 69 69 
Sensation 71 

73 
75 75 
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Appendix A—continued 

Table 3 (cont.) 

Factors Derived in Factor Analytic. Studies of the Tactile 

Scale 

Factor McKay & 
Golden 

Moses Von Seggern Nagel 

Stereognosis 66* 
67 67* 
70 70 70 
71 71 71 
82 
83 83 83** 
84 84 
85 85 85** 85 

*These two items formed a separate factor in the Von Seggern 
study 
**These two items formed a separate factor in the Von Seggern 
study 
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Appendix A—continued 

Table 4 

Factors Derived in Factor Analytic Studies of the Visual 

Scale 

Factor McKay & 
Golden 

Moses Von Seggern Nagel 

Visual 87 
Acuity 88 88 88 
and 89 89 
Naming 90 90 90 

91 91 91 
99 

Naming 86 
Visual 87 
Stimuli 90 

91 

Complex 92 92 92 
Visual 93 
Processing 94 
and 95 
Analysis 97 97 97 

98 
99 99 99 

Visual- 94 
Spatial 95 
organization 97 

Complex 
Visual 
Synthesis 

88 
89 
93 
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Appendix A—continued 

Table 5 

Factors Derived in Factor Analytic studio o f i-he r p p.p Ph t o 

Speech Scalp 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Nagel 

Phonemic 100 100 
Discrimina- 101 101 
tion 102 102 102 

103 103 
102 

104 104 104 104 
105 105 105 105 

109 109 

Using 106 106 
Relational 107 
Concepts 

107 
111 

116 
117 117 
123 123 123 
125 

123 

129 
130 

131 
132 

Concept 110 110 
Recognition 112 

113 113 
115 

116 

Verbal- 118 
Spatial 119 
Relationships 120 
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Appendix A—continued 

Table 5 (cont.) 

Factors Derived in Factor Analytic Studio of the Receptive 

Speech Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Word 108 108 
Comprehen- 111 111 
sion 114 114 

121 

Logical 124 
Grammatical 125 
Relations 126 

Relational 119 
Syntax 120 120 
Comprehen- 123 
sion 124 

125 
126 

127 

Sequential 106 
Process 107 
Comprehen- 109 
sion 130 

132 

* These three items formed a separate factor in the Nagel 
study. 
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Table 6 

Factors Derived in Factor Analytic Studies of the Expressive 

Speech Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Simple 145 
Phonetic 146 146 
Reading 147 147 

150 150 
152 152 
153 153 

159 
163 

Word 133 133 
Repetition 134 134 134 

135 135 135 
136 

137 137 
138 138 

139 139 139 
140 
141 141 141 
142 142 

143 
144 

155 
157 
174 

Reading 140 140 
Poly- 144 144 
syllabic 148 148 
Words 149 149 149 

151 151 151 
155 
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Appendix A—continued 

Table 6 (cont.) 

Factors Derived in Factor Analytic studies of th* Exnre.^-i 

Speech Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Word 143 
Finding 151 
Skills 155 

156 
157 
158 

161 
170 170 
171 171 

Speech 137 
Automa- 160 
tization/ 161 161 
Fluency 162 162 

163 163 
164 

167 

Verbal 138 
Productivity* 140 

165 
166** 166 
167 
168** 
169 169 
172 
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Appendix A—continued 

Table 6 (cont.) 

Far.t.ors Derived in Factor Analytic Studies of the Expressive 

Speech Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Verbal 173 
Organization 174 

Note. The "Simple phonetic reading" factor is named "Simple 
sight reading" in the Moses (1983) study. 
*This factor was originally identified by Golden, Purisch et 
al. (1980), but was not included in the final factor 
structure derived by McKay and Golden. 
**These two items formed a separate factor on the Von Seggern 
study. 
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Table 7 

Factors Derived in Factor Ana lytic Studies of the Writing 

Scale 

Factor McKay & Moses 
Golden 

Von Seggern Nagel 

Spelling 175 175 
176 176 
179 179 179 179 
182 182 
183 183 183 
184 184 184 
185 185 185 185 
186 186 186 186 
187 187 

Motor 177 177 177 
Writing 178 178 178 
Skill 180 180 

181 181 
187 

"Elision of the Consonants" 183 
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Table 8 

Factors Derived in Factor Analytic Studies of the Reading 

Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Reading 188 
Simple 189 
Material 190 

193 
190 

194 194 194 
197 197 

198 
197 
198 

Reading 188 188 
Complex 189 189 
Material 191 

192 192 
193 

192 
193 

195 195 195 195 
196 196 196 196 
199 199 199 199 
200 200 200 200 
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Table 9 

Factors Derived in Factor Analytic, S t u d i o of t.ha ahth i rs ti r . 

Scale 

Factor McKay & Moses Von Seggern Nagel ' 
Golden 

Number 201 201 
Reading 203 203 

204 204 204 204 
205 205 205 205 
206 206 

208 
209 209 209 
210 210 
211 211 

213 213 
214 214 214 

Arithmetic 202 202 202 
Calculations 207 207 207 

212 212 
213 213* 
215 215 215* 
216 216 
217 217 217 
218 218 218* 
219 219 219 
220 220 220 
221 221 221 
222 222 222 

* These three items on the " Arithmetic Calculations" factor 
formed an independent factor in the Nagel study. 
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Table 10 

Factors Derived in Factor Analytic Studies of the Memory 

Scale 

Factor McKay S 
Golden 

i Moses Von Seggern Nagel 

Verbal 223 223 223 223 
Memory 224 224 

225 225 225 225 
227 

230 230 
231 

232 232 232 
233 233 

234 234 
235 

Visual 226 
and 227 227 
Complex 228 228 
Memory 229 229 229 

230 
234 
235 235 

Note. The items listed under the "Visual and complex memory" 
factor are named differently in the Moses (1984c) study. 
This factor is considered "Visual memory" by Moses. 
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Table 11 

Factors Derived in Factor Analytic Studies of the 

Intellectual Processes Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

General 236 
Verbal 237 
Intelligence 242 

243 
244 
245 
246 
247 
248 
249 
250 
251 
253 
254 
256 
257 
2 62 

Complex 262 
Verbal 264 264 
Arithmetic 265 

266 266* 
267 267* 
268 268 
269 

Picture 238 
Arrangement 239 

240 
241 
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Table 11 (cont.) 

Factors Derived in Factor Analytic Studies of the 

Intellectual Processes Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Simple 252 
Verbal 253 
Arithmetic 

258 258 
259 

Complex 244 
Conceptual 245 245 
Analysis 246 246 246 

247 
248 248 
249 
250 
251 

255 255 
258 258 
259 259 
260 260 
261 261 
263 

264 
266 

Calculation 259 
Speed 261 

263 263 263 
265 
266 
267 
269 

Nonverbal 239 
Processing 941 
Speed 267 
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Table 11 (cont.) 

Factors Derived in Factor Analytic Studies of the 

Intellectual Processes Scale 

Factor McKay & Moses Von Seggern Nagel 
Golden 

Verbal 244 
Concept 247 
Formation 251 

252 
253 
254 254 
257 
262 262 

Nonverbal 236 
Concept 237 
Formation 240 

241 
242 
243 

*These two items formed a separate factor in the Von Seggern 
study. 
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Table 12 

Frp.qiisnnies of Assigned Diagnoses 

Axis Diagnostic Category Subjects 

I Disorders of Infancy, Childhood or Adolescence 

Attention Deficit Disorder 12 

Conduct/Oppositional Disorder 38 

Other 1 

I Organic Mental Disorders 33 

I Substance Use Disorders 42 

I Schizophrenic/Psychotic Disorders 7 

I Mood Disorders 

Affective Psychoses 2 9 

Other Mood Disorders 27 

I Anxiety Disorders 9 

I Somatiform Disorders 2 

I Adjustment Disorder 9 

II Personality Disorders 32 

II Specific Developmental Disorders 35 

No Psychological Diagnosis 12 
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Appendix C-continued 

Table 13 

"Easy" Items on the Motor Scale 

Item Description 

11. Do as I do. Right hand and fingers vertical, palm left, 

touch nose with second (index) finger. 

19. Point to your left ear with your right hand, (do not 

demonstrate) 

28. Puff out your cheeks. 

29. Stick out your tongue as far as possible and keep it 

there until I tell you to put it back in your mouth. 

31. Place your tongue between your teeth and upper lip. 

34. Show me how to chew. 

35. Show me how to whistle. 
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Table 14 

Rol-.at-.eri Motor Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 Factor 4 

1 610* 083 148 163 
2 416* 198 104 159 
3 764* 150 319 159 
4 738* 223 191 184 
5 214 083 687* 035 
6 145 136 718* 192 
7 336 073 413* 161 
8 201 031 069 135 
9 133 055 188 070 
10 202 -079 029 033 
12 051 036 440 061 
13 104 083 094 005 
14 195 069 264 044 
15 111 022 791* -032 
16 225 064 813* 017 
17 458 -003 232 160 
18 456 -030 343 167 
20 107 034 740* 041 
21 813* 138 151 028 
22 711* 061 026 135 
23 701* 011 043 049 
24 131 316 145 201 
25 076 032 279 040 
26 138 017 -090 -004 
27 136 -007 123 154 
30 030 -098 021 -018 
32 161 038 074 086 
33 574* 018 038 237 
36 -003 -064 -050 712* 
37 008 787* 011 032 
38 161 -065 050 605* 
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Table 14 (cont.) 

Rotated Motor Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 Factor 4 

39 149 845* -020 -025 
40 112 051 173 531 
41 046 872* -068 003 
42 290 -018 -070 438* 
43 027 827* 147 036 
44 270 -034 138 638* 
45 132 774* 188 -137 
46 186 -105 086 643* 
47 211 684* 056 -199 
48 369 069 370 031 
49 384 035 116 110 
50 -013 071 195 076 
51 265 134 271 260 

Note. 

*Item 

Decimal points omitted. 

included in factor according to criteria in text. 
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Appendix C-continued 

Table 15 

Motor Scale Factor 1* 

Loading Item 

0.610 1. Using your right hand, touch your fingers in 

turn with your thumb as quickly as you can 

while you count them. 

0.416 2. Same as #1 with left hand. 

0.7 64 3. Clench your right hand and then stretch your 

fingers repeatedly until I ask you to stop. 

0.738 4. Same as #3 with left hand. 

0.813 21. Coordinating right and left hands in 

alternating sequential clench and extension 

movements 

0.711 22. Coordinating right and left hands in 

sequential tapping 

0.701 23. Coordinating right and left hands in 

sequential tapping 

0.57 4 33. Rapid repetition of three mouth movements 

* Accounts for 25.1% of the variance on the Motor Scale 
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Table 16 

Motor Scale Factor 2* 

Loading Item 

0.787 37. Time required to draw a circle. 

0.84 5 39. Time required to draw a square. 

0.872 41. Time required to draw a triangle. 

0.827 43. Time required to copy a circle. 

0.77 4 45. Time required to copy a square. 

0.684 47. Time required to copy a triangle. 

* Accounts for 9.4% of the variance on the Motor Scale 



121 

Appendix C-continued 

Table 17 

Motor Scale Factor 3* 

Loading Item 

0.687 5. With your eyes closed, place your right hand 

in the same position I place it in. (Right 

thumb against second finger) 

0.718 6. Same as #5 with left hand. 

0.413 7. Place your right hand in the same position I 

place your left hand in. (Thumb and fourth 

finger are placed against each other.) 

0.7 91 15. With arms lowered, bend right elbow up at a 

90-degree angle. 

0.813 16. Bend left elbow up at a 90-degree angle. 

0.740 20. Touch your right shoulder with your left hand. 

* Accounts for 6.3% of the variance on the Motor Scale 
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Table 18 

Motor Scale Factor 4* 

Loading Item 

0.712 36. Draw the best circle you can. 

0.605 38. Draw the best square you can. 

0.438 42. Copy this figure as best you can (circle) 

0.638 44. Copy this figure (square). 

0.643 46. Copy this figure (triangle). 

* Accounts for 5.4% of the variance on the Motor Scale. 
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Table 19 

Rotated Rhythm Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 

52 644* 157 164 
53 104 523* 093 
54 256 661* 226 
55 598* 327 246 
56 209 048 845* 
57 070 340 731* 
58 702* 154 317 
59 697* 087 281 
60 385 643* 072 
61 153 772* 088 
62 667* 228 -190 
63 675 410 -059 

Note . 

*Item 

Decimal points omitted. 

included in factor according to criteria in text. 
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Table 20 

Rhythm Scale Factor 1* 

Loading Item 

0.64 4 52. You are going to hear two tones on a tape 

recording. Tell me whether the tones you hear 

are the same or different. 

0.598 55. Listen to these tones, then hum them. 

0.702 58. Tell me how many beeps you hear. 

0.697 59. Tell me how many beeps in the groups. 

0.667 62. You will now hear a rhythm on the tape. I 

want you to tap with your hand the rhythm you 

heard on the tape. 

* Accounts for 38.0% of the variance on the Rhythm Scale. 
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Table 21 

Rhythm Scale Factor 2* 

Loading Item 

0.523 53. You will hear two tones. Tell me which is 

higher, the first or the second tone. 

0.661 54. You will hear two groups of sounds. I want 

you to tell me whether the two groups of 

tones you hear sound the same or different. 

0.643 60. How many beeps are in each of these groups? 

0.772 61. In the next groups some of the beeps are loud 

and soft. How many beeps are in each group. 

* Accounts for 10.2% of the variance on the Rhythm Scale. 
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Table 22 

Rhythm Scale Factor 3* 

Loading Item 

0.845 56. Listen to this melody. Please sing it. 

0.731 57. Please sing "Rock-a-bye-baby." 

* Accounts for 8.5% of the variance on the Rhythm Scale 
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Table 23 

"F.asv" items on the Tactile Scale 

Item Description 

72. In what direction am I touching your arm, up or down? 

Right hand performance. 

73. Left hand performance. 

80. Now I will put your left are in a certain position; try 

to put your right arm in the same position. 

81. Now I will put your right arm in a certain position; try 

to put your left arm in the same position. 
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Table 24 

Pnt-at.ed Tactile Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 

64 064 727* -223 
65 235 823* 138 
66 123 104 069 
67 386 168 178 
68 217 248 185 
69 315 579* 136 
70 916* 086 083 
71 877* 207 075 
74 137 033 466* 
75 -080 645* 313 
76 027 064 748* 
77 069 055 785* 
78 012 -000 -019 
79 -020 098 121 
82 154 -043 005 
83 611 -007 038 
84 094 263 136 
85 611* 146 075 

Note. 

*Item 

Decimal points omitted. 

included in factor according to criteria in text. 
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Table 25 

Tactile Scale Factor 1* 

Loading Item 

0.916 70. How many points do you feel? Right hand 

performance. 

0.877 71. Left hand performance. 

0.611 85. Feel this object and tell me exactly what it 

is. (nickel, eraser, key, paper clip.) Left 

hand t ime. 

Accounts for 25.5% of the variance on the Tactile Scale. 
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Table 2 6 

Tactile Scale Factor 2* 

Loading Item 

0.72 7 64. Tell me where I am touching you. (Touch 

subject with eraser end of pencil) Right side 

performance. 

0.823 65. Left side performance. 

0.57 9 69. Is this a soft or a hard touch? Left hand 

performance. 

0.645 75. I am going to trace either a cross, a 

triangle, or a circle on your wrist. Tell me 

what I am tracing. Left hand performance. 

* Accounts for 11.0% of the variance on the Tactile Scale. 
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Table 27 

Tactile Scale Factor 3* 

Loading Item 

0.466 74. I am going to trace either a cross, a 

triangle, or a circle on your wrist. Tell me 

what I am tracing. Right hand performance. 

0.748 76. (On back of wrist.) What number is this? (5) 

Right hand performance. 

0.785 77. Left hand performance. 

* Accounts for 7.9% of the variance on the Tactile Scale. 
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Table 28 

"Easy" it firms on the Visual Scale 

Item Description 

86. What do you call this object? (Pencil, eraser, rubber 

band,nickel.) 

87. What is this picture? (wallet, billfold; can opener; 

drinking glass, tape recorder; milk or juice carton.) 
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Table 2 9 

Rotated Visual Scale Factor Matrix 

Item Factor 1 Factor 2 

88 709* 291 
89 425* -030 
90 853* 102 
91 807* 069 
92 212 531* 
93 333 399* 
94 -025 -011 
95 210 709* 
96 122 207 
97 -080 649* 
98 105 141 
99 098 761* 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 30 

Visual Scale Factor 1* 

Loading Item 

0.70 9 88. What is this picture supposed to be? 

(Telephone, typewriter.) 

0.425 89. What are these pictures? (Tricycle,typewriter) 

0.853 90. What objects can you make out in this picture? 

0.807 91. What objects can you make out in this picture? 

* Accounts for 29.3% of the variance on the Visual Scale. 
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Table 31 

Visual Scale Factor 2* 

Loading Item 

0.531 92. The upper part of this card has a design with 

a piece missing. Which piece will complete 

the pattern of the large design. 

0.399 93. Time for #92. 

0.70 9 95. Draw the hands of a clock if the time is. 

(1:40; 3:55; 10:20.) 

0.64 9 97. This drawing shows a stack of blocks. When I 

show you the card again, tell me how many 

blocks make up the stack. 

0.7 61 99. Choose one of four rotated squares that is 

just like the sample square. 

* Accounts for 12.7% of the variance on the Visual Scale. 
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Table 32 

"F.asv" itPTiis on the Receptive Speech Scale 

Item Description 

100. Repeat exactly the sound that you hear (buh, puh, muh). 

101. Now I am going to say some sounds and I want you to 

write down the letter of the alphabet that the sound 

represents. 

108. Will you please point to your : nose, hair, mouth. 

110. I want you to point at: the horse; the purse; the book. 

112. What does (word) mean? (rat; hat; fat) . 

113. Point to the picture that shows: mealtime; typewriting; 

summer. 

114. Put your hand on your knee; move an arm. 

115. Tell me whose watch this is (examiner's). Whose is 

this? (object that belongs to the subject) 

118. Point at the key; point at the pencil. 

119. Point with the pencil toward the key; point with the key 

toward the pencil. 

12 6. Tell me which of these sentences is correct: "A ant is 

bigger than a horse," or "A horse is bigger than a ant"? 
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T a b l e 33 

Rotated Receptive Speech S c a l e F a c t o r M a t r i x 

Item F a c t o r 1 F a c t o r 2 

102 140 813* 
103 433 301 
104 259 764* 
105 372 561* 
106 -004 -037 
107 - 0 9 1 089 
109 124 472* 
111 660* 151 
116 099 032 
117 607* 193 
120 188 - 1 1 0 
121 009 165 
122 078 - 0 3 5 
123 589* -022 
124 - 1 1 5 079 
125 516 007 
127 084 031 
128 - 0 0 9 579 
129 173 - 1 1 6 
130 011 130 
131 688* 253 
132 479 240 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 34 

Receptive Speech Scale Factor 1* 

Loading Item 

0.660 111. Point to: your thigh; waist; forehead. 

0.607 117. Here are a gray card and a black card: if it 

is night now, point to the gray card; if it is 

day now, point to the black card. This time, 

if it is day now, point to the black card; if 

it is night now, point to the gray card. 

0.58 9 123. Draw a cross above a circle; now draw a circle 

to the left of a cross. 

0.689 131. Is the following sentence said by a neat or 

sloppy person: "I am unaccustomed to 

disregarding my appearance"? 

* Accounts for 21.6% of the variance on the Receptive Speech 

Scale. 
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Table 35 

Recept.ivg speech Scale Factor 2* 

Loading Item 

0.813 102. Repeat these two sounds (muh-puh, puh-suh, 

buh-puh, duh-tuh, kuh-guh, ruh-luh). 

0.7 64 104. Repeat these three sounds after me . 

0.561 105. Write down the letter represented by each of 

the three sounds I say. Now write down all 

the letters that go with the sounds you hear, 

not just the first letter. 

0.472 109. I want you to point to these, in this order: 

nose-hair-mouth-nose-hair. 

* Accounts for 8.3% of the variance on the Receptive Speech 

Scale. 
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Table 36 

"F,a.qY" it-ftms on the Expressive Speech Scale 

Item Description 

133. Repeat after me: e (as in deep); o (toe); n (night); p 

(pilot); cr (crust). 

136. Repeat these words: work; letter; tree. 

137. Repeat these words: humidity; exhaust; abuse. 

141. Repeat these words: Rat-fun-tell; rat-tell-fun. 

142. Repeat these words: Work-tree-fair; tree-fair-work. 

14 6. Read these words: man; the; see. 

147. Read these words: work; letter; tree. 

150. Read these words: Fat-rat-pat. 

153. Read these words: Work-tree-fair; tree-fair-work 

158. What parts of the body do these pictures represent? 

(Hand; finger; knee; leg) 

159. What do you use to dry yourself with when you take a 

bath? What shows you what day of the year it is? What 

goes on your bed to keep you warm when sleeping? 

168. Please make up a speech about the weather. Response 

time. 
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Table 37 

Rotated Rxprfiflalve Speech Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 Factor 4 

134 617* 073 -044 -035 
135 548* -079 126 -161 
138 171 202 498* -306 
139 701* 188 -046 -096 
140 017 184 580* 068 
143 549* 053 161 085 
144 671* 202 192 -019 
145 108 182 -084 -136 
148 -110 -018 086 080 
149 133 401 -026 -065 
151 076 597* 035 -025 
152 -001 266 023 -105 
154 502 180 -034 016 
155 013 581* 195 175 
156 079 772* -072 134 
157 630* -073 117 303 
160 068 -016 276 808* 
161 390 407* -038 245 
162 -063 188 -006 679* 
163 164 165 -058 555* 
164 -046 406 177 078 
165 -088 -183 594* 205 
166 135 -018 599* 165 
167 269 268 346 135 
169 048 130 673* -055 
170 250 576* 134 -227 
171 148 640* 248 233 
172 356 125 193 089 
173 304 224 224 -261 
174 401* 330 377 -010 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 38 

Expressive Speech Scale Factor 1* 

Loading Item 

0.617 134. Repeat after me: ch; st; pr; spu; imp. 

0.548 135. Repeat after me: tee-teed; key-kick. 

0.701 139. Repeat after me: fat-rat-pat. 

0.54 9 143. Say the sounds that go with these letters: e, 

o, n, p, cr. 

0.671 144. Say the sounds that go with these letters: ch, 

st, pr, spu, imp. 

0.630 157. What objects do these pictures represent? 

(Guitar; table; can opener; candle; stapler.) 

0.401 174. Time for #173 (making up a sentence from 

scrambled words). 

* Accounts for 20.6% of the variance on the Expressive Speech 

Scale. 
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Table 39 

Expressive Speech Scale Factor 2* 

Loading Item 

0.594 151. Read these words: Streptomycin; Massachusetts 

Episcopal. 

0.581 155. Repeat these sentences. The beans grew in the 

field behind the red barn. In the middle of 

the meadow, the boy picked the flower. 

0.772 156. Repeat this sentence. The plane is on time, 

the ice is melting, the ball is rolling. 

0.407 161. Count backward from 20 to 1. 

0.57 6 170. A word is omitted in this sentence. Fill in 

with a word that you find suitable. 

0.640 171. Time for #170. 

* Accounts for 7.9% of the variance on the Expressive Speech 

Scale. 
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Table 40 

Kxprfissjvft Speech Scale Factor 3* 

Loading Item 

0.498 138. Repeat after me: clarify; participate; 

discretionary. 

0.580 140. Repeat after me: Streptomycin; Massachusetts-

Episcopal . 

0.594 165. Look at this picture and tell me what's 

happening. Number of words in five seconds. 

0.599 166. (After reading story) Tell the story back to 

me in your own words; Response time. 

0.673 169. Please make up a speech about the weather. 

Number of words in first 5 seconds. 

* Accounts for 6.3% of the variance on the Expressive Speech 

Scale. 
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Table 41 

F.xpressivfi Speech Scale Factor 4* 

Loading Item 

0.808 160. Count from 1 to 20 out loud. 

0.67 9 162. Tell me the days of the week. 

0.555 163. Say the days of the week backward starting 

with Sunday. 

* Accounts for 5.1% of the variance on the Expressive Speech 

Scale. 



146 

Appendix C-continued 

Table 42 

Rotated Writing Scale Factor Matrix 

Item Factor 1 Factor 2 

175 306 105 
176 219 239 
177 028 838* 
178 120 592* 
179 621* 240 
180 522 448 
181 034 -024 
182 486* 177 
183 696* 162 
184 701 -057 
185 743* -041 
186 516* 211 
187 146 694* 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 43 

writing Srale Factor 1* 

Loading Item 

0. 621 179. write the words that are on this card: fire; 

intrigue; approve. 

0. 486 182 . Now write these words: ma; pa; more; poor. 

0. 696 183 . Now write these words: wrong; knife. 

0. 743 185 . Write: rat-big-fun; once upon a time; last 

year before Easter. 

0. 516 186. Write a few sentences about education, Score 

grammar, spelling, and content. 

* Accounts for 31.2% of the variance on the Writing Scale. 
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Table 44 

Writing Scale Factor 2* 

Loading Item 

0.838 177. Copy these letters in your own handwriting: G, 

R, G, D, R 

0.592 178. Copy these in your own handwriting: str, awk, 

pi, th, pa. 

0.694 187. Write a few sentences about your main ideas on 

education. Number of words written. 

* Accounts for 12.0% of the variance on the Writing Scale. 
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Table 45 

Rot-at:eri Rpadincr Scale Factor Matrix 

Item Factor 1 Factor 2 

188 651* 196 
189 383 564* 
190 -118 374 
191 210 -173 
192 587* 208 
193 750* 296 
195 648* 187 
196 756* 202 
197 133 822* 
198 321 550* 
199 823* -014 
200 501* 256 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 4 6 

Reading Scale Factor 1* 

Loading Item 

0. 651 188. What sound is made by these letters 

0. 587 192 . Read these sounds: bo; bor; bro; brot. 

0. 750 193 . Read: spell; stalk; imply; glutton; abuse; 

struck. 

0. 648 195 . Read these words: horizon, audacious. 

0. 756 196. Read these words: reliable; irresponsible. 

0. 823 199. Read this story out loud. 

0. 501 200. Time for #199. 

* Accounts for 36.3% of the variance on the Reading Scale. 
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Table 47 

Trading Scale Factor 2* 

Loading Item 

0.564 189. What word is made by the letters: p-h-o-n-e; 

k-n-i-f-e? 

0.822 197. Read these sentences: The dog barked at the 

car. There were chains on the floor. 

0.550 198. Read these sentences carefully: The orange 

trees blossom in winter. Sally won the prize 

because he was smart. 

* Accounts for 11.9% of the variance on the Reading Scale. 
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Table 48 

"F.a.qy" items on the Arithmetic Scale 

Item Description 

201. Write down the numbers I say: 8-6-2; 1-3-5. 

203. Write down the regular numbers: 17 and 71; 69 and 96. 

206. Read these numbers: 8-6-2; 1-3-5. 

210. Tell me which number is larger: 16 or 57; 78 or 14; 198, 

or 202. 

211. Look at this card and show me, by pointing, which of the 

top two numbers is larger. (2001) Which of the bottom 

two is larger? (3101). 
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Table 4 9 

Rnl-.at-.ed Arithmetic Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 

202 232 114 092 
204 751* 283 -035 
205 789* 220 263 
207 249 163 166 
208 884* 155 040 
209 875* 007 274 
212 239 468 215 
213 083 174 842* 
214 036 -016 120 
215 329 307 544* 
216 -124 255 085 
217 034 788* -051 
218 093 079 739* 
219 334 561* 303 
220 310 596* 304 
221 218 613* 388 
222 144 723* 181 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 50 

Arithmetic Scale Factor 1* 

Loading Item 

0.751 204. Write: 24, 35, 271, 649, 9,154. 

0.789 205. Write: 13, 16, 18, 108, 1032. 

0.884 208. Read these numbers: 24, 35, 271, 649, 9,154. 

0.875 209. Read these numbers from top to bottom as a 

whole number: 271; 382; 12 6. 

* Accounts for 37.6% of the variance on the Arithmetic Scale, 
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Table 51 

Arithmetic Scale Factor 2* 

Loading Item 

0.788 217. In your head, subtract the number above from 

the one below on this card: 

0.561 219. What is the missing number? 14 - ( ) = 9; 14 

+ ( ) = 18. 

0.596 220. What are the answers to these problems: 26 + 

35 + 17; 148 + 385. 

0.613 221. Count backward from a hundred by sevens. 

0.723 222. Count backward from a hundred subtracting 

thirteen each time. 

* Accounts for 10.1% of the variance on the Arithmetic Scale. 
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Table 52 

Arithmetic Scale Factor 3* 

Loading Item 

0.842 213. How much is: 3 + 5 ; 5 + 8 ? 

0.544 215. How much is: 28 + 7; 43 + 58; 32 - 8; 53 - 13? 

0.739 218. What is the missing sign in each: 9 ( ) 3 = 

27; 9 ( ) 3 = 6; 9 ( ) 3 = 12; 9 ( ) 3 = 3. 

* Accounts for 8.2% of the variance on the Arithmetic Scale. 
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T a b l e 53 

Rotated Memory Scale Factor Matrix 

Item F a c t o r 1 F a c t o r 2 

223 675* 357 
224 122 083 
225 771* 163 
226 120 173 
227 661* 365 
228 070 708* 
229 306 669* 
230 256 629* 
231 380 177 
232 678* - 1 0 1 
233 378 186 
234 706* 179 
235 697* 113 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 54 

Memory Scale Factor 1* 

Loading Item 

0.675 223. Total number of errors. Repeat as many words 

as you can remember: shack, tree, lamp, dog, 

chair, basket, pin (five trials possible). 

0.771 225. Whether person remembered all seven words on 

two consecutive trials. 

0.661 227. Draw as much from presented card as you can 

remember. 

0.678 232. Try to remember these words: boy-cap-rat. Now 

try to remember these words: time-pot-cup. 

What were the words I said first; second? 

0.706 234. After reading story: I want you to say the 

story back to me. 

0.697 235. Now I am going to show you some pictures. 

With each picture I am going to say a word. 

When I finish, I will show you the pictures, 

and I want you to say the word I said with 

each picture. 

* Accounts for 33.2% of the variance on the Memory Scale 
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Table 55 

Memory Scale Factor 2* 

Loading Item 

0.708 228. Now I am going to tap a loud and soft rhythm 

with my hand on the table. When I finish I 

want you to tap the same rhythm. 

0.669 229. I am going to put my hand in three positions. 

Remember what positions my hand made. I will 

then ask you to make the same positions. 

0.62 9 230. Repeat the words written on this card after I 

remove it. 

* Accounts for 9.0% of the variance on the Memory Scale. 
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Table 5 6 

"F.a.qy" items on the Tntel] ectual Processes Scale 

Item Description 

242. What is comical about the story in this picture? 

243. Tell me what is comical or absurd about this picture? 

255. The opposite in meaning to the word "smooth" is "rough." 

What is the opposite of: "up"; "wet"? 
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Table 57 

Rotated Tnt.ftl lentnal Processes Scale Factor Matrix 

Item Factor 1 Factor 2 Factor 3 Factor 4 

236 207 100 457 024 
237 -008 092 -103 190 
238 -055 -118 226 -082 
239 -134 298 620* 154 
240 029 -152 108 025 
241 041 075 822* 154 
244 321 -206 -152 494* 
245 803* -014 072 -113 
246 784* -021 -142 130 
247 599* 172 133 221 
248 451* 099 109 -016 
249 117 -210 340 097 
250 -011 475 002 518 
251 022 058 179 732* 
252 073 376 -151 051 
253 135 -017 -079 162 
254 267 074 042 606* 
256 371 270 041 309 
257 052 070 149 057 
258 013 280 067 -015 
259 -006 785* 023 121 
261 017 777* 153 060 
262 259 192 -026 401* 
2 63 138 583* 406 -153 
264 694* 005 -003 269 
265 077 161 095 096 
266 524* -062 -110 -058 
267 -143 067 585* -229 
268 350 138 063 192 
269 008 306 218 -050 

Mote. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 58 

Tnt.ellec-t-nal Processes Scale Factor 1* 

Loading Item 

0.803 245. What is meant by: tight-fisted; bookworm? 

0.784 246. Explain to me what is meant by the saying "A 

bird in the hand is worth two in the bush." 

0.599 247. On the top of this card there is a saying. 

Below are three possible explanations of it. 

Which is the correct one? 

0.451 248. What do these words mean? summer; square. 

0.694 264. A businessman owned 10 stores. In each he 

stocked 9 shirts. He sold two-thirds of the 

shirts. How many shirts did he have left? 

0.524 266. There were 24 records on two shelves; there 

were three times as many on one shelf as on 

the other. How many records were there on 

each shelf? 

* Accounts for 18.5% of the variance on the Intellectual 

Processes Scale. 
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Table 5 9 

TntPl len-t-nal Processes Scale Factor 2* 

Loading Item 

0.785 259. Time to solve simple addition problem. 

0.777 261. Time to solve simple subtraction problem. 

0.583 263. Time to solve simple addition problem. 

* Accounts for 10.8% of the variance on the Intellectual 

Processes Scale. 
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Table 60 

Intellectual Processes Scale Factor 3* 

Loading Item 

0.620 239. Time required to put pictures in order. 

0.822 241. Time required to put pictures in order. 

0.585 267. Time required to solve complex math problem 

* Accounts for 6.8% of the variance on the Intellectual 

Processes Scale. 
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Table 61 

Tnt-.ftl ler.1-.iiaT Promaafia Scale Factor 4* 

Loading Item 

0.4 94 244. Listen carefully to the story I tell you; when 

I have finished I am going to ask some 

questions about it. 

0.731 251. The word "hamburger" belongs to the group of 

objects called food. What group does (dress; 

sparrow) belong to? 

0.606 254. If "finger" is the part, then the whole would 

be hand. What will the whole be of these 

parts; caboose; twigs? 

0.401 262. Greta had 6 peaches and Ken had two peaches 

more than Greta. How many peaches did they 

both have together? 

* Accounts for 5.8% of the variance on the Intellectual 

Processes Scale. 
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Table 62 

Rn1-.at~.ed Tntermediate Memory Scale Factor Matrix 

Item Factor 1 Factor 2 

270 704* -074 
271 057 601* 
272 663* 265 
273 403 058 
274 620* 333 
275 230 683* 
276 665* 365 
277 097 835* 
278 473 557 
279 011 098 

Note. Decimal points omitted. 

*Item included in factor according to criteria in text 
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Table 63 

Tnt.firmeriiat-.fi Memory Scale Factor 1* 

Loading Item 

0.704 270. At the beginning of the test, you performed a 

hand movement. Show me that movement now. 

0.663 272. When blindfolded you were asked to identify a 

number and a letter that were traced on you 

wrist. What was the number; the letter? 

0.620 274. You were asked to memorize a list of seven 

words which were repeated to you several 

times. Can you tell me what those words were? 

0.665 27 6. I am going to show you five pictures. Tell me 

whether or not you have seen these pictures 

earlier during the test. 

* Accounts for 35.7% of the variance on the Intermediate 

Memory Scale. 
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Table 64 

Tnhermedi ate Memory Scale Factor 2* 

Loading Item 

0.601 271. Near the beginning of the test you were asked 

to draw three simple figures. Will you draw 

those figures now? 

0.683 275. Earlier I showed you a series of pictures and 

with each picture I said a word. I am going 

to show you those pictures, and I want you to 

name the words that went with the pictures. 

0.835 277. Earlier you were read a story about a woman 

who was carrying a lot of packages. Please 

tell me as much as you can now remember. 

* Accounts for 12.7% of the variance on the Intermediate 

Memory Scale. 
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