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CHAPTER I 

INTRODUCTION 

During the last decade human clinical neuropsychology 

has become one of the most rapidly developing subspecialties 

in clinical psychology (Golden, 1978). Since 1975, substan-

tial growth has occurred in the field, as evidenced by the 

creation of several national and regional professional or-

ganizations (e.g., Division 40 of the American Psychological 

Association, National Academy of Neuropsychology, New York 

Neuropsychology Group), the appearance of new professional 

journals (e.g., Clinical Neuropsychology, International 

Journal of Neuroscience, Journal of Clinical Neuro-

psychology), increased participation in neuropsychological 

workshops, and a proliferation of training programs empha-

sizing neuropsychology (Golden & Kuperman, 1980; Hartlage Sf 

Telzrow, 1980). One of the reasons for the blossoming in-

terest in human clinical neuropsychology is because neuro-

psychological evaluations are now being recognized as useful 



complements to traditional neurological and mental status 

exams (Golden, 1976a, 1976b; Smith, 1975). Neuropsycho-

logical procedures provide a detailed analysis of the status 

of the cerebral hemispheres while neurological exams gener-

ally focus on the integrity of the peripheral nervous system 

and the subcortical regions of the brain. Professionals 

working with brain damaged individuals are turning toward 

neuropsychology in an effort to provide more comprehensive 

and efficacious rehabilitation programs. It is in the realm 

of providing descriptions of neuropsychological strengths 

and deficits, recommendations for rehabilitation strategies, 

and evaluations of current treatment programs that the neu-

ropsychologist has come to play a more visible and important 

role (Golden, 1976a, l'976b, 1978; Walsh, 1978). 

Neuropsychologists have traditionally concentrated on 

the elucidation of brain-behavior relationships, the exami-

nation of the psychological effects of brain lesions, and 

the development of valid tests of neuropsychological func-

tioning (Cleeland, 1976; Davison, 1974b; Goldberg, 1976; 

Golden, 1976b; Luria, 1969a, 1973; Reitan, 1966a; Walsh, 

1978). The most popular emphasis in human clinical neuro-



psychology has been in validating tests designed to 

identify, localize, and lateralize cerebral lesions (Walsh, 

1978). Research studies abound which have addressed the 

diagnostic validity of neuropsychological assessment 

techniques (e.g., Benton, 1975; Boll, 1974a, 1974b; Golden, 

1978; Heaton, Baade, & Johnson, 1978; Klove, 1974; Lenzer, 

1980; Smith, 1975). Numerous reports have discussed 

brain-behavior relationships, psychological correlates of 

cerebral lesions, issues in neuropsychological test 

development and validation, methodological concerns in 

neuropsychological research, and the elucidation of 

electrophysiological correlates of various types of focal 

lesions (e.g., Blumer & Benson, 1975; Crick, 1979; 

Geschwind, 1979; Halstead, 1947; Kinsbourne, 1971; Luria & 

Artem'eva, 1978; Luria & Majovski, 1977; McFie, 1968; 

Parsons,& Prigatano, 1978; Piercy, 1964; Reitan, 1956, 1962, 

1964, 1966a, 1966b, 1967, 1973). In addition, a substantial 

number of reports have discussed the rehabilitation of brain 

damaged children and adults using drugs, surgery, and 

behavioral techniques (e.g., Diller, 1976; Diller & 

Weinberg, 1977; Dodrill & Troupin, 1977; Eidelberg & Stein, 



1974; Helm, 1979; Ince, 1976; Marmo, 1974; 

Williamson-Kirkland & Berni, 1980). However, there are 

surprisingly few studies which have examined the 

relationship between neuropsychological test scores and 

treatment outcome and even fewer studies which have explored 

the use of neuropsychological assessment in the planning of 

rehabilitation programs (e.g., Dennerell, Rodin, Gonzalez, 

Schwartz, & Lin, 1966; Diller, Ben-Yishay, Gerstman, 

Goodkin, Gordon, & Weinberg, 1974; Golden, 1976b, 1976c, 

1978; Gudeman, Golden, & Craine, 1978; Luria, 1969b; Meier & 

Resch, 1967; Perry, Drinkwater, & Taylor, 1975). 

Unfortunately, neuropsychology has "contributed little 

to the problem of -direct therapeutic intervention," despite 

the belief of many neuropsychologists that "remediating 

cognitive deficits remains the greatest challenge" 

confronting the field at the present time (Diller, 1976, p. 

13). According to Brinkman (1979, p. 39), "the recovery of 

function following damage to the brain and spinal cord. . . 

remains a relatively unexplored area." The paucity of 

knowledge concerning the recovery of function exists despite 

increased interest in rehabilitation and the recovery 



process (e.g., Brinkman, 1979; Golden, 1978; Luria, 1963, 

1969b, 1970b; Luria, Naydin, Tsvetkova, & Vinarskaya, 1969; 

Luria & Tsvetkova, 1964; Meier, 1974; Walsh, 1978). 

Furthermore, recent studies have indicated that the demand 

for services devoted to neuropsychological assessment, 

rehabilitation, and treatment evaluation will increase 

substantially over the next several decades due to an 

increase in the number of individuals suffering from organic 

brain damage. Segal, Boomer, and Eouthilet (1975) report 

that 25% of the inpatients in mental hospitals are currently 

suffering from "organic psychosis." An aging American 

population and a projected rise in alcohol abuse will 

"dramatically increase" the number of patients suffering 

from organically related disorders, which underscores the 

need for additional emphasis on accurate neuropsychological 

evaluation and efficacious treatment programs (Horton, 1979, 

p. 20). Lipowski (1978) reported figures that organic brain 

syndromes comprised 38.2% of all patient episodes for 

individuals over age 65 while depressive and schizophrenic 

disorders comprised only 19% of the episodes within this 

elderly group. Current census projections indicate that the 



proportion of the population over 65 (22-23 million 

presently) will double by 2030. Therefore, the incidence of 

organic problems will climb astronomically, as will the need 

for treatment programs to cope with the many emotional, 

vocational, and neuropsychological problems resulting from 

brain damage. Figures for alcoholism and brain damage run 

parallel to one another: Currently 5% of the American 

population suffers from alcoholism. Furthermore, current 

predictions demonstrate that the proportion of alcoholics is 

increasing. Redich and Kellert (1978) state that alcoholism 

is the most widespread diagnosis among state hospital 

inpatients. Since the relationship between chronic alcohol 

abuse and brain damage is well-established (Claiborn, 1978; 

Tarter, 1975), an increase in alcoholism will result in an 

increase in the number of individuals suffering from brain 

damage (Horton, 1979). 

Thereforej a present and ever increasing need exists 

for examining the efficacy of psychological interventions 

with brain damaged patients, the nature of recovery from 

cerebral trauma, the prognosis for successful outcome in 

different disease processes, and the effects of neurosurgery 



and psychopharmacological agents on human behavior. 

Research studies have appeared which deal with these issues; 

however, as will be described below, these studies suffer 

from a failure to account for the possible contaminating 

effects of practice and unreliability inherent in the 

serial testing of brain damaged patients. Repeatedly 

administering a neuropsychological battery to brain damaged 

individuals requires that the neuropsychologist be aware of 

the reliability, standard error(s) of measurement, and 

possible impact of practice, miemory, and other sources of 

error variance- on test results. Studies using repeated 

testing to examine the recovery process and/or the efflcacy 

of treatment interventions have largely ignored test 

reliability and the influence of m.emory and practice on test 

scores. Consequently, it is presently impossible to discern 

if the changes in neuropsychological performance reported _in 

the literature are a result of treatment interventions, 

spontaneous recovery, practice effects, or the unreliability 

of the test instrument. It is absolutely essential that 

psychologists employ not only valid instruments but ones of 

demonstrated stability and equivalent reliability 
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(American Psychological Association, 1974; Cronbach, 1970; 

Lemke & Wiersma, 1976; Mangold, 1927; Parsons & Prigatano, 

1978). Without high magnitudes of reliability, the validity 

of conclusions a psychologist derives from test results is 

meaningless: 

We are past the day when investigators try out a 
new test in brain-damaged and control groups, find 
large differences, and optimistically submit the 
results for publication without considering such 
basics as reliability. (Parsons & Prigatano, 
1978, p. 613). 

But most researchers have ignored the reliability of their 

neuropsychological instruments. Neuropsychologists have 

been content with developing test procedures with high diag-

nostic validity and they have not felt compelled to examine 

the accuracy and stability of test scores over time. Since 

the theoretically maximum level a validity coefficient may 

attain is equal to the square root of the reliability coef-

ficient, it behooves the clinician to address the reliabil-

ity of the instrument employed (Lemke & Wiersma, 1976; 

Thorndike & Hagen, 1961). 

This study was designed to examine the reliability of 

equivalent and parallel forms of two representative neuro-



psychological tests: the Revised Wechsler Memory Scale 

(RWMS) created by Elbert W. Russell (1975) and the 

Luria-Nebraska Neuropsychological Battery (LN) developed by 

Charles J. Golden and his colleagues (Golden, Hammeke, & 

Purisch, 1978; Golden, Purisch, & Hammeke, 1978, 1979; 

Lewis, Golden, Moses, Osmon, Purisch, & Hammeke, 1979; 

Osmon, Golden, Purisch, Hammeke, & Blume, 1979; Purisch, 

Golden, & Hammeke, 1978). Although studies have been 

conducted which explore the reliability of Golden's scoring 

procedure, the split-half reliability of the original form 

of the battery, and the test-retest reliabilities of the 14 

clinical scales, no research has been conducted to 

cross-validate these results or to examine the reliability 

of using parallel forms. Information concerning the 

internal consistency of the Luria-Nebraska, as well as test 

reliability, standard error(s) of measurement, and practice 

effects are vitally important for clinicians interested in 

employing neuropsychological instruments on a repeated basis 

to evaluate a patient's process of recovery from brain 

damage. The examination of the reliability of parallel test 

forms is particularly valuable since this reliability 
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procedure is "the most rigorous" test of the accuracy of an 

assessment device (Thorndike & Hagen, 1961, p. 178). Cnce 

the reliability of a test is firmly established, the 

validity of the test also is defined since "only to the 

extent that a test measures something accurately can it 

measure it validly (Thorndike & Hagen, 1961, p. 185)." 

Therefore, it is imperative that neuropsychological tests 

such as the LN and RWMS be .examined for reliability across 

forms and over time: once the reliability of a test is 

established, standard errors of measurement can be used to 

assess individual change in neuropsychological performance 

over time with confidence and accuracy. This study provides 

the clinician with information that is useful in determining 

if neuropsychological changes over time are clinically 

significant and due to the effects of recovery and/or 

treatment, or-are simply artifacts due to the contaminants 

of memory, practice, or unreliability. Without 

understanding the influence of repeated administrations on 

neuropsychological test results and the magnitude of error 

variance inherent in an individual's obtained score, the 

neuropsychologist charting a patient's recovery, evaluating 

a rehabilitation program, or analyzing thG effects of drugs 
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or neurosurgery on psychological functioning will be unable 

to determine the etiology of observed changes in the 

patient's test performance. 

Literature Review 

The Concept and Measurement of Test Reliability 

According to Mangold (1927): 

The two principal characteristics that all tests 
should possess are validity and reliability. . . ar.y 
deficiency in respect to either validity or relia-
bility renders such a test of little practical 
value... It is therefore of essential importance 
that only reliable tests be employed and that com-
plete information be available regarding the reli-
ability of all tésts in general use. (p. 3) 

Parsons and Prigatano (1978) underscore Mangold's position 

in their review of neuropsychological methodology, stating 

that an examination of reliability "is always a concern for 

the researcher" (p. 613). Because the maximum value a va-

lidity coefficient can attain is equal to the square root of 

the reliability coefficient, inaccurate scores render a test 

invalid (Cronbach, 1970; Lemke & Wiersma, 1976; Thorndike & 

Hagen, 1961). Because of this relationship Cronbach (1970) 

suggests that clinicians should employ the test of higher 
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demonstrated reliability if two measures are of equal 

validity. 

A universally accepted definition of reliability does 

not exist. Reliability has been defined as the consistency 

of scores obtained by the same person when retested with an 

identical test or equivalent form (Anastasi, 1976; Lemke & 

Wiersma, 1976; Thorndike & Hagen, 1961). Another acceptable 

definition is that reliability represents that proportion of 

observed variance that is systematic (or true) variance, 

unreliability is that part of observed variance that is 

unsystematic (or error) variance (APA, 1974; Cronbach, 1970; 

Mehrens & Lehmann, 1973). Concerning this. second 

definition, a person's observed score on a given test (X) 

will reflect the linear sum of a theoretical "true score" 

(T) plus an "error" component (E): 

X (observed) = T + E. 

Thus, the observed score variance in a person's test 

performance over time and with repeated testing will be a 

function of systematic (true) and unsystematic (error) 
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variance components. The components of error variance may 

include effects due to scoring and administration errors, 

sampling errors, trait instability, guessing, momentary 

fluctuations in motivation and fatigue, etc. (Cronbach, 

1970; Cureton, 1965; Lemke & Wiersma, 1976; Mehrens & 

Lehmann, 1973). A variety of reliability formulas and 

procedures exist which offer unique estimations of the 

different sources and amounts of error variance 

constituting a particular individual's test score. Because 

of the unique contribution of each reliability procedure, 

the American Psychological Association (APA) recommends that 

test developers employ several different procedures for 

estimating the reliability of a test (APA, 1974). 

One of the procedures fcr estimating the reliability of 

a test is to examine the reliability of the scoring system. 

Tests employing objective scoring procedures, such as the 

Information and Arithmetic subtests of the Wechsler Adult 

Intelligence Scale (WAIS), typically enjoy higher 

reliability coefficients than tests relying more heavily on 

the subjective judgements of the examiner (e.g., Rorschach, 

Thematic Apperception Test). The procedure for estimating 
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the reliability of a scoring system involves giving a group 

of judges a set of test protocols and ' having each judge 

score the protocols independently. The resulting scores are 

correlated to yield an index of interjudge reliability, a 

measure of the reliability of the scoring procedure and the 

size of error variance contributing to each score (Anastasi, 

1976). An estimate of the stability of a test score over 

time employs the test-retest reliability technique. The 

test-retest procedure involves administering the same form 

of a test to the same individuals in two separate test 

sessions. The resulting correlation coefficient computed 

between the scores obtained over the two administrations is 

called a "coefficient of stability" and reflects the degree 

to which scores on a test can be generalized over different 

time periods and test sessions (Anastasi, 1976; Lemke & 

Wiersma, 1976). Estimates of the equivalence between two 

parallel forms of a test involve administering cne form of 

the test and then the second form of the test after a 

specified time interval. A correlation coefficient computed 

between the scores obtained on both forms of the test is 

called a "coefficient of equivalence" and measures both 
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temporal stability and the consistency of response to two 

different item samples or test forms (Anastasi, 1976; Lemke 

& Wiersma, 1976). Sometimes a researcher is interested in 

obtaining an estimate of test reliability using only a 

single test administration because time or resources do not 

allow for additional test administrations. In this 

instance, the researcher may use the split-half or 

'Kuder-Richardson techniques to estimate reliability. The 

split-half procedure involves dividing the test into 

comparable halves, usually by splitting the test in two by 

grouping all even numbered items in one half-test and all 

odd numbered items in the other half-test. Correlations are 

then performed between the half-tests. Estimates of the 

reliability of the full length test then can be calculated 

using the Spearman-Brown Prophecy formula (Lemke & Wiersma, 

1976). Split-half reliability measures the consistency of 

content sampling, which produces a coefficient of internal 

consistency (Anastasi, 1976). The Kuder-Richardson 

procedure involves estimating the interitem consistency of 

the test, reflecting both content sampling and heterbgeneity 

of the sampled behavioral domain (Anastasi, 1976). The 
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Kuder-Richardson KR-20 formula is the most frequently used 

estimate of interitem consistency (Anastasi, 1976). The 

Kuder-Richardson reliability coefficient reflects the degree 

to which items intercorrelate or measure the same traits. 

The Kuder-Richardson technique is useful when items are 

scored dichotomously; however, with scoring systems that are 

not dichotomous Cronbach's coefficient alpha may be used as 

an estimator of internal consistency (Anastasi, 1976). 

Thus, it can be seen that each procedure for estimating 

reliability examines a different source of error variance 

and yields different information concerning the reliability 

of a test (Anastasi, 1976). 

The test-retest procedure is popularly employed by 

researchers in neuropsychology and othe> psychological 

disciplines. The test-retest reliability coefficient is an 

accurate index of the stability of a measured trait across 

time only if the trait itself is not affected by the testing 

procedure (Lemke & Wiersma, 1976). With physical measures 

(e.g., measuring body weight for several days), repeated 

test administrations have no effect on the trait itself. 

However, with psychological measures, the individual may 
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learn solution strategies or remember certain responses as a 

result of taking the initial test, and become more 

proficient each time he/she is tested. The cumulative 

effects of practice serve to alter the trait undergoing 

examination. Therefore, the test-retest procedure only 

should be used when test scores are not appreciably altered 

by repeated testing since only under these circumstances 

will estimates of the stability of test scores across time 

be accurate (Anastasi, 1976; Lemke & Wiersma, 1976). Few if 

any neuropsychological batteries are impervious to unwanted 

effects due to practice, yet most researchers examining the 

reliability of neuropsychological tests have utilized the 

test-retest reliability technique in determining reliability 

coefficients. Cureton (1958) argues that "no useful 

information is provided by the correlation between scores on 

the same form administered to the same group at two 

different times" because patients may remember items and 

their responses from one testing session to the next (p. 

736). As a result of the contaminating influences of 

practice and recall, correlation coefficients m.ay be 

spuriously elevated leading to Cureton's (1958) conclusion 
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that "the test-retest correlation has no clear 

interpretation" (p. 334). In conclusion, the test-retest 

method is less than an optimal technique for estimating 

reliability (APA, 1974). 

The Kuder-Richardson formulas and the split-half 

reliability procedure are techniques for determining the 

internal consistency of a test using only a single 

administration. These procedures are appropriate when items 

are scored dichotomously, i.e., as right or wrong. The 

advanatage of using the odd-even split with the split-half 

procedure is that error variance due to practice and fatigue 

tend to be more evenly distributed over the parallel 

half-forms. The odd-even split is but one of many ways that 

the test could be divided into parallel halves. The KR-20 

formula, developed by Kuder and Richardson, computes the 

mean of all possible splits, yielding a coefficient of 

internal .consistency. The KR-20 reliability coefficient 

indicates the degree to which items intercorrelate or the 

degree to which the items measure the same trait (Lemke & 

Wiersma, 1976). The KR-20 reliability estimate is lowered 

when different traits are measured by different items or 
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when item intercorrelations are not reasonably constant 

(Lemke & Wiersma, 1976). Thus, with other factors held 

constant, a comparison of items of similar content produces 

higher coefficients of internal consistency than comparisons 

of items of different content (Lemke & Wiersma, 1976). The 

split-half and Kuder-Richardson procedures cannot assess 

variation in the indivldual over time (temporal 

instability), it can only assess the precision with which 

the test m.easures an individual at the specific moment of 

testing. Reliability estimates derived from split-half and 

Kuder-Richardson techniques are not very usefu to an 

examiner who will be tésting a patient repeatedly since they 

provide no information concerning the temporal instability 

of the test. Furthermore, coefficients computed using the 

split-half procedure are "meaningless" when a test is highly 

speeded, since the effect of speed is to inflate spuriously 

estimates of reliability based on the split-half procedure 

(Thorndike & Hagen, 1961, p. 180). In pure speed tests, 

every subject who reaches an item is assumed to give a 

correct response but time limitations preclude any subject 

from finishing all the items. Thus, each subject finishes a 
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certain proportion of the test and gets perfect scores on 

all items attempted. Using the split-half procedures, a 

person getting _n odd items correct would either get n. or n̂  _-

2 even items correct. If all subjects marked an even number 

of items, the correlation between the two parallel 

half-tests would be 1.00. Reliability coefficients would be 

slightly less than 1.00 if some examinees marked an odd 

number of items. Thus, if a test employs speeded items 

reliability estimates should be derived from one of the 

techniques requiring two administrations of the test 

(Mehrens & Lehmann, 1973; Thorndike & Hagen, 1961). 

Because of the limitations inherent in the test-retest, 

split-half and Kuder-Richardson procedures, researchers have 

suggested and even demanded that reliability coefficients be 

computed using parallel forms separated by a relatively 

short test interval (Anastasi, 1976; APA, 1974; Cureton, 

1958, 1965; Nunnally, 1967; Thorndike, 1966; Thorndike & 

Hagen, 1961). In fact, Cureton (1958) defines reliability 

"as the correlation between equivalent forms of a test" (p. 

715). Thorndike and Hagen (1961) recommend the parallel 

form procedure because it is the "most rigorous" test of 

reliability (p. 178): 
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Only administration of parallel test forms with a 
time interval between permits all sources of 
variation to have their effects. Each of the 
other methods masks some source of variation that 
may be significant in the actual use of tests. 
(Thorndike & Hagen, 1961, pp. 181-182) 

Gulliksen (1953) finds that the parallel form reliability 

procedure is valuable because "it is the only feasible way 

yet suggested for dealing with reliability of pure speed 

tests and partly speeded tests" (p. 131). The Luria-Nebras-

ka Battery contains subtests and/or items that are speeded 

so the employment of parallel forms in analyzing reliability 

for this test would be ideal. Additional advantages of us-

ing parallel forms include increased generalizability, re-

ductions in the contaminating influences of practice and 

memory, and a more thorough examination of variance consti-

tuting a particular obtained score. The parallel form pro-

cedure analyzes variance due to (1) test responses at a par-

ticular point in time, (2) individual changes across 

different test sessions, and (3) particular samples of tasks 

or items chosen to represent a given behavioral domain 

(Thorndike & Hagen, 1961). The test-retest procedure fails 

to incorporate this third area while the split-half and Ku-

der-Richardson procedures mask individual variations over 
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time. Since all but the parallel forms technique exclude 

important sources of variance, the split-half, 

Kuder-Richardson, and test-retest procedures typically yield 

higher reliability coefficients than when parallel forms are 

employed. Because of the limitations inherent in the other 

procedures for computing test reliability, the APA (1974) 

recommends that "for many purposes, reliability coefficients 

and standard errors of measurement should be based on 

parallel forms procedures" (p. 54). The reliability 

coefficient computed between scores from parallel tests 

provides an index of the degree to which equivalence was 

attained in the two tests as well as the degree- of temporal 

instability across testing sessions. Although no absolute 

values can be suggested, reliability coefficients in the 

.80's to .90's are considered "high" and are, therefore, 

desirable (Anastasi, 1976; Mangold, 1927), but the ultimate 

comparisons should be made with other tests measuring 

similar behavioral domains (Thorndike & Hagen, 1961). 

A ' parallel form may be defined by measures of 

statistical equivalence or by the operations involved in the 

construction of the tests (Thorndike, 1966). Statistical 
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parallelism requires that the two forms manifest equal 

means, standard deviations, and intercorrelations (Anastasi, 

1976; Freeman, 1962; Lemke & Wiersma, 1976). The tests 

should contain the same number of items sampling similar 

behaviors and written in an equivalent format. The range 

and level of item difficulty as well as the procedures for 

administering and scoring the test must be similar 

(Anastasi, 1976; Freeman, 1962). 

In constructing psychological tests and designing 

reliability experiments, variables affecting reliablility 

coefficients must be explored. Numerous authors report that 

reliability decreases as test intervals increase, suggesting 

that the traits undergoing analysis change as the time 

between administrations increases (Anastasi, 1976, Cronbach, 

1970; Cureton, 1965; Keys, 1928). Reliability coefficients 

increase when (1) longer tests are employed, (2) patient 

groups of heterogeneous ability are examined, (3) objective 

scoring procedures exist, (4) item difficulties are designed 

for maximum patient separation, and (5) items on different 

forms measure similar content (Anastasi, 1976; Lemke & 

Wiersma, 1976). In designing reliability experiments, the 
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researcher is forced to effect a compromise between (a) 

selecting a longer retest interval in order to minimize the 

confounding effects of practice and recall, and (b) 

selecting a shorter interval so that changes in the 

abilities measured will be minimized (Cureton, 1965). 

Because of this relationship between increased test interval 

and decreased reliability, most authors recommend retest 

intervals ranging from a few days to a few weeks (Anastasi, 

1976; APA, 1974; Freeman, 1962; Thorndike & Hagen, 1961). 

The desire to minimize trait changes over time appears to 

supersede the need to minimize effects of practice and 

recall. The use of parallel instead of identical forms 

should reduce contamination due to practice and recall so 

that the shorter test interval may be safely employed. A 

further consideration in experimental design involves the 

selection of subjects. All other factors being equal , 

researchers will maximize reliability coefficients if the 

tested population possesses a wide range of ability on the 

traits assessed by the test instrument (Anastasi, 1976; 

Lemke & Wiersma, 1976). Finally, reliability will be 

maximized if researchers employ tests using objective 
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scoring criteria with high interjudge reliability (Anastasi, 

1976). 

The number of studies analyzing the reliability of 

neuropsychological tests and/or batteries is limited (Boll, 

1981). The following sections are designed to present 

studies which have examined the reliability of several 

neuropsychological tests. Additional references will be 

made to studies employing these devices in repeated measures 

designs examining the effects of neurosurgery, 

psychopharmacological agents, and other interventions on 

neuropsychological functioning. These latter studies will 

serve as exemplars of the difficulties entailed in 

determining the cause of observed gains in test scores when 

issues of test reliability have been ignored. 

Reliability of the Wechsler Memory Scale 

Disorders of memory are among the most frequent and 

disturbing complaints made by brain damaged individuals 

(Filskov & Leli, 1981; Russell, 1981). Because of the ubi-

quitous nature of memory complaints in patients suffering 

from head injury or other forms of early organic damage. 
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clinical neuropsychologists are often asked to evaluate 

memory functions. The critical importance of memory 

assessment is seen in diagnosis and rehabilitation (Russell, 

1981). Memory testing can not only identify patterns of 

brain damage but the location of cerebral deficit as well 

(Russell, 1981). Since certain pathological disorders are 

associated with particular memory deficits (e.g., 

Korsakoff's syndrome), memory testing can facilitate the 

identification of neurological disease processes. However, 

the most important function of the neuropsychological 

evaluation of memory is that it may assist in rehabilitation 

efforts and vocational planning. Memory deficits might 

interfere with particular retraining programs as well as 

preclude certain forms of employment. Thus, ân accurate 

assessment of memory is essential in designing 

rehabilitation programs and counseling patients for future 

employment (Russell, 1981). Despite the proven need for 

accurate and thorough memory assessment, no battery is 

currently available which reflects the recent advances in 

the understanding of different memory processes or 

adequately samples the many different kinds of memory that 
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are known to exist (Russell, 1975, 1981). The most recent 

summation of the literature dealing with the assessment and 

pathology of memory indicates that the status of "clinical 

memory testing is woefully underdeveloped (p. 287).... At 

present, probably the most vital need in the area of 

clinical memory testing is the development of new clinical 

tests" (Russell, 1981, p. 312). The most popularly employed 

test of memory is the Wecshler Memory Scale (WMS), and it is 

this device which is most commonly used by 

neuropsychologists when asked to assess the current status 

of a patient's memory (Hartlage & Telzrow, 1980; Russell, 

1981; Wechsler, 1945). 

The WMS was developed by Wechsler (1945) to provide "a 

rapid, simple, and practical memory examination" which would 

allow clinicians to identify special memory deficits in 

brain damaged individuals (p. 87). The original form of the 

battery (WMS-I) consists of seven subtests: Personal and 

Current Information, Orientation, Mental Control, Logical 

Memory, Memory Span, Visual Reproduction, and Associate 

Learning. Raw scores on each subtest are summed and then 

converted into a Memory Quotient (MQ), a numerical index 
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which was designed to be used comparatively with the 

Wechsler-Bellevue (WB) Full Scale IQ. Wechsler designed 

the MQ index so that the mean MQ for any age group was 

equivalent to the mean Full Scale IQ of that age group. 

Therefore, specific deficits in memory appear when an 

individual's MQ falls below his/her Full Scale IQ by a 

significant margin. Wechsler developed "provisional norms" 

based on the performance of approximately 200 normals, 

including men and women between the ages of 25 to 50. 

Stone, Girdner, and Albrecht (1946) developed an 

"alternate form" of the WMS (WMS-II) which was matched to 

the WMS-I by selecting items equated in difficulty from 

previous studies conducted by Wecshler. The WMS-II does not 

technically qualify as a parallel form because two cf the 

seven subtests are identical to the original form (Perscnal 

and Current Information and Orientation), while a third 

subtest (Mental Control) duplicates 2 out of the 3 questions 

contained in the original WMS-I subtest. Nevertheless, 

Stone et al. (1946) attempted to evaluate crudely the 

equivalence of the two forms by giving WMS-I followed by 

WMS-II using an interval of 1 to 16 days ( M = 4 days ) 
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between tests. Using a group of 17 student nurses and 10 

female neurotic patients, the two forms appeared 

statistically equivalent when overall mean summary scores 

were analyzed. In a related study, Stone et al. (1946) 

administered RWMS-I followed by RWMS-II to 30 college 

students using a test interval of two weeks. Another 

matched group of 30 students was given RWMS-II followed by 

RWMS-I using an identical two week test interval. For the 

group receiving WMS-I followed by WMS-II, a significant, 

albeit small, gain of 2.15 points was reported on second 

testing. When the WMS-II preceeded WMS-I the mean gain 

shrunk to a nonsignificant 1.55 points. These results are 

subject to different interpretations: The observed gains 

could be cited as being produced by practice effects as well 

as the WMS-II being a slightly easier test when administered 

to normal college students. Stone et al. concluded that 

more research was required before definitive conclusions 

concerning the effects of repeated testing on WMS scores 

could be derived. 

A more recent study by Bloom (1959) has questioned the 

equivalence of several of the WMS subtests in terms of 
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difficulty. Using 32 randomly selected psychotic patients, 

Bloom administered portions of RWMS-I to 16 patients (8 men, 

8 women) followed immediately by RWMS-II. Another group of 

16 patients (8 men, 8 women) was first given portions of 

WMS-II followed immediately by WMS-I. Only subtests which 

were parallel and not identical were administered twice: 

Logical Memory, Visual Reproduction, Associate Learning, and 

the addition item from the Mental Control subtest. Bloom 

did not give the Memory Span subtest even though the WMS-II 

variant is different from its WMS-I counterpart. Bloom 

found that the two forms were equivalent in terms of total 

WMS scores. However, at least two subtests were not 

equivalent. The Visual Reproduction subtest of the WMS-II 

and the Associate Learning subtest of WMS-I were both 

consistently and significantly easier than their parallel 

counterparts. Sex differences also were evident on the 

Logical Memory subtest of the WMS-II with women scoring 

significantly higher on the second version than on the 

first. Mean scores for men on this subtest were roughly 

equivalent when the two forms were compared. Correlations 

computed between subtest scores for the two parallel forms 
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were generally low, ranging from .59 (Visual Reproduction) 

to .77 (Logical Memory). The average correlation 

coefficient for the Mental Control, Logical Memory, Visual 

Reproduction, and Associate Learning subtests combined was 

only .67. These values could have resulted from a lack of 

equivalence between forms, but poor reliability may have 

occurred because WMS subtests require attention and 

concentration, abilities which are deleteriously affected in 

psychotic patients (Prigatano, 1978). Regardless of the 

explanations of the results, these findings would normally 

call for a revision of the parallel form in order to (1) 

make the two forms equivalent in terms of difficulty, and 

(2) elevate the reliability coefficients between the two 

forms, but the literature does not contain a single study 

which has accomplished these ends. Because of this lack of 

equivalence between the several subtests on the WMS, Bloom 

(1959) concluded, "On the basis of the present finding, one 

would need to be quite cautious when interpreting obtained 

differences between subtests of the WMS" (p. 74). 

There are other difficulties with the WMS that deserve 

comment. Aside from problems of inadequate norms, poor 
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diagnostic validity, and restricted standardization 

sampling, Prigatano (1978) cited that little information 

exists about the reliability of the instrument, 

"Unfortunately, no alternate form or test-retest reliability 

estimates have been reported" (p. 819). Despite the absence 

of data concerning the reliability of the WMS, studies were 

reviewed that offered any information concerning the 

reliability of the test, even though the studies were not 

"pure" measures of reliability. In a WMS study using 74 

adolescent boys and girls, Ivinskis, Allen, and Shaw (1971) 

reported that the split-half reliability coefficient of the 

test was relatively low ( £ = .75). Ivinskis et al. also 

found that intercorrelations between WMS subtests were low. 

Recent factor analytic studies of the WMS point to the 

reason why the coefficient of internal consistency and 

intercorrelations between subtests were deflated: the WMS 

measures several different memory factors as well as 

functions not even pertaining to memory, i.e., mental 

'control and orientation (Prigatano, 1978; Russell, 1981). 

Reliability coefficients calculated by the split-half 

procedure will be minimized if items within the test tap 
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many different behavioral domains (Lemke & Wiersma, 1976). 

Coupled with the facts that (1) the test does not 

differentiate very effectively between different levels of 

ability in normal populations, and (2) the test is not very 

long, the observation of a low reliabilty coefficient is not 

surprising since reliability will be minimized when tests 

are short and item difficulties are such that they do not 

maximally separate individuals within a given population 

(Lemke & Wiersma, 1976; Mehrens & Lehmann, 1973). 

Numerical estimates of test-retest and interjudge 

reliabilities of the WMS require hazardous extrapolation 

from studies which were not designed to explore the issue of 

reliability. The safest procedure would be to conclude that 

"no numerical estimates are presently available" of WMS 

test-retest and interjudge reliability, but some crude 

approximations are available (Prigatano, 1978, p. 820). 

Struckett (1953) evaluated the effect of prefrontal lobotomy 

on the intellectual functioning of 26* chronic 

schizophrenics. Struckett tested each patient 

preoperatively and then at 3 weeks, 3 months, 6 months, and 

12 months postoperatively. During the postoperative test 
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interval, all patients received intensive rehabilitation. 

Struckett evaluated each patient with the WB, Raven's 

Progressive Matrices, Benton Visual Retention test, and WMS. 

The schizophrenics showed declines on all intellectual 

measures, except the WMS, at 3 weeks postoperatively. The 

WMS results continued to improve with each successive 

administration. When the preoperative scores were 

correlated with each of the postoperative scores, the WB 

demonstrated the highest reliability of all these tests 

while the WMS reliability was only "fair," ranging from .17 

to .70 ( M = .68). As the time between surgery and 

postoperative testing increased, reliability decreased. The 

highest test-retest correlation (.70) was observed on the 

first retesting (3 weeks postoperatively). At the second 

retesting (3 months), the reliability coefficient dropped to 

.43, and 12 months following surgery the reliability 

coefficient had shrunk to .17. These reliability values 

were most likely lowered because the patients were reputed 

to change intellectually as a res"ult of the operation. The 

effects of practice might have served to help push WMS 

scores higher with each successive administration. Changes 
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in the patients' intellectual functioning as a result of 

lobotomy, rehabilitation, and practice with the WMS 

obfuscate conclusions one might draw about the reliability 

of the WMS. 

Similar criticisms are applicable to the study 

performed by Stinnett and DiGiacomo (1970), who administered 

the WMS-I to 15 depressed patients before unilateral, 

nondominant electroconvulsive therapy (ECT). The WMS-II was 

given after ECT was concluded. The mean delay between tests 

avéraged 18.9 days. Parallel form reliability was 

calculated between scores on the two tests and the resulting 

reliability value of .89 was moderately high. Again, a more 

adequate examination of parallel form reliability would not 

have included an additional independent variable such as ECT 

in the experimental design. The true equivalence 

reliability and temporal stability of test scores are 

obfuscated by the additional and unknown effects of ECT on 

test performance. 

In Prigatano's (1978) review, the WMS was described as 

being sensitive to memory deficits associated with medial 
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temporal lobe damge in the dominant hemisphere but 

relatively insensitive to memory deficits in the nondominant 

hemisphere. This dominant hemisphere bias is due to the 

heavy emphasis placed on verbal memory in the WMS (Russell, 

1975, 1981). Prigatano (1978) called for a major revision 

of the WMS so that it might reflect current understanding 

of memory and amnestic processes. He indicated that equal 

emphasis should be placed on verbal (left hemisphere) and 

nonverbal (right hemisphere) memory functions. Russell 

(1975) fulfilled Prigatano's recommendations in his revision 

of the WMS by incorporating recent advances in the 

comprehension of memory. Russell altered the WMS to include 

estimates of verbal and nonverbal (fiĝ ural) short-term as 

well as long-term memory. The Revised Wechsler Memory Scale 

(RV/MS) balances memory assessment between verbal and 

nonverbal memory, and between right and left hemispheres. 

The RWMS includes only the Logical Memory and Visual 

Reproduction components of the original WMS, administered 

according to Wechsler's (1945) directions except that 

Logical Memory scores are summed and not divided by two. 

The initial part of the test involves the administration of 
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the original versions of the WMS Logical Memory and Visual 

Reproduction subtests. This part of the test measures 

short-term verbal and figural memory. Long-term memory is 

assessed by ask-ing' the patient to recall the Logical Memory 

and Visual Reproduction subtests a half hour after the 

original administration was completed. The RWMS contains 

six separately scored sections: verbal short-term memory, 

verbal long-term memory, verbal percent retained, short-term 

figural memory, long-term figural memory, and figural 

percent retained. Since Russell noted that figural and 

verbal memory are different memory factors having different 

lateralization and cerebral localization, scores on the 

different subtests are not summed to yield a total memory 

score. 

Russell (1975) used four groups of VA subjects to 

assess the reliability and validity of the RWMS: 14 patients 

with right hemisphere brain damage, 17 patients with left 

hemisphere dysfunctioning, and 75 patients with various 

forms of brain damage. This last group included patients 

with diffuse brain damage as well as the 21 patients with 

lateralized disorders. A control group consisted of 30 
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patients with suspected neurological disease and negative 

neurological exams, normal electroencephalograms and brain 

scans, and volunteers who were medical patients without 

neurological disease. Internal consistency was determined 

by the split-half method and then corrected using the 

Spearman-Brown Prophecy formula. The resulting 

correlations, all significant at the .01 level, were as 

follows: verbal short-term memory (.83), verbal long-term 

memory (.88), verbal percentage retained (.84), figural 

sh.ort-term memory (.84), figural long-term memory (.85), and 

figural percentage retained (.51). Thus, the revised 

version of the WMS demonstrated higher reliability than the 

original scale developed by Wechsler. To assess the 

validity of the RWMS, each of the memory subtests was 

correlated with the HRB Average Impairment scale developed 

by Russell, Neuringer, and Goldstein (1970). All six 

correlations were significant (p < .01), indicating that 

"the amount of memory loss is strongly related to the 

Average Impairment scale produced by brain damage" (p. 

805). Russell also- found that the comparisons between the 

verbal and figural subtests could validly lateralize brain 
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damage with the verbal scales tapping left hemisphere 

functions and the figural scales involving right hemisphere 

activities. Russell (1975) concluded his original article 

on the RWMS with the following: 

This new scoring method for memory is reliable and 
validly separates brain damage from normal and 
right- or left-hemisphere cases.... Even though 
the type of memory measured by this test is 
probably primarily located in the temporal lobes 
(Milner, 1970), the tests generally would be 
affecte(i by damage located elsewhere in the 
brain.... there are three types of memory: 
immediate; long-term, or recent; and distant. The 
WAIS Digit Symbol is one measure of immediate 
memory.... This new memory scoring method 
measures short-term memory (which falls somewhere 
between immediate and long-term memory) and 
long-term memory. This means that there are areas 
of memory that are not adequately covered by this 
memory test. However, this multiple scoring 
method appears to côver systematically more areas 
than any other memory test. Thus, it may present 
the best available clinical measure of memory 
until a more adequate one is developed. (p. 808) 

McCarty, Logue, Power, Ziesat, and Rosenstiel (1980) 

studied alternate form reliability of the RWMS using 25 fe-

male residents of a Methodist retirement facility. The mean 

age of the occupants was 79.88 years ( S^ = 5.9 ) and mean 

education was 13.58 years ( S^ = 2.6 ). Forms I and II of 

the Logical Memory and Visual Reproduction subtests were 

given by six trained experimenters on days 1 and 3, the or-
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der of presentation being counterbalanced across 

experimenters and participants. Two experimenters scored 

the data using Russell's (1975) original guidelines. 

Interjudge reliabilities ranged from .87 to .98, which 

indicate that Russell's scoring system is reliable 

although certainly not perfectly accurate. In fact, McCarty 

et al. (1980) recommend that improved scoring criteria are 

required for the RWMS. The immediate verbal memory 

correlation of .74 was the highest of the six scores 

provided by the RWMS. The immediate verbal memory 

correlation parallels the .77 figure found by Bloom (1959). 

The immediate figural memory correlation of .71 was greater 

than Bloom's (1959) corresponding value of .59. The 

correlations for long-term verbal and figural memory were 

.67 and .60, respectively. Finally, the reliability 

coefficients for verbal and figural percentage retained were 

unacceptably low, falling to .40 and .42, respectively. 

McCarty et al. explained that the poor reliability for the 

percentage retained components of the RWMS was due to a 

pheriomenon wherein small differences in the number recalled 

after a half hour produced wide differences in the 
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percentage retained when scores were low, thus deflating 

reliability coefficients. Bloom's (1959) finding that the 

Visual Reproduction subtest of Form II was significantly 

easier than the parallel subtest on Form I was duplicated by 

McCarty et al.: the mean score on Form I was 5.6 ( SD = 2.8 

) while the mean score on Form II was 7.5 ( S^ = 3.6 ). 

Finally, McCarty et al. produced a table of RWMS means from 

10 studies using populations differing in age and 

experimental design. A consistent trend was discovered 

between increasing age and decreasing proficiency on the 

Visual Reproduction and Logical Memory subtests. The exact 

cause of^ this relationship is obscured because each study 

controlled for different nuisance variables (IQ, education, 

etc). Future studies will be necessary to determine 

appropriate norms for various age groups and the source(s) 

of these observed declines in memory performance with 

increasing age. 

In a comprehensive review of memory assessment and 

pathology, Russell (1981) reemphasized that although the 

RWMS may be the best current test of memory, "it is still 

far from being a complete measure..." (p. 313). For 
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practical purposes, a battery cannot assess all the 

identified areas of memory because the test would be too 

lengthy (Russell, 1981). The RWMS represents a compromise 

between thorough assessment and practicality. The RWMS does 

not assess several different types of memory, including 

long-term consolidation as well as episodic, sensory, remote 

or categorical memory; however, the RWMS does examine such 

important memory functions as verbal and nonverbal recent, 

immediate, and long-term memory in a relatively short period 

of time. The promise of the test is evident but additional 

reliability and validity studies need to be performed before 

the full utility of the Russell instrument is realized. 

Clearly a single split-half reliability study is inadequate, 

and the alternate form reliability study of McCarty et al. 

(1980) employed only elderly females, thereby limiting the 

generalizability of their findings to older, normal 

populations. Test-retest and parallel form reliability 

studies using normals and brain damaged individuals are 

required to substantiate Russell's claim that the RWMS is a 

reliable and valid test of memory. 
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Reliability of the Wechsler Adult Intelligence Scale 

The Wechsler Adult Intelligence Scale (WAIS) is rou-

tinely administered by neuropsychologists and is part of the 

Halstead-Reitan Neuropsychological Battery (HRB). Intellec-

tual functions are often deleteriously affected by many 

types of brain injuries and intelligence tests like the WAIS 

have been used to assess general intellectual and specific 

cognitive abilities of brain damaged patients (Filskov & 

Leli, 1981). In fact, the WAIS is the most frequently used 

test in neuropsychology, employed by 89% of the members of 

the National Academy of Neuropsychologists (Hartlage & 

Telzrow, 1980; Russell, 1981). The WAIS is frequently em-

ployed in studies analyzing brain damaged patients recover-

ing from cerebral injury or examining the effects of reha-

bilitation, neurosurgery, or psychopharmacology on 

intellectual functioning. When used serially with normals 

or brain damaged patients, information concerning the inter-

nal consistency and test-retest reliability of the WAIS is 

imperative. Without data on reliability, changes in test 

performance over time cannot be clearly interpreted. Unfor-

tunately, WAIS reliability studies are in short supply. 



44 

Wechsler (1955) reported the split-half reliability 

coefficients of the individual subtests and the Verbal, 

Performance, and Full Scale IQs in the WAIS test manual 

(Table 6, p. 13). Reliability coefficients were tabulated 

for three age groups used in the original standardization 

sample: 18-19 years (N=200), 25-34 years (N=300), and 45-54 

years (N=300). The split-half reliability coefficients for 

the Verbal, Performance, and Full Scale IQs were nearly 

identical across all three age groups: Verbal ( _M = .96 ), 

Performance ( M = .93 ), and Full Scale ( M = .97 ). Verbal 

subtest reliability coefficients ranged from a low of .66 

(Digit Span) to a high of .96 (Vocabulary), while 

Performance subtest reliabilities ranged from .60 (Picture 

Arrangement) to .86 (Block Design). Wechsler calculated the 

parallel form reliability coefficient for the Digit Symbol 

subtest instead of split-half reliability because the 

subtest is speeded, thus prohibiting the use of the 

split-half technique. Using this procedure, the parallel 

form reliability coefficient for Digit Symbol subtest was 

.92. 
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Although Wechsler (1955) provided important information 

concerning the internal consistency of the WAIS, Matarazzo, 

Carmody, and Jacobs (1980) note that "relatively little" 

research has been conducted on WAIS test-retest reliability 

(p. 90). Matarazzo et al. reviewed 11 studies of WAIS 

test-retest reliability which included young and old 

subjects (range = 19 to 70 years), sample sizes ranging from 

10 to 120, and test intervals ranging from 1 week to 676 

weeks. Studies employing normal subjects reported Verbal, 

Performance, and Full Scale IQ reliability coefficients 

averaging .82, .80, and .86, respectively. Studies 

employing psychiatric and mentally retarded subjects 

revealed Verbal, Performance, and Full Scale IQ reliability 

coefficients averaging .89, .80, and .86, respectively. 

Reliability coefficients computed on elderly brain damaged 

patients, chronic epileptics, and carotid endarterectomy 

patients averaged .89, .83, and .87 on the Verbal, 

Performance, and Full Scale IQs, respectively (Dodrill & 

Troupin, 1975; Kendrick & Post, 1967; Matarazzo, Matarazzo, 

Gallo, & Wiens, 1979). Matarazzo et al. analyzed the 66 IQ 

reliability coefficients reported in the 11 WAIS test-retest 
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reliability studies and found that 26 of 66 reliability 

coefficients fell between .90 and .98, 24 between .80 and 

.89, 13 between .70 and .79, and the remaining values were 

.66, .58, and .57. Matarazzo et al. summarized the data by 

stating that the WAIS scores possess a "remarkably high 

retest stability . . . and test-retest reliabilities are 

statistically and clinically very robust" (p. 92). Only six 

studies included data concerning the test-retest 

reliabilities of the 11 WAIS subtests. The resulting 121 

reliability coefficients were lower than for the three IQ 

scales. Median values for the 11 subtests were as follows: 

Information (.90), Comprehension (.69), Digit Span (.73), 

Arithmetic (.74), Similarities (.81), Vocabulary (.85), 

Picture Arrangement (.69), Picture Completion (.68), Block 

Design (.76), Object Assembly (.73), and Digit Symbol (.80). 

The median reliability coefficient for all reliability 

coefficients was .76. The lower subtest reliabilities can 

be explained because (1) fewer items comprise the subtests 

than the Verbal, Performance, and Full Scale IQ scales and 

(2) the sampled behavioral domains are much more 

circumscribed than for the 3 IQ scales. These "moderate" 
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values lead to the caveat that interpretations of WAIS 

subtest changes over time must be made with caution when 

examining an individual patient. 

Table 1 along with Matarazzo et al.'s (1980) Tables 1 

and 2 provides a comprehensive summary of the test-retest 

reliability of the WAIS. Verbal, Performance, and Full 

Scale IQ test-retest reliability coefficients follow a 

consistent pattern across groups of normals, psychiatric 

patients, and brain damaged patients. The test-retest 

reliability of the Verbal IQ is consistently the highest, 

followed by the Full Scale IQ, and then the Performance IQ. 

Individual subtest reliability coefficients are lower than 

the IQ scales because the subtests are composed of fewer 

items and the range of behavior sampled by each subtest is 

much more circumscribed than on the three IQ scales. 

Unfortunately, the "moderate" reliability coefficients of 

the individual WAIS subtests force the clinician to 

interpret changes in test scores over time with caution. 

"Changes" may be merely a result of test-retest 

unreliability. Thus, when using the WAIS to assess 

intellectual changes in brain damaged populations, the 
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TABLE 1 

Reliability of the WAIS 
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neuropsychologist should utilize allied procedures to 

corroborate his/her conclusions from the WAIS. For example, 

if neuropsycholcgical, biomedical, and psychosocial data 

collectively suggest patient "improvement," then changes in 

WAIS subtests and IQ scales may be taken as reflecting true 

change in intellectual functioning. 
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Reliability of the Halstead-Reitan Neuropsychological 
Battery 

Halstead (19^7) was interested in analyzing the impact 

of brain impairment on the full range of human abilities, 

and he observed certain behavioral regularities accompanying 

cerebral trauma and then tried to measure these behaviors 

through the development of individual tests. Spearman and 

Thurstone factor analyzed Halstead's test data in order to 

gather an optimum set of procedures for detailing brain 

function and damage (Boll, 1981). Halstead's interpreta-

tions of these factor analytic studies led to the inclusion 

of 10 psychological measures in his original battery. Hal-

stead established cutoff scores for each of these tests de-

signed to reliably separate brain damaged from nonbrain dam-

aged individuals. Reitan modified Halstead's original 

battery by eliminating the Critical Flicker Fusion and Time 

Sense tests as well as adding the Wechsler-Bellevue I 

(WB-I), MMPI, Wide Range Achievement Test (WRAT), the Trail 

Making Test, and tests of aphasia, grip strength, and senso-

ry perception. Reitan eliminated the Critical Flicker Fu-
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sion and Time Sense tests because they did not reliably 

differentiate brain damaged from nonbrain damaged 

individuals (Reitan, 1955). The WB-I, MMPI, WRAT, and other 

tests were added to provide a more exhaustive analysis of 

the patient's intellectual, emotional, and 

neuropsychological functioning as well as to increase the 

validity of the battery in separating brain damaged patients 

fron nonneurological 'patients (Reitan, 1966a, 1975). Five 

tests, covering seven different variables, were used to 

compute an overall summary index of brain functioning called 

the Impairment Index. The measures comprising the 

Impairment Index are the Category Test, Tactual Performance 

Test (TPT) Total Time, TPT Location, TPT Memory, Seashore 

Rhythm Test, Speech Sounds Perception Test, and Finger 

Tapping Test (dominant hand). The number of tests whose 

scores fall within the brain damaged range are summed and 

then divided by 7 to obtain an Impairment Index for a given 

individual. The numerical value of the Impairment Index is 

compared to norms in determining the status of brain 

functioning and in making the binary classification of brain 

damage versus nonbrain damage. Guidelines are provided by 
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Reitan (1969, Note 1) for determining the presence versus 

absence of cerebral damage using the Impairment Index. The 

Halstead-Reitan Neuropsychological Battery (HRB) is the most 

widely used neuropsychological approach to the assessment of 

brain-behavior relationships in adults (Boll, 1981; Hartlage 

& Telzrow, 1980). Although the HRB is a very popular 

neuropsychological technique of demonstrated validity, there 

are limitations to the battery which reduce its value in 

settings where repeated testing is employed. These 

liraitations will be detailed in a later secticn covering 

recent developments in neurcpsychological assessment. The 

purpose of the current discussion is to summarize the 

findings concerning the reliability of the HRB. 

An examination of Table 2 underscores the foliowing 

observabions regarding HRB reliability: the number of 

studies examining the internal consistency and test-retest 

reliability of the HRB in normal, psychiatric, and brain 

damaged populations is deplorably inadequate (Claiborn & 

Greene, Note 6; Dodrill & & Troupin, 1975; Greene, Martin, 

Jenkins, & Eatwell, Note 2; Klonoff, Fibiger, & Hutton, 

1970; Martin & Greene, Note 3; Matarazzo, Matarazzo, Wiens, 
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& Gallo, 1976; Matarazzo, Wiens, Matarazzo, & Goldstein, 

1974; Morrison, Gregory, & Paul, 1979; Shaw, 1966). A total 

of only 48 brain damaged individuals have been used in 

test-retest reliability studies (Dodrill & Troupin, 1975; 

Matarazzo, Matarazzo et al., 1976; Matarazzo, Wiens et al., 

1974). Of this meager total, 65/& were 60 or older in age so 

a huge gap exists in current knowledge of HRB test-retest 

reliability in younger brain damaged populations. Even more 

disturbing is the fact that HRB subtest reliabilities in 

brain damaged populations are so low that test-retest 

changes in neuropsycholcgical performance are nearly 

impossible to interpret: gains may be due to spontaneous 

recovery, treatment, or subtest unreliability. Many of the 

subtests used in calculating the Impairment Index are 

particularly vulnerable to measurement errors, which can 

potentially lead to changes in diagnoses that may have 

onerous consequences for the individual patient. 

Test-retest reliability coefficients of the TPT Memory 

(M=.526), TPT Location (M=.682), Trails A (M=.745), Trails 3 

(M=.704), and Seashore Rhythm (M=.636) are so low in brain 

damaged saraples that these subtests are of limited 
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usefulness when examining patients over time for 

neuropsychological improvement or deterioration. Additional 

research is needed using brain damaged populations spanning 

heterogeneous age, education, and diagnostic categories. 

Both the internal consistency and test-retest reliability of 

the HRB merit attention using sample sizes considerably 

larger than those presently employed. 

A total of 184 nonbrain damaged normals and psychiatric 

patients have been used in three studies examining HRB 

test-retest and internal consistency reliability (Klonoff et 

al., 1970; Matarazzo et al., 1974; Morrison et al., 1979). 

The results are often contradictory which obscures defini-

tive conclusions concerning the reliability of individual 

HRE subtests. For example, Matarazzo et al. (1974) discov-

ered that the test-retest reliability coefficient for the 

Finger Tapping Test using the dominant hand was extremely 

low (.24) while the corresponding reliability coefficients 

calculated by Morrison et al. (1979) were more respectable: 

.82 and .78. The cause of this discrepancy is not readily 

apparent because the subjects used in both studies were 

roughly equivalent in terms of age, education, and intelli-
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gence. Similar to observations of HRB reliability in brain 

damaged populations, reliability coefficients for the TPT 

Memory, TPT Location, Trails A, Trails B, and Seashore 

Rhythm are .40, .53, .46, .44, and .37, respectively, in 

normal populations. Only TPT Memory and TPT Location are 

similarly afflicted in a schizophrenic population. Clearly 

the reliability of the HRB in normal, psychiatric, and brain 

damaged populations has been insufficiently studied. Sample 

sizes have been inadequate and several studies have employed 

test-retest intervals that are . so long that reliability 

coefficients may have been affected by changes in the 

patient's neuropsychological functioning between test and 

retest. Additional research should examine split-half and 

test-retest reliability in larger samples of normals, 

psychiatric patients, and brain damaged individuals with 

test intervals that minimize the confounding effects of 

patients' neuropsychological change. 

Reliability of the Luria-Nebraska Neuropsychological Battery 

The Luria-Nebraska Neuropsychological Battery (LN) was 

recently developed by Golden and his colleagues in order to 
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offer a standardized and quantitative adaptation of A. R. 

Luria's qualitative evaluation procedures (Golden, Purisch, 

& Hammeke, 1978). Luria's theory of brain functioning has 

added immeasurably to current understanding of brain 

processes, recovery from cerebral trauma, and 

neuropsychological diagnosis. Despite the clinical and 

theoretical utility of Luria's theories and Diagnostic test 

procedures, his tests have not been widely recognized in the 

United States because his techniques remained purely 

qualitative indices of cerebral functioning and lacked 

adequate validation (Reitan, 1976). Golden's contribution 

has been in developing a battery of neuropsychological tests 

that encompasses Luria's theoretical contributions and 

assessment strategies, yet allows for the quantification of 

behavior and standardization of test administration, 

scoring, and interpretation. The 269 item battery contains 

14 clinicsl scales that comprehensively assess ma.jor 

neuropsychological functions and allows for both 

qualitative and quantitative analysis of unique patterns of 

cerebral dysfunction. Golden's utilization of T_ score 

profiles, similar to that employed in the MMPI, provides for 
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the graphic representation of neuropsychological data so 

that an individual's pattern of results can be analyzed and 

compared to normative samples. A more exhaustive 

description of the LN will be rendered in a subsequent 

section; the present discussion is limited to the 

reliability of the LN. 

Golden, Fross, and Graber (Note 4) evaluated the 

split-half reliability and item-scale consistency of the LN. 

Golden et al. used a heterogeneous sample of 338 patients 

which comprised 74 normals, 83 psychiatric patients, and 181 

neurological patients. By using a heterogeneous group of 

participants, Golden et al. could maxmize the resulting 

split-half reliability coefficients (Lemke & Wiersma, 1976). 

Using the odd-even- approach to splitting items into two 

parallel tests, coefficients of internal consistency ranged 

from .89 (Memory) to .95 (Reading). The item-scale 

consistency was determined by correlating each item with 

each scale summary score and then assigning the item to the 

scale upon which it correlated highest. The item correlated 

highest with the scale to which it was originally assigned 

for 250 of 269 items. Since the battery was inspired by the 
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theoretical accomplishments of A. R. Luria, these results 

are exciting in that they serve to validate Luria's (1980) 

theories of brain organization and function as well as his 

procedures for assessing cerebral dysfunction: 

Both the item-scale correlation and the split-half 
reliabilities indicate that the test closely 
approaches the characteristics that Luria's 
theories would suggest. The study also suggests 
that the statistical basis of the test is sound 
and more than adequate for increasing confidence 
in clinical interpretation and validation studies. 
(Golden et al., Note 4, pp. 6-7) 

Golden, Berg, and Graber (Note 5) examined the test-re-

test reliability of the LN using 27 patients with chronic 

and stabilized cerebral dysfunction. The 14 males and 13 

females averaged 35.3 years of age ( S_D = 11.2) and 11.3 

years of education ( SrD = 2.2). These patients were select-

ed to minimize confounding variables due to age, treatment 

and rehabilitation, ceiling and floor effects, and sudden 

improvement or deterioration in cerebral functioning. The 

test-retest interval ranged from 10 to 469 days ( M =167 

days, SD = 133.8 days). Aíl test-retest reliability coeffi-

cients were significant at the .001 level, and ranged from 

.77 (Right Hemisphere) to .96 (Arithmetic). The mean relia-

bility of all 14 clinical scales was .88: Arithmetic (.96), 
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Expressive Speech (.94), Motor (.94), Reading (.92), Writing 

(.92), Rhythm (.90), Receptive Speech (.87), Visual (.86), 

Intelligence (.86), Left Hemisphere (.86), Tactile (.78), 

Right Hemisphere (.77). These reliability coefficients are 

generally higher than those reported in test-retest 

reliability studies using the HRB. A partial correlation 

was conducted to examine the potentially confounding effect 

due to the length of the test interval: 

The test-retest interval length was not important 
in this sample. Overall, the results confirm that 
the scores on the Luria-Nebraska 
Neuropsychological Battery are stable over time. 
(Golden et al., Note 5, p. 5) 

Table 3 presents a summary of the split-half and test-

retest reliability coefficients for the LN. A comparative 

analysis of the data for the HRB (see table 2) and the LN 

leads to the tentative conclusion that the LN produces high-

er test-retest reliability coefficients than the HRB. The 

Memory scale of the LN corresponds approximately to the TPT 

Memory and Location subtests on the HRB, as well as to one 

subsection of the Category Test, as all four tasks examine 

'short term memory (Boll, 1981; Golden, 1981). The last 

subtest of the Category Test taps memory functions as the 
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TABLE 3 

Reliability of the Luria-Nebraska, Form I 

STODY Golden, Pcoss, 6 Gcabec 
(Note 4) 

split - half 
celiabiiity 

Golden, Berg, & Grater 
(Note 5) 

test - retest 
reiiabiiity 

LM SOBTESTS 

notoc 
Rhytha 
Tactile 
Tisuai 
ReceptÍTe Speech 
Expcessive Speech 
Beading 
Bciting 
Acithnetic 
neaocy 
Inteliectual Pcocess 
Bight Heaisphece -
Left Henisphece 
Pathognononic 

.92 * 

.91 * 

.90 * 

.93 * 

.91 * 

.93 * 

.95 * 
,94 * 
.90 * 
.89 * 
.93 * 

-
-
-

94 
87 
78 
94 
87 
94 
92 
.92 
96 
.84 
86 
,77 
86 

DEnOGRAPHIC DATA 

M = 
Age (yeacs) 

n= 
so= 

Education (yeacs) 
B= 

SD= 

Sanpie 
Coaposition 

Haies/Feaaies 

Test IntecTai 

338 

7 
? 

? 
7 

7» 
83 

181 

? 

0 

nocnais, 
psychia tcic 
patients, 
neucoiogica i 
patients. 

27 

35.3 
11.2 

11.3 
2.2 

chconic 
bcain danaged 
patients 

14/13 

187 days 

* all sigoificant 

*** p < .001 
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subject is asked to remember the principles employed in 

answering items on earlier subtests. The test-retest 

reliability coefficient of the Memory scale (.84) exceeds 

corresponding HRB reliability coefficients for the Category 

Test, TPT Memory, and Location in 14 of 15 comparisons. The 

LN Intelligence scale parallels the HRB Category Test in 

that both tap abstract and numerical reasoning. The 

Intelligence reliability of .86 exceeds the reliabilities on 

the Category Test in 4 out of 5 comparisons. The Motor 

scale of the LN corresponds roughly to the Finger Tapping, 

Grip Strength, TPT Time, and Trail Making tests (Boll, 1981; 

Golden, 1981). All five tasks involve visual-motor 

coordination and the' execution of simple motor behaviors. 

. The test-retest reliability coefficient cf .9^ exceeds the 

ccrresponding HRB subtest reliabilities in 25 of 26 

comparisons. The HRB Seashore Rhythm and LN Rhythm tests 

are similar scales in that they tap attention, 

concentration, and nonverbal auditory perception (Boll, 

1981; Golden & Berg, 1980b). The LN test-retest reliability 

value of .90 for the Rhythm scale exceeds all 5 reliability 

coefficients on the corresponding HRB subtest. Speech 
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Sounds Perception of the HRB parallels the Receptive Speech 

scale of the LN in their mutual analysis of auditory-verbal 

perception of simple phonemes. Again, the LN value of .87 

exceeds the Speech Sounds reliability coefficients in 4 of 5 

comparisons. The Trail Making test includes visual-motor 

abilities and some components of abstract reasoning, which 

makes it rcughly comparable to the LN Motor (.94), Visual 

(.86), and Intelligence (.86) scales. The reliability 

coefficients for the three LN scales surpass those derived 

from test-retest analysis on the Trail Making test in 28 of 

30 comparisons. Should the superior reliability of the 

Luria-Nebraska be manifested in cross-validation studies,_ 

neuropsychologists may wish to make more frequent use of 

this assessment device. 

In summarizing this section dealing with neuropsycholo-

gical reliability studies, it can be stated emphatically 

that more reliability research is required before psycholo-

gists can be confident of the accuracy of neuropsychological 

assessment batteries. Without knowledge of neuropsychologi-

cal test accuracy and stability using bcth normal and brain 

damaged subjects as reference groups, claims of significant 
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improvement or deterioration across time because of 

neurosurgical, psychopharmacological, rehabilitative, or 

progressive disease processes may be unjustified. The 

paucity of research on brain damaged subjects is evident 

from Tables 2 and 3 which indicate that only four studies 

totaling 75 brain damaged patients have used major 

neuropsychological assessment devices in examining 

test-retest reliability and none has m.ade adequate use of 

parallel forms in analyzing reliability. 

The Influence of Practice Effects on Test Reliability and 
Validity 

Intimately tied to the issue of test reliability is the 

necessity of linking behavioral changes to the proper impe-

tus of observed alterations: 

The emergent field of rehabilitation of neuropsy-
chological deficits will have a major problem in 
deraonstrating that improvement in neuropsychclogi-
cal performance is due to the training and not to 
practice or recovery asccciated with the passage 
of time. 
(Parsons & Prigatano, 1978, p. 618). 

When retesting an individual, changes in test scores sugges-

tive of "improvement" may be due to memory for previous re-

sponses, practice effects, spontaneous recovery, rehabilita-
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tion procedures, or numerous sources cf error variance, 

which include errors in standardized administration, 

scoring, behavioral sampling, or random fluctuations in 

health, motivation, and fatigue (Anastasi, 1976; Cronbach, 

1970; Mehrens & Lehmann, 1973). Unless researchers control 

for unwanted sources of error variance or are cognizant of 

the magnitude of error variance, changes in tests scores 

from one test administration to the next will be difficult 

to interpret. The particular vulnerability of a test to 

practice effects may undermine both the validity and 

reliability of the device. If the effect of practice is to 

differentially influence test scores rather than to 

systematically raise each individual's score by a constant 

amount, then the test-retest reliability of an instrument 

will decline because the original rank order of individuals 

on the test during the first administration will change 

during the second test administration. If practice effects 

are of such magnitude that they raise an individual's score 

to the extent that he/she would be reclassified on retest 

(e.g., from a diagnosis of brain damage to normal), then the 

validity of the test is reduced. As will be shown in a 
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subsequent section, the influence of practice effects on HRB 

test scores has led to the misclassification of brain 

damaged individuals as normal, which attenuates the 

validity of the instrument. The influence of practice on 

neuropsychological test performance has additional clinical 

ramifications because changes in test performance may be 

erroneously attributed to treatment regimens that involve 

rehabilitation, neurosurgery, or psychopharmacology, when in 

actuality the individual still suffers f rom 

neuropsychological impairment. These "improvements" due to 

practice may lead to unwarranted changes in treatment 

programs or to diagnostic inaccuracies that may have a 

deleterious impact on the patient's welfare. 

Certain items are much easier to complete when a test 

is readministered because the individual (1) may remember 

the solution to the item or the strategy employed in solving 

the problem, (2) may improve performance through simple 

practice, or (3) raay siraply offer the same response 

regardless of its accuracy. The influence of practice and 

memory is to spuriously elevate reliability coefficients. 

The test-retest design is especially vulnerable to memory 
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and practice effects, because each individual is presented 

with the sarae tasks in both test sessions. Iteras scored on 

the basis of speed of response are particularly susceptible 

to practice effects in the test-retest design because once 

the individual learns the proper approach to a given problem 

subsequent administrations of the test will merely involve 

the irapleraentation of the strategy without requiring the 

original effort and tirae required for its generation. Other 

individuals simply may recall their initial solutions to 

particular iteras when they are repeated on retest and offer 

these answers again without pondering the accuracy of their 

stateraents. The effects of meraory and practice are reduced 

in reliability studies using parallel forms because items 

and their solutions are unique across both forms (Anastasi, 

1976; Freeraan, 1962; Lerake & Wiersma, 1976; Mehrens & 

Lehmann, 1973). A solution, response, or strategy developed 

in the first test session should not generalize as easily to 

the next test session when parallel forms are used. 

Underwood (1966) reported that an individual's successive 

improveraent over repeated testings may bias studies 

examining the effect of an independent variable (e.g., 
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drugs, rehabilitation, neurosurgery) on a dependent variable 

(e.g., neuropsychological test performance). Practice 

effects introduce what Underwood calls progressive error, or 

a change in behavior as a result of successive trials, which 

obfuscates conclusions drawn from experimental data: 

The results raay be attributed to the independent 
variable when in fact they were due to progressive 
error. When such arabiguity prevails, we speak of 
a confounded experiraent or confounded results... a 
confounding means two or more stimulus variables 
have changed concurrently so that the results 
cannot be said to be attributable to a single 
stimulus variable.... The result is ambiguity in 
stating a cause-effect relationship. (Underwood, 
1966, p. 32) 

Tests of intelligence, meraory, reading, spelling, geography, 

education, verbal learning, reaction tirae, and raotor skills 

have all deraonstrated significant practice effects (Anasta-

si, 1976; Cronbach, 1970; Keys, 1928; Kintsch, 1977; Under-

wood, 1966), Neuropsychological batteries also are suscep-

tible to these confounding influences as they involve sorae 

of these very sarae skills. 
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Practice Effects and the Wechsler Memory Scale 

Information detailing the magnitude of practice effects 

using the WMS or RWMS is exceedingly rare. Stone et al. 

(1946) and Stone (1947) observed gains from WMS Forra I to II 

of 2.15 points, and 1.55 points from II to I using 60 col-

lege students as experiraental subjects, and a test-retest 

interval of 2 weeks. The increase in raw score from Form I 

to II was barely significant while the increase from Form II 

to Form I was not significant. A group of 17 student nurses 

and 10 psychoneurotic patients made no gain from WMS Form I 

to Form II when retested after an interval of 1-16 days ( M 

= 4 days ). The studies reported ,by Stone et al. and Stone 

(1947) are the o'nly ones that specifically evaluated the WMS 

for practice effects. Other researchers have confounded the 

effects due to practice with neurosurgery (Struckett, 1953) 

and potential nonequivalence between parallel forms (Bloom, 

1959). Struckett's (1953) administration of the WMS pre-

and postoperatively to 26 schizophrenics undergoing prefron-

tal lobotomy confounds the effects of practice with neu-

ropsychological recovery and rehabilitation. Struckett 

found that Mental Quotients (MQ) calculated frcm the WMS in-
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creased with each successive administration when corapared to 

WMS preoperative results. At 3 weeks postoperatively the 

average MQ had risen 3.05 points, while 3 raonths after the 

operation the MQ was 7.96 points higher than the original 

preoperative value. MQs continued to rise at 6 and 12 

months postoperatively, where MQs were 13.70 and 17.04 

points higher, respectively. Since each patient underwent 

an operation as well as strenuous rehabilitation, the magni-

tude of practice effects on the WMS cannot be determined. 

Bloom (1959) administered both forms of the WMS to 32 

psychiatric patients who were divided into two groups. The 

first group received WMS-I followed immediately by WMS-II. 

The second group received WMS-II followed by WMS-I. Unfor-

tunately, Bloom's presentation of the data precluded an ass-

essment of practice effects: significant mean differences 

that occurred between the two forms on the Visual Reproduc-

tion and Associate Learning subtests could have resulted 

frora a lack of equivalence between the two WMS forras or from 

practice effects. McCarty et al. (1980) suggested that the 

differences between forms on the Visual Reproduction subtest 

were due to lack of equivalence and not practice effects. 
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McCarty et al. discovered that the means of the Visual 

Reproduction subtest were significantly different when Forms 

I and II of the WMS Logical Memory and Visual Reproduction 

subtests were administered in counterbalanced order across 6 

experimenters and 25 elderly female participants. Similar 

to Bloom's (1959) findings, the second form of the Visual 

Reproduction subtest ( M = 7.5, SD_ - 3.6 ) was easier than 

the first ( M = 5.6, S^ = 2.8 ). Since the order of test 

form administration was counterbalanced the difference 

between the two forms demonstrated a lack of equivalence in 

subtest difficulty. In summary, evidence is scanty 

concerning the effects of repeated administrations of the 

WMS, RWMS, and their parallel forms on test results. The 

available studies point to the following conclusions: (1) 

the second forms of the WMS and RWMs are not statistically 

equivalent to the original forms; (2) this lack of 

parallelism obfuscates the separation of test nonequivalence 

from practice because gains observed from WMS-I to WMS-II 

may reflect changes due to practice effects and/or 

nonequivalence; (3) the Visual Reproduction subtest of Form 

II is significantly easier than its parallel counterpart 
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with scores ranging from 1.25 to 1.9 points higher than Form 

I; (4) the magnitude of practice effects from Form I to Form 

II is approximately 2 points with normal college students, 

and shrinks to 1.5 points when Form I follows Form II; (5) 

WMS practice effects may be negligible in psychiatric 

populations although this conclusion requires independent 

confirmation with larger samples of psychiatric patients; 

(6) the magnitude of practice effects when identical forms 

are used is unknown and requires experimental evaluation; 

(7) the influence and size of practice effects in brain 

damaged populations using identical and/or parallel forms 

also is unknown and merits empirical analysis before the WMS 

or RWMS can be used to confidently and accurately assess 

true neuropsychological change across time. 

Practice Effects and the WAIS 

Tables 4, 5, and 6 present graphic displays of WAIS 

test-retest results using samples of normals, college stu-

dents, schizophrenics, psychiatric patients, and brain dam-

aged individuals. • Matarazzo (1972) indicates that all 11 

subtests of th'e WAIS demonstrate practice effects with the 
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TABLE 4 

Practice Effects on WAIS VIQ, PIQ, and FSIQ 

STODT 

n i 
SD1 

n2 
SD2 

n 2 - H i 

H1 
SD1 

H2 
SD2 

fl2-nl 

n i 
SD1 

n2 
SD2 

n 2 - H i 

Kendcic 
& Post 
(1967) 

1 0 8 . 4 0 
1 3 . 5 8 

1 1 1 . 6 7 
1 6 . 0 0 

3 . 2 7 

1 0 1 . 6 7 
1 1 . 2 0 

1 0 5 . 2 3 
1 1 . 5 2 

3 . 5 6 

106 

109 

3 

DBHOGRAPHIC OATA 

Sanple S i z e : 30 

k 

S6.00 
10 .90 
9 6 - 7 0 

9 . 8 1 

0 , 7 0 

7 9 . 5 0 
7 . 4 7 

8 0 . 2 0 
9 .86 

0 . 7 0 

8 8 . 5 

89 

0 . 5 

10 

C o n p o s i t i o n : 30 n o c a a i s 
S dep 

10 b.d 
Age (yeacs) 

H= 
SD= 

E d u c a t i o n 
H= 

SD= 

Test 
l a t e c v a l 

7 0 . 
10 . 

(ycs) 
1 0 . 

1 . 

•3 

ICSSTS 
i . ptn( 

48 
00 

00 

90 

» 

oodci i l e 
T c o u p i n 
(1975) 

1 0 1 . 1 8 
1 3 . 6 7 
9 6 . 4 1 
1 8 . » 3 

- 4 . 7 7 

9 4 . 8 8 
1 0 . 9 8 
9 1 . 1 2 
1 5 . 6 5 

- 3 - 7 6 

9 8 . 3 5 
1 2 . 1 4 
9 3 . 8 8 
1 6 . 9 6 

- 4 , 4 7 

17 

c b c o n i c 

K l o n o f f 
e t a i . 
(197 0) 

T e c b a l i g 

9 6 . 8 5 
15 .70 

101-76 
16. 58 

4 . 9 1 

Pecfocnance 

9 0 .73 
1 6 . 9 1 
98 .59 
1 4 . 5 6 

7 .86 

? a l l S c a l e 1 

9 3 . 9 0 
16-27 

100. 54 
15-58 

6-64 

35 

c h c o n i c 
; e p i l e p t i c s s c h i z o -
ts 

2 7 . 4 1 
6 . 0 4 

1 2 . 8 8 

2 . 0 0 

6 - 1 2 
nonths 

4 7 . 4 4 
4 . 3 

10 

2 . 6 8 

52 
i weeks 

Ha tacazzo 
e t a i . 
(1973) 

116 .2 
8 .3 

121 .8 
8.4 

5.6 

IQ 

117.9 
9 .9 

122.8 
10 .5 

4 .9 

:Q 

118.1 
8 .0 

123.6 
9-0 

5 .5 

29 

a o r n i i 
aa ies 

24 
• 

14 

7 

20 
weel(s 

C a t r o n 

(1978) 

1 2 2 . 3 
8 . 1 4 

1 2 5 . 4 
7 . 4 4 

3 . 1 * * 

1 1 4 . 7 
9 . 7 1 

1 2 8 . 9 
1 1 . 0 8 

1 4 . 2 * * 

1 2 0 . 3 
7 . 5 2 

1 2 8 . 6 
7 .64 

8 . 3 * * 

35 

n a i e 
c o i l e g e 
s t u d e n t s 

2 0 , 0 
•? 

7 

7 

0 

Brown 
6 flay 
(1979) 

9 3- 1 
2 0 . 0 
9 5 . 4 
2 0 . 8 

2 . 3 

8 6 . 1 
18 .4 
8 9 . 3 
2 0 . 8 

3 , 2 

8 9 . 6 
19 .4 
9 2 . 4 
2 0 . 8 

2 . 8 

50 

p s y c h t r c 
p t n t s 

4 4 . 0 
12. 1 

7 

7 

2J 
noa ths 

I v n i l í 

(1978) 

9 9 . 4 
18 ,6 

100 .9 
17-4 

1.5 

9 6 . 6 
1 5 . J 
9 9 . 7 
13 .1 

3 . 1 

9 8 . 4 
15 .7 

100.4 
15, 

2 , 0 

14 

t r a i n 
danaged 

p a t i e n t s 

37 ,0 
9 . J2 

12,1 

2 . 6 0 

52 
WHeks 

* * p < , 0 1 
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Practice Effects on WAIS Subtest Performance 

7^ 

STODT 

UAIS SUBTESTS 

I n f o c n a t i o n H1 
SD1 

02 
SD2 

H2-H1 

Conpcehension H1 

A c i t h n e t i c 

• 

SD1 
n2 

S02 
H2-H1 

ni 
S01 

n2 
SD2 

H2-H1 

S i n i l a c i t i e s B1 

D i g i t Span 

Vocabulacy 

SD1 
n2 

SD2 
n2-ni 

H1 
SD1 

n2 
SD2 

n2-ni 

ni 
SD1 

n2 
S02 

n2-ni 

l Y n i k 
(1978) 

9 . 9 
( 2 . 6 ) 
1 0 . 5 
( 2 . 6 ) 

. 6 

1 0 . 5 
( 3 . 4 ) 
1 0 . 1 
( 2 - 8 ) 
- . 4 

9 . 7 
(»».0) 
1 0 . 2 
( 4 . 3 ) 

. 5 

1 0 . 5 
( 2 . 8 ) 
1 0 . 6 
( 2 . 9 ) 

. 1 

9 , 4 
( 3 . 2 ) 
8 . 6 

( 3 . 6 ) 
- . 8 

9 . 7 
( 3 . 4 ) 
10 . 1 
( 3 . 2 ) 

. 4 

Catcon 
(1978) 

1 3 . 8 6 
( 1 . 7 5 ) 
13 ,94 
( 2 . 0 8 ) 

. 0 8 

1 3 . 9 4 
(2 -76 ) 
1 4 . 6 6 
( 2 . 4 5 ) 

- 7 2 * 

12 ,63 
( 2 . 3 1 ) 
14 -11 
(2 -43 ) 
1 - 4 8 * 

1 4 . 1 1 
( 1 . 7 0 ) 
1 4 . 4 3 
( 1 . 7 9 ) 

. 3 2 

1 2 . 5 7 
( 3 . 1 7 ) 
12 ,94 
( 2 . 3 9 ) 

. 3 7 

1 4 . 0 3 
( 1 . 8 1 ) 
1 4 . 0 5 
( 1 . 7 1 ) 

. 0 3 

D i g i t Synbol 

P i c t u c e 
C o n p l e t i o n 

Biocic Design 

P i c t u c e 
Acrangenent 

O b j e c t 
Assenbly 

ni 
SD1 

n2 
SD2 

n2-Mi 

ni 
SD1 

n2 
SD2 

n2-ni 

ni 
SD1 

n2 
SD2 

n2-ni 

n i 
SD1 

?12 
SD2 

n2-ni 

n i 
SD1 

^2 
SD2 

82-M1 

I vnilc 
(1978) 

6 . 8 
( 2 . 2 ) 
7 , 3 

( 2 . 0 ) 
. 5 

9 .4 
( 2 . 5 ) 
1 0 , 0 
( 2 . 3 ) 

. 6 

9 ,8 
( 3 . 1 ) 
9 ,6 

( 3 , 0 ) 
- . 2 

9 . 2 
( 2 . 4 ) 
8 .0 

( 2 . 4 ) 
- 1 . 2 

8 .7 
( 2 . 9 ) 
10 .0 
( 2 . 0 ) 
1.3 

Ca t r o n 
(1978) 

13-06 
( 2 - 4 3 ) 
15 .09 
( 3 . 0 1 ) 
2 . 0 3 * 

11 .60 
( 1 . 5 5 ) 
13 .31 
( 1 - 9 8 ) 
1 . 7 1 * 

13. 14 
( 2 . 7 8 ) 
14 ,28 
( 2 . 6 7 ) 

1 . 14* 

10.97 
Í 2 . 2 3 ) 
13 .83 
( 3 . 1 7 ) 
2 . 8 6 * 

12 .46 
( 2 , 9 0 ) 
15 .46 
13.19) 
3 . 0 0 * 

* p < , 0 1 
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TABLE 6 

Effects of Serial Repetitions on WAIS Test Performance 

STUDT • » T e s t s Sanple 7ecbai IQ Pecfocnance IQ Fuil Sca le IQ 
H SD n SD n SD 

D o d c i l l 1 17 Chcon ic 101 .18 1 3 . 6 7 9 4 . 8 8 1 0 . 9 8 9 8 , 3 5 12.14 
and e p i l e p t i c 

Tcoupia 2 p a t i e n t s 9 6 , 4 1 1 8 . 4 3 9 1 , 1 2 1 5 , 6 5 9 3 - 8 8 16 ,96 

(1975) 3 9 8 . 3 5 1 6 , 1 2 9 5 , 5 9 1 6 - 3 6 9 7 , 0 0 16 ,07 

« 101 .82 1 5 . 1 8 1 0 0 . 0 0 1 6 , 7 6 1 0 1 , 4 1 14 .79 
« * * 

7 9 . 5 0 7 . 4 7 8 8 . 7 5 ? 

8 0 . 2 0 9 . 8 6 8 9 . ? 

7 9 . 4 0 1 1 . 1 7 8 8 , 7 0 ? 

Kendcick 1 3 0 Nocna ls 108 ,40 1 3 , 5 8 1 0 1 , 6 7 1 1 , 2 0 106 . ? 
and S d e p c e s s i v e 
Post 2 p a t i e n t s 111 ,67 16 -00 1 0 5 . 2 3 11 .52 1 0 9 , ? 

(1967) 3 ' 111-67 1 7 . 2 0 1 0 6 . 9 3 14 .30 ' 110 .60 ? 
* * 

DBHOGRAPHIC DATA: Dodc i l l 5 Tcoupin (1975) KendcicJc a nd Post (1967) 

!(endcic)c 
and 
Post 

(1967) 

1 

2 

3 

10 Oiffuse 
bca io 

danaged 
p a t i e n t s 

96.00 

96.70 

96.00 

10.90 

9.81 

12,50 

Sanple S i z e : 17 10 30 

Conpos i t ion: chcon ic e p i l e p t i c p a t i e n t s d i f f u s e bcain nornal and 
danaged p a t i e n t s depressed 

p a t i e n t s 
Age (yeacs) 

n= 

SD= 

Education ( y c s ) : 
n= 

SD= 

Test I n t e c v a l : 

* P < .05 
** p < , 0 1 

27 .41 

6 ,04 

12 .88 

2 .00 

6 - 12 non ths 3 t e s t s 

70.48 

6 .33 

10,00 

1,90 

over a 3 month period 
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Performance scales showing larger gains than the Verbal 

counterparts. Recent experimental evidence lends support to 

Matarazzo's observations (Catron, 1978; Ivnik, 1978; 

Matarazzo et al., 1973). 

As a result of the test-retest literature review on the 

WAIS, Matarazzo et al. (1980) observed that group mean 

gains on Full Scale IQ ranged from -5 to + 1 1 IQ points 

while the median gain on retest was 5 points. The data pre-

sented in Table 4 runs closely parallel to this observation 

with with the change in Full Scale IQ ranging from -4.-47 to 

8.3 IQ points and averaging +M.08 points. Without experi-

encing any treatment intervention, normal individuals in-

creased as much as 3 to 7 points on WAIS subtest scale 

scores from test to retest over a 20-week interval (Mataraz-

zo et al., 1979; Matarazzo et al. , 1973). The source of 

these subtest gains were thought to be due to practice ef-

fects, test unreliability, or momentary fluctuations in the 

motivational status of the individual. Verbal, Performance, 

and Full Scale IQ gains ranging from 5 to 14 points were not 

unusual in this sample of 29 normal job applicants. Matar-

azzo et al. (1980) offered a "conservative rule of thumb" 
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for clinicians observing WAIS retest gains in individual 

patients: changes of 3-5 points in a subtest scale score and 

15 points in an IQ score may be potentially clinically 

important provided that there is supporting clinical and 

behavioral evidence derived from independent evaluations (p. 

103). Mere gains in IQ and subtest scale scores without 

additional data are "not rob*ust proof that a true change has 

occurred" (p. 103); however, any loss (or gain) in WAIS 

retesting scores should be "corrected" for the anticipated 

gain of 5 points due to the retest effect so any loss on 

retest is likely to be a "true" loss provided that 

corraborative evidence is available (p. 103). 

Unfortunately, these conclusions are more relevant for 

normal individuals and psychiatric patients than for brain 

damaged individuals since the brain damaged data base is 

limited: only 55 brain damaged patients have been examined 

for WAIS test-retest gain scores due to practice effects. 

Using a sample of 10 brain damaged patients, Kendrick and 

Post (1967) observed no change in Verbal, Performance, and 

Full Scale IQ while Dodrill and Troupin (1975) saw 

Performance and Full Scale IQs increase 5 and 3 points, 
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respectively, when examining the performance of 17 chronic 

epileptic patients. Ivnik (1978) observed deterioration in 

WAIS performance in a sample of 14 patients with multiple 

sclerosis; however, he also examined a matched sample of 14 

brain damaged patients without multiple sclerosis and 

observed test-retest gains on 8 of 11 WAIS measures. 

Conclusions derived from these results must be tentative 

until additional studies are conducted using larger samples 

of brain damaged individuals. 

Obviously, there is a need to complete additional WAIS 

test-retest studies examining the effects of practice using 

samples of normal , brain damaged, and psychiatric patients. 

Currently there is some question as to whether Matarazzo's 

(1980) "rule of thumb" is valid for brain damaged 

populations, and only a series of comprehensive WAIS 

test-retest designs using all three groups of individuals 

can resolve this dilemma. 
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Practice Effects and the Halstead-Reitan Battery 

Tables 7, 8, and 9 show the effects of practice on HRB 

test performance in brain damaged samples. These tables can 

be used by the clinician who is interested in predicting the 

amount of retest gain (or loss) when dealing with additional 

samples of brain damaged patients. Table 7 presents the re-

sults of four studies of the HRB Trails and Finger Tapping 

tests (Claiborn & Greene, Note 6; Dodrill & Troupin, 1975; 

Ivnik, 1978; Matarazzo et al. , 1974; Matarazzo et al., 

1976). Test-retest gains for the dominant hand on the Fin-

ger Tapping Test range from -1.41 to +4.85 taps and average 

+1.31 taps, while the nondominant hand increased an average 

of 2.66 taps. Therefore, brain damaged patients may be ex-

pected to increase their tapping performance between 1 to 3 

taps per trial on retest. Practice effects, which ranged 

from -2.18 to -17.16 seconds, were evident on Trails A with 

the exception of one study. These results indicate that 

brain damaged patients may significantly decrease the time 

required to complete Trails A; however, discrepant results 

found by Dodrill and Troupin (1975), whose patients on re-

test actually required 10.71 seconds longer to complete 
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TABLE 7 

Practice Effects on HRB Trails & Finger Tapping Performance 

STODT Claibocn D o d c i l l 6 Hatacazzo natacazzo Ivnik 
& Gceene Tcoupin et a i . e t a i , 
(Note 6) (1975) (1974) (1976) (1978) 

T a p p i n g D n i = 4 9 , 8 5 4 4 , 9 4 3 4 , 1 2 4 2 . 6 7 3 9 , 7 
(» t a p s ) SD1= ( 7 . 3 3 ) ( 6 . 2 2 ) ( 5 , 3 8 ) ( 8 . 7 2 ) ( 1 0 , 1 ) 

n2= 5 4 , 7 0 4 3 . 5 3 3 4 . 0 0 4 2 , 6 7 4 4 , 1 
SD2= ( 6 , 5 1 ) ( 7 . 9 1 ) ( 5 , 1 0 ) ( 9 , 3 2 ) ( 1 0 . 2 ) 

H2-H1= 4 , 8 5 - 1 . 4 1 - . 1 2 0 . 0 0 4 , 4 

Tapping HD ni= 44.92 35 .0 
(# taps) SD1= (6 .15) (9.0) 

n2= 47.58 38.9 
SD2= (5 ,29) (5 ,6) 

n2-Hl= 2.66 3 .96 

T c a i l s A n i= 5 5 . 5 6 3 7 , 2 9 3 6 . 4 0 5 7 , 8 0 5 6 . 0 
( s e c s . ) S01= ( 3 1 . 4 3 ) ( 1 8 . 2 1 ) ( 8 . 2 6 ) ( 1 9 . 8 1 ) ( 4 4 . 7 ) 

n2= 3 8 , 4 0 4 8 , 0 0 3 4 , 2 2 5 1 . 0 0 5 1 . 9 
SD2= ( 1 4 . 5 6 ) ( 2 6 . 8 3 ) ( 7 , 1 4 ) ( 1 6 . 8 9 ) ( 2 2 , 1 ) 

H2-n1= - 1 7 . 1 6 1 0 . 7 1 . - 2 . 1 8 - 6 . 8 0 - 4 . 1 

T c a i l s B n l = 1 3 0 . 9 6 1 1 1 , 6 5 1 4 6 . 3 6 174 ,33 135 ,4 
( s e c s . ) SD1= ( 6 1 , 9 1 ) ( 8 8 . 2 9 ) ( 1 0 . 4 6 ) ( 6 7 . 2 3 ) ( 9 6 , 9 ) 

n2= 1 3 2 . 6 4 192-06 1 5 8 . 6 6 178 .53 1 3 7 . 1 
SD2= ( 7 9 . 4 8 ) ( 1 4 9 . 1 9 ) ( 1 1 . 1 2 ) ( 9 1 . 2 5 ) ( 9 . 1 ) 

n 2 - n l = 1 .68 8 0 , 4 1 1 2 . 3 0 4 , 2 0 1.7 

DEHOGRAPHIC DATA: 

Sanple Size: 25 17 16 15 14 

Conposition: chconic chronic elderly cacotid bcain 
alcoholic epiieptic C7A endactecec- daoaged 
patients patieats patients toay ptnts patients 

Age (yeacs) : 
H= 4 4 , 8 4 2 7 , 4 1 6 0 , 0 0 6 2 . 0 0 3 7 . 0 

SD= 9 .69 6.04 ? ? 9,32 
Educatioa (ycs) : 

n= 11 ,96 1 2 , 8 8 1 1 . 9 , 1 2 , 1 

SD= 2 .73 2 ,00 ? ? 2.80 

Mo. T e s t s Given: 2 2 2 2 2 

Test l a t e c v a l : 4 wee)cs 6-12 nonths 12 weeks 20 weeXs 52 weelis 
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TABLE 8 

Practice Effects on HRB Rhythm, Categories, & Speech Sounds 

STODT 

Speech Souni 
(eccocs) 

Seashoce 
Rhythn 

( c o c c e c t ) 

ds n i = 
(SD1) = 

n2= 
(SD2) = 
a 2 - n i = 

n i = 
(SD1) = 

H2= 
(SD2) = 
n 2 - H l = 

Categocy T e s t n i = 
(eccocs) 

DEnOGRAPHIC 

(SD1) = 
n2= 

(SD2)= 
n 2 - n i = 

DATA: 

C l a i b o c n 
& Sceene 
(Note 6) 

1 1 . 0 4 
( 6 , 3 6 ) 

1 0 , 5 2 
( 6 . 6 7 ) 

- , 5 2 

2 4 . 8 0 
( 4 , 2 6 ) 

2 4 , 8 4 
( 3 . 8 0 ) 

- . 0 4 

D o d c i l i 5 
Tcoup in 
(1975) 

8 . 7 1 
(«».55) 

9 . 6 5 
( 7 . 3 8 ) 

. 9 4 

2 3 , 5 3 
( 4 . 0 2 ) 

2 1 . 4 1 
( 5 . 2 0 ) 

- 2 , 12 

6 1 . 7 1 
( 3 0 . 6 9 ) 

5 1 . 5 9 
( 3 3 , 3 6 ) 

- 1 0 , 1 2 

H a t a r a z z o 
e t a i . 
(1974) 

6 , 4 4 
( 1 . 9 4 ) 

6 . 8 2 
( 2 . 0 6 ) 

, 3 8 

2 3 . 4 8 
( 2 . 1 2 ) 

2 5 . 8 6 
( 2 . 6 6 ) 

2 . 3 8 

8 2 . 3 8 
( 1 8 . 1 6 ) 

8 3 . 6 3 
( 1 7 . 0 9 ) 

1,25 

H a t a r a z z o 
e t a i . 
(1976) 

1 2 . 8 7 
( 6 , 2 9 ) 

1 1 , 8 0 
i'i.Sl) 

- 1 . 0 7 

2 3 . 6 7 
( 5 . 1 5 ) 

2 2 . 4 7 
(^ .31 ) 

- 1 . 2 0 

7 6 . 2 7 
( 3 3 . 0 7 ) 

7 0 . 13 
( 2 3 , 4 1 ) 

- 6 , 1 4 

I v n i X 

(1978) 

10 .1 
( 7 .1 ) 

7 . 9 
( 7 , 2 ) 

- 2 , 2 

2 2 . 4 
(«».2) 

2 2 , 5 
C*.!) 
. 3 

5 8 . 4 
( 2 0 . 9 ) 

4 9 , 4 
( 2 7 . 5 ) 

- 9 . 0 

'Sanpie Size: 25 17 16 15 14 

C o n p o s i t i o n : 

Age ( y e a c s ) 
H= 

SD= 
E d u c a t i o n (ycs) 

H= 

SD= 

No. T e s t s G i v e n : 

T e s t I n t e c v a l : 

c h c o n i c 
a l c o h o l i c 
p a t i e a t s 

4 4 , 8 4 

9 , 6 9 

1 1 , 9 6 

2 . 7 3 

2 

4 wee)cs 

c h c o n i c 
e p i i e p t i c 
p a t i e o t s 

2 7 . 4 1 

6 . 0 4 

1 2 , 8 8 

2 . 0 0 

2 

6 -12 nonths 

e i d e c l y 
CVA 

p a t i e n t s 

6 0 . 0 0 

? 

11 . 

•> 

2 

12 weelcs 

c a c o t i d 
e n d a c t e r e c -
tony p t n t s 

6 2 , 0 0 

•7 

9 , 

7 

2 

20 weelcs 

b r a i o 
danaged 
p a t i € u t s 

3 7 . 0 

9 . 3 2 

12. 1 

2 . 8 0 

2 

52 w€elis 
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TABLE 9 

Practice Effects on HRB Tactual Performance Test 

STODT C l a i b o c n D o d c i l l 6 H a t a c a z z o . l a t a c a z z o I v n i k 
6 G c e e n e Tcoupin e t a l , e t a i , 

__ j H o t e 6) (1975) (1974) (1976) (1978) 

TPT Tlne D nl= 9.57 T,V7iV/7ll 

n £- D , So •̂  j 

(SD2)= ( 3 , 5 5 ) n . 2 ) 
H2-nl= - 3 , 5 9 . 6 

TPT t i n e HD Hl= 7 . 8 0 1 .9 Bin/bi )c 
(« in) (SD1)= ( 5 . 9 2 ) i 2 . 5 ) 

«2= 5 , 7 1 1 5 
(SD2)= ( 3 . 3 9 ) *{1.7, 
n 2 - n i = - 2 . 0 9 - a 

TPT T i n e BOTH H1= 4 , 8 0 ' l .8 aÍQ/bilc 
(nin) (SD1)= ( 3 . 3 8 ) ( 2 . 6 ) 

n2= 3 , 2 3 . 8 
(SD2)= ( 1 . 3 5 ) 1 .1 
H2-nl= - 1 . 5 7 - 1 . 0 

TPT T i n e TOTAL H 1= 2 2 . 1 7 . 71 a i n / b i l c 3 2 . 4 3 2 2 . 7 9 4 5 . 9 
(ain) (SD1)= ? ( 0 . 4 2 ) ( 5 . 8 0 ) (6 .08 ) ( 3 5 . 5 ) 

n2= 1 4 , 9 2 1 ,81 a i n / b l k 3 0 . 6 7 2 2 . 7 2 3 1 . 4 
1SD2) = ? ( 3 . 1 3 ) ( 5 . 1 3 ) ( 7 . 6 4 ) ( 2 9 . 0 ) 
n 2 - n i = - 7 . 2 5 1 ,10 n i n / b l k - 1 , 8 1 , 07 - 1 4 , 5 w 

TPT Henocy H1= 8 , 4 4 7 . 5 9 5 , 4 4 5 , 8 0 5 , 7 
( c o c c e c t ) (SD1)= ( 1 - 3 6 ) ( 1 . 3 3 ) ( 1 . 0 8 ) (1 -52) ( 2 . 9 ) 

n2= 8 . 6 0 7 . 5 9 5 . 0 3 4 . 9 3 6 . 3 
(SD2) = ( 1 . 2 6 ) ( 1 . 7 7 ) ( 1 . 2 5 ) ( 2 . 5 8 ) ( 2 . 0 ) 
n 2 - n i = . 1 6 0 . 0 0 - . 4 1 - , 8 7 . 6 

TPT L o c a t i o n n i = 1 . 8 0 2 . 7 6 1.06 2 . 2 0 2 . 1 
( c o c c e c t ) (SD1)= ( 1 . 5 8 ) ( 2 . 2 5 ) ( 1 . 1 3 ) (1 -93) ( 2 . 4 ) 

n2= 3 , 4 4 2 . 8 8 1 ,10 1 ,53 3.3 
(SD2) = ( 2 , 6 9 ) ( 2 . 2 9 ) ( 1 . 0 8 ) (1 -77) [2.3] 
n 2 - n i = 1 .64 . 0 8 . 0 4 - , 6 7 1. 2w 

DEHOGRAPHIC DATA: 

Sanple S i z e 
C o o p o s i t i o n 

Age ( y e a c s ) 

N= 
= 

n -
SD= 

Educat ion ( y e a c s ) 

No. T e s t s Give 
T e s t I n t e c v a l 

n = 
SD = 

n = 
= 

25 
c h c o o i c 
a l c o h o i i c 
p a t i e o t s 

4 4 . 8 4 
9 . 6 9 

1 1 . 9 6 
2 . 7 3 
2 

4 weeks 

17 
c h c o n i c 
e p i i e p t i c 
p a t i e n t s 

2 7 . 4 1 
6 . 0 4 

1 2 , 8 8 
2 , 0 0 
2 

6 -12 months 

16 
e l d e c l y 

CVA 
p a t i e n t s 

6 0 . 0 0 
? 

11 . 
•> 

2 
12 weeks 

15 
c a r o t i d 
e n d a r t e r e c -
t o a y p t n t s 

6 2 . 0 0 
• » 

9 . 
2 
2 

20 weeks 

14 
b r a i n 
danaged 
p a t i e n t s 

3 7 . 0 
9 . 3 2 

12. 1 
2 . 0 0 
2 

52 weeks 
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Trails A, necessitate that comparisons be made between 

groups of brain damaged patients who are roughly equivalent 

in terms of age, education, and nature of cerebral dysfunc-

tion. Clinicians using Tables 7, 8, and 9 should match 

their sample to one of the four samples provided in these 

tables that most closely parallels the one under scrutiny. 

For example, a clinician interested in practice effects on 

Trails A using an alcoholic sample would turn to the results 

of Claiborn and Greene (Note 6) in Table 7, and anticipate 

a decrease of approximately 17 seconds on retest'. A sur-

prising result which may be seen in Table 7 is the consis-

tent trend toward worse performance on Trails B across dif-

ferent studies using a wide. variety of brain damaged 

individuals. Trails B is one of the most sensitive indices 

of brain damage on the HRB, so observations of impaired per-

formance on retest may indicate that the cerebral integrity 

of the brain damaged patients either deteriorated or re-

flects some other unknown cause of decreased performance. 

It took the brain damaged patient an average of 23 seconds 

longer to complete Trails B during the second test session 

compared to the first; however, the range varied widely from 



84 

1.68 to 80.M1 seconds. Thus, clinicians interested in 

retest changes for Part B are recommended to match their 

populations to one of the four different samples listed in 

Table 7 in estimating the size of expected losses on retest. 

For example, a neuropsychologist studying elderly patients 

with cerebrovascular disorders would use Table 7 and examine 

the data provided by Matarazzo (197^). Because of the 

consistency of test-retest losses on Trails B in brain 

damaged populations, any gains on retest can be safely 

attributed to true improvement perhaps signifying cerebral 

recovery of function. 

An examination of Table 8 leads to the following con-

clusions: (1) the magnitude of practice effects on the 

Speech Sounds and Seashore Rhythm tests is negligible, some 

studies show a slight increase in the number of errors while 

others manifest decreases in error rates; (2) test-retest 

changes in Category Test performance may lead to as many as 

10 fewer errors on retest, and average 5 fewer errors across 

three different studies; (3) as was mentioned above, clini-

cians using this table are recommended to match their exper-

imental samples with one of the studies in Table 8 that most 
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closely approximates the one under examination (Claiborn & 

Greene, Note 6; Dodrill & Troupin, 1975; Ivnik, 1978; 

Matarazzo et al. , 197^; Matarazzo et al., 1976). 

Table 9 presents the results of four studies examining 

the TPT for practice effects using samples of brain damaged 

individuals (Claiborn & Greene, Note 6; Dodrill & Troupin, 

1975; Ivnik, 1978; Matarazzo et al. , 197^; Matarazzo et al., 

1976). Reductions in TPT Total Time averaged 3.74 minutes 

on retest, which indicate that brain damaged individuals 

perform the task more efficiently on retest because of prac-

tice with the test. Changes in TPT Memory and Location were 

negligible. 

Table 10 presents the data from two studies that in-

volved the serial repetition of the HRB (Craddick & Stern, 

1963; Dodrill & Troupin, 1975). The repeated administration 

of the HRB led to clinically and statistically significant 

improvement on TPT Location, Categories, and the Impairment 

Index when Dodrill and Troupin (1975) examined the perform-

ance of 17 chronic epileptics. Over the course of four HRE 

administrations, epileptics improved upon their initial Cat-
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TABLE 10 

Effects of Serial Repetitions on the HRB 

STODY D o d c i l l 6 Tcoup in (1975) 

1 2 3 4 

Ccaddick S S t e r n (1963) 

i TESTS 
GITBN 

HRB HBASORES 

T c a i l s 
A 

T c a i l s 
B 

H 
SD 

n 
SD 

TPT T i n e n 
TOTAL SD 

TPT H 
Henocy SD 

TPT n 
Locatn SD 

Categocy M 
T e s t SD 

S e a s h o c e n 
Rhythn SD 

Speech n 
Sounds SD 

Tapping n 
0 SD 

I . I n d e z n 
SD 

3 7 . 2 9 
1 8 . 2 1 

1 1 1 , 6 5 
8 8 , 2 9 

7 . 1 0 
? 

7 , 5 9 
1 ,33 
2 , 7 6 
2 , 2 5 

6 1 , 7 1 
3 0 , 6 9 
2 3 , 5 3 

4 . 0 2 
8 . 7 1 
4 . 5 5 

4 4 , 9 4 
6 , 2 2 

. 6 0 
. 2 4 

4 8 . 0 0 
2 6 . 8 3 

1 9 2 . 0 6 
149 . 19 

1 8 . 1 0 
? 

7 . 5 9 
1 .77 
2 . 8 8 
2 . 2 9 

5 1 . 5 9 
3 3 . 3 6 
2 1 . 4 1 

5 . 2 0 
9 . 6 5 
7 . 3 0 

4 3 . 5 4 
7 . 9 1 

, 6 1 
. 2 8 

4 6 . 7 6 4 0 . 4 7 
3 0 , 3 7 2 2 . 5 9 

1 4 8 , 5 3 1 2 8 . 9 4 
1 5 1 . 8 9 1 2 2 . 0 1 

1 1 . 2 0 7 , 9 0 

3 1 . 5 0 2 4 , 6 0 2 1 . 8 0 2 2 . 4 0 2 1 , 9 0 2 1 , 2 0 * * * 
9 , 4 6 7 , 2 8 4 . 7 5 2 , 9 4 3 . 5 9 6 , 4 8 

6 4 , 6 0 6 3 , 1 0 4 8 . 7 9 5 1 , 1 0 4 8 . 6 0 4 9 , 0 0 * * 
1 6 , 8 8 2 4 , 3 6 11 .28 1 3 . 2 6 1 2 . 4 9 14 ,53 

7 
7 , 4 7 
1 ,46 
3 , 6 5 
2 , 5 5 

4 2 , 3 5 
2 8 . 0 4 
2 2 , 4 7 

4 , 6 5 
8-4 1 
4 . 6 5 

4 4 . 0 6 
1 0 , 0 3 

, 5 2 
, 2 8 

•9 

7 , 9 0 
1 ,78 
4 , 4 1 * 
2 . 3 5 

3 9 . 7 5 * * 
2 9 - 7 8 
2 3 . 8 2 

4 , 5 0 
7 , 8 8 
5 , 7 5 

4 3 . 18 
7 , 9 8 

. 4 5 * * 
, 2 8 

DBnOGRAPHIC DATA: 

Sanple S i z e N= 
C o n p o s i t i o n : 

Age ( y e a c s ) 
n= 

SD= 
Bducat ion (ycs) 

n= 
SD= 

Tes t 
I n t e c v a l 

17 
c b c o n i c e p i i e p t i c 

p a t i e n t s 

2 7 , 4 1 
6 , 0 4 

1 2 . 8 8 
2 , 0 0 

6 - 1 2 6 - 1 2 6 - 1 2 
nos , n o s , n o s . 

10 
n o c n a l n a i e 
v o i u n t e e r s 

7 
•9 

1 
no. 

25 
n i n . 

1 
a o . 

1 
nc. 

1 
no. 

* * * 

P t e s t 
F t e s t 
P t e s t 

(P 
(P 
(P 

. 0 5 ) 

. 0 1 ) 

. 0 0 1 ) 

n = nean 
D = Doninant 

SD = Standard 
Hand 

D e v i a t i o n 
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egory Test performance from 61.71 errors to only 39.75 

errors, while the Impairment Index fell from .60 to .45. On 

initial testing, this chronic brain damaged sample correctly 

located 2.76 TPT blocks. On the fourth administration of 

the HRB, 4.41 TPT blocks were correctly located. Craddick 

and Stern (1963) observed significant improvement on Trails 

A and B using a sample of 10 normal male volunteers and six 

repetitions of the two tests. The time required to finish 

Trails A decreased from 31.50 to 21.20 seconds, while Trails 

B decreased from 64.60 to 49.00 seconds from the first to 

sixth test sessions. 

Studies using nonbrain damaged subjects and repeated 

administrations of the HRB produce remarkably consistent re-

sults (Claiborn & Greene, Note 6; Craddick & Stern, 1963; 

Dye, 1979; Matarazzo et al.,, 1976; Peters, 1976). Tests in-

volving timed motor performance are subject to substantial 

practice effects leading to an increase in motor proficiency 

and a decrease in the amount of time required to complete a 

given motor task. As is shown in Table 11, Trails A and B 

are performed approximately 6 and 7 seconds faster on re-

test, respectively, while dominant hand Finger Tapping rates 
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TABLE 11 

Practice Effects on HRB Trails & Tapping: NonBD Ss 

STODT C c a d d i c l t 
G 
1 

Tcai ls A ni 
(seconds) SD 

n2 
SD 

H2-H1 
Tcai ls B ni 

(seconds) SD 
H2 
SD 

n2-ni 
T a p p i n g D n i 

(» t a p s ) SD 
n2 
SD 

n2-ni 
T a p p i n g ND n l 

(» t a p s ) SD 

n2 
SD 

n 2 - H i 

> Stecn 
[ 1 9 6 3 ) 

3 1 , 5 0 
9 , 4 6 

2 4 . 0 0 
7 . 2 8 

- 7 . 5 0 ^ 
6 4 . 6 0 
1 0 , 8 8 
6 3 . 1 0 
1 4 . 3 6 
- 1 , 5 0 

DSnOGRAPHIC DATA: 

Sanple S ize : 
Conposition: i 

' 

Age (yeacs) 
n= 

SD= 
Bducation (yc! 

H = 
SD= 

N o . T e s t s 
G i v e n 

T e s t 
I n t e c v a l 

* p < . 0 5 
* • p < . 0 1 
• • • p < , 0 0 1 

10 
Aocnal 
r la tc s 

7 

7 

5) 
7 
7 
• 2 

1 
n o n t h 

Dye 

( 1 9 7 9 ) 

2 7 , 6 
8 , 2 

2 0 . 1 
4 . 2 

- 7 , 5 ^ ^ ^ 
6 0 , 3 
2 6 , 5 
4 9 . 9 
2 0 , 9 

- 1 0 , 4 0 

6 0 
c o l l e g e 
students 

7 
? 

7 
7 

2 

7 

hcs . 

1 0 -

Petecs 

( 1 9 7 6 ) 

5 6 , 8 
7 

6 4 . 0 
•> 
• 7 . 2 

4 9 . 9 
7 

6 4 . 0 
7 

u l i 

1 
nocnal 

nale 

7 
? 

20 
20 

1 3 0 0 

Claiborn 
& Gceene 
(Notc 

3 6 . 5 0 
1 3 . 6 2 
3 0 , 0 8 
1 2 , 7 7 
- 5 , 7 

1 0 2 . 5 8 
5 9 . 8 6 
7 6 , 8 3 
3 7 , 4 4 

- 2 5 , 7 5 
4 4 , 7 2 
1 0 . 0 1 
4 8 . 7 8 

7 , 6 5 
4 . 0 6 

12 
h o s p t l 

î 6) 

3 3 . 0 0 
1 1 , 4 4 
2 6 . 6 4 

8 , 6 7 
- 6 , 3 6 
6 5 . 7 2 
1 8 , 2 7 
6 0 - 9 6 
2 2 , 3 2 
- 4 . 7 6 
5 3 , 8 6 

6 . 3 7 
5 4 . 2 2 

4 , 6 4 
. 3 5 

25 

firenen 
psychtcc 
pat ients 

4 0 . 1 7 
1 0 . 7 9 

1 3 , 3 3 
2 , 3 5 

2 

15 s e c s 4 
btvin 

t c i a i s 
wlcs 

1 

•20 t c i a l s / d a y 

u 
D 

ND 

2 8 . 6 8 
2 . 0 8 

1 3 . 0 4 
1 , 2 7 

2 

4 

wiis 

= w e i g h t e d n e a n 
= O o n i n a n t Hand 

natacazzo 
e t a i . 
( 1 9 7 6 ) 

2 1 . 7 6 5 6 . 1 7 
5 . 0 5 

2 1 . 7 2 
5 . 8 6 
- . 0 4 

5 4 , 1 7 
1 2 , 5 4 
5 1 , 2 8 
1 2 . 2 9 
- 2 . 8 9 
5 4 . 1 2 

4 , 3 5 
5 4 . 2 0 

5 . 3 0 
, 0 8 

29 

nornal 
naies 

24 
7 

14 
7 
2 

20 
w)is 

= N o n d o n i n a n t Hand 

1 7 , 4 2 
4 5 . 9 7 
2 0 . 2 8 

- 1 0 . 2 
1 5 2 . 5 7 

9 3 . 7 6 
1 5 0 . 8 3 

8 7 . 2 8 
- 1 . 7 4 
4 0 . 7 1 

9 . 2 4 
4 5 . 3 7 

8 . 4 2 
4 , 6 6 

35 

, chroaic-
schizo-
phrenics 

47 
4 , 3 

10 
2 . 6 8 
2 

52 
w)cs 

lOTALS 

- 6 . 2 2 
- 6 . 4 9 w 

- 7 , 8 4 
- 7 , 9w 

3 . 2 7 
2 . 26w 

1 4 . 1 
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increase approximately 3 taps per trial on retest. Similar 

results occur with the TPT Total Time (Table 12), where 

nonbrain damaged individuals may perform the task 3 minutes 

faster on retest. Table 13 reveals that the Category Test 

also is subject to consistent and substantial practice 

effects as nonbrain dam.aged individuals improve their 

performance on retest by an average of 17 fewer errors. 

Thus, the three most sensitive indices of brain damage--TPT, 

Trails, and the Category Test--are among the most 

susceptible to practice effects. The magnitude of retest 

gains for the remaining HRB measures are substantially 

smaller (c.f., Tables 11, 12, 13). The number of correct 

responses for TPT Location and Memory increases an average 

of 1 and .5 block, respectively. Performance on retest for 

Speech Sounds and Seashore Rhythm represents minimal 

increases. 

In summary, clinicians using the HRB with normal , 

schizophrenic, and brain damaged patients are cautioned that 

gains observed on retest might not be due to cerebral "re-

covery of function," but may be attributed to the effects of 

memory and practice. The tests typically seen as the most 
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TABLE 12 

Practice Effects on HRB TPT: Nonbrain Damaged Ss 

STUDT 

HRB HEASORE 

TPT T i n e D H1 
(seconds) SDl 

n2 
SD2 

H 2 - n l 
TPT T i n e ND H1 

(seconds) SD1 
n2 

SD2 
H2-nl 

TPT T i n e H1 
Both Hands SDI 

(seconds) n2• 
SD2 

n2-ni 
TPT T i n e n i 

T o t a l SD1 
(seconds) n2 

SD2 
n 2 - H l 

TPT Heaory ni 
( c o c c e c t ) SD1 

n2 
SD2 

fl2-nl 
TPT L o c a t i o n Hl 

( c o r c e c t ) SD1 
n2 

SD2 
H 2 - n l 

DBHOGRAPHIC DATA 

S a n p l e S i z e : 
n a i e s / P e n a l e s : 
C o n p o s i t i o n : 

Age (ycs) n= 
SD= 

Bduca t ion H= 
(ycs) SD= 

C l a i bocn 
S Gceene 
(Not 

7 , 9 3 
4 . 0 8 
5 , 2 1 
2 , 5 2 

- 2 , 7 2 
5 . 5 3 
2 . 9 9 
4 , 5 7 
2 , 9 6 
- , 9 6 
3 , 8 8 
2 , 3 2 
3 . 3 0 
2 . 3 8 
- . 5 8 

1 7 . 3 4 
? 

1 3 . 0 8 
? 

- 4 . 2 6 
8 . 5 0 
1 . 17 
8 . 5 8 
1 . 17 

. 0 8 
2 . 8 3 
2 . 0 6 
3 , 3 3 
2 , 0 7 

, 5 

12 
7 

h s p t l z d 
psychtcc 
p a t i e n t s 

4 0 . 17 
1 0 , 7 9 
1 3 . 3 3 

2 . 3 5 

e 6) 

4 , 8 9 
1 .82 
3 . 2 5 
1 .20 

- 1 . 6 4 
3 . 5 0 
1 .34 
2 - 5 8 

- 8 5 
- . 9 2 
2 . 1 2 

-72 
1 .61 

. 6 5 
- . 5 1 

1 0 , 5 1 
7 

7 , 4 4 
? 

- 3 . 0 7 
8 , 7 6 
1 .27 
9 . 2 4 
1 ,01 

. 4 8 
4 . 5 6 
1 .71 
6 . 1 2 
2 , 0 7 
1 ,56 

25 
2 5 / 0 

f i r e n e n 

2 8 , 6 8 
2 . 0 8 

13 .04 
1.27 

Greene 
e t a l . 
(Note 2) 

4 ,86 
1.73 
2 .89 

. 7 4 
- 1 . 9 7 

3, 18 
1.73 
2 .25 

, 8 9 
- , 9 3 
1- 74 
. 7 6 

1.37 
. 7 4 

- . 3 7 
9 ,78 
3 ,47 
6 .51 
1.88 

- 3 . 2 7 
7 .77 
1.31 
8 .23 
1-02 
. 4 6 

5. 41 
2 . 2 0 
6. 04 
2, 24 

. 6 3 

22 
7/15 

c o i i e g e 
s t u d e n t s 

19,00 
1,93 

? 
7 

1 

9. 
2 . 
8 . 
2. 

- 1 . 
8 . 

m 

8 . 
• 
^ 

5. 
2 , 
7 , 
1 . 
1 . 

29 

Nata 
e t 

r a z z o 
a l . 

(1976) 

,36 
,73 
,19 
,70 
17 
3d 

,82 
72 
88 
34 
34 
4 1 
10 
82 
76 

1 

29 /0 
n o r n a i 

na les 

24 
7 

iq 
7 

2 7 . 8 0 
1 1 , 7 8 
2 4 . 2 0 
1 1 . 7 5 
- 3 . 6 

4 . 6 0 
2 . 1 3 
5 . 4 9 
2 . 3 0 

. 8 9 
1 ,26 
1 ,46 
2 . 2 0 
1 ,91 

. 9 4 

35 

c h r o n i c 
s c h i z o -
p h r e n i c s 

47 
4 . 3 

10 
2 , 6 8 

TOIALS 

2 . 1 1 
1.93w 

.94 

.93w 

-4 9 
.47w 
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Practice Effects on HRB Rhythm, Categories, 
NonBD Ss 

& S Sounds 

STUDI 

HRB HEASURB 

C l a i b o c n 
& Gceene 
(Note 6) 

n a t a c a z z o 
e t a i . 
(1976) 

TOTALS 

Speech 
Sounds 

(eccors ) 

Rhythn 
(eccocs) 

C a t e g o r y 
Tes t 
(eccocs) 

Hl 
SD1 

n2 
SD2 

n2-ni 

H1 
S01 

n2 
SD2 

H2 -n i 

ni 
SD1 

n2 
SD2 

H2-n i 

10. 33 
6 . 6 1 
8 , 4 2 
5 , 2 7 

- 1 , 9 1 

5 -26 
4 . 8 8 
3 . 7 5 
3 . 3 1 

- 1 . 5 

6 . 3 2 
3 . 5 8 
5 . 5 6 
4 . 0 4 
- . 7 6 

3 , 0 4 
2 , 9 8 
2 , 4 8 
2 , 1 2 
- , 5 6 

3 ,79 
1.74 
3 , 3 1 
1,93 
- , 4 8 

2 .76 
1.94 
2 .24 
1,48 
- , 5 2 

22 ,83 
19 ,15 
11 .21 

9 ,32 
11 .62 

7 .34 
5 -24 
6 . 9 4 
6 . 2 6 
- . 4 

5 . 9 1 
4 . 2 6 
5 . 7 1 
3 - 9 0 
- . 2 

8 1 , 8 3 
2 5 - 6 1 
6 0 . 14 
2 8 , 1 2 
2 1 . 6 9 

0 ,89 
0.69W 

0 .69 
0 . 53w 

16.65 
17.78W 

DEHOGRAPHIC DATA 

S a n p l e S i z e : 

H a l e s / P e n a l e s : 

C o n p o s i t i o n : 

Age (yeacs ) 

H= 

SD= 
Educat ion (ycs) 

H= 

SD= 

12 

7 

b s p t l z d 
p s y c t c c 
p a t i e n t s 

4 0 . 1 7 

1 0 , 7 9 

1 3 , 3 3 

2 , 3 5 

25 

2 5 / 0 

f i c e n e n 

2 8 . 6 8 

2 . 0 8 

13 ,04 

1 . 2 7 

29 

29 /0 

n o r n a l 
n a l e s 

24 

7 

14 

•> 

35 

chroQÍc 
s c h i z o -
p r h e n i c s 

47 

4 ,3 

10 

2 , 6 8 
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sensitive indicators of the integrity of the brain are 

generally the most susceptible to practice effects. Boll 

(1981) indicates that gains on TPT and the Category Test 

over successive adminstrations of the HRB may be due to the 

learning process involved in their completion: these tests 

"are, in fact, learning experiments on which improvement is 

expected as one progresses through the tasks on the basis of 

transfer of learning (TPT) and consistent application of 

problem-solving principle once it is discovered (Category 

Test) . Such considerations apply within a single 

examination and across examinations" (p. 600). Tests of 

motor performance, including Trails, Finger Tapping, and 

TPT, also are susceptible to practice effects. 

Unfortunately, no "rules of thumb" have yet been developed 

for the HRB. Future research will be necessary to elucidate 

the magnitude of predicted gains on all HRB subtests using 

carefully delineated groups of normals, schizophrenics, and 

brain damaged individuals divided into subgroups depending 

on the nature and location of cerebral trauma. 



93 

Practice Effects and the Luria-Nebraska Battery 

The test-retest design used by Golden et al. (Note 5) 

in assessing the reliability of the LN is amenable to analy-

sis for practice effects. The 27 brain damaged patients 

were selected for "chronic, unchanging organic conditions" 

in order to minimize any confounding due to spontaneous re-

covery (Golden et al., Note 5, p. 1). They also were not 

receiving the benefit of rehabilitation or other training 

procedure which minimized yet another confounding variable. 

The sample was further selected to minimize the effects of 

aging on neuropsychological test performance; . the average 

age of the group was 35.3 ( S^ = 11.2 ). After an average 

test-retest interval of 167 days, changes in mean scores 

were called "minor" by Golden et al. as clinical scales 

changed by less than 4 points or .3 standard deviation. 

Nevertheless, 12 of 13 scales demonstrated gains on retest. 

Since the sample was so carefully selected to delete the 

confounding effects of age, spontaneous recovery, and treat-

ment, the consistency of the gains observed may be attribut-

ed to practice effects. Table 14 presents their results. 

The largest gains in T score points from test to retest 
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TABLE 1U 

Pract ice E f f e c t s on LN-I C l i n i c a l Sca les 

STODI Goldea, Becg, a od Graber (Note 5) 

LN SCAr.E 

SBSSION 1 

Rean 1 SD 1 

Hotor 62.2 20.9 
Rhythn 68.5 20,6 
Tactile 60.6 16.1 
Visual 65.0 12.8 
Receptive Speech 68,5 17-5 
Expcessive Speech 67-5 24.7 
Wciting 66.7 15.9 
Readiag 63.3 16.0 
Acithnetic 84.7 33.6 
Hemocy 70.4 13.4 
Intellectual 78.8 17.4 
Right Henisphere 53.7 19-6 
Left Henisphere 54.9 19.0 

SESSION 

neaa 2 

6 0 , 8 
6 6 , 3 
5 7 . 0 
6 1 . 8 
6 7 ,8 
6 6 , 7 
6 7 . 5 
6 3 . 2 
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were: Tactile (3.6), Intelligence (3.3), Visual (3.2), Right 

Hemisphere (3.1), and Rhythm (2.2). Scales showing minimal 

gain (or loss) were: Reading (.1), Memory (.2), Expressive 

Speech,(.8), Writing (-.8), Receptive Speech (1), Left Hemi-

sphere (1), Arithmetic (1.2), and Motor (1.4). These chang-

es would cause no significant impact on a clinician's binary 

judgement of "normal" versus "brain damaged;" however, with-

out an awareness of potential practice effects, gains of 

similar magnitude may be inadvertently interpreted as caused 

by spontaneous recovery or some treatment regimen. 

Repeated Measures Designs in 

Which Test Reliabillty and 

Practice Effects Are jSyiored. 

Meier and French (1966) examined the pre- and postoper-

ative intellectual and neuropsychological status of 56 pa-

tients with temporal lobe seizures. The independent varia-

ble was left and right temporal lobectomy. Left temporal 

operations were performed on 22 patients, the remaining 3^ 

received right temporal incisions. Elements of the preoper-
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ative battery included the Wechsler-Bellevue II (WB-II), 

Porteus Maze test, and Memory-for-Designs. The patients 

then received the WB-I, Porteus Maze Extension Series, and 

Memory-for-Designs 6-24 months postoperatively. Finally, 

2-5 years following unilateral lobectomy, all patients 

received the WAIS, Porteus Revision, and the 

Memory-for-Designs. Each patient was used as his/her own 

control. The authors, performing 64 t̂  tests on the data, 

concluded that the left temporal lobectomy group did not 

change on Verbal , Performance, or Full Scale IQs from 

pretest to posttests, athough WAIS Block Design was 

significantly higher than the WB counterpart administered 

earlier. The WAIS Object Assembly subtest declined 

significantly at the second retest period when compared to 

the WB-II parallel measure. Concerning the right temporal 

group, the Picture Arrangement subtest revealed a consistent 

reduction at both posttest sessions while an Object Assembly 

deficit appeared when the WAIS subtest was compared to the 

WB-II pretest, suggesting "that a permanent deficit in 

visuospatial functioning has occurred as a function of right 

anterior temporal lobectomy" (p. 26). One of the principal 
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flaws in the interpretive process of Meier and French is 

that they failed to compare the reliability 

interrelationships between the WAIS and WB Forms I and II. 

Without such an analysis, differences across time and before 

and after surgery may be simply the result of test 

unreliability and the lack of equivalence between supposedly 

parallel forms. In addition to these explanations, the 

increase in WAIS Block Design, appearing on second 

retesting, could represent an artifact due to practice 

effects. 

Blakemore and Falconer (1967) explored the intellectual 

status of 86 epileptic patients undergoing anterior temporal 

lobectomy. In addition to an extensive longitudinal 

analysis with the Wechsler intelligence scales, the authors 

used alternate forms of a paired associates battery before 

surgery, within two months postoperatively, and one year 

after surgery. Blakemore and Falconer observed significant 

decrements 2 months postoperatively in Verbal IQ for 54 

patients receiving left anterior temporal lobectomies as the 

initial preoperative Verbal IQ of 96.7 dropped 15.5 points. 

Significant decreases occurred in Performance IQ for 32 
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patients receiving right temporal lobectomies as the initial 

preoperative Performance IQ of 97.4 decreased 7.2 points. 

Impairment in auditory verbal learning in the left 

hemisphere group was marked for the first several months 

following surgery but eventually improved to preoperative 

levels after several years. Blakemore and Falconer used 

this improvement to counter a prevailing hypothesis that 

learning deficits occurring a year or more postoperatively 

after temporal lobectomy are permanent. Unfortunately, 

Blakemore and Falconer did not present any data concerning 

the stability or equivalence reliabilities of their verbal 

learning tests. Improved performance on the intellectual 

and paired associates measures may simply be artifacts of 

systematic reductions in item difficulties and/or practice 

effects. 

Mandleberg and Brooks (1975) used 4 serial repetitions 

of the WAIS to explore the nature of recovery from severe 

head injury. All 40 patients experienced posttraumatic 

amnesia for more than 4 days and 35 of these had experienced 

posttraumatic anmesia for more than one week. This duration 

of posttraumatic amnesia is considered severe. The mean age 
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and education of the group members were 28.30 years ( S_D = 

13.36 ) and 10.42 years ( SD_ = 1.86 ), respectively. A 

comparison group of 13 normals and 27 neurotics was 

essentially equivalent in terms of age and education. 

Scores on the WAIS beginning 0-3 months after the injury 

were compared with scores on the WAIS at intervals ranging 

from 4-6, 7-12, and greater than 13 months. Mandleberg and 

Brooks observed that all WAIS subtest and IQ scores, except 

Similarities, improved when results from the 0-3 month 

interval were compared to the greater than 13-month 

interval. Differential "recovery" was observed for 

Performance and Verbal subtests with Performance tests 

showing more significant and rapid improvements than Verbal 

subtests. Mandleberg and Brooks concluded that the 

intellectual abilities of these severe head trauma patients 

returned to normal after 13 months. The methodological 

problems with this research are numerous. Aside from the 

neglected issue of test reliability, the authors confounded 

the number of WAIS administrations with observed IQ changes: 

one group (N=10) was tested at all 4 intervals, another 

(N=10) was tested three times beginning at 4-6 months 
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posttrauma, another (N=10) was tested twice beginning at 

7-12 months after injury, while the final group (N=10) was 

tested once 13 months after brain damage occurred. 

Mandleberg and Brooks confounded the data by combining the 

overlapping groups in their data analysis so that 10 

patients were tested in the 0-3 month interval, 20 were 

tested in the 4-6 month interval, 30 were tested in the 7-12 

month interval, and all 40 were used in the data analysis of 

the 13 month interval. Whether these 4 groups were 

identical before or immediately after head injury occurred 

is open to conjecture. Thus, the reported gains in IQ are 

subject to alternative explanations, aside from "natural 

recovery" following head injury. Matarazzo et al. (1980) 

reported that group mean gains in IQ scores ranged from -5 

to 11 points while individual IQ scores in a normal 

population reflected increases ranging from 5-14 IQ points 

and 3 to 7 subtest scale points, leading to their suggestion 

that WAIS retest scores of greater than 15 IQ points or 3-5 

scale points may be clinically significant provided that 

additional corroborative data is available. Mandleberg and 

Brooks (1975) found that only 4 of 9 comparisons of IQ 
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change scores exceeded 15 IQ points: Performance 0-3 months 

vs. > 13 months (15.4); Full Scale 0-3 months vs. > 13 

months (15.1); Full Scale 0-3 months vs. > 13 months (19.3). 

Examining subtest scale scores, of 33 comparisons made by 

the Mandleberg and Brooks across different test intervals, 

only 5 exceeded 3 scale score points while none exceeded 5 

scale score points. Thus, although significant group mean 

differences were observed across time, the nature of the 

data combination along with the size of the changes may have 

little relevance for the individual patient. 

In analyzing the progressive deterioration 

characteristic of multiple sclerosis, Ivnik (1978) compared 

matched groups of 14 patients each; the first group had MS 

and the second group had other forms of neurological 

involvement. The groups were matched on the variables of 

age, sex, education, and length of the test-retest interval. 

A minimal test-retest interval of one year was used. 

Instruments included the WAIS, subtests from the HRB, and 

other neuropsychological measures. The MS patients 

demonstrated significant decline as a group on WAIS Verbal, 

Performance, and Full Scale IQs as well as on measures 
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assessing motoric behavior: TPT Time, Trails, Grooved 

Pegboard, and Finger Tapping. Sensory discrimination and 

stereognostic abilities, as assessed by the Finger Tip 

Number Writing and Sandpaper Roughness Discrimination tests, 

were significantly worse on retest. The neurological 

controls either remained the same or increased their 

performance on all these measures. The cause of these 

improvements could not be determined but the effects of 

practice could not be completely ruled out. The WAIS IQ 

declines were less than 4 points on all 3 scales, calling 

into question Ivnik's interpretations that MS patients 

suffered significant intellectual deterioration over time. 

Furthermore, WAIS IQ increases in the control group never 

exceeded 3 IQ points. Perhaps the intellectual differences 

between the two groups reflected an unknown combination of 

practice effects, test unreliability, and/or progressive 

deterioration on behalf of the MS and neurological patients. 

Similar conclusions can be drawn for the HRB measures. 

Twenty men undergoing carotid endarterectomy were 

analyzed by Perry et al. (1975) using the HRB. The patients 

were 54.8 years of age ( SD = 6.45 ) and received pre- and 
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postoperative assessment. The interval between operation 

and second testing averaged 3 months. Converting raw HRB 

data to 2 scores based on an undisclosed normal sample, 

Perry et al. found that the patients were significantly 

impaired on the Category Test, Trails B, TPT, and the 

Impairment Index before surgery. The patients performed at 

a better level than the normal controls on Seashore Rhythm, 

an unexpected finding given no further explanation. 

Postoperative assessment revealed continued impairment on 

Trails B, TPT Time, and TPT Location. The Impairment Index, 

Category Test, and TPT Memory component were essentially 

equivalent to the normal group although T_ scores ranged from 

52 to 56 points. The neurological group still significantly 

outperformed the normal controls on the Seashore Rhythm 

Test. The largest pre- to postoperative changes were 

observed in tests which are particularly susceptible to 

practice effects: Category Test and TPT. The significant 

decline in the Impairment Index is a function of improved 

performance on the Category and TPT tests. That the results 

may be due to practice effects or test unreliability is 

further suggested since pre- and postoperative measures of 
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carotid arterial blood flow revealed a significant increase 

in flow following surgery yet there was no relationship 

between change scores on the Impairment Index and change in 

internal arterial blood flow (r=.06). 

In summary, researchers employing batteries to explore 

the effects of psychopharmacology, rehabilitation, and 

neurosurgery, as well as those charting the natural course 

of recovery from cerebral trauma or deterioration from 

progressive neurological diseases, have failed to examine 

the effects of repeated administrations on test results and 

the influence of test unreliability on eventual outcome. 

Conclusions derived from these studies are therefore 

hopelessly confounded: change may be due to spontaneous 

recovery, practice, unreliability, or treatment 

interventions. 

Recent Developments in Neuropsychological Assessment 

The selection of the proper battery for exploring test 

reliability and the effects of practice on neuropsychologi-

cal performance becomes the next focal point in this review. 

Recent literature has called for the synthesis of clinical 
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and experimental approaches in neuropsychology, which will 

fuse the philosophical movements of functionalism and 

structuralism (Adams, 1969; Davison, 1974b; Golden, 1978; 

Gudeman et al. , 1978; Reitan, 1973). The clinical and 

experimental methodologies are typified by the American 

quantitative approach to assessment, represented by the HRB, 

and the Russian qualitative approach, represented by the 

assessment strategies of A. R. Luria and the LN. American 

experimental neuropsychology emphasizes the fundamental 

principles of brain-behavior relationships without regard 

for their practical application to human brain damaged 

populations. Experimentalists assume that carefully 

controlled experiments will reveal brain-behavior 

relationships of greater generality than direct study of 

naturally occurring situations. Experimentalists typically 

employ animals as subjects in their research. 

The American clinical approach has usually encountered 

success in pursuing "purely pragmatic" goals (Goldberg, 

1976, p.114) concerned with the applied problems of the 

psychological effects of brain damage in humans (Luria & 

Majovski, 1977). Clinical neuropsychology has focused on 
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quantitative techniques applied to diagnostic problems 

without constructing theories of the functional organization 

of the brain in relationship to psychological processes 

(Adams, 1980; Luria & Majovski, 1977; Reitan, 1975; Yates, 

1954, 1966). Using the quantitative approach many 

significant correlations have been obtained but "clinicians 

do not know what they mean and sometimes do not even care to 

know as long as the tests work" (Goldberg, 1976, p. 114). 

Emphasis in clinical neuropsychology has been placed on the 

construction of standardized tests and batteries that will 

accurately differentiate brain damaged individuals from 

normals and psychiatric patients. The patient's level of 

performance is usually compared to average normative and 

brain damaged populations for purposes of diagnosis (Reitan, 

1975). As was mentioned previously, studies are 

predominately focused on developing norms and demonstrating 

the validity of neuropsychological assessment devices 

(Davison, 1974a; Filskov & Goldstein, 1974; Reitan, 1975; 

Smith, 1981; Yates, 1954, 1966). In addition to refining 

diagnostic predictions, clinical neuropsychological 

assessment techniques are used to facilitate understanding 
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of the nature of organic brain dysfunctions (Luria & 

Majovski, 1977). 

The most representative American neuropsychological 

battery is the HRB (Hartlage & Telzrow, 1980; Luria & 

Majovski, 1977). The battery reflects the American emphasis 

on quantification and diagnostic pragmatism. The validity 

of the battery has been impressively demonstrated for 

diagnosis, lateralization, localization, and etiology (Boll, 

1974b, 1981; Filskov & Goldstein, 1974; Golden, 1976a, 

1977; Heaton et al. , 1978; Hevern, 1980; Klove, 1974; 

Reitan, 1955a, 1955b, 1958, 1964, 1966a, 1974, 1975; Spreen 

& Benton, 1965; Vega & Parsons, 1967; Wheeler, Burke, & 

Reitan, 1963; e t c ) . However, the HRB has been ineffectual 

in detecting frontal lobe damage and has encountered other 

diagnostic difficulties especially pertaining to the 

differentiation of chronic schizophrenics from brain damaged 

patients (Cauthen, 1978; Heaton et al., 1978; Lenzer, 1980; 

Reitan, 1962; Shearn, Berry, & Fitzgibbons, 1976; Watson, 

1971; Watson, Thomas, Anderson, & Felling, 1968). 
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Halstead's battery was originally developed to 

discriminate between normals, frontal lobe patients, and 

individuals with nonfrontal lesions. The battery was to 

assess Halstead's theoretical construct of "biological 

intelligence," a multidimensional construct comprising four 

factors: a Central Field Factor (C) reflecting organized 

experience; an Abstraction Factor (A); a Power Factor (P) 

regulating emotional responsiveness; and a Directional 

Factor (D) providing the medium though which the other 

factors were exteriorized (Halstead, 1947). Subsequent 

research has questioned Halstead's theory and demonstrated 

that the Impairment Index was not maximally sensitive to 

frontal lobe impairment as Halstead (1947) originally 

theorized (Reitan, 1955a, 1955b, 1964, 1975). The failure 

to validate Halstead's conceptualization of biological 

intelligence left the battery without a firm theoretical 

foundation (Luria & Majovski, 1977). 

Performance on the HRB is used to reflect (1) an 

individual's level of performance relative to peers, (2) 

specific deficits or pathognomonic signs, (3) differential 

scores or patterns of ability, and (4) comparisons of the 
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functional efficiency of both sides of the body. Test 

scores are used to predict the nature, site, and presence of 

a lesion (Luria & Majovski, 1977; Wheeler & Reitan, 1963). 

In interest of validating the test, Reitan resorted to blind 

interpretations, then compared his predictions to 

independently derived neurological or neurosurgical data 

(Reitan 1966a). 

Reitan uses cutting scores derived from established 

norms to determine the severity of cerebral insult and the 

Impairment Index for making gross diagnostic distinctions 

between brain damaged and nonbrain damaged individuals. 

Recent research has been critical of both the Impairment 

Index and cutoff scores, particularly when employed with 

elderly populations (Kiernan & Matthews, 1976). The 

accuracy of the original cutting scores provided by Halstead 

(1947) has "not been clearly established" (Kiernan & 

Matthews, 1976). The problems inherent in the TPT Location 

and Memory cutoff scores, labeling many normal individuals 

as brain damaged, have already been mentioned and will not 

be discussed further. Kiernan and Matthews (1976) 

discovered that the cutoff values were inappropriate for 
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aged populations in that they classified many normal, older 

adults as brain damaged. In fact, Kiernan and Matthews 

found that 12 of 40 normal older patients were labeled 

"brain damaged" using cutoff scores and the Impairment 

Index. Thus, the error rate for these indices was 30/&, 

clearly unacceptable for older populations. Using T score 

conversion tables, the rate of misclassification diminished 

dramatically. Employing one standard deviation below the 

mean as a cutoff value, the researchers were able to reduce 

the error rate to 5% for older subjects and 4% for younger 

individuals. In an earlier study, Vega and Parsons (1967) 

also found that a large number of control patients received 

diagnoses of brain damaged when employing Halstead cutoff 

scores and the Impairment Index. The mean age of the 

control group was 40.8 ( ̂  = 13.1 )• In their study, 54% 

of this normal, older population was misclassified. Using 

the T score methodology, 7S% of the controls were correctly 

diagnosed, representing an increase of 32% in accuracy. Bak 

and Greene (1980) examined 2 groups of older healthy 

individuals with no history of central nervous system 

disorders using the HRB. Group 1 comprised 15 individuals 
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whose average age was 55.6 ( Sd^ = 4.44 ) and education was 

13.7 years ( S^ = 1.91 ). Group 2 included 15 individuals 

who averaged 74.9 years of age ( S^ = 6.04 ) and 14.9 years 

of education ( S^ = 2.99 ). A substantial number of older 

individuals in Group 1 performed in the brain damaged range 

on several HRB subtests; however, all of the mean scores for 

Group 2 fell into the brain damaged range. Bak and Greene 

(1980) concluded that Reitan's cutoff scores cannot be 

applied appropriately to older individuals. 

After Halstead's theoretical positions were empirically 

undermined, research with Reitan's revisions of and 

additions to the Halstead battery has reflected interest in 

empirically discerning brain-behavior relationships, 

refining diagnostic accuracy, and determining lesion 

location, lateralization, and disease processes. Tests 

within the HRB are designed as gross indicators of cerebral 

pathology, which often tap numerous neuropsychological 

functions simultaneously. Although it may be true that some 

tests are affected by dysfunctions or deficits in particular 

regions of the brain, tests such as Tactual Performance, 

Speech Sounds Perception, Trails, and Category Test are 
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highly complex and measure a vast number of different 

abilities. For example, impaired Category Test performance 

may reflect "deficits in the ability to sustain attention, 

remember past performance, learn from reward and punishment, 

concentrate, evaluate past performance, analyze visually 

presented materials, understand spatial relationships, and 

flexibility to handle complex, changing problems" (Golden, 

1979a, p. 172). Thus, it may be impossible to discern the 

etiology of poor performance and the reasons for impaired 

performance may be multifaceted and preclude easy 

separation. The highly complex nature of many HRB tasks has 

been reputed to result in chronic schizophrenics scoring in 

the brain damaged range (Purisch et al., 1978). Although 

such measures as the Category Test are "sensitive to brain 

impairment of all kinds," pathological performance may still 

tell little about lesion location and even less about how 

the patient should be treated (Golden, 1979a, p. 172). The 

following has been probably one of the most devastating 

criticisms against the HRB: lacking in theory and 

comprehensiveness, the Halstead-Reitan does not adequately 

provide the clinician with enough useful information which 
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may be applied to rehabilitation efforts (Gudeman et al., 

1978; Luria & Majovski, 1977; Swiercinsky, 1979). 

Swiercinsky's (1979) factor analysis of the HRB pointed out 

its lack of comprehensive assessment of such important 

neuropsychological factors as memory, concentration, 

auditory processing, expressive and receptive speech, and 

symbolic or abstract information processing. 

Other disadvantages to the HRB include the amount of 

time and, therefore, cost required to administer the 

instrument, sometimes necessitating two full days of testing 

(Golden, 1979a; Luria & Majovski, 1977; Smith, 1975). These 

time constraints place a burden on professional staff as 

well as patients. The heavy dependence of many HRB tests on 

sensory and motor skills may preclude an adequate assessment 

of patients suffering from acute central or peripheral motor 

impairments (Golden, 1979a; Luria & Majovski, 1977). 

Standardized interpretations, perhaps with the exception of 

those derived by Russell et al. (1970), do not exist for the 

battery, placing inordinate emphasis on the 

neuropsychologist's clinical acumen and experience (Luria & 

Majovski, 1977). Finally, as was previously discussed, the 
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HRB is vulnerable to practice effects. Tests involving 

motor behaviors as well as the most senstive indices of 

brain integrity are particularly susceptible to practice 

effects. Since these tests are also used in computing the 

Impairment Index, changes in test performance may produce 

errors in the diagnosis and subsequent management of brain 

damaged individuals because the Impairment Index may 

spuriously indicate normal functioning when substantial 

neurological impairment still exists. 

The Soviet clinical approach, as exemplified by Luria, 

has long been biased toward a more flexible, qualitative 

methodology, eschewing the rigidity of standardized 

batteries emphasizing quantitative descriptions of patient 

behavior (Adams, 1980; Christensen, 1975; Davison, 1974a; 

Golden, 1981; Luria & Majovski, 1977). Luria's idiographic 

method has concentrated on the individual case study, 

gleaning a rich reservoir of qualitative information 

concerning patient behavior following cerebral lesions and 

leading him toward the formulation of comprehensive and 

empirically derived theories of the functional organization 

of the brain and the rehabilitation of higher mental 
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functions (Luria, 1963, 1969b, 1970a, 1970b, 1973, 1980; 

Luria et al., 1969). Recent research has not only supported 

Luria's categorical description of neuropsychological 

functioning (Golden, 1981; Swiercinsky, 1979), but is 

validating many of his postulates regarding how the brain is 

functionally organized and how the brain damaged patient 

should be treated (e.g., Bates & Katz, 1970; Bronckart, 

1970; Das, 1972; Golden, 1980a; Golden, Osmon, Sweet, 

Graber, Purisch, & Hammeke, 1980; Golden, Sweet, Hammeke, 

Purisch, Graber, & Osmon, 1980; Joynt & Cambroune, 1968; 

Marsh, 1978). 

Luria eschews the American nomothetic approach of 

statistically comparing individual performance to a set of 

norms because he has discovered that these measures of 

central tendency do not ordinarily apply to the individual 

case (Luria & Majovski, 1977). His assessment procedures 

were derived not as a pragmatic diagnostic technique but 

from an understanding of the relationship between the 

operational structure of mental functions and constellations 

of brain regions (Golden, 1976a). Thus, the Luria battery 

was developed out of theoretical considerations and remains 



116 

flexible and systematic in the hands of a skilled 

neuropsychologist. Luria's approach emphasizes a thorough 

neuropsychological qualification of the deficits, rejecting 

simple pass-fail approaches to item analysis in favor of a 

thorough evaluation of the type of errors made by the 

patient (Christensen, 1975; Goldberg, 1976; Luria & 

Majovski, 1977). The discovery of the distinct factors 

underlying a symptom complex requires a flexible, dynamic 

procedure allowing for the selection of a test designed to 

elucidate the underlying deficit (Christensen, 1975; Luria & 

Majovski, 1977). The flexible approach to test selection 

streamlines the testing procedures so that a full evaluation 

can be completed in 2 to 3 hours. Luria uses all relevant 

data in forming his working hypotheses of the patient's 

difficulties and the subsequent rehabilitation efforts to be 

implemented. The resulting portrait of the patient's 

neuropsychological functioning is phenomenologically rich 

and is easily adaptable to treatment planning (Davison, 

1974a; Goldberg, 1976; Golden, 1981, Note 7; Luria & 

Majovski, 1977). Unfortunately, Luria's tests, evaluation 

procedures, treatment techniques, and interpretive 
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strategies have never been adequately evaluated for 

reliability or validity (Golden, 1981; Luria & Majovski, 

1977; Reitan, 1976). The absence of reliability and 

validity data is due to the lack of quantification of 

behavior sampled from his tests as well as the absence of 

standardized procedures for test administration, scoring, 

and interpretation. According to Reitan (1976), the 

clinician is forced to accept Luria's procedures as valid 

based on Luria's word alone. Due to the idiographic 

approach to assessment and treatment, test selection and 

interpretation depended largely on the clinical expertise 

and experience of the examiner (Reitan, 1976). As a result, 

even though Luria offers much in terms of understanding the 

functional organization of the brain and rehabilitation 

methodology, his neuropsychological assessment procedures 

have not enjoyed the popularity they deserve (Golden, 1981, 

Note 7). 

Both the American and Russian approaches to assessment 

offer unique advantages and limitations: (1) the American 

nomothetic system, typified by the HRB, is very useful in 

providing accurate diagnostic information concerning the 
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presence, location, and etiology of brain damage but offers 

little in terms of comprehensive brain-behavior theory and 

rehabilitation; (2) the idiographic Soviet approach, 

exemplified by Luria's neuropsychological procedures, has 

offered rich qualitative descriptions of neuropsychological 

deficits resulting from brain damage and comprehensive 

theories of brain functional organization and restoration. 

However, Luria's techniques have not enjoyed widespread 

American acceptance because they have not been adequately 

validated, quantified, or standardized. Joining Luria's 

clinical procedures and theoretical insights with American 

emphasis on quantitatively evaluating behavior would yield 

more information than either approach can generate alone 

(Golden, 1981). In fact, the recent literature has called 

for a synthesis of American emphasis on standardized test 

administration and scoring with the Russian clinical 

orientation (Hartlage & Mains, 1980). Both qualitative and 

quantitative, idiographic and nomothetic approaches not only 

provide useful data regarding diagnosis but also will result 

in profitable gains in the neuropsychological restoration of 

function. 
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As a first step in developing a useful 

neuropsychological assessment technique, a valid and 

reliable battery must be employed (Filskov & Boll, 1981). 

Single tests may be useful screening devices but they do not 

yield a comprehensive portrait of neuropsychological 

deficits and abilities that a battery can provide (Erinkman, 

1979; Golden, 1978, 1979a; Hammeke, 1979; Smith, 1975). 

Furthermore, recent research has questioned the diagnostic 

validity of a single test of brain damage because each test 

taps only a limited range of neuropsychological functions 

and may be insensitive to certain important pathological 

conditions (Deturk, 1975; Filskov & Goldstein, 1974; Golden, 

1978, 1979a). Perhaps the most important limitation of 

single tests of brain damage is that they are of little 

value to the rehabilitation specialist (Golden, 1976b, 

1979a; McFie, 1968; Parsons & Prigatano, 1978; Smith, 1975). 

Although no battery has been recognized as the instrument in 

diagnosis, prognosis, and rehabilitation, characteristics of 

such an ideal battery have been described in the literature 

(Golden, 1979a; Luria & Majovski, 1977; McFie, 1968). 
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The ideal neuropsychological battery should be based on 

sound theory of brain-behavior relationships and contain 

valid and reliable tests that examine all major areas of 

neuropsychological functioning (Benton, 1975; Golden, 1978, 

1979b; Gudeman et al. , 1978; McFie, 1968; Swiercinsky, 

1979). Recent theoretical and experimental progress has 

indicated that such a battery should tap the following 

functions: memory, intelligence, reasoning, cognitive 

abilities (including learning, planning, hypothesizing), 

concentration, attention, flexibility, orientation, 

mathematical ability, reading, writing, expressive and 

receptive speech, auditory, tactile, visual, and basic motor 

skills, motor speed and strength, perceptual-motor 

functions, sensory functions, abilities using more than one 

sense, spatial abilities, and acoustic-motor organization 

(Christensen, 1975; Golden, 1976a, 1979a; Goldstein & 

Shelly, 1972; Lezak, 1976; Swiercinsky, 1979). Studies 

employing factor analysis of neuropsychological batteries 

have provided empirical support for including these factors 

in comprehensive assessment instruments (Golden, Osmon, et 

al., 1980; Golden, Purisch, et al., 1980; Golden, Sweet, et 
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al., 1980; Goldstein & Shelly, 1972; Swiercinsky, 1979; 

Swiercinsky & Hallenbeck, 1975). For example, Swiercinsky 

(1979) factor analyzed 36 variables from the HRB, WAIS, and 

grooved pegboard test of fine motor dexterity using 1265 

patient test protocols. Eight primary factors emerged 

which represented a comprehensive core of neuropsychological 

behaviors and which paralleled the functions assessed by the 

LN. 

Complex psychological functions can be most effectively 

analyzed if the functions are broken down into their 

simplest elements and analyzed (Golden, 1981). The exam 

should asses these functions collectively as well as 

separately, thus allowing for the determination of the 

specific neuropsychological deficits underlying the observed 

symptoms. Functions can be tested both within and between 

different perceptual modalities (auditory, visual, tactual) 

using diverse response modes (oral, written, motor) (Golden, 

1976b, 1981). 

In order for rehabilitation efforts to succeed, the 

neuropsychological instrument should afford an exhaustive 
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description of the patient's functional strengths and 

deficits (Parsons & Prigatano, 1978; Reitan, 1973, 1975). 

The battery should be able to reliably differentiate 

functional from organic problems and be especially powerful 

in its ability to differentiate chronic schizophrenics from 

brain damage subjects since this has been traditionally an 

arduous differentiation in neuropsychology (Heaton et al., 

1978; Lenzer, 1980). Test results should not only provide 

information regarding the nature of the structural 

impairments but also something about the etiology of the 

disease process and predictions about outcome of the 

disorder. Test administration, scoring, and interpretation 

should be standardized allowing for the organized 

observation of behavior, and provide for intraindividual 

and interindividual comparisons. Yet the battery also 

should provide a rich array of qualitative material which is 

vital in planning rehabilitation exercises. The test items 

should reliably differentiate brain damaged from nonbrain 

damaged individuals but also should allow for more precise 

determination of the specific nature of the 

neuropsychological deficit (e.g., allow for the 
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discrimination between expressive and receptive aphasia). 

Scoring procedures should be reliable and reflect 

quantitative statements which can be related to established 

norms. Kiernan and Matthews (1972), Vega and Parsons 

(1967), as well as Golden and his colleagues have suggested 

that raw scores might be converted to T scores, allowing for 

facile interindividual and intraindividual comparisons and 

allowing scores to be corrected for age, sex, socioeconomic, 

and/or educational influences (Golden, 1979a; Golden, 

Hammeke, & Purisch, 1980; Vega & Parsons, 1967). Another 

advantage of the T_ score approach is that scores can be 

graphed, producing useful data for pattern analysis and 

interpretation. In conclusion, only an exhaustive 

qualitative and quantitative assessment will provide 

information of the requisite diagnostic, prognostic, and 

rehabilitative accuracy that will lead to the most 

efficacious and humane treatment of the brain damaged adult. 

The Development and Validation of the LN 

Golden and his colleagues (Golden, Hammeke, & Purisch, 

1980), inspired by Reitan's (1976) criticisms of the Luria 



124 

methodology, devised a standardized version of Luria's 

neuropsychological test procedures. Golden et al. began 

with Luria's (1970, 1973, 1980) theory of brain organization 

and functioning supplemented by Christensen's (1975) text 

which helped to standardize some of the materials and 

procedures for test administration. Unfortunately, 

Christensen did not provide instructions for the 

standardized administration or scoring of Luria's battery so 

Golden et al. derived these procedures in a series of 

studies with normals, schizophrenics, and brain damaged 

patients (Golden, Hammeke, & Purisch, 1978; Golden, Purisch, 

& Hammeke, 1978, 1979; Lewis, Golden, Moses et al., 1979; 

Osmon et al., 1979; Purisch et al., 1978). The standardized 

LN harmonizes the rich qualitative and theoretical material 

inherent in the Luria methodology with American emphasis on 

quantification and empiricism. The result is a close 

approximation to the "ideal" battery described above 

(Goldberg, 1976; Golden, 1979a, 1981, Note 7; Yates, 1954). 

The standardized Luria-Nebraska allows for (1) the 

empirical examination of many of Luria's theories, (2) the 

validation of Luria's examination procedures, (3) the 
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extension of current understanding of brain-behavior 

relationships, and (4) the use of standardized materials in 

assessment (Golden, Note 7). 

Items for the LN were selected from Luria's (1980) test 

procedures and Christensen's (1975) text which reliably 

separated brain damaged from normal patients and which 

focused on a specific neuropsychological function. Items 

also were chosen so that elements contributing to an overall 

behavioral area, such as motor skills, were systematically 

altered, allowing for a detailed analysis of deficits. 

Therefore, items were designed to minimize the role of all 

factors other than the one under scrutiny in that particular 

item. This procedure is vastly different from the HRB where 

global measures like the Category and Trail Making tests 

evaluate overall brain integrity and cannot make the fine 

discriminations inherent in the LN (Golden, 1980b). Items 

permit quantitative and qualitative analysis, which 

facilitate the process of diagnosis, prognosis 

rehabilitation. 

and 



126 

Golden, Hammeke, and Purisch (1978) evaluated the 

discriminative effectiveness of the original 285 items 

considered for the battery using 50 control and 50 

neurological subjects of equal age but of different 

educational backgrounds. Golden et al. (1978) employed a 

one way analysis of covariance using education as the 

covariate in examining the data. Of 285 items, 253 

differentiated the groups at the .05 level, and 16 of the 

remaining 32 items were significant at the .20 level. This 

study resulted in shortening the battery to its present 

length of 269 items. 

Item-scale consistency was examined by Golden, Fross, 

and Graber (Note 4) to verify the theoretical assignment of 

items to the 14 summary scales. The population consisted of 

74 normals, 83 psychiatric patients, and 181 neurological 

patients. Of 269 items, 250 showed their highest 

correlation with the scale they were on. Of the remaining 

19 items, 10 demonstrated correlations within .01 of the 

highest correlation on the scale they were on (e.g., item 19 

of the Motor scale correlated .50 with Receptive and .49 

with Motor). Of the remaining 9 items, 6 showed a 
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correlation on their scale within .05 of their highest 

correlation with a scale. 

The scoring of items is dependent upon the dimensions 

appropriate to what they were theoretically conceived to 

measure. These dimensions include time, rate, speed, 

quality, accuracy, frequency, and complexity. Raw scores 

for each item are converted to scaled scores of 0, 1, or 2. 

Generally, a score of 0 represents normal performance, a 2 

signifies a response similar to that given by a brain 

damaged patient, while a score of 1 represents an 

intermediate level of performance. These initial conversion 

formulas were derived from the scoring distributions of 75 

patients and then modified somewhat as a result of a 

cross-validation study using an additional 210 patients. 

Scale score conversions allow for easy item comparisons 

within and across different neuropsychological scales. The 

numerical values also can be summated, which yield an 

overall scale score similar to that of the WAIS subtests. 

The reliability of the standardized scoring technique 

was demonstrated by Golden, Hammeke, and Purisch (1978), who 
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found that 10 examiners agreed on 1,425 pairs of scores over 

95% of the time. In all instances, the examiners never 

disagreed by more than one scale point. 

The 269 items are distributed across 11 major areas of 

neuropsychological functioning: motor skills, rhythm and 

pitch abilities, tactile abilities, expressive speech 

skills, memory skills, visual-spatial abilities, writing, 

reading, and arithmetic skills, receptive speech abilities, 

and intellectual abilities. Thus, the LN enjoys an 

additional advantage over the HRB because it reflects a more 

comprehensive assessment of neuropsychological functioning. 

In fact, as was stated previously, recent factor analytic 

research is lending support to the dimensions theoretically 

selected by Golden and his associates. 

In addition to the 11 primary scales, three additional 

summary indicies are useful in diagnosis and lateralization. 

The Left Hemisphere Scale is comprised of items from the 

Tactile and Motor sections, which tap motor and tactile 

functioning of the right hand, while the Right Hemisphere 

scale evaluates these functions in the left hand . The 
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Pathognomonic Scale consists of 31 items that are especially 

sensitive to brain damage. These items are infrequently 

missed by nonbrain damaged populations but are commonly 

missed by brain injured patients. 

After raw scores are determined for each summary index, 

they are plotted on a profile sheet that automatically 

converts the raw scores to J scores with a mean equal to 50 

and a standard deviation of 10. These norms were derived 

from the performance of normal patients reported in Hammeke, 

Golden, and Purisch (1978). As Kiernan and Matthews (1976) 

have suggested, .J score conversions offer advantages over 

global measures represented by the HRB Impairment Index in 

that they allow for comparisons of component abilities 

within a given patient as well as across patients. 

Corrections for age and education also can be added or 

subtracted from these summary indices by using norms from 

Golden's research (Golden, 1981; Golden & Schlutter, 1978; 

Marvel, Golden, Hammeke, Purisch, & Osmon, 1979). Based on 

the performance of 271 patients, the effects of age and 

education were identical for groups of normal , 

schizophrenic, and brain damaged patients (Golden, 1981). 
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In comparing the T score approach to Reitan's use of cutting 

scores in evaluating for the presence of brain -damage, 

Kiernan and Matthews (1976) found the former methodology 

superior in terms of diagnostic accuracy. 

Additional advantages of the LN include the time 

required to administer the battery. Golden (1979a) reports 

that only 2 1/2 hours are needed for most administrations. 

Furthermore, since the materials are portable, examinations 

can be conducted at bedside. Finally, the cost of the test 

manual and standardized materials is less than 150 dollars. 

This compares favorably to the HRB which requires 6 to 8 

hours to administer and uses bulky and expensive equipment, 

costing nearly $1600 (Vicente, Kennelly, Golden, Kane, 

Sweet, Moses, Cardellino, Templeton, & Graber, 1980). 

Research with the Luria-Nebraska has shown that the 

battery can be used to accurately diagnose brain impairment. 

The discriminative effectiveness of the battery in 

separating brain damaged from normal patients has ranged 

from 86Î&-100Î& accuracy (Duffala, 1979; Golden, Hammeke, & 

Purisch, 1978; Hammeke, 1979; Hammeke et al., 1978; Moses & 
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Golden, 1979; Golden, Moses, Fishburne, Engum, Lewis, 

Wisniewski, & Berg, Note 8). The accuracy of individual 

scales in differentiating brain damaged from normal patients 

ranges from a 74% hit rate for the Expressive Speech scale 

to 96% for the Memory scale in control patients, and from 

64% (Arithmetic) to 86% (Expressive Speech) in brain damaged 

patients (Hammeke et al., 1978). 

The battery also has been effective in differentiating 

diffuse patients from those with lateralized cerebral 

disorders (Lewis, Golden, Moses et al., 1979; Osmon et al., 

1979). Osmon et al. (1979) were able to correctly identify 

the status of 59 out of 60 subjects for a hit rate of 98%. 

This hit rate exceeds the 92.9% level obtained by Wheeler et 

al. (1963) using the HRB. McKay and Golden (1979b) 

empirically derived Left and Right hemisphere scales and 

then successfully predicted 87.3% of patients with 

lateralized disorders upon cross-validation. Golden et al. 

(Note 8) found a 78% hit rate for lateralized lesions using 

87 brain damaged patients and the Right (R *) and Left (L *) 

lateralization scales in their independent cross-validation 

of the study performed by McKay and Golden. A more 
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ambitious project by McKay and Golden (1979a) resulted in 

the creation of eight localization scales for patients with 

frontal, sensorimotor, temporal, and parietal-occipital 

lesions in either hemisphere. The predicted localization 

was correct in 47 of 53 patients, and five of the six 

patients who were misclassified showed elevations above T 

scores of 70 on all scales, suggesting that their focal 

injury also occurred within the context of a more widespread 

disturbance. Golden et al. (Note 8) cross-validated these 

results and found a 92% hit rate for predicted 

lateralization when diagnosis was based on the highest 

localization scale score. Localization, derived from 

matching the locus of brain injury to the highest 

localization code, resulted in 94% accuracy. 

Direct comparisons between the HRB and LN have revealed 

support for using the Luria as a diagnostic instrument. 

Kane, Sweet, and Moses (Note 9) compared the ability of the 

two batteries to differentiate brain damaged from normal 

subjects using 45 diagnostically difficult cases. The 

batteries agreed on 37 of 45 cases when experts were used in 

determining diagnoses of brain damaged or normal. In the 
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remaining 8 cases, the LN diagnosed 5 correctly and the 

Halstead 3 correctly. Golden (1980b) reports that, "there 

was no significant difference between the tests in terms of 

making the basic organic-nonorganic differentiation" (p. 

218). 

The LN has been especially useful in discriminating 

between chronic schizophrenics and brain injured patients. 

According to Heaton et al. (1978) hit rates have generally 

averaged at chance levels when neuropsychological 

instruments are used to separate chronic schizophrenics from 

brain damaged patients; however, recent research employing 

the LN has indicated that these groups can be differentiated 

with 87-100% accuracy (Golden, Graber, Moses, & Zatz, 1980; 

Lewis, Golden, Purisch, & Hammeke, 1979; Moses & Golden, 

1980; Purisch et al., 1978). 

The LN represents a viable alternative to the HRB for 

diagnosing brain damage and differentiating chronic 

schizophrenics from brain damaged patients. Research has 

demonstrated the utility of the battery in lateralizing and 

localizing lesions and additional studies are beginning to 
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elucidate patterns of neuropsychological deficit associated 

with specific disease processes such as epilepsy (Berg & 

Golden, Note 10), alcoholism (Chmielewski & Golden, 1980), 

and multiple sclerosis (Golden, 1979b). Golden and his 

colleagues have recently completed studies which assist in 

the standardized interpretation of LN profiles, alleviating 

the criticism that neuropsychologists using the Luria must 

have years of experience and great facility with Luria's 

theories before accurate interpretations can be made of the 

test material (Golden, Note 7; Golden & Berg, 1980a, 1980b, 

1980c; Osmon, 1981). The synthesis of Luria's theoretical 

and qualitative methodology with American quantified, 

nomothetic thinking generates a battery rich in 

neuropsychological information which not only facilitates 

diagnostic conclusions but adds invaluable information in 

rehabilitation planning. The nature of the LN items, 

allowing for the analysis of the basic components of complex 

functional systems, elucidates the underlying deficits 

requiring therapeutic attention. The HRB does not allow for 

the easy translation of subtest performance into 

rehabilitation programs due to the complexity of the tests 
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themselves. The inability of the HRB to provide an analysis 

of the most basic components of complex neuropsychological 

functions is a handicap to a clinician interested in using 

test results in designing rehabilitation programs. The 

recent development of Form II of the LN battery (Ariel & 

Golden, 1982) will further aid the clinician interested in 

the progress of brain damaged patients undergoing surgical 

procedures, drug treatment, or rehabilitative regimens. The 

parallel form, should it demonstrate adequate equivalence to 

the orginal test battery, will be invaluable in reducing 

confounding variables such as memory and practice effects 

which may serve to spuriously elevate a patient's test 

scores. With these nuisance variables reduced or 

eliminated, the observance of increased test performance 

over time may be more confidently attributed to patient 

change due to spontaneous recovery, rehabilitation, drug 

treatment and/or neurosurgery, the variables that are really 

of interest to the clinician. The HRB affords the clinician 

with no alternative but to make use of its only available 

form. Thus, effects due to memory and practice cannot be 

adequately controlled in retest designs employing this 
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instrument. Even assuming equivalence between the HRB and 

LN in terms of reliability and validity, conclusions drawn 

from HRB data in repeated measures designs cannot be made 

with the confidence that occurs with the LN when employing 

both forms of the battery, because of the inherent 

confounding effects of memory and practice in the HRB. 

Although further research is required to substantiate these 

conclusions, it would appear that the LN will prove more 

useful in prognosis, treatment evaluation, and 

rehabilitation planning than the current HRB. For the 

reasons described above, the LN was selected as the 

neuropsychological battery for the examination of test 

reliability and practice effects in this study. 

Statement of the Problem 

Neuropsychologists have been using test batteries to 

monitor patient change in neuropsychological functioning as 

a result of recovery, rehabilitation, neurosurgery, and psy-

chopharmacology without considering the reliability of the 

tests they employ. A present bias toward examining test va-

lidity has led to an inadequate awareness of test reliabili-
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ty and the effects of repeated administrations on subsequent 

test performance. Without being cognizant of the magnitude 

of practice effects in brain damaged populations for a given 

instrument or the accuracy of an obtained score, it is 

impossible to determine if change in patient performance 

over time is due to treatment, unreliability, or practice 

effects. Numerous studies ignoring reliability and practice 

effects have produced unjustified conclusions that changes 

in neuropsychological test performance over time were caused 

solely by the treatment regimen under investigation. These 

studies have not corrected test scores for unreliability and 

practice effects, hence the impact of treatment programs is 

confounded with unreliability and practice effects. Thus, 

the true efficacy of the interventions is unknown. 

This study was designed to examine the reliability of 

equivalent and parallel forms of two representative 

neuropsychological tests: the Revised Wechsler Memory Scale 

and the Luria-Nebraska Neuropsychological Battery. Although 

a modicum of studies have explored the scoring, test-retest, 

and internal consistency reliabilities of the LN, no 

research has been conducted to cross-validate these results 
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and no information exists concerning the equivalence of the 

two forms of the LN or the reliability of these forms when 

used serially. Furthermore, previous research has not 

allowed for an accurate appraisal of the magnitude of 

practice effects in brain damaged populations on the LN. 

Information concerning the reliability of the LN and the 

effects of repeated administrations on test performance is 

of vital interest to the clinician who desires to make 

accurate and definitive statements dealing with the etiology 

of patient change over time. The recent growth of 

appreciation regarding the importance of evaluating memory 

in neuropsychology has led to the increased utilization of 

the WMS and its revision by Russell (1975). Yet, even 

though this test is currently being used to assess the 

process of neuropsychological recovery over time, data 

concerning the reliability of the scoring procedures, 

stability of test scores over time, equivalence between 

parallel forms, and magnitude of practice effects in brain 

damaged populations is virtually unknown. Until the LN and 

RWMS are sufficiently. analyzed for test reliability and 

practice effects, they will be of limited value when used to 

assess brain damaged patients over time. 
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This study was intended to quench the psychometrician's 

thirst for knowledge concerning test reliability and the 

equivalence between parallel forms as well as the practicing 

clinician's desire for data which will allow him/her to 

partial out the effects of recovery or rehabilitation from 

practice and test unreliability, thereby enhancing the 

confidence that may be placed in the interpretations of 

patient change. Three groups of brain damaged individuals 

were matched on the variables of age and education. Each 

group was composed of 48 patients, and each patient was 

tested twice with the LN and RWMS. Group 1 received LN-I 

and RWMS-I followed approximately 15 days later by the same 

tests. Group 2 received LN-I and RWMS-I and then LN-II and 

RWMS-II 15 days later. Group 3 received LN-II and RWMS-II 

followed 15 days later by the same tests. This experimental 

design allowed for the determination of (1) internal 

consistency, (2) interjudge reliability, (3) test-retest 

reliability, (4) reliability between parallel forms, (5) 

equivalence between parallel forms, and (6) the magnitude of 

practice effects. 
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Hypotheses 

1. Test-retest reliability coefficients for the 

14 LN scales will differ significantly from 

the null hypothesis which postulates no rela-

tionship between scores at Session 1 and those 

obtained at Session 2, i.e., Ho: _r = 0. 

Test-retest reliability coefficients for the 6 

RWMS scales will differ significantly from the 

null hypothesis which postulates no relation-

ship between scores at Session 1 and scores at 

Session 2. 

2. Reliability coefficients computed between par-

allel forms of the LN and RWMS will be statis-

tically significant and will lead to the re-

jection of the null hypothesis of no 

relationship between scores on Form I and 

scores on Form II. However, these reliability 

values will generally be less than the test-

retest reliability coefficients. 

3. Reliability coefficients of internal consis-

tency for the LN and RWMS will be statistical-
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ly significant and lead to the rejection of 

the null hypothesis, Ho: 2I = 0. 

4. The two forms of the LN will be statistically 

equivalent: (a) comparisons between means and 

variances on the LN-I versus the LN-II will 

not produce statistically significant results; 

(b) item difficulties will be equivalent when 

LN-I is compared to LN-II. 

5. The mean of the Immediate Figural Memory 

subtest of the RWMS-II will be significantly 

higher than the mean value obtained on the 

parallel test in RWMS-I. The other subtests 

will not differ significantly from one another 

across the two forms. 

6. Mean J scores on all 14 LN scales will differ 

significantly from the reference sample mean 

of T = 50. 

7. Practice effects will be maximized when 

patients receive two administrations of the 

same test. Practice effects will be minimized 

when parallel forms are used. The magnitude 
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of practice effects on any given scale will 

not exceed .5 standard deviation or 5 T 

points, and will not approach clinical 

significance (i.e., exceed lOTpoints or 1 

standard deviation). 



CHAPTER II 

METHODS 

Subjects 

Participants involved in this study were recruited from 

Gateways Hospital , Long Beach Stroke Center, Northridge 

Stroke Center, Santa Monica Stroke Center, and Veterans Ad-

ministration Medical Centers at the following locations: Se-

pulveda, Wadsworth, Long Beach, and Los Angeles. The pa-

tients were diagnosed as brain damaged by neurological exam, 

history of coma secondary to head injury, electroencephalo-

gram, arteriogram, pneumoencephalogram, and/or computerized 

axial tomography (CT). Whenever possible, brain damaged pa-

tients were selected if there was positive evidence of cere-

bral damage from a neurological exam as well as corroborat-

ing data from a biomedical procedure. This procedure for 

selecting brain damaged individuals followed the recommenda-

tions made by Parsons and Prigatano (1978) in their review 

143 
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of methodological problems confronting clinical neuropsy-

chology. 

The brain damaged patients were randomly divided into 

three groups. Each group was comprised of 48 brain damaged 

patients. This sample size was derived from statistical and 

practical considerations, since it afforded the necessary 

power to detect differences between groups, test forms, and 

reliability coefficients (Cohen, 1969). The sample size 

represented a practical value as well since the number of 

patients required for this study was reasonably attained at 

the VA treatment facilities and other hospital settings. 

Patients were excluded from the study if (1) they were 

female, (2) they could not complete the LN or RWMS on ini-

tial testing and/or when retested, (3) the nature of their 

cerebral disorder was such that significant deterioration or 

improvement was anticipated over the specified test interval 

(this exclusion criterion served to eliminate patients with 

acute or rapidly recovering injuries as well as patients 

with rapidly progressing degenerative disorders), (4) chron-

icity of brain damage was less than or equal to six months. 



145 

(5) positive evidence of brain damage from neurological or 

biomedical examinations was not available, and (6) 

significant psychological and/or neurological events had 

developed over the test interval which might have altered 

the nature of the patient's performance on retest. Based on 

these exclusion criteria, six patients were excluded from 

the study. One depressed and severely aphasic patient 

declined to participate after the initial interview. Two 

patients changed their residences after Session 1 and were 

not available to complete the second battery of tests. An 

idiopathic epileptic patient contracted a seizure during 

testing and was therefore dropped from the study. After 

completing the first battery of tests, a patient with 

multiple sclerosis commenced a neuropharmacological study 

which drastically affected his emotional and physical 

well-being. As a result of this drug program the patient 

became untestable. An elderly patient with severe 

expressive aphasia and failing health developed pneumonia in 

the interval between Session 1 and Session 2 and had to be 

dropped from the study. Three additional patients were 

excluded from Group 1 when the required sample size of 48 
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had been exceeded. The excluded patients were selected so 

as to balance the groups across the variables of age and 

education. 

The final sample comprised 144 brain damaged oupatient 

and inpatient volunteers. Table 15 presents demographic 

statistics for the three experimental groups. Appendix A 

provides descriptive information covering the frequencies of 

various types of neurological disorders in the three 

experimental groups. Descriptive information was collected 

on the following variables: age, race, education, 

occupation, handedness, level of depression, alcohol 

consumption, previous experience with neuropsychological 

tests, nature and location of cerebral trauma, severity of 

brain damage, chronicity of organic insult, current 

medications, and relevant experiences between test 

administrations. These variables have been identified as 

having a potentially significant impact on 

neuropsychological test performance so it was important that 

patients in all groups be compared on these variables 

(Finlayson, Johnson, & Reitan, 1977; Golden, 1978; Heaton et 

al., 1978; Parsons & Prigatano, 1978; Reed & Reitan, 1963; 
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Reitan & Davison, 1974; Smith , 1975). When the groups were 

compared across these variables no statistically significant 

differences were found. 
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TABLE 15 

Demographic Data for Experimental Groups 

GROUP 1 GROUP 2 GROUP 3 
N=48 N=48 N=48 

VARIABLE MEAN SD MEAN SD MEAN SD 

Age 54.52 12.70 55.13 13.09 57.98 11.71 

Education 13.17 2.64 13.15 2.77 13.10 2.88 

% Right 89.58 91.67 81.25 
Handed 

Beck 8.46 5.52 9.71 6.69 11.23 9.71 
Depression 

Age at 42.73 14.48 43.94 16.72 47.79 15.83 
Onset 

Chronicity 150.04 119.95 129.38 107.71 121.50 127.09 
vmonths) 

LN-1 Admin 3.04 0.96 2.76 0.79 2.64 0.67 
Time (hrs) 

LN-2 Admin 2.64 0.71 2.54 0.72 2.47 0.81 
Time (hrs) 

y/ Test 2.75 1.14 2.88 1.30 2.83 1.26 
Sessions 
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Instruments 

The RWMS and LN were administered to all patients 

twice, with an intertest interval that averaged 15 days. 

The procedures for test administration, scoring, and inter-

pretation for the LN were those recommended by Golden, Ham-

meke, and Purisch (1980, 1981), and for the RWMS were those 

provided by Russell (1975). Appendix B contains a descrip-

tion of the 14 clinical scales of the LN along with some 

representative examples of LN test items and scoring proce-

dures. The reader is referred to Russell's (1975) "original 

article on the RWMS for a description of these memory tests. 

Procedure 

All patients selected for this study were volunteers, 

who agreed to sign a standard consent form (Appendix C) pro-

vided by the Veterans Administration. The order of scale 

presentation was the same across both administrations and 

followed the sequence provided in the 1981 LN test manual 

(Golden, Hammeke, & Purisch, 1981), and the sequence provid-
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ed by Russell (1975) in his original article on the RWMS; 

however, the administrations of the two tests overlapped. 

The LN Motor through Expressive Speech scales were 

administered followed by the Immediate recall portion of the 

RWMS. During the half hour period between the Immediate and 

Delayed sections of the RWMS, the LN Writing, Reading, and 

Arithmetic scales were administered. Once the Delayed 

memory assessment of the RWMS was completed, the remaining 

LN scales were completed. Testing was conducted either at 

the patient's bedside, if mobility precluded movement to 

another location, or in a testing room under standard 

conditions. The second administration of the battery 

occurred in the same location as the first in order to 

minimize any unwanted error variance due to test location. 

A retest interval of 15 days was selected for the following 

reasons: (1) this interval paralleled the recommendations 

called for in the literature dealing with test reliability 

(Anastasi, 1976; APA, 1974; Cronbach, 1970; Freeman, 1962; 

Nunnally, 1967; Thorndike & Hagen, 1961); (2) this interval 

represented a compromise between the potential confounding 

effects due to recovery or deterioration and the effects due 



151 

to memory for specific items and responses (Cronbach, 1970; 

Cureton, 1958; Mangold, 1927); and (3) longer intervals 

would have added an additional confound of potential 

recovery, deterioration, or improvement due to 

rehabilitation, surgery, or psychopharmacology (Cronbach, 

1970; Cureton, 1958; Golden, Berg, & Graber, Note 5; 

Mangold, 1927; Meier & Resch, 1967). 

Before the initial testing commenced, each patient was 

interviewed so that data covering the following variables 

were made available: age, education, occupation, handedness, 

nature and location of brain damage, level of depression, 

alcohol consumption, severity and chronicity of cerebral 

disorder, previous experience with neuropsychological tests, 

current medications, and relevant experiences that may have 

occurred in recent weeks prior to testing. All of these 

variables had relevance for this study because they are 

reputed to impact on neuropsychological test scores. Upon 

completion of the initial interview, patients commenced the 

LN and the RWMS. Patients in Group 1 received the original 

forms of the batteries (LN-I & RWMS-I) followed 

approximately 15 days later by the same tests (LN-I & 
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RWMS-I). Patients in Group 2 received LN-I and RWMS-I 

followed 15 days later by LN-II and RWMS-II. Finally, 

patients in Group 3 received LN-II and RWMS-II followed by a 

second identical administration of LN-II and RWMS-II 15 days 

later. The exerimental design employed in this study is 

outlined in Table 16 

TABLE 16 

Experimental Design 

Group 

1 

2 

3 

N 

48 

48 

48 

Session 1 

LN-I 
RWMS-I 

LN-I 
RWMS-I 

LN-II 
RWMS-II 

Session 2 

LN-I 
RWMS-I 

LN-II 
RWMS-II 

LN-II 
RWMS-II 

Before the second test was administered, each patient 

was interviewed to discern if potentially confounding expe-

riences had occurred during the test-retest interval. Pa-
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tients were interviewed for such significant experiences as 

changes in medication, rehabilitation, psychological status, 

significant accidents or recurrences of symptoms, etc. 

Patients incurring substantial change during the interval 

between tests were dropped from the study if the change 

might have had a significant impact on neuropsychological 

test results. Nine patients dropped from the study; three 

patients were excluded for medical and/or emotional reasons. 

Twelve examiners were used to administer the LN and 

RWMS. Two examiners were senior undergraduate majors in 

psychology. three were graduate students in experimental 

psychology, six were advanced graduate students in clinical 

psychology who were pursuing their doctoral degrees, and one 

examiner possessed a doctorate in clinical psychology. The 

experimenter, trained by Golden in LN test administration 

and scoring, tr'ained all of the other examiners. Interjudge 

reliability was determined on the LN and RWMS using the 

examiners as independent judges of patient behavior. LN 

interjudge reliability was determined by having two or more 

examiners witness a test administration and score the 

results independently. Six examiners and 14 brain damaged 
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patients were used in examining interjudge reliability on 

both forms of the LN. LN-I interjudge reliability was 

calculated on 2,152 pairs of scores. Interrater agreement 

for the LN-I was an impressive 96.14%. That is, examiners 

agreed 96 times out of 100 on the exact scale score on LN 

test items. LN-II interjudge reliability was calculated on 

3,217 pairs of scores. The 96.13/6 rate of examiner 

agreement did not differ from the value obtained on LN-I. 

The scores obtained from the examiners were intercorrelated. 

The average interjudge reliability coefficient for both 

forms of the LN was .974. Five examiners were used to score 

24 RWMS-I and 24 RWMS-II protocols from 24 brain damaged 

patients. The average interjudge reliability coefficient 

for both forms of the RWMS was .95. 

Minimal debriefing occurred after the first test 

administration. The full debriefing followed the completion 

of the second set of test batteries. Once the patient had 

finished the experiment the examiner informed the patient of 

the purpose and design of the experiment, and indicated that 

the results would be used to calculate the reliability of 

the LN and RWMS as well as the magnitude of practice 
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effects. The patient was also informed that the test 

results would be useful in evaluating the efficacy of 

treatment interventions such as rehabilitation, 

neurosurgery, and psychopharmacology in brain damaged 

populations because the data generated in the study would 

allow for a more accurate appraisal of the magnitude of 

actual neuropsychological change when the effects of 

practice had been partialled out. 



CHAPTER III 

RESULTS 

Hypothesis J_ 

Test-retest reliability coefficients were obtained by 

correlating scores during Session 1 with scores during Ses-

sion 2. Tables 17 and 18 present reliability coefficients 

for the 14 LN scales and the 6 RWMS scales. Frequent refer-

ences to these tables will facilitate the following discus-

sion. LN-I test-retest reliability coefficients ranged from 

.871 (Writing-I) to .980 (Arithmetic-I), and averaged .922. 

LN-II test-retest reliability coefficients ranged from .884 

(Intermediate Memory-II) to .983 (Expressive Speech-II), and 

averaged .935. The average reliability coefficient for LN-I 

(.922) did not differ significantly from the average relia-

bility coefficient for LN-II (.935), ̂  = .461. A 95% confi-

dence interval was computed around the average reliability 

coefficients obtained on LN-I and LN-II. For LN-I the range 

156 
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TABLE 17 

Luria-Nebraska Reliability 

TEST-RETEST PARALLEL SPLIT-HALF 
LN SCALE RELIABILITY RELIABILITY RELIABILITY 

FORM I FORM II FORMS I-II FORM I FORM II 

LN AVERAGE r 

Motor 

Rhythm 

Tactile 

Visual 

Receptive 
Speech 

Expressive 
Speech 

Writing 

Reading 

Arithmetic 

Memory 

Intellectual 
Process 

Right 
Hemisphere 

Left 
Hemisphere 

Pathognomonic 

Intermediate 
Memory 

LN TOTAL r 

.922 

.895 

.912 

.928 

.906 

.925 

.923 

.871 

.949 

.980 

.890 

.925 

.959 

.951 

.893 

.935 

.957 

.886 

.926 

.920 

.937 
« 

.983 

.946 

.966 

.974 

.872 

.926 

.921 

.970 

.951 

.884 

.921 

.963 

.807 

.878 

.876 

.942 

.970 

.956 

.950 

.962 

.890 

.934 

.882 

.950 

.931 

.874 

.785 

.-860 

.701 

.881 

.925 

.961 

.902 

.938 

.938 

.828 

.896 

.988 

.863 

.788 

.661 

.867 

.890 

.866 . 

.972 

.942 

.920 

.936 

.845 

.925 

.745 

.985 

All reliability coefficients: p=.0001 
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TABLE 18 

RWMS Reliability 

Split-Half,.Test-Retest, and Parallel Form Reliability 
Revised Wechsler Memory Scale 

TEST-RETEST PARALLEL SPLIT-HALF 
RWMS SCALE RELIABILITY RELIABILITY RELIABILITY 

FORM I FORM II FORMS I & II FORM I FORM II 

LOGICAL MEMORY 

RWMS AVERAGE r .711 .695 

LM Immediate .730 .823 

LM Delayed .850 .756 

LM % Retained .720 .553 

FIGURAL MEMORY 

FM Immediate .714 .805 

FM Delayed .842 .790 

FM % Retained .410+ .444+ 

RWMS TOTAL r 

+ p=.004 Remaining reliability coefficients: p=.0001 

.664 

.846 

.816 

.513 

.579 

.673 

.554 

.794 

.824 

.791 

.91 1 

.672 

.650 

.918 

.742 

.742 

.740 

.719 

.821 

.667 

.690 

.816 

.681 
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encompassed by this interval spans .864 to .956. For LN-II 

the 95% confidence interval spans .878 to .960. 

All RWMS test-retest reliability coefficients were sig-

nificant at the £ = .0001 level, except for Figural Memory 

Percent Retained-I (p=.0038) and the Figural Memory Percent 

Retained-II scales (p=.00l6). The average RMWMS-I reliabil-

ity coefficient was .711 and the average RWMS-II reliability 

coefficient was .695. The average RWMS-I and RWMS-II relia-

bility coefficients did not differ significantly from each 

other. RWMS-I test-retest reliability coefficients ranged 

from .410 (Figural Memory Percent Retained-I) to .850 (De-

layed Logical Memory-I). RWMS-II test-retest reliability 

coefficients ranged from .444 (Figural Memory Percent Re-

tained-II) to . 823 '(Immediate Logical Memory-II). Confi-

dence intervals were computed around the average reliability 

coefficients on RWMS-I and RWMS-II. For the RWMS-I the 

range encompassed by this interval spans .535 to .828. For 

the RWMS-II the 95% confidence interval spans .512 to .818. 
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Hypothesis ^ 

Parallel form reliability coefficients were derived by 

correlating scores obtained during Session 1 with scores in 

Session 2. Parallel form reliability coefficients were sig-

nificant at the £ = .0001 level for all 14 LN scales. LN 

parallel form reliability coefficients ranged from .807 

(Rhythm) to .970 (Expressive Speech), and averaged .921. A 

95% confidence interval was computed around the average LN 

parallel form reliability coefficient and ranged from .863 

to .955. The average LN parallel reliability coefficient 

(.921) did not differ significantly from the average LN-I 

(.922) and LN-II (.935) test-retest reliability coeffi-

cients. 

Five out of six RWMS parallel form reliability coeffi-

cients were significant at the £ = .0001 level. The paral-

lel form reliability coefficient for Logical Memory Percent 

Retained was significant at the £ = .0002 level. RWMS par-

allel form reliabilities ranged from .513 (Logical Memory 

Percent Retained) to .846 (Immediate Logical Memory), and 

averaged .664. A 95% confidence interval for the average 

RWMS parallel form reliability coefficient encompasses the 
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values .535 to .828. The average RWMS parallel form 

reliability coefficient (.664) did not differ significantly 

from the average RWMS-I (.711) and RWMS-II (.695) test-re-

test reliability coefficients. 

Hypothesis 3_ 

Coefficients of internal consistency were computed for 

LN-I, LN-II, RWMS-I, and RWMS-II using the split-half meth-

od. Even numbered items were correlated with odd numbered 

items on each test. Split-half reliabilities were computed 

for the entire test and for each scale. The resulting cor-

relation coefficients were then corrected with the Spearman-

Brown formula (Anastasi, 1976). Split-half reliabilities 

were computed on patient performance during Session 1 to 

avoid confounding split-half reliability coefficients with 

the effects of repeated testing. 

Table 17 presents the split-half reliability coeffi-

cients for LN-I and LN-II, as well as for the individual 

scales comprising these tests. Groups 1 and 2 were combined 
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in order to examine split-half reliability for LN-I. The 

LN-I split-half reliability coefficient of .988 was 

significant at the .0001 level. The LN-II split-half 

reliability coefficient of .985 also was significant at the 

.0001 level and did not differ from the value obtained on 

LN-I { z - .54 ). Split-half reliability coefficients were 

computed on the individual LN scales so that comparisons 

could be made between the present sample and the sample used 

by Golden et al . (Note 4). LN-I split-half reliability 

coefficients ranged from .701 (Tactile) to .961 (Expressive 

Speech) , and averaged .874; LN-II reliability coefficients 

ranged from .661 (Rhythm) to .972 (Expressive Speech), and 

averaged .863. The average LN-I and LN-II coefficients of 

internal consistency did not differ significantly from each 

other. All split-half reliability coefficients were 

significant at the £ = .0001 level. 

The procedure employed in correlating LN split-half 

reliability coefficients also was used for the RWMS. 

Split-half reliability coefficients for RWMS-I and RWMS-II 

were .742 and .681, respectively. The significance level of 

both tests was £ = .0001. The split-half reliability 
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coefficients for RWMS-I and RWMS-II were not significantly 

different from each other ( z_ = .59). Split-half 

reliability coefficients for individual RMWS-I scales ranged 

from .650 (Delayed Figural Memory) to .918 (Figural Memory 

Percent Retained) and averaged .794. RWMS-II split-half 

reliability coefficients ranged from .667 (Immediate Figural 

Memory) to .821 (Logical Memory Percent Retained) and 

averaged .742. The average RWMS-I and RWMS-II coefficients 

of internal consistency did not differ significantly from 

each other. 

Hypothesis 4̂  

In examining the degree of equivalence between LN-I and 

LN-II, Form II scales were adjusted to reflect differences 

between LN-I and LN-II scales. Corrections were derived 

from Golden's (Note 11) observation that mean scores on se-

veral LN-II scales were dissimilar to their parallel scale 

counterparts. Appendix D lists these correction factors. 

Analysis of variance procedures were used to examine means 

and variances of LN-I and LN-II scales. The statistical 
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analyses were performed on the test results of Session 1 in 

order to avoid confounding the analyses with the effects of 

repeated testing. Groups 1 and 2 were combined and then 

compared to Group 3. Results of these analyses revealed a 

lack of statistical significance across all LN scales when 

LN-I was compared to LN-II. 

An examination of item equivalence between LN-I and 

LN-II was made by subjecting each LN item to a chi-square 

analysis. The frequencies of the LN scale scores (0, 1, & 

2) were compared for each item on LN-I versus LN-II. Of 269 

chi-square analyses, 87 or 32% were significant at the £ < 

.05 level. Among these 87 significant chi-squares, 4 (4.6%) 

were obtained between identical items and 83 (95.4%) were 

obtained between parallel items. A sizable percentage of 

these item discrepancies appeared on the Expressive Speech 

and Intellectual Process scales. The Expressive Speech 

scale accounted for 17 significant chi-squares and the 

Intellectual Process scale included 19 significant 

chi-squares. Together, these two scales accounted for 41% 

of the significant chi-square ratios. Appendix E provides a 

list of the items found to be significantly different when 

LN-I was contrasted with LN-II. 
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The 87 items that were found to have significantly 

different scale score frequencies were examined for 

differences among means. A series of _t tests yielded 61 

significant differences between item means. Thus, 23% of 

the items on the LN-II were significantly different from 

LN-I in terms of item difficulty. The Expressive Speech 

(N=14) and Intellectual Process (N=13) scales together 

accounted for 43% of the significant mean differences 

between items. Other scales that contained significant mean 

differences between LN-I and LN-II items included Motor 

(N=5), Tactile (N=6), Visual (N=5), Receptive Speech (N=5), 

Writing (N=4), Reading (N=4), Arithmetic (N=2), and Memory 

(N=3). 

Hypothesis 5_ 

Analysis of variance procedures were used to compare 

RWMS-I and RWMS-II. The statistical analyses were performed 

on the test results from Session 1 in order to avoid con-

founding the statistical tests with the effects of repeated 

testing. Groups 1 and 2 were combined and then contrasted 
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to Group 3. Results of these analyses revealed that 

performance in Group 3 (RWMS-II) did not dlffer 

significantly from performance in Groups 1 and 2 (RWMS-I) 

for all 6 RWMS scales. 

Hypothesis 6_ 

T score means for the three experimental groups were 

computed for the 14 LN scales during Session 1 and then com-

pared to the normative sample mean of T = 50 using a series 

of _t tests. In each experimental group, all 14 LN scales 

differed significantly from the normal mean of 50. The av-

erage significance level was t̂  (141) = 4.52, £ = .002. 

Hypothesis 7 

Table 19 provides data concerning test-retest changes 

on the LN. Difference scores were derived by subtracting 

scores during Session 1 from scores obtained in Session 2. 

Difference scores were then tested against the hypothesis 



TABLE 19 

Practice Effects and the LN 

LN SCALE 

Mctcr 
Motcr 

S1-S2 

Rt'.ytl' r 
Rr.ytyrr 

S1-S2 

T a c t í l e 
T a c t i l e ' 

S1-S2 

V i s u a l 
V i sua ] 

S1-S2 

R e c e p t i v e S 
R e c e p t i v e S 

S1-S2 

Expr e s s i v e S 
Exp e s s í v e S 

S1-S2 

Wr i t i r g 
Wr i t i r g 

S1-S2 

Readí rg 
Readí rg 

S1-S2 

Ar i t ^ i r e t i c 
Ar i t l r r e t i c 

S1-S2 

Meircr y 
Metrcr y 

S1-S2 

I r t e l 1 e c t t a l 
I n t e l l e c t u a l 

S1-S2 

Rig l - t He t r i s . 
Rigl - t Her r is . 

S1-S2 

L e f t Her r is . 
L e f t He i r i s . 

S1-S2 

S 

1 
2 

1 
2 

1 

2 

1 
2 

1 

2 

2 

1 

2 

1 

2 

1 
2 

1 

2 

1 
2 

1 

2 

1 

2 

P a t l - c g r c r c r i c l 
P a t ^ c g r c i r c r í c 2 

S1-S2 

GR UP 
MEAN 

6 3 . " ? 
62 .99 

0 .18 

62 .33 
59 .26 

3.08« 

6 3 . 1 1 
61 .91 

1.21 

58 .92 
55 .85 

3 . 0 7 * 

6«.53 
61 .38 

3. 15* 

6U. itt 
60 . tn 

3.70« 

68.7U 
67 .08 

1.66 

60 .81 
59 .58 

1.23 

73 .77 
72 .08 

1.68 

63.50 
60.78 

2.12* 

6U.76 
62.68 

2 .C9* 

62 .80 
61.83 

0 .97 

6Í Í .92 
63.92 

0 .99 

65 .5« 
63.75 

1.78 

1 
SD 

19 .^5 
2 0 . 12 

9.03 

22 .66 
21 .62 

9 .37 

19.13 
19.0« 

7 .2« 

13 .21 
13.12 
5 .71 

26 .68 
23 .98 
10. 18 

2 3 . 8 " 
21 .79 

9 . 18 

1U.51 
15.27 
7 . '"'^ 

18.59 
16.75 
5 .93 

29 .56 
30.83 

6.23 

15.05 
16.29 
7.U5 

16.6U 
17,23 
6 .58 

25 .36 
25 .59 

7 .26 

2 U . 3 " 
2u.ao 

"^.71 

18.23 
17.36 

8 .29 

GRCUF 
MEAN 

58 .10 
57 .36 

0.7U 

55 .23 
5U.28 

0.95 

62.03 
58.93 

3.10« 

57 .82 
56 .58 

1.25 

59 .37 
57 .16 

2 .21» 

66.88 
68 .29 
- 1 . U 2 

65.87 
68.92 
- 3 . C 6 * 

60.76 
62 . U9 

- 1 . 7 3 

67 .7u 
68.77 
-1 .C3 

60.U8 
58 .76 

1.72 

62 . U2 
62.88 
-3 .U6 

56 .57 
5 3 . 3 1 

3.26» 

63 .55 
59.06 

U.U9* 

62.71 
6 2 . ' 0 

0 .61 

' 2 
3C 

20 . C? 
19.51 
5.U3 

16.72 
17.53 
10.67 

16.05 
17.23 
8 . 3 1 

13.55 
IU .71 
7 .13 

2U.83 
23 .63 

8 .33 

2 9 . 36 
33.37 

8.70 

17.22 
18.56 

5 . U 7 

17.86 
1 9 . - ? 

6 . ' 2 

29.95 
30.03 

8.30 

16.33 
15.C5 

7.U6 

1 7 . 5 : 
16.58 

6.26 

17. '2 
13.26 
8 .66 

2 U . 16 

2U. 98 
• 7 .79 

19.93 
22.^:': 

8 . 2 " 

GRCUF 
• MFAN 

65 .21 
63.92 

1.29 

58 . 5U 
57 .28 

1.26 

6U.28 
62 .59 

1.69 

5 7 . u i 
5U.86 

2 . 5 5 * 

57.53 
55. uo 

2 . • ' • ' • 

63. 9U 
62.U9 

1 . U U 

69.33 
69. "8 

0 . '5 

59 .2^ 
5 - . 6 7 

1.5U* 

66.98 
63.73 

3 .26* 

5 8 . ' 6 
56.6U 

• .̂ 51 

63 .29 
59.«5 

3. 8U' 

62.90 
6^ .58 

i . r i 

c u . r" 
62.65 

2.22 

1 • 

"SD 

22.>i^ 
2"'.03 

6 .71 

21.65 
20 . 7U 
i c . 17 

15.22 
18.62 
7 .31 

IU.3U 
1U.58 
5 .79 

18.89 
18.68 
6 .68 

C.22 
29 . -8 

5 .52 

^ 6 . - 2 
^6.68 
5.5C 

17. u i 

17.1-7 
u . ; 6 

26 .62 
25.U2 

6. Z^ 

13.81 
i u . •'6 

7.C7 

1 - . 98 
l u . 83 

<C.92 
22.r 

2U.5C 
2t. '9 

• 6 . u" 

6 U . C C 1 8 . U 6 

61 .8 ' ' 19.3« 
2.^-t* 6.CC 

• F < -CS 
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that the difference in means between Session 2 and Session 1 

would be zero, Ho: M2-M1=0. Changes from sessions 1 to 2, 

expressed in T points, ranged from -3.06 to 4.46, and 

averaged 1.56 T points ( SD = .101 ). In other words, most 

patients demonstrated slight neuropsychological 

"improvement" during Session 2 of 1.56 T points. This 

result conforms to the expectation that test-retest changes 

in T scores would be less than 5 T points and would not 

attain clinical signif icance, i.e., 10 T_ points or 1 

standard deviation. Furthermore, the average changes in T 

scores from Session 1 to Session 2 for Groups 1 and 3 were 

1.986 and 1.925, respectively. These values, when 

contrasted with the Group 2 mean of .759, lend support to 

the hypothesis that the magnitude of practice effects would 

be maximized when identical tests are repeated (Groups 1 and 

3) and minimized when parallel forms are employed (Group 2). 

Cell means for all post hoc comparisons were analyzed 

using Tukey's honestly significant difference test at the 

.05 level of significance (Kirk, 1968). In Group 1, the 

difference scores for the following scales were significant-

ly greater than zero: Rhythm (3.08), Visual (3.07), Recep-
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tive Speech (3.15), Expressive Speech (3.70), Memory (2.72), 

and Intellectual Process (2.09). In Group 2, the following 

scales yielded difference scores significantly different 

from zero: Tactile (3.10), Receptive Speech (2.21), Writing 

(-3.06), Right Hemisphere (3.26), and Left Hemisphere 

(4.49). In Group 3, the following scales demonstrated 

statistical significance: Visual (2.55), Receptive Speech 

(2.13), Reading (1.54), Arithmetic (3.26), Intellectual 

Process (3.84), Left Hemisphere (2.22), and Pathognomonic 

(2.76). 

Table 20 depicts raw score changes from Session 1 to 

Session 2 for the RWMS. Difference scores were derived by 

subtracting scores obtained during Session 1 from scores 

obtained in Session 2. These difference scores were then 

tested against the hypothesis that the difference in means 

between Session 2 and Session 1 would be zero, Ho: M1-M2=0. 

Subjects that received RWMS-I for both sessions (Group 1) 

manifested significant gains in mean scores on the Immediate 

( t. = 3.29, p = .0019) and Delayed ( ;t = 4.17, p = .0001) 

Logical Memory scales. The average mean gains for the 

RWMS-I Immediate and Delayed Logical Memory scales were 2.53 
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TABLE 20 

Practice Effects and the RWMS 

Raw Score Means of the Revised Wechsler Memory Scale 
Sessions 1 and 2 

RWMS SCALE S 

GROUP 1 
N = 48 

MEAN SD 

GROUP 2 
N = 48 

MEAN SD 

GROUP 3 
N=48 

MEAN SD 

LOGICAL MEMORY 

LM Immediate 1 12.60 5.97 
LM Immediate 2 15. 13 7.74 
S2-S1= 2.53* 5.30 

13.19 
15.33 
2.14* 

7.53 
7.30 
4.13 

13.50 
14.83 
1.33* 

5.40 
7.18 
4.11 

LM Delayed 1 8.73 5.66 9.15 6.85 8.10 5.36 
LM Delayed 2 11.13 7.45 10.42 7.67 10.65 7.42 
S2-S1= 2.40* 3.98 1.27 4.47 2.55* 4.86 

LM % Retained 1 
LM % Retained 2 
S2-S1= 

65.56 38.36 
66.35 32.93 

0.79 27.16 

59.90 32 .43 
60 .40 32.94 

0.50 32 .25 

56.19 32.30 
66.79 34.26 
10 .60* 31.51 

FIGURAL MEMORY 

FM Immediate 1 6.40 3.94 7.33 
FM Immediate 2 6.56 4.23 9.27 
S2-S1= 0.16 3.10 1.94* 

3.51 
3.65 
3.29 

7.42 
8.25 
0.83* 

4.08 
4.17 
2.58 

FM Delayed 1 4.73 4.40 4.90 3.45 
FM Delayed 2 4.85 4.19 5.38 3.81 
S2-S1= 0.12 2.42 0.48 2.95 

4.44 
5.71 
1.27* 

3.97 
4.28 
2.69 

FM % Retained 1 58.69 37.27 
FM % Retained 2 65.04 43.59 

S2-S1= 6.35 44.23 

62.58 34.50 54.58 40.55 
55.13 34.36 64.75 36.27 
-7 .45 32.53 10.17 40.68 

p < .05 
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and 2.40, respectively. These values reflect a change of 

.36 standard deviation. Subjects that received RWMS-II 

during both test sessions (Group 3) manifested significant 

gains in mean scores on the following scales: Immediate 

Logical Memory ( M gain = 1.33, t. = 2.25, £ = .0294), 

Delayed Logical Memory ( M gain = 2.55, t_ = 3.62, £ = 

.0007), Logical Memory Percent Retained ( M gain = 10.60, t_ 

= 2.33, £ = .0241), Delayed Figural Memory ( M gain = 1.27, 

t_ = 3.28, £ = .002), Immediate Figural Memory ( M gain = 

.83, _t = 2.24, £ = .03). These gain scores averaged .31 

standard deviation and ranged from .21 to .40 standard 

deviation. Finalíy, subjects that received RWMS-I followed 

by RWMS-II demonstrated significant gains on Immediate 

Logical Memory ( M gain = 2.14, t̂  = 3.60, £ = .0008), and 

Immediate Figural Memory ( M gain = 1.94, t_ = 4.08, £ = 

.0002). These changes in mean scores from Session 1 to 

Session 2 averaged .415 standard deviation and ranged from 

.289 (Immediate Logical Memory) to .542 (Immediate Figural 

Memory) . Practice effects for all three experimental groups 

averaged .35 standard deviation. 
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CHAPTER IV 

DISCUSSION 

Hypothesis 2 

The first hypothesis stated that there would be no re-

lationship between scores at Session 1 and scores at Session 

2, i.e., Ho: £ = 0. The results led to the rejection of 

the null hypothesis as 38 of 40 test-retest reliability 

coefficients were significant at the £ = .0001 level, and 

the RWMS Figural Memory Percent Retained-I and Figural Memo-

ry Percent Retained-II were significant at the .0038 and 

.0016 levels, respectively. Thus, the average level of sig-

nificance for the 40 test-retest reliability coefficients of 

the LN-I, LN-II, RWMS-I, and RWMS-II was .0002. 

Test-retest reliability coefficients for the LN-I and 

LN-II averaged .922 and .935, respectively. Since the theo-

retically maximum level a validity coefficient may attain is 

172 
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equal to the square root of the reliability coefficient, the 

LN validity coefficient may be as high as .967 (Lemke & 

Wiersma, 1976; Thorndike & Hagen, 1961). In summary, the 

results of this research indicate that the LN-I and LN-II 

are highly reliable neuropsychological instruments and may 

be used interchangeably with virtually identical 

reliability. A logical corollary to the aforementioned 

statement is that the validity of the LN-I and LN-II may 

also attain superlative levels of accuracy. 

The current results can be used to cross-validate an 

earlier test-retest reliability study on the LN-I. The 

importance of this cross-validation is that it extends the 

generalizability of the conclusions drawn from the previous 

research. Golden et al. (Note 5) administered the LN-I to 

27 chronic neurological patients whose mean age was 35.3 

years ( S^ = 11.2) and mean education was 11.3 years ( S^ = 

2.2). The test-retest interval averaged 167 days ( S^ = 

133.8 ) and ranged from 10 to 469 days. Test-retest 

reliability coefficients were significant at the .001 level, 

ranged from .77 (Right Hemisphere) to .88 (Arithmetic), and 

averaged .88. The present sample was older ( M = 54.52, ^ 
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= 12.70 ), more educated ( M = 13.17, S^ = 2.64), and was 

retested after an interval of 15.60 days ( SD = 11.54 ). 

Despite these methodological and demographic differences, 

the two studies are comparable. Reliability coefficients of 

the present sample were significant at the .0001 level, 

ranged from .871 (Writing) to .980 (Arithmetic), and 

averaged .922. An examination of Tables 3 and 17 reveals 

that in both studies the Arithmetic scale received the 

highest test-retest correlation. Correlations on the 

Reading, Rhythm, Arithmetic, and Expressive Speech scales 

were nearly identical. When reliability coefficients were 

rank ordered , the following LN scales revealed identical or 

nearly identical ranks: Arithmetic, Visual, Reading, Memory, 

Receptive Speech, Intellectual Process. With the exception 

of the Motor, Writing, and Expressive Speech scales, 

test-retest correlations from the Golden et al. sample were 

less than those computed in the present study. This result 

could be due to the fact that Golden's sample size was small 

and the range of neuropsychological ability was restricted 

by Golden's subject selection criteria which eliminated 

normals, patients over 55, patients with acute or recovering 
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injuries, patients with degenerative disorders, and patients 

involved in rehabilitation. Finally, test-retest 

reliability coefficients may have been reduced by the fact 

that the test-retest intervals employed in the Golden et al. 

study lacked uniformity and were more lengthy than those 

used in the current research project. By using small sample 

sizes, lengthy test-retest intervals, and homogeneous levels 

of patient ability, reliability coefficients will be 

minimized (Anastasi, 1976). Taken together, the two 

test-retest reliability studies on LN-I support Golden's 

contention that "scores on the LN are stable over time" 

(Golden et al., Note 5, p. 5). 

In Prigatano's critique of the Wechsler Memory Scale he 

reported that "no alternate-form or test-retest reliability 

estimates have been reported " (p. 819). The current 

research is unique in that it is the first study of its kind 

to present data on the test-retest reliability of the RWMS-I 

and RWMS-II. The overall test-retest reliability 

coefficients for the RWMS-I and RWMS-II were .711 and .695, 

respectively. Although " these values are not nearly as high 

as those obtained on the LN-I and LN-II, they are still 
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within acceptable limits (McCarty et al., 1980). Scores on 

the Logical and Figural Memory scales are more variable than 

LN scales, and scores on the Logical and Figural Percent 

Retained scales would be even more difficult to predict over 

time. 

Russell (1981) called the neuropsychological assessment 

of memory "woefully underdeveloped" (p. 81). The results of 

the present study support this claim. Not only is the RWMS 

based on inadequate norms, poor diagnostic validity, and 

restricted standardization sampling, the test-retest 

reliability of the RWMS reflects the instability of memory 

scores over time (Prigatano, 1978). The magnitude of the 

RWMS-I and RWMS-II reliability coefficients was adversely 

affected by a subjective and poorly defined scoring system, 

inadequate separation between memory-impaired patients and 

persons without memory deficits, and insufficient test 

length (Anastasi, 1976; Lemke & Wiersma, 1976; McCarty et 

al., 1980; Power, Logue, McCarty, Rosenstiel, & Ziesat, 

1979; Prigatano, 1978; Rawling & Lyle, 1978). 
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An examination of test-retest reliability coefficients 

for other neuropsychological batteries proved illuminating. 

An analysis of test-retest reliability coefficients for the 

WAIS (Table 1), HRB (Table 2), RWMS (Table 18), and LN 

(Table 17) reflected that the LN is the most reliable 

neuropsychological assessment battery currently available. 

The average test-retest reliability coefficients for LN-I 

(.922) and LN-II (.935) exceeded those of the WAIS (.765), 

HRB (.668), and RWMS-I (.711) and RWMS-II (.695). Cronbach 

(1970) recommends that if two tests are equivalent in terms 

of validity then the decision of which test to employ rests 

on the comparative reliability of the two measures. The LN 

and HRB possess comparable validity; however, the LN is 

superior to the HRB in terms of interjudge reliability and 

test-retest reliability (Golden, Kane, Sweet, Moses, 

Cardellino, Templeton, Vicente, & Graber, 1981; Kane, Sweet, 

Golden, Parsons, Moses, 1981). Thus, according to 

Cronbach's (1970) logic, the LN deserves more serious 

consideration by neuropsychologists than it has heretofore 

enjoyed. 
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Hypothesis ^ 

This study was the first to report parallel form relia-

bility coefficients between LN-I and LN-II. The average 

parallel form reliability coefficient (.921) and the relia-

bility coefficients of the 14 LN scales were highly signifi-

cant ( £ =.0001 ) and led to the rejection of the null hy-

pothesis, i.e., Ho: £ = 0. Although the average parallel 

form reliability coefficient was less than the test-retest 

reliability coefficients obtained on the LN-I (.922) and 

LN-II (.935), the difference between these reliabilities was 

insignificant. 

The true value of obtaining parallel form reliability 

coefficients on a test is that this parallel form reliabili-

ty procedure is the "most rigorous" examination of test re-

liability and also is the most widely recommended reliabili-

ty assessment procedure (Anastasi, 1976; APA, 1974; Cureton, 

1958, 1965; Nunnally, 1967; Thorndike, 1966; Thorndike & Ha-

gen, 1961, p. 178). Cureton (1958) takes issue with the 

test-retest reliability procedure because the contaminants 

of memory and practice create spurious results, rendering 

test-retest reliability coefficients less meaningful. 
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Thorndike and Hagen (1961) claim that parallel form 

reliability coefficients possess more generalizability 

because they do not obfuscate a thorough analysis of test 

variance. The average LN parallel form reliability 

coefficient of .921 should provide solace to 

neuropsychologists concerned with employing alternate forms 

of the LN on a repeated basis. Test accuracy is not 

sacrificed when the LN-I is followed by the LN-II. 

Furthermore, there is the added advantage that this 

alternate form procedure will help reduce the confounding 

effects of memory and practice on test results. 

Parallel form reliability coefficients on the RWMS 

ranged from .513 (Logical Memory Percent Retained) to .846 

(Immediate Logical Memory) and averaged .664. These 

reliability coefficients were significant at the £ = .0001 

level and led to the rejection of the null hypothesis, i.e., 

Ho: £ = 0. Furthermore, as was originally predicted, the 

alternate form reliability coefficients were less than their 

RWMS-I and RWMS-II test-retest counterparts. This reduction 

is explained by the fact that parallel form reliability 

allows for the examination of variance due to item sampling 
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whereas the test-retest procedures masks this variance 

(Thorndike & Hagen, 1961). However, the RWMS parallel form 

reliabilities were less than those obtained on the LN and 

reflect the inherent difficulties in this assessment device: 

(a) insufficient length; (b) subjective and poorly defined 

scoring criteria; (c) poor interjudge reliability; and (d) 

inadequate item difficulty so that memory-impaired patients 

cannot be reliably separated from individuals without memory 

deficits. 

The results of the RWMS parallel form reliability 

analysis can compared to previous studies that utilized 

similar designs. Bloom (1959) examined the parallel form 

reliability of the WMS using 32 psychotic inpatients. One 

group of 16 patients (8 males, 8 females) received WMS-I 

followed immediately by WMS-II. Another group of 16 

patients (8 males, 8 females) received WMS-II followed 

immediately by WMS-I. Unfortunately, Bloom did not follow 

the psychometric recommendation that the test-retest 

interval range from several days to several weeks (Anastasi, 

1976; APA, 1974). Thus, the results may be confounded by 

practice effects and unknown carryover effects from the 
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immediately preceeding test experience. With this caveat, 

the reliability coefficients for the average WMS (.67), 

Immediate Logical Memory (.77), and Immediate Figural Memory 

(.59) were compared to the average RWMS (.695), Immediate 

Logical Memory (.846), and Immediate Figural Memory (.579) 

parallel form reliability coefficients. The reliability 

coefficients of the present sample are very similar to 

Bloom's (1959) sample and do not significantly differ from 

one another. A similar comparison was made with the data of 

McCarty et al. (1980), who tested 25 elderly female 

residents of a Methodist retirement home with the RWMS-I and 

RWMS-II. Forms were administered in a counterbalanced order 

with two days separating the test administrations. When 

McCarty's (1980) parallel form reliability coefficients were 

contrasted with those of the present sample no significant 

differences were found. Because of the lack of significance 

between the results of this study and those of Bloom and 

McCarty et al. , parallel form reliability coefficients were 

combined and averaged: average RWMS (.682), Immediate 

Logical Memory (.821), Delayed Logical Memory (.766), 

Logical Memory Percent Retained (.474), Immediate Figural 
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Memory (.632), Delayed Figural Memory (.648), and Figural 

Memory Percent Retained (.508). Using the alternate form 

procedure with the RWMS is replete with hazards. The 

accuracy and stability of memory scores over time are 

tenuous. Therefore, changes in RWMS scores in a 

neurological population are difficult to interpret. Change 

may be due to scoring unreliability, test unreliability, 

spontaneous recovery, rehabilitation, and/or fluctuations in 

patient motivation or fatigue. 

Hypothesis 3_ 

The third hypothesis stated that reliability coeffi-

cients of internal consistency for the LN and RWMS would 

lead to the rejection of the null hypothesis, i.e., Ho: r_ = 

0. Split-half reliability coefficients for the LN-I and 

LN-II were .988 and .985, respectively, and were significant 

( £ = .0001 ). Split-half reliability coefficients for the 

RWMS-I and RWMS-II were .742 and .681, respectively, and 

also were significant ( £ = .0001). Therefore, the null hy-

pothesis was rejected. 
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The average coefficients of internal consistency 

derived from the RWMS-I (.794) and RWMS-II (.742) were less 

than the average coefficients of internal consistency of the 

LN-I (.874) and LN-II (.863). The reason for this 

differences is because the RWMS possesses only two items on 

each Logical Memory Scale and only four items on each 

Figural Memory Scale. Anastasi (1976) reports that 

reliability coefficients will decrease as the number of 

items comprising the test decreases. Another reason for the 

lessened internal consistency of the RWMS is due to the 

error variance associated with the scoring system which, as 

has already been stated , is subjective and poorly defined. 

Finally, the individual items of the RWMS were not designed 

to reliably separate memory-impaired patients from 

individuals without memory deficits. In contrast, items on 

the LN were selected because they differentiated brain 

damaged from nonneurological patients. The inability of the 

RWMS to separate different patient groups will serve to 

attenuate reliability coefficients. The inadequacies of the 

RWMS have already been delineated; however, the split-half 

correlations further underscore the need for major revisions 
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of the RWMS that include a broader and more comprehensive 

assessment of memory which also uses a reliable and 

objective scoring procedure. 

Although the split-half reliability coefficients cannot 

assess variance due to temporal instability they can provide 

useful information with regard to (1) variance due to 

content sampling, and (2) the precision with which the test 

measures an individual's performance at the specific moment 

of testing. Thus, the LN-I and LN-II are internally 

consistent and accurately reflect patient behavior when 

tested whereas the RWMS-I and RWMS-II provide less accurate 

reflections of patient performance. LN split-half 

reliability exceeded the RWMS because the former test 

possesses more items, the items are more adequately designed 

for maximum separation between different patient 

populations, and the scoring system is more accurate than 

the RWMS. 

Golden et al. (Note 4) performed a split-half analysis 

of the LN-I using a heterogeneous sample of 74 normals, 83 

psychiatric patients, and 181 neurological patients (N=338). 
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Golden et al. (1981) split each scale of the LN into 

parallel half tests and then correlated the results. They 

supported their methodology by claiming that since each 

scale is theoretically internally consistent the split-half 

procedure should be applied to the individual scales as 

opposed to the customary procedure of examining the entire 

test. Split-half reliabilities in Golden's sample ranged 

from .89 (Memory) to .95 (Reading) and averaged .916. Table 

3 presents their results. An examination of Table 17 

reveals that individual scale split-half reliabilities were 

generally lower in the current sample than those derived by 

Golden et al. (Note 4). LN-I split-half reliabilities 

ranged from .701 (Tactile) to .961 (Expressive Speech) and 

averaged .874. Form II coefficients of internal consistency 

ranged from .661 (Rhythm) to .972 (Expressive Speech) and 

averaged .863. The discrepancy between the current results 

and those of Golden et al. (1981) is most parsimoniously 

explained by the fact that Golden's sample was 3.5 times 

larger and employed a more heterogeneous collection of 

subjects. Thus, Golden's sample is probably a more accurate 

reflection of the internal consistency of the LN scales than 

the present study. 



186 

The split-half reliability of the RWMS was investigated 

by Russell (1975) in his original article on the RWMS. He 

employed 30 normals and 75 brain damaged patients. Similar 

to the Golden et al. study (Note 4), Russell (1975) 

examined the split-half reliability of the individual scales 

of the RWMS-I by correlating the two stories in the Logical 

Memory scale and the four designs on the Figural Memory 

scale. The results of his analysis were as follows: 

Immediate Logical Memory (.83), Delayed Logical Memory 

(.88), Logical Memory Percent Retained (.84), Immediate 

Figural Memory (.84), Delayed Figural Memory (.85), and 

Figural Memory Percent Retained (.51). All correlations 

were significant at the .01 level. In order to compare the 

current sample to that used by Russell (1975), Russell's 

split-half methods were applied to the data. Table 18 

presents the results of this analysis and reveals lower 

split-half values than those obtained by Russell (1975). 

Although several RWMS-I split-half reliability coefficients 

differed significantly from each other when Russell's sample 

was compared to the current study (Delayed Logical Memory, 

Logical Memory Percent Retained, Immediate Figural Femory, 
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Delayed Figural Memory, Figural Memory Percent Retained), 

the average split-half reliability coefficients of Russell's 

sample (.792) and the present sample (.794) were equivalent. 

Hypothesis 4_ 

Although means and variances for the 14 LN scales were 

equivalent when Form I was compared to Form II, item distri-

butions revealed significant discrepancies between the two 

forms for 87 items and significant item mean differences in 

61 instances. Because of these differences a more thorough 

analysis of the two forms was made. 

According to Ariel and Golden (1982, p. 90) Form II 

"generally parallels" Form I in the manner and order of ad-

ministering items and scales. Items 1-269 of LN-II parallel 

the functioning of the items on LN-I; however, Form II con-

tains an Intermediate Memory Scale which includes 10 addi-

tional items that examine recall or recognition of motor, 

tactile, visual, verbal, melody, and serial memory items 

given during earlier portions of the test. Test items were 
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written in an equivalent format and sample similar behaviors 

to Form I, athough instructions were occasionally modified 

to allow the patient more latitude in responding to items or 

which requested that the examiner record patient responses 

in greater detail than Form I. Form II requires that more 

consideration be placed in recording raw scores as well as 

scale scores; however, the essentials of scoring the battery 

are similar to Form I. Instead of separate stimulus cards, 

Form II utilizes a stimulus book with flippable cards 

containing drawings, photographs, and written items in large 

bold print. Form II stimulus cards contrast dramatically 

with the Form I stimulus materials in that (1) the 

dimensions of the Form I cards are significantly less than 

the Form II materials, (2) the LN-II stimulus material, 

including drawings, photographs, and written material, is 

much larger than Form I material, (3) cards are not bound in 

Form I so it is easier to err by misplacing cards and/or 

require additional time shuffling through unsorted cards for 

the proper stimulus item, and (4) since the majority of LN-I 

stimulus cards were printed in Denmark and were based on 

Christensen's (1975) adaptation of Luria's test techniques, 
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there are several cards which are not even used on Form I 

whereas all Form II cards are used and are arranged in 

consecutive order. These differences accounted for the fact 

that administrations of the LN-II (2.64 hours) averaged 15 

minutes less than LN-I (2.9 hours) test administrations ( £ 

< .01 ). The cassette tape is identical for the Rhythm and 

Receptive Speech scales. Stimulus objects used in the 

Tactile and Receptive Speech scales are identical except a 

nickel is substituted for a quarter in LN-II. 

Form II reflects a wide range of psychometric expertise 

in its construction. Anastasi (1976) and Freeman (1962) 

have outlined specific psychometric requirements which 

should be met in constructing parallel forms. The LN-II 

mirrors some of these criteria and violates others. The 

equivalence between LN scale score means and variances 

indicates that that LN profile elevations may interpreted 

identically between LN-I and LN-II. The equivalence between 

means and variances is a critical component in the 

construction of alternate test forms (Anastasi, 1976). 

Form-II reflects good test construction because it includes 

the same number of items as Form I, items are written in an 
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equivalent format, and items sample similar 

neuropsychological behaviors to those examined in Form I. 

The instructions, scoring, and administration procedures are 

analogous. Finally, the current study reveals that the 

interjudge reliability of the LN-II is equivalent to the 

original form as are test-retest and split-half reliability 

coefficients. These aspects of Form II help fulfill many 

psychometric criteria in the development of alternate forms. 

However, there are aspects of Form-II construction 

which generate considerable psychometric problems. Ariel 

and Golden (1982) report that the batteries generally 

parallel one another in item content "on the majority of 

items" (p. 90). In fact, 52 LN-II items are identical to 

their LN-I counterparts. The Motor, Rhythm, and Receptive 

Speech scales contained 78% of these identical items. The 

Rhythm scale contains only one parallel item (/̂ 57) while 21 

of 51 Motor scale items (41%) are identical. Nearly one 

quarter of the Receptive Speech scale is composed of 

identical items (N=8). Other scales that include identical 

items are Tactile (N=2), Visual (N=2), Expressive Speech 

(N=4), and Arithmetic (N=4). Thus, Ariel and Golden 
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violated the psychometric criterion that alternate form 

items sample similar but not identical content (Anastasi, 

1976; Freeman, 1962). Another psychometric requirement of 

parallel forms is that the range and level of item 

difficulty be equivalent (Anastasi, 1976; Freeman, 1962). 

It is at the item level that Form II reveals substantial 

deficits. 

Chi-square analyses of scoring distributions indicated 

that 32% (N=87) of the LN-II items differed significantly 

from their parallel counterparts. The majority of these 

discrepancies in scoring distributions occurred on the Motor 

(N=7), Tactile (N=8), Visual (N=9), Expressive Speech 

(N=17), and Intellectual Process (N=19) scales. 

Furthermore, when the means of these items were analyzed 61 

items reached statistical significance. Appendix F provides 

a list of these items. The majority of these differences 

were found on the Tactile (N=6), Expressive Speech (N=14), 

and Intellectual Process (N=13) scales. Item difficulty 

(ID), defined as the percentage of patients who attained a 

scale score of 0 on an item (i.e., passed the item) , also 

was analyzed. Anastasi (1976) recommends that item 
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difficulty should average .50 across test items and that 

items approaching extreme difficulty levels (1 or 0) should 

be discarded or rewritten. Because the current patient 

sample was moderately brain damaged, more tolerance was 

levied on items that had high difficulty levels than those 

that were passed by nearly every patient. LN-II items that 

were passed by most every patient tested in this sample were 

found on the Receptive Speech (//112, ID=.97; #114, ID=.99), 

Expressive Speech (#146, ID=.84), and the Intellectual 

Process scales (#243, ID=.95; #251, ID=.84). LN-I items 

that were rarely failed were found on the Receptive Speech 

(#114, ID=.91) and Expressive Speech scales (#133, ID=.92; 

#146, ID=.84). These items are listed in Appendix G along 

with chi-square distributions and mean significance levels. 

On the other end of the spectrum, several items were failed 

by nearly every patient. These items on LN-I were found on 

the Visual (#93, ID=.07), Expressive Speech (#171, ID=.07), 

Writing (#184, ID=.02), Reading (#196, ID=.14), and 

Intellectual Process scales (#238, ID=.15; #239, ID=.20; 

#242, ID=.19; #249, ID=.18). The most frequently failed 

items on LN-II were found on the Visual (#89, ID=.07), 
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Memory (#231, ID=.15), and Intellectual Process scales 

(#242, ID=.03). Even more discomforting was the discovery 

that there were 45 items that differed significantly in 

terms of mean scores, scale score distributions, as well as 

having the difference between LN-I and LN-II item difficulty 

levels exceed 15 percent. These results point to the 

conclusion that the LN-I and LN-II are not equivalent at the 

item level and, therefore, are not parallel. 

Discrepancies on the item level with other 

neuropsychological tests would be less serious because most 
/ 

of the tests are interpreted at the summary scale level and, 

as long as the alternate forms have equal summary scale 

means and variances, the interpretive process would proceed 

accurately and unencumbered; however, the interpretation of 

the LN involves a variety of methodologies and discrepancies 

between parallel forms at the item level may deleteriously 

affect the validity and reliability of test interpretations 

(Anastasi, 1976; Golden, Ariel, McKay, Wilkening, Wolfe, & 

Maclnnes, 1982). Golden, Ariel, McKay et al. (1982) state 

that the LN should be analyzed qualitatively and 

quantitatively. Golden et al. suggest three approaches to 
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interpretation. At one level is syndrome analysis which 

involves the theoretical examination of component skills of 

diverse functional systems which are performing unerringly 

versus those that are behaving pathologically. Another 

interpretive strategy involves an empirical-actuarial 

approach whereby statistical relationships are analyzed on 

the item and scale level. Finally, LN qualitative analysis 

comprise the third interpretive procedure and examines 

performance on individual test items. As is evident, these 

interpretive methods have their foundations based at the 

item level. These methods are then applied in five distinct 

steps which include "the examination of (a) the original 14 

scales of the test, (b) localization scales, (c) the factor 

scales, (d) item patterns, and (e) qualitative aspects of 

performance on individual test items. The point that must 

be stressed is that comprehensive interpretation of the LNNB 

requires utilization of all of these ways of organizing the 

data" (Golden, Ariel, McKay et al., 1982, pp. 293-294; 

underscore added for emphasis). Golden, Ariel, McKay et al. 

(1982) assert that individual scale elevations can never be 

interpreted independently of an exhaustive pattern and item 
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anaylysis. In fact, Golden is so invested in item level 

interpretation that he is publishing a book devoted to the 

topic, Item Interpretation of the Luria-Nebraska 

Neuropsychological Battery. 

Thus, the observed discrepancies at the item level 

between LN-I and LN-II are serious problems which must be 

confronted in order to preserve the validity and reliability 

of the alternate form (Anastasi, 1976). Perhaps the most 

parsimonious solution to this dilemma would involve 

adjusting the scale scores of certain LN-II items which 

significantly diverge in item difficulty and scale score 

distributions from LN-I. For example, Intellectual Process 

items 238 and 239 are much easier on LN-II (ID=.57) than on 

LN-I (ID=.15). The LN-I item requires the patient to make 

difficult discriminations among a series of randomly ordered 

and ambiguous stimulus cards which depict the changing of 

the seasons and then reordering the set into a more logical 

sequence. The LN-II parallel item presents the patient with 

a straightforward picture arrangement sequence involving the 

growth of an egg into a chicken. Scale score norms could be 

adjusted for the LN-II item to equate it to the original 
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item. Another alternative would involve selecting a new 

sequence of picture arrangement items for LN-II that would 

more closely parallel its LN-I counterpart in item 

difficulty and scale score distribution. Other items need 

to be rewritten and/or the scoring criteria readjusted. For 

example, LN-II item 242 of the Intellectual Process scale 

was passed by only 3% of the patients tested in this sample. 

This item presents the patient with a drawing of a winter 

scene with a man and a woman walking down a path in summer 

clothing. The patient is then asked, "What is comical or 

absurd about the story in this picture?" The problem with 

this particular item is that the scoring criteria are too 

rigorous and thus preclude adequate performance. Not only 

must a patient respond that the people are improperly 

dressed for winter but, to receive full credit, the patient 

must indicate that they do not seem to be aware of their 

predicament. Even the seriously impaired patients had no 

difficulty finding the humor in this situation; however, 

rarely did patients add that the people were unaware of 

their situation. Other examples involve items 184 and 196 

of the Writing and Reading scales. In selecting the 
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stimulus material for these items, Golden and Ariel were 

apparently insensitive to vast differences in the 

familiarity and difficulty of the stimuli they selected. 

LN-I item 184 asks the patient to write the words 

"physiology" and "probabilistic" from dictation while the 

LN-II counterpart requires "military" and "presumptuous" to 

be properly written. Only 2% of the patients in this sample 

correctly wrote the LN-I item while 14% scored perfectly on 

LN-II. The means and scale score distributions on this item 

differed significantly when LN-I was compared to LN-II. 

These differences are probably due to the degree of 

familiarity the stimulus items possess as well as to the 

fact that the LN-I item possesses more syllables than its 

parallel item. Either the scale scores should be 

readjusted or the stimulus items changed in order to equate 

these items. A similar solution is recommended for Reading 

item 196 where the patient must correctly pronounce 

"astrocytoma" and "hemopoiesis" in LN-I (ID=.14) versus 

"reliable" and "irresponsible" in LN-II (ID=.80) (even the 

examiners administering the LN could not agree on the proper 

pronunciation of "hemopoiesis" and Golden did not provide a 
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pronunciation guide in his criteria). A more hazardous 

solution to the lack of parallelism between the LN-I and 

LN-II would require the examiner to become familiar with 

these unique idiosyncracies in each test, applying different 

interpretive strategies for LN-I and LN-II. The former 

psychometric solutions to this dilemma are recommended. 

Hypothesis 5̂  

The lack of statistically significant differences be-

tween RWMS Forms I and II during Session 1 was somewhat 

puzzling since previous researchers have reported that 

RWMS-II Immediate Figural Memory is significantly easier 

than its RWMS-I counterpart (Bloom, 1959; McCarty et al., 

1981). Bloom (1959) reported means and standard deviations 

on the Immediate Figural Memory subtest that indicated that 

the RWMS-II scale ( M = 8.00, SD = 2.59 ) was easier than 

the RWMS-I scale ( M = 5.75, SD = 2.63 ) in 32 psychotic in-

patients who received both forms of the WMS. McCarty et al. 

(1981) examined 25 elderly females and found that the RWMS-I 

Immediate Figural Memory scale ( M = 5.6, S^ = 2.8 ) dif-
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fered significantly from the RWMS-II scale ( M = 7.5, SD = 

3.6 ). When the current sample was analyzed for mean 

differences during Session 1, no statistically significant 

results were discovered although the mean of the RWMS-II 

Immediate Figural Memory scale ( M = 7.42, SD = 4.08 ) 

exceeded the mean of the RWMS-I Immediate Figural Memory 

scale ( M = 6.87, SD = 3.73 ). The magnitude and direction 

of the RMWS-II Immediate Figural Memory test parallels that 

found in the studies by Bloom (1959) and McCarty et al. 

(1981). Perhaps the lack of significance between the two 

Forms was due to the unique characteristics of the brain 

damaged population employed in this study. The simplicity 

of the RWMS-II Immediate Figural Memory test might not be so 

readily demonstrated in a brain damaged population when 

contrasted to other nonneurological groups. 

When the data were reanalyzed by combining scores in 

both test sessions and comparing RWMS-I scales to RWMS-II 

scales, the Immediate Figural Memory scale of Form II proved 

to be significantly easier than the parallel scale on Form I 

( _t = 3.60 £ = .0004 ). The remaining t. values averaged .83 

and were clearly nonsignificant ( £ = .45 ). The results of 
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these analyses might be explained by the fact that the 

differences in means between the two forms were not large 

enough to be detected using the Session 1 sample size; 

however, when the results from both test sessions were 

employed the increased sample size served to augment the 

power of the statistical procedure so that what had been 

previously undetectable was now seen as a statistically 

significant difference. In summary, the RWMS-II Immediate 

Figural Memory test tends to be easier for brain damaged 

individuals than the RWMS-I counterpart although this 

difference did not attain the levels of significance as has 

been demonstrated in previous studies. 

Hypothesis 6 

In the initial studies conducted on the LN, Golden, 

Hammeke, and Purisch (1978) discovered that a cutoff score 

of 60 T points would optimally separate neurological pa-

tients from hospitalized controls. Thus, it was of interest 

to discern if the current sample of brain damaged patients 

would indeed appear "brain damaged" according to Golden's 
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cutoff score. Another analysis involved discovering whether 

the current sample would appear significantly different from 

the normal control mean of 50 T points. 

A series of _t tests revealed that all three 

experimental groups differed significantly from the mean of 

50 across all 14 LN scales; however, not every LN scale 

exceeded the cutoff value of 60 T̂  points. In Group 1, the 

Visual scale ( M = 58.92, S^ = 13.21 ) failed to meet the 

criterion. In Group 2, means for the Motor ( M = 58.10, S^ 

= 20.02 ), Rhythm ( M = 55.23, S^ = 16.72 ), Visual ( M = 

57.82, SD_ = 13.55 ), Receptive Speech ( M = 59.37, SD = 

24.83) and Right Hemisphere scales ( M = 56.57, S^ = 17.12 ) 

did not exceed 60. Finally, the following scales in Group 3 

did not reach the cutoff score: Rhythm ( M = 58.54, Sd_ = 

21.65 ), Visual ( M = 57.41, SD = 14.34 ), Receptive Speech 

( M =57.53, SD = 18.89 ), Reading ( M = 59.21, SD = 17.41), 

and Memory ( M = 58.16, SD = 13.81 ). It is interesting to 

note that the Visual scale failed to exceed a T score of 60 

across all three groups. Similarly, the Rhythm and 

Receptive Speech scales failed to reach the cutoff in two 

experimental groups. Visual and Rhythm elevations are 
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typically associated with right hemisphere lesions (Golden, 

Hammeke, & Purisch, 1981). During the course of this study, 

encountering patients with right hemisphere lessions was 

exceedingly rare. Nearly nine times as many left hemisphere 

patients were used in this experiment as right hemisphere 

patients. This bias occurred because the base rates of left 

and right hemisphere lesions favored the appearance of left 

hemisphere patients in major medical settings over right 

hemisphere patients. Left hemisphere lesions tend to be 

more debilitating than right hemisphere disorders. 

Therefore, a higher percentage of patients with left 

hemisphere lesions will require the services of hospital 

facilities than patients with right hemisphere dysfunction. 

Luria hypothesized that the left hemisphere, with its verbal 

and executive orientation, dominated right hemisphere 

functioning. Lesions occurring in the dominant hemisphere 

were thought by Luria to be much more serious than traumatic 

events involving the right hemisphere. Luria's theories 

apparently are accurate in that left hemisphere patients 

were more prevalent in every hospital where this study was 

conducted. These patients also required more extensive 
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hospital support, often simultaneously involving the 

departments of neurology, physical therapy, occupational 

therapy, and audiology and speech pathology. Thus, the 

scores on the Visual and Rhythm scales probably reflect the 

prevalence of diffuse and left hemisphere patients and an 

absence of significant right hemisphere injuries. The 

presence of a lowered Right Hemisphere mean in Group 2 as 

well as the observation that Left Hemisphere T_ scores 

exceeded Right Hemisphere scores in all three groups 

corroborates this conclusion. 

The moderate elevation on the Receptive Speech scale is 

attributed to the fact that patients with severe receptive 

aphasia either did not qualify for the study or were not 

referred by their therapists because of their delicate 

neurological and psychological conditions. Because the LN 

is so heavily weighted toward verbal expression and 

comprehension, patients with severe receptive and/or 

expressive aphasia typically encountered major obstacles 

when taking the test: frequently all 14 scales were elevated 

above 70 and several scales exceeded T scores of 100. With 

these patients items had to be repeated over and over again 
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because of verbal comprehension deficits. Testing was often 

interrupted after hours of tedious work. The time to 

administer the battery often tripled or quadrupled. Thus, 

patients with severe aphasia were usually not referred by 

their physicians nor could they have comprehended or 

endured the nature of the task they were asked to commence. 

As a result, these severely aphasic individuals did not 

frequently participate in the present research. 

Hypothesis !_ 

As was discussed in Chapter 1, neuropsychological in-

struments that are employed repeatedly are vulnerable to 

practice effects. An individual (1) may remember the solu-

tion to an item or the strategy employed in solving a prob-

lem, (2) may increase his/her performance simply through 

practice, or (3) may offer identical responses to items re-

gardless of their accuracy. The effect of these variables 

is to spuriously elevate reliability coefficients as well as 

affect clinician's judgements about a patient's neuropsycho-

logical progress over time. LN-I test-retest changes from 
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Session 1 to Session 2 are presented in Table 19. Practice 

effects ranged from .48 T points (Motor) to 3.70 T points 

(Expressive Speech) and averaged 1.99 T points. The largest 

differences in T score means from test to retest were found 

on the following LN-I scales: Expressive Speech (3.70), 

Receptive Speech (3.15), Rhythm (3.08), Visual (3.07), 

Memory (2.72), and Intellectual Process (2.09). 

Nonsignificant changes were found on the following LN-I 

scales: Motor (.48), Right Hemisphere (.97), Left 

Hemisphere (.99), Tactile (1.21), Reading (1.23), Writing 

(1.66), Arithmetic (1.68), and Pathognomonic (1.78). The 

magnitude of practice effects on all 14 LN scales failed to 

exceed .5 standard deviation and was not even close to 

attaining clinical signif icance, i.e., 10 T̂  points. This 

observation is promising because the test-retest interval ( 

_M = 15.6 days, SD_ = 11.5 ) provided ample opportunity for 

patients to maximize practice effects. If practice effects 

are so miniscule using this abbreviated test-retest 

interval, they should be even less substantial when the 

battery is used more realistically in clinical settings 

where retest intervals typically range from six months to 
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two years. This supposition gains support when the results 

of this study are compared to those of Golden et al. (Note 

5). Using 27 chronic brain damaged patients and a 

test-retest interval that averaged 167 days ( S^ = 133.8 ), 

test-retest gains ranged from .1 (Reading) to 3.6 (Tactile) 

and averaged 1.56 Î  points. Thus, as the test-retest 

interval lengthens the confounding influence of practice 

effects on the LN-I is minimized. When employing the LN-I 

on a repeated basis with an extended interval between test 

administrations, the influence of practice effects should 

average less than 2 T̂  points. Should a neuropsychologist 

observe changes from test to retest of greater magnitude 

then he/she may search for alternative explanations for 

these changes: spontaneous recovery, rehabilitation, 

neurosurgery, etc. 

Test-retest results employing the LN-II closely 

paralleled the LN-I, as test-retest gains averaged 1.93 T 

points and ranged from .15 (Writing) to 3.84 (Intellectual 

Process). Significant test-retest gains were made on the 

Visual (2.55), Receptive Speech (2.13), Reading (1.54), 

Arithmetic (3.26), Pathognomonic (2.76), Intellectual 
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Process (3.84), and Left Hemisphere (2.22) scales. The 

average change in test scores for LN-II did not differ 

significantly from the average change in scores for LN-I. 

Again, practice effects on the LN-II failed to approach 

clinical significance and were less than .5 standard 

deviation. Across both forms of the Luria the scales which 

appeared consistently more susceptible to practice effects 

were Visual, Receptive Speech, and Intellectual Process. 

All three scales may be vulnerable to the effects of memory 

and practice because each scale has several problem-solving 

items which, once solved, may be remembered in future 

administrations. These items also typically are timed and 

so test-retest gains may be partially due to improvements 

made on timed items. 

When alternate forms of the LN were used on a repeated 

basis the magnitude of practice effects shrunk but not to 

the point of being statistically different from the 

test-retest practice effects observed on LN-I and LN-II. 

The average test-retest gain when employing alternate LN 

forms was .56 T points and ranged from -1.73 (Reading) to 

3.26 (Right Hemisphere). Significant gains were made on the 
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Tactile, Receptive Speech, Left Hemisphere, and Right 

Hemisphere scales. A significant loss occurred on the 

Writing scale. A curious aspect of these results was the 

decreases in performance obtained on the Writing, Reading, 

Arithmetic, Expressive Speech, and Intellectual Process 

scales. Appendix D indicates that all of these LN-II scales 

were found by Golden (Note 11) to be less difficult than 

their LN-I counterparts with the exception of the Arithmetic 

scale. Yet, patients performed "worse" on these scales 

during the second administration compared to the first. In 

an effort to discover why this occurred, T scores were 

computed for Group 2 subjects without using Golden's 

corrections and it was discovered that decreases in 

performance were still obtained on the Motor, Memory, and 

Arithmetic scales. This analysis indicated that (1) 

Golden's correction formulas are mere approximations and do 

not serve to equate the forms across the 14 LN summary 

scales or (2) performance by patients in Group 2 was more 

variable than the performance of patients in the other 

groups, where consistent test-retest gains were made on 

every LN scale. As wás originally hypothesized, the 
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utilization of alternate forms on a repeated basis helped 

attenuate practice effects; however, this reduction in 

practice effects was not significant and only represented a 

trend in the direction of favoring an alternate form 

approach over a test-retest design. Nevertheless, a slight 

advantage was gained when alternate forms were used on a 

repeated basis. The caveat discussed regarding the lack of 

equivalence between LN-I and LN-II must be remembered since 

this advantage in terms of practice effects applies to LN 

scale scores only and must be weighed against the problem of 

the lack of item equivalence between Form I and Form II. 

The investigator using alternate forms of the LN still runs 

the risk of making inaccurate interpretations of item 

performance when comparisons are made between LN-I and LN-II 

across test sessions. 

Before this study was completed, the influence of 

practice effects on the RWMS-I and RWMS-II was unknown. The 

results of this study serve to fill this void. RWMS-I 

Immediate and Delayed Logical Memory scales reflected 

significant gains of 2.53 and 2.40 raw score points, 

respectively. Figural Memory Percent Retained manifested a 
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gain of 6.35 percentage points while the remaining scales 

changed less than 1 point each. Relative to RWMS-I, Form II 

scales were more susceptible to practice effects as 5 of 6 

RWMS scales attained statistical significance, while the 

sixth approached significance. However, since these changes 

averaged only one-third of a standard deviatiion no clinical 

significance can be attributed to these gains. Similar to 

the logic applied to the LN, when longer test-retest 

intervals are used practice effects should be even more 

attenuated. Thus, these RWMS-I values should be considered 

"maximum" levels for practice effects in a brain damaged 

population. When employing the RWMS on a repeated basis the 

scores depicted in Table 20 should be helpful to clinicians 

who are interested in separating practice effects from 

rehabilitation, spontaneous recovery, and other sources of 

behavioral change. 

When alternate RWMS forms were used , only two 

statistically significant changes occurred between sessions, 

although the magnitude of the change averaged .415 standard 

deviation. Scores on Immediate Logical Memory increased an 

averaged of 2.14 raw score points while Immediate Figural 



211 

Memory scores increased 1.94 points. The only studies that 

investigated the effects of repeated administrations of 

WMS-I followed by WMS-II were performed by Stone (1947) and 

Stone et al. (1946). Using 60 college students as 

experimental subjects and a test-retest interval of two 

weeks, gains from WMS-I to WMS-II averaged 2.15 points. A 

group of 17 student nurses and 10 psychoneurotic patients 

made no gain from WMS-I to WMS-II when retested after an 

interval of 1-16 days ( M = 4 days). Unfortunately, the 

test-retest values of the individual WMS scales were not 

reported in either study. Thus, the value of these studies 

to the clinician is questionable. What little value that 

can be gleaned from these studies is that Stone believed 

that practice effects on the WMS were "small, if present at 

all" (Stone, 1947, p. 214). Therefore, the current study is 

the only source of data examining practice effects in a 

brain damaged population using alternate forms of the RWMS. 

Clinicians should make reference to Table 20 when interested 

in removing the contaminants of practice effects from true 

neuropsychological change. 
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Overview 

Researchers have been employing neuropsychological 

tests on a repeated basis without being cognizant of the in-

fluence of test reliability and practice effects on test 

scores. Without this awareness, changes in test scores are 

difficult to interpret accurately because the etiology of 

these changes may be due to a variety of confounded sources: 

rehabilitation, spontaneous recovery, memory, practice ef-

fects, psychopharmacology, and/or error variance due to 

scoring, administration, behavioral sampling, and random 

fluctuations in patient health, motivation, and fatigue 

(Anastasi, 1976; Cronbach, 1970; Mehrens & Lehmann, 1973). 

In their review of methodological problems confronting cli-

nicians who work with the neurologically impaired, Parsons 

and Prigatano (1978) state that the major obstacle confront-

ing neuropsychologists is "demonstrating that improvement in 

neuropsychological performance is due to the training and 

not to practice or recovery associated with the passage of 

time" (p. 618). Without knowledge of test reliability and 

practice effects this goal cannot be attained because unre-

liability and practice effects serve to obfuscate the ef-
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fects of independent variables (e.g., rehabilitation) on 

dependent variables (e.g., neuropsychological test results). 

This study fulfills this need by providing information on 

the reliability and practice effects of two representative 

neuropsychological tests. Furthermore, the research 

followed psychometric recommendations that test reliability 

be analyzed by a variety of procedures (Anastasi, 1976; APA, 

1974). 

Information is now available which accounts for error 

variance due to time sampling, content sampling, and 

interscorer differences on the LN and RWMS (Anastasi, 1976). 

Luria-Nebraska reliability coefficients of internal 

consistency (.973), stability (.929), equivalence (.921), 

and interjudge agreement (.974) were very high, confirming 

Golden's observation that the Luria-Nebraska is internally 

consistent and that test scores are stable over time. With 

these reliability coefficients it is possible to separate 

what Anastasi (1976) calls error variance from true variance 

in the LN. Error variance due to time sampling and content 

sampling is measured by the parallel form reliability 

coefficient (1-.921). An estimate of variance due to time 
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sampling can be derived by comparing the coefficient of 

internal consistency to the coefficient of equivalence. As 

can be seen in Table 21 error variance due to time sampling 

is .052. Finally, variance due to scoring unreliability 

comprises .026. The total measured error variance on the LN 

equals the sum of variance due to content sampling, time 

sampling, and interscorer differences. The Total Measured 

Error Variance equals .105. The corresponding True Variance 

on the test equals .895. 

TABLE 21 

Analysis of Sources of Error Variance in the Luria-Nebraska 

SOURCE ERROR VARIANCE 

Alternate Form Reliability: 1-.921=.079 Time Sampling + 
Content Sampling 

Split-half Reliability: 1-.973=.027 Content Sampling 

Difference: .052 Time Sampling 

Interjudge Reliability: 1-.974=.026 Interscorer 
Difference 

Total Measured Error Variance = .027 + .052 + .026 = .105 

True Variance = .895 
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An issue confronting a clinician measuring patient 

change over time is whether to use a single test form or al-

ternate forms on a repeated basis. The advantage of using a 

single form is that the clinician can learn the validity and 

reliability of this form as well as interpretive strategies 

more easily than learning the unique psychometric character-

istics of two forms simultaneously. However, inherent in 

the test-retest approach is the disadvantage that subsequent 

test results may be confounded by the effects of memory and 

practice. The use of alternate forms attenuates the effects 

of practice and memory but also requires the clinician to be 

cognizant of the reliabili'ty and validity of both forms and 

use unique interpretive strategies for each test. With ur-

gent demands on professional time, a clinician may not want 

to invest additional effort into learning the subtleties of 

a new test form. The current research may assist clinicians 

facing this dilemma. 

The effects of practice on both the LN-I and LN-II were 

minimal. For both Forms practice effects averaged less than 

one-third standard deviation and were not clinically signif-

icant. Although the employment of parallel forms reduced 
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the average magnitude of practice effects, this reduction 

was not significantly different than when identical forms 

were used . Thus , in terms of practice effects there was no 

decided advantage in using an alternate forms approach. 

However, because of the lack of item equivalence between 

LN-I and LN-II it would appear more efficient to use either 

Form I or Form II on a repeated basis than to alternate 

between forms. Clinicians following patient recovery using 

an alternate forms approach run the risk of making errors 

when using LN-I norms to interpret LN-II results since 32% 

of the items on LN-II significantly differed in scoring 

distribution from LN-I and 70% of these items were also 

significantly different in terms of item difficulty. Unless 

Form II is revised and then statistically equated to LN-I 

clinicians will be forced to learn the unique 

characteristics of both batteries. 

Previous research has contrasted the diagnostic 

validity of the LN with the HRB (Golden et al., 1981; Kane 

et al., 1981). The results of these efforts indicated that 

neither battery is more valid than the other in 

differentiating brain damaged patients from nonneurological 
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controls. Most neuropsychologists might conclude from this 

data that the HRB and LN are measuring equivalent domains 

with equal validity and reliability. However, when other 

aspects of these batteries are compared the tests begin to 

diverge and the advantages inherent in the LN become 

evident. Correlational studies suggest that both batteries 

measure similar neuropsychological domains although the LN 

is more comprehensive than the HRB (Swiersinsky, 1979; 

Vicente et al. , 1980). In terms of test reliability, a 

decided advantage is afforded the LN. The LN possesses 

higher interjudge, test-retest, and split-half reliability 

than the HRB. The LN also is much less vulnerable to 

practice effects than the HRB. Several of the most 

sensitive HRB indices of brain damage are also the most 

adversely affected by practice effects. The LN does not 

suffer from this criticism as the mean test-retest changes 

average less than one-third standard deviation and do not 

approach clinical significance. The results of this study 

indicate that the LN can be administered in 2.81 hours 

whereas the HRB often requires 10 hours to administer. The 

LN test materials average $150 whereas the HRB costs over 
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$1000 to purchase. The LN can be easily transported to the 

patient's bedside while the HRB contains unwieldly equipment 

which precludes this option. The use of T scores on the LN 

allows for syndrome and profile analysis. T scores also 

allow for the development of special scales for 

lateralization and localization as well as scales designed 

to separate different neurological groups. The HRB does not 

use standard scores and therefore does not offer these 

options. Parsons and Prigatano (1978) recommend that 

neuropsychological assessment account for the effects of age 

and education on test results. The LN corrects for the 

influence of age and education whereas the HRB does not. 

When interpreting the results of testing, the LN draws upon 

a rich qualitative theory developed by A. R. Luria and 

supported by empirical research. The HRB is not based on 

any comprehensive theory of brain functioning. The LN 

reflects a recent trend toward integrating qualitative and 

quantitative approaches to assessment, using several levels 

of analysis when interpreting the test. Not only are 

profile elevations noteworthy but performance on the item 

level is a critical component in the interpretive process. 
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The HRB emphasizes an actuarial approach to test 

interpretation and many HRB scales (e.g., Category Test) are 

not interpretable at the item level. When all of these 

differences are illuminated, the advantages of the LN over 

the HRB emerge quite distinctly. 

Memory disturbances are often among the most frequent 

and disturbing complaints reported by individuals suffering 

from brain injury. Thus, the clinician is often asked to 

examine these deficits. The Wechsler Memory Scale and the 

revision developed by Russell (1975) are the most widely 

used tests of memory. Even though the RWMS is sensitive to 

left hemisphere memory disturbances of the temporal lobe and 

hippocampus, it is still "far from being a complete test of 

memory" (Russell, 1981, p. 313). An adequate battery of 

memory tests would probably be too lengthy to be practical; 

however, even Russell (1981) finds that the current 

assessment devices are much too abbreviated. 

Despite the widespread use of the RWMS, little research 

has been conducted on the battery. Prigatano (1978) argues 

that the test lacks proper standardization, inadeauately 
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assesses right hemisphere disorders, and does not possess 

scaled scores for individual subtests. Until this study was 

completed, data on practice effects, test-retest and 

parallel form reliability were virtually nonexistent. 

Test-retest (.703), parallel form (.664), and 

split-half (.768) reliability coefficients for the RWMS were 

less than those found on the LN. The attenuated reliability 

on the RWMS was due to insufficient test length, subjective 

and poorly defined scoring criteria, poor interjudge 

reliability, and inadequate item difficulty. 

Similar to the procedure used with the LN, the RWMS can 

be analyzed for the contribution of various components of 

error-variance to an individual test score. As can be seen 

from Table 22, 38% of the variance in RWMS scores is due to 

errors inherent in the test itself. Table 22 and the 

aforementioned discussion underscores the need for the 

development of a more comprehensive test of memory that 

possesses standardized norms, more items, higher 

reliability, and enhanced discriminative validity. 

Russell's (1975) claim that the RWMS is a reliable and valid 

instrument may be open to question by the present data. 
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TABLE 22 

Analysis of Sources of Error Variance on the RWMS 

SOURCE ERROR VARIANCE 

Alternate Form Reliability: 1-.664=.336 Time Sampling + 

Content Sampling 

Split-half Reliability: 1-.768=.232 Content Sampling 

Difference: .104 Time Sampling 

Interjudge Reliability: 1-.950=.05 Interscorer 

Difference 

Total Measured Error Variance = .104 + .232 + .05 = .386 

True Variance = .614 

Because subjects were predominately recruited from VA 

hospitals, females were not included in this research. Fu-

ture studies should analyze sex differences and provide mi-

nority norms for both forms of the LN and RWMS. Because of 

time limitations, this study analyzed practice effects using 

only two test administrations. The cumulative effect of se-

rial testing is unknown. Future research might stratify 

subjects into age, sex, socioeconomic, and educational lev-

els and analyze whether performance on these neuropsycholo-
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gical tests is affected by these variables or by 

interactions among these variables. 

Form II of the LN is in need of revision. Scoring 

criteria and item content need to be readjusted so that 

items on the LN-II more closely parallel items on the LN-I. 

These items then need to be analyzed for their 

discriminatory power as was done on LN-I. T_ scores for 

LN-II need development using new samples of brain damaged 

patients and hospitalized controls. Once these norms have 

been established, localization and factor scales can be 

created to aid in the interpretation of Form II. More work 

is needed on both forms of the LN and RWMS in identifying 

how different neurological syndromes manifest themselves on 

these tests. Of particular interest would be an examination 

of the diagnositic effectiveness of the LN when patients 

with predominately right hemisphere lesions were compared to 

left hemisphere patients. Finally, research on these 

instruments should move toward integrating 

neuropsychological test data with the design and evaluation 

of rehabilitation programs. The synthesis of 

neuropsychological assessment with treatment planning will 

be tne next step in the evolution of this fledgling science. 
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APPENDIX A 

PRINCIPAL NEUROLOGICAL DIAGNOSES OF EXPERIMENTAL GROUPS 

DIAGNOSTIC GROUP 1 GROUP 2 GROUP 3 
CATEGORY FREQUENCY FREQUENCY FREQUENCY 

N=48 N=48 N=48 

Cerebral 20 23 20 
Vascular 

Degenerative 16 12 17 
Disorders 

Head Trauma 6 5 7 

Epilepsy 4 6 

Neoplasms 

Medical: 
Noncerebral 

Vascular 
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APPENDIX B 

DESCRIPTION OF THE IN 

DEVELOPING THE BATTERY 

The development of the battery began with the published work of A. R. Luria (1%6. 
1973) and that of Anne-Lise Christensen (1975. 1976. 1975c). Luria presents his ap-
proaches in his books. including sample ideas and a general approach to his tests. espe-
cially in Hi^iher Cortical Functions in Man. Christenscn presents a variety of specific 
terms with general instructions and cards that can be u.sed as stimuli for various items. 
Christen.sen*s format was adopted to develop several hundred items in 10 major areas. 

These initial items were tested on normal controls. and some were discarded because 
they were repetitious. somc bccause thcy could not hc pcrtbrmcd by the normal cv^ntrols. 
and others because of an inability to develop a reliable scoring system. Eventually. a 282 
item vcrsion was developed that was administered to 200 control (both psychiatric and 
normal) and neurological patients. From this initial testing (the results of these sfudies are 
described under "Validity Studies" later in this chapter) 13 more items were discarded 
that failed to discriminate between normal and brain-damaged patients. !ea\ing a hattery 
of 269 items which could be administered in about 2 to 2'/: hours. The items of this fmai 
version were divided into 11 scctions. including sections for motor skills. rhythmic and 
pitch skills. tactile skills. expressive language skills. receptive language skiils. readmg, 
writing. arithmctic. mcmory, visual-spatial skills. and inteiiectual skilis. This nna! ver-
sion of the battcry is prcscnted in the rcmainder of the chapter. 

TEST SECTIONS 

Within each section of the battery. there is a detailed qualitative anal\bis oi. the function. 
For example, motor functions are evaluated both when the subject has to imitate the 
function. as well as when the subject is simply told what to do. It is this type of breakdown 
of skills that makes the battery particularly appropriate for rehabilitation planning. Motor 
skills are also evaluated for simple. â  well as complex, functions in order to gain a 
complete understanding of the patient's functioning. The following describes the general 
evaluation made in each section. 

Motor Functions 

This section covers both basic and complex motor skills. The first 8 items invol\e the 
completion of simple. timed fine motor tasks using both the right hand and left hand 
alone. The first 4 items are done with the subject's eyes open. while the second 4 are done 
with cyes closcd. Itcms 9 to 20 evaluate the subjects ability to imitate actions performed 
by the experimenter and to follow directions about motor movements without any demon-
stration. Itcms 21 to 23 involvc bchavit)r using both hands simultancously Itcins 24 and 
36 to 47 involve drawing both from commands and from samples. A senes of items (2S to 
35) involvc mouth and tonguc movements. rangmg from the very simple to the verv 
complex (a scncs of rapid tongue. teeth. and lip movements). Items 49 to 51 examine the 
pcrson's ability to rcspond to specch instructions with motor movements. 

Rhythm (Acoustico-Motor) Section 

This section evaluaies rhythm and pitch abilities. Tlie first part of the section (iiems .̂ 2 to 
54) evalualcs pitch skills. The subject must state whether 2 toncs are the same or dittcrcni. 
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which of 2 tones is higher, and whether 2 groups of tones are identical. Items 55 to 57 
involve ihe reproduction of piich relationships. Subjects must produce a 3 tone sequence, 
reproduce a melodic line, and spontaneously give a melodic line ífrom "Home on ihe 
Range"). Items 58 to 63 involve rhythmic skilis. The subject must first identify the 
number of tones in several rhythmic groups and identify the number of soft and loud 
sounds in 2 groups. Rhythmic panems must be reproduced motorically. both when all 
bcats are of the same intcnsity and when some beats are hard and some soft . Finally, the 
subject must generate rhythmic pattems from their verbal descriptions (2 taps, for exam-
ple). 

Tactile (Higher Cutaneous and Kinesthetic Functíons) 

This section evaluates a varietv' of kinesihetic and tactile skills. All items in this section 
are done while the subject is blindfolded. In the firsi iiem, the subject must identify where 
he is louvhed. In the second, the subject must discriminate between the head and point of a 
pin. Then the subject must discriminaie between a hard and a soft stimulus and íhe 
direction of a moving stimulus. Items 74 to ' 9 require the subject to identify a variety of 
geometnc and alphanumeric symbols written on the back of the subject's wrist. Items 80 
10 81 require the subject to put one arm in a position to match ihe other arm. which is 
placed in a standard position by the experimenter. The final 4 items involve the identifica-
tion of common objects (quaner, key, eraser, paper clip). All items in this section are 
done separately for the right hand and left hand. 

Visuai (Spatial) Functions 

This section involves an evaluation of the subject's visual and spatial skills. The first item 
requires the subject to recognize common objects (e.g . a rubber band) when the object is 
shôwn to the subject. The second item requires the identification of objects presented in 
photographs. liem 88 presents pictures with var>'ing degrees of obscunt>. The subjeci 
must dentify what the object in the picture is. Several items involve pictures in which 
much of the object is blackened out, requiring the subject to integrate the pieces present 
into a gestalt. Items 90 to 91 involve sketches of objecis that overiap. The subject must 
identif) as manv of the objects as possible. liem 92 involves two items similar to those 
found in Raven 's Matrices. Items 94 to 96 involve telling time or directions as measures of 
spatial onentation. Items 97 to 98 show subjecîs drawings of 3 dimensional piies of 
blocks. The subject must identify how many blocks there are in the entire 3 dimensional 
object. The final item requires th'e person to mentalh roiate a geometric figure and show 
where each comer ends up. 

Receptive Speech 

This section evaluates a subject's abilit>' to understand spoken speech. The f.rst items 
mvolve the ident.fication of simple phonemes or senes of phonemes. The subjeci mus. 
repeat each item and then wnte down its written counterpan, allowmg for an evaluation 
even whcn oral expressive specch is impaircd. One itcm evaluates phonem.c d.scnmma-
uon whcn thc pitch of vo.ce changcs^ Item 108 evaluates s.mple word coinprchens.on, 
whilc 109 mvolvcs foUowmg a serics of simple commands from memory. Items 110 to 
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113 requirc simplc word dcfinitions by giving oral explanations or pointing at a real object 
or a pictorial representation. 

Items 114 to 116 involvc following simplc instruction, while item 117 involves follow-
ing simple, but contradicting, instructions. (If it is day now, point to the dark card.) Item 
118 involves simple instructions using prepositions, while items 121 to 122 examines 
possessive case instructions and itcms 123 to 124 involve spatial relationships. Items 125 
to 128 use increasingly complcx logical relationships, while items 129 to 132 examine 
invcrtcd grammatical structurcs. Finally, item 132 involves comprehension of complcx 
sentcnccs. 

Expressive Speech 

This section attempts to evaluate an individual's ability to express speech oraily. Items 
133 to 134 include the repetiiion of phonemes. while items 135 to 140 involve the 
repetition of increasingly complcx words ranging from "see" to "Massachusetts Epis-
copal." Items 141 to 142 are a repetition of a series of unrelated words. 

Items 143 to 153 parallel the foregoing items, but the subject must read rhe phonemes 
and words radier than repeat them after oral presentation. Items 154 co 156 require the 
repctition of increasingly complex sentences. In items 158 to 159 che subject must name 
pictures. Item 159 requires naming from a verbal description. Items 160 to 163 invoUe 
automatic speech (counting, days of the week). while in items 164 to 169 the subject must 
narrate in response to pictures, a story. and a theme. Item 170 requires a missing word to 
be fiUcd in io completc a sentence, while in item 172 a sentence must be made up that 
includes 3 given words. Item 173 gives a mixed up sentence thac the subject has to 
organize into a logical statement. 

'B' 

VVriting 

This section involves basic writing skills. Items 175 to 176 measure simple spelling skills, 
while 177 to 179 require copying letters and words from cards and from memory In item 
180 a subject has to writc his name. Items 181 to 185 require the writing of words and 
letters from dictation, whilc item 186 requires spontaneous writing on the subject oí 
rearine chiidren. 

Reading Skills 

This section parallels much of the wnting section. The first 2 items require the subject to 
statc words or sounds from dictated leners. Items 190 to 191 involve the identification of 
individual leners. while items 192 to 200 mclude the reading ot syllables. words of 
arying complexity. sentences. and tlnally a small story. V 

Aríthmetical Skills 

This úcction involvcs arithmetical skills ranging from simplc number identification to 
simplc alecbraic manipulations. Itcms 201 to 205 rcquirc thc ^*nting ot a senes ot 
numbcrs presented orally, whilc itcms 206 to 209 require thc rcading of numbcrs pre-
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sentcd visually. Itcm 210 is a comparison of numbcrs (e.g.. which is largcr''). Items 212 
to 217 test simple arithmetic skills (e.g., 7 to4), as well as more complex skills (e.g.. 24 
to 18). The task in itcms 218 and 2I9is tofiU in a missing sign (e.g.. 2 ? 10 = 20)!^Item 
220 requires'complcx adding without writing the problem down. In items 221 and 222 the 
subject must subtract from 100 by 7's and 13's, similar to itcms found on many mental 
siatus exams. 

Memory 

This scction invojvcs a varicry of vcrbal and nonvcrbal mcmorv items. Itcm 223 rcquires a 
subject to lcam a list of 7 words with 5 trials. Thc subjcct is asked lo predict before cach 
trial how many answers he will get corrcct. Thus the item yields scores for number of 
trials to criterion. as well as the deviation between the subject's acrual and predicted score. 
Item 224 mcasures thc ability to rcmember a picture whcn the person is required to count 
up to ICX) out loud in bctween memorizing and then anempting to recognize the picture. 
Item 227 requires drawing a picture from memor>. whiie 228 requires the memonzation 
of a rhythmíc pattem. In item 229. the subject must recall a series of hand positions Item 
230 requires memorization of a short verbal list. 

Item 231 requires a subject to remember a simple series (house-tree-cat) with an 
interfering task ;nvolving the description of a picture presented before recall. Item 232 is 
similar, but,íhe interfering task is memorizing another short list of words, and both seriei 
are later recaJIed by the subject. Item 233 involves memorization of 2 sentences. whiJe 
itcm 234 requires memorization of a logical story. Finally. item 235 requires a subject to 
associate a word with a picture and to give back the word when the picture is again shown. 

Intellectual Processes 

This section represents an evaluation of a subjects intellectual level and includes several 
items associated with traditional intelligence tests. Items 236 to 237 involve e.xplaining the 
theme of 2 picrures. Items 238 to 241 involve sequencing a series of pictures into a logical 
story. Items 242 and 243 require a subject to identify what is funny in a picture. Item 244 
involves abstrácting a theme from an orally presented story. Items 245 lo 247 invoKe 
explaining common terms or proverbs. Item 248 requests simple definitions. Item 249 to 
254 involve abstracting from the general to the specific and from specific items to general 
classes. Ftcms 255 and 256 involve seeing opposites and analogous reiationships. Item 257 
tests categorization skills. The last set of items. 258 to 269, involve simple and complex 
arithmetical reasoning using word problems. 

ITEM EXAMPLES AND SCORING PROCEDURES 

-As noted earlier in this chapter, items are scored by a wide vanety of techniques. .^fter an 
initial sample of 75 subjects was collected, sconng standards were set to evaluate each 
item on a 0, 1.2 scale. This scale was chosen after comparison with a senes of sconng 
systems,"iaciuding 2, 4, and 5 points scales. The 0. I. 2 system max.mized item discnmi-
nation among the brain-damagcd and control paticnts The sconng system was later 
rcvised on a sample of 233 ncurological and control paticnts. The 0, 1,2 system was 
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retained at that time with only minor modifications in norms from that found for the earlier 
samplc. 

For each item. the scoring system was defincd as follows; a score of 0 indicates normal 
performance; a score of 1 indicates performance intermediate to that of normal and 
brain-damaged palients; a score of 2 indicates performance characteristic of brain-
damagcd paticnts. For all items. it is recommended thai both thc raw and scaled score be 
recorded, since the raw scorc can be uscd in making finer discriminations, especiaily 
when comparing the scvcrity of 2 rcsponscs scored 2. 

The following discussion presents itcms from each section of thc tcst. along with the 
scoring norms and extended scoring criteria. This information is available in the test form 
and test manual that accompany the test. Item numbers by each item are those given in thc 
test manual. Italicized material is said to the patient. 

l • Using your right hand. toiich your fingers in rurn with your ihumb as quickly as you 
can while you count them. With palms facing up, demonsu"ate and then have the subject 
practice before timing^ Record the number of correctly completed 4 finger sequences that 
the subject completes tn 10 seconds. Do not count sequences in which the subject fails to 
touch all fingers or to maintain the correct sequence of the fingers. Sequences in which the 
fingertips are not in direct contact with the tip of the thumb are not counted as correct. 
[nstances in which contact is made below the last joint of the fingers are not counted as 
correct. Scoring: (0) 9 sequences and higher; (1) 5 -8 sequences; (2) 4 sequences and 
beiow. 

9. Do as í íio. Place right hand under chin with bent fingers. Be sure to use the same 
hand l do. If die subject uses the wrong hand then correct, after the first such error, 
saying, make sure you u.se the same hand as l do. Hand configurations that are rotated 
more than 45 degrees in any plane relative to the stimulus is counted as an error. as is the 
failure to follow the instruciions in any way. Scoring: (0) correct; )2) incorrect. 

22. With xour hands infront ofyou, tap your nght hand rwice und your lefr hand once. 
changing smoothlyfrom one hand ro rhe other like rhis. Demonstrate and ailow the subject 
to practice. Do it as quickly as you can until l rell you ro stop. Record the number of 
corrcctly completed 2 hand sequences. Sequences in which an incorrect number of taps 
are made with either hand are not counted in the finai tally. .-Mlow 10 seconds. Scoring: 
(0) 9 and higher; (l) 7 - 8 ; (2) 6 and below. 

38. Without lifting \-our pencilfrom the paper. I want you to draw rhe best square you 
can. Score for quality and îime until compietion. Scoring (timc): (0) 1-3 seconds; (l) 
4 - 5 scconds; (2) 6 and above. Scoring (quality): (0) Responses that are not in violation of 
any of the 1 or 2 point criteria listcd in Figurc l; (l) Score 1 if l or 2 violations occur, 
including (a) lack of closure by 2 - 6 mm; (b) overlapping by 2 - 6 mm; (c) a mild tremor 
in at least half û\t figure that docs not distort the figure;(d) any of the 1-point critena listed 
in Ft<'ure 1; (2) Score 2 if any of thc following occur: (a) 3 or more 1 point criteria listed 
above; (b) lack of closure grcatcr than 6 mm; (c) tracing overiap greater than 6 mm: (d) 
overall distortion of the figurc (e.g., an e.xtra side); (e) greater than 15 seconds to com-
plctc; (f) lifting thc pencil; and (g) additional 2 point criteria listed in Figure 1. See Figure 

1 for examples. 
52. Now you are going to hear 2 tones on the tape. Tell me whether rhe rones you hear 

are rhe same or d fferent. Play tapc. Circlc errors. Item consists of 5 rhvthm pau^. 
Sconng: (0) 0 crrors; (I) 1-2 errors; (2) 3 - 5 errors. 

63. Please make a series of:(l) 2 taps: (2) 3 taps: (3) 2 taps: (4) 2 strong and 3 weak 
taps: (5í 3 weak and 2 strong taps: (6) a series of 2 and 3 taps. Items arc given 

file:///-our
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FIGURE 1. Examples of scoring criteria for item 38. 

individually. If the subjcct fails to make a series, say / wanr you to make a series, do rhe 
rhythms more than once. Score an error when the tap groupings are not clearly discernible 
or taps fail to clearly reflect intensity differences. Scoring: (0) 0 errors: (1)1 error: (2) 
2 - 6 errors'. 

66. Subjcct is blindfolded. .Am I touching you with thepoint or the headofapin^ Touch 
the back of the appropriate hand with the head or point as indicated. Hold touch for each 
hand for 1 second. altemating between hands. Sequence: Right Hand. P H P P H; Left 
Hand, H P P H H. Score errors for each hand individually. Scoring: (0) 0 errors,' I) error; 
(2) 2 — 5 crrors. Same scoring for right and left hands. 

74. / am going to trace either a cross, a triangle, or a circle on your wrisr. Tell me what 
I am tracing. Altemaie between right and left wrist (back) making the figures about 30 
mm in diamcter. Indicate errors on scoring sheet. After the first error. remind subject of 
what the 3 forms are. Score separate errors for ihe right and left hands. .Mtemate between 
hands. Righi hand sequence: circle, cross. triangle. Left hand scquence: unangle. cross. 
circle. Scon'ng (both hands individually); (0) 0 errors: (I) 1 crror; (2) 2 - 3 errors. 

86. What do you call this object? Examiner presents objects one at a time. beginning 
with pencil, thcn eraser, rubber band. and quaner. Score number of errors. Scoring: (Oi 0 
crrors; (1) I error: (2) 2 - 4 errors. 

89. Whai is this picture supposed to be? Pictures are presented 1 ai a time for 10 
seconds. For the second picture, if the subjcct replies "a person" or "the ihinker" or 
something similar. say what makes it look like tiiat? Scoring: (0) 0 errors; (1)1 crror: (2)2 
crrors. 

95. Indicate ihe positions of the hands of a clock if the time is: 12:50. 4:35. 11:10. 
Make sure vou draw the minute hand longer rhan the hour hand. Provide a sheet N̂ ith 
blank clock faces. If thc examincr is not sure which is the minute and which is the hour 
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CONSENT FORM USED AT VA MEDICAL CENTERS 

INFORMATION ABOUT: RELIABILITY AND PRACTICE 
EFFECTS IN NEUROPSYCHOLOGICAL ASSESSMENT 

1. This study is designed to improve the accuracy of tests 
that are used in the diagnosis and treatment of individ-
uals suffering from brain injury. Information from this 
research project will improve our ability to monitor re-
covery from brain damage as well as the effects of reha-
bilitation, drugs, or surgery on brain functioning. 

2. You will be given two tests of brain functioning fol-
lowed 7-14 days later by two additional tests. You will 
be asked simple questi'ons which are designed to evaluate 
such abilities as reading, writing, memory, visual and 
auditory functions, and other important aspects of brain 
functioning. The first test session will involve ap-
proximately 2-3 hours and the second session will last 
approximately 2 hours. 

3. An additional part of this study involves an examina-
tion of your medical records in order that we might gain 
a greater understanding of the relationship between your 
medical history and your current test results. 

4. The results of testing will be strictly confidential. 
Your identity as a participant will not be revealed in 
any published or oral presentation of the results of 
this study. 
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Participation in this study is entirely voluntary. You 
may withdraw from the study at any time without preju-
dice. 

If you have any questions about the procedures of this 
study please ask us for more information. The principal 
investigator, Brian R. Campbell, may be reached by cal-
ling 213-938-5011 or by writing him at 1146 South Hudson 
Avenue, Los Angeles, CA 90019. In addition, Bettye 
Smith, Ph.D., Chief, Audiology and Speech Pathology Ser-
vice, VA Outpatient Clinic, will be able to answer any 
questions you may have about this research project. 

8. In the unlikely event you are injured 
participation in this study: 

as a result of 

(for non-veteran participants) the Los Angeles 
VA Outpatient Clinic will furnish humanitarian 
emergency medical care as provided by Federal 
statute. Compensation for such injury may be 
available to you under the provision of the 
Federal Tort Claims Act. For further informa-
tion, contact the VA District Legal Counsel at 
213-824-7379. 
(for veteran participants) the Los Angeles VA 
Outpatient Clinic will furnish medical care as 
provided by Federal statute. Compensation for 
such injury may be available to you under the 
provisions of Title 38, United States Code, 
Section 351, and/or the Federal Tort Claims 
Act. For further information contact the VA 
District Legal Counsel at 213-824-7379 
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I, , certify that the above 
written statement was discussed and explained fully to me by 

on this date. 

Date Signature 



APPENDIX D 

RAW SCORE CORRECTION FACTORS FOR LN-II 

The Following Corrections Will Equate LN-II and LN-I: 

Motor Scale-II 

Rhythm Scale-II 

Tactile Scale-II 

Visual Scale-II 

Receptive Speech-II 

Expressive Speech-II 

Writing Scale-II 

Reading Scale-II 

Arithmetic-II 

Memory Scale-II 

- 1.5 

+ 1.0 

+ 3.4 

+ 2.7 

+ 1.6 

- 2.5 

Intellectual Process-II + 3.5 

Right Hemisphere-II 

Left Hemisphere-II - 1.0 

Pathognomonic-II + 2.5 

Source: Golden (Note 11) 

Motor Scale-I 

Rhythm Scale-I 

Tactile Scale-I 

Visual Scale-I 

Receptive Speech-I 

Expressi.ve Speech-I 

Writing Scale-I 

Reading Scale-I 

Arithmetic Scale-I 

Memory Scale-I 

Intellectual Process-I 

Right Hemisphere-I 

Left Hemisphere-I 

Pathognomonic-I 
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APPENDIX E 

CHI-SQUARE ANALYSIS OF LN-I AND LN-II ITEM DISTRIBUTIONS 

Item Distributions Reflect Significant Differences (a=.05) 
When LN-I Was Compared To LN-II 

LN SCALE 

Motor Scale 

Rhythm Scale 

Tactile Scale 

Visual Scale 

Receptive Speech 

Expressive Speech 

N 

7 

1 

8 

9 

17 

Writing Scale 4 

Reading Scale 5 

Arithmetic Scale 6 

Memory Scale 5 

Intellectual Process 19 

ITEMS 

2*, 24, 25, 26, 27, 38*, 45 

61* 

66, 76, 77, 78, 79, 83, 84, 85 

87, 88, 89, 91, 92, 93, 94, 
95, 97 

102*, 112, 114, 128, 129, 132 

133, 135, 138, 143, 146, 148, 
154, 156, 157, 158, 165, 168, 
170, 171, 172, 173, 174 

175, 183, 184, 186 

189, 190, 191, 195, 196 

209, 214, 216, 217, 218, 219 

229, 231, 232, 233, 234 

236, 237, 238, 239, 240, 242, 
243, 244, 245, 247, 248, 249, 
251, 252, 253, 255, 257, 259, 
267 

257 
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* Identical Item 
All other items reflect differences between parallel items. 



APPENDIX F 

T-TEST ANALYSIS OF LN-I AND LN-II ITEM MEANS 

Item Means Reflect Significant Differences (a=.05) 
When LN-I Was Compared To LN-II 

^N SCALE N ITEMS 

Motor Scale 7 24, 25, 26, 27, 38* 

Tactile Scale 6 76, 77, 78, 79, 83, 84 

Visual Scale 5 87, 88, 92, 93, 94 

Receptive Speech 5 112, 114, 128, 129, 132 

Expressive Speech 14 135, 138, 143, 146, 148, 154 
156, 157, 158, 165, 171, 172 
173, 174 

Writing Scale 4 175, 183, 184, 186 

Reading Scale 4 189, 191, 195, 196 

Arithmetic Scale 2 217, 218 

Memory Scale 3 231, 233, 234 

intellectual Process 13 238, 239. 240. 2.2, 2.3, 2.5 
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All items reflect significant differences between forms. 
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APPENDIX G 

LN-I VERSUS LN-II 

LN-I and LN-II Items that Differed Significantly on 
Item Means, Item Difficulty, and/or Scoring Distribution 

LN LN LURIA-NEBRASKA CHI-SQ ITEM ITEM 
FORM ITEM ITEM DESCRIPTION p VALUE MEAN DIFFCLTY 

I 89 Patient is given a .0001 1.13 .22 
silhouette of a 
telephone & man's profile 
& asked, "Tell me what 
these pictures are?' 

II 89 Silhouettes are of a 1.00 .07 
tricyle & typewriter 

I 93 Patient is given a .0001 1.19 .07 
series of puzzles 
with missing pieces & 
he must decide which 
of several alternatives 
is correct. Score is 
based on time. 

II 93 Same problem except .90 .41 
puzzles & sizes of 
stimulus cards are 
different 

I 112 Patient is asked .0001 .23 .81 
to define the 
words: 
CAT, BAT, RAT. 

II 112 RAT, HAT, FAT. .04 .97 

I 114 Patient is asked to put .0035 .18 .91 

260 
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II 114 

I 133 

II 133 

I 146 

II 146 

I 171 

II 171 

184 

II 184 

II 

196 

196 

231 

II 231 

a hand on his/her head 
and move a foot. 
Patient told to put hand 
on knee & move an arm. 

Patient is asked to .0008 
repeat: A-I-M-B-SH. 
Patient is asked to 
repeat: E-0-N-P-CR. 

Patient is asked to .017 
read: HOUSE TABLE 
APPLE. 
Patient is asked to 
read: MAN THE SEE 

Patient is given a list .0001 
of incomplete sentences 
& is instructed to fill 
in the blanks with the 
appropriate words. 
Same task but different 
sentences are provided 

Patient is asked to .0001 
write: PHYSIOLOGY, 
PROBABILISTIC. 
Patient is asked to 
write: MILITARY, 
PRESUMPTUOUS. 

Patient is asked to read: .0001 
ASTROCYTOMA, HEMOPOIESIS. 
Patient is asked to read: 
RELIABLE, IRRESPONSIBLE. 

Patient is asked to re- .0001 
member HOUSE-TREE-CAT, 
then is asked to describe 
a picture of a man on a 
fox hunt. Patient is as-
ked what were the words he 
was asked to remember. 
Same format except the 

03 

1 .37 

1.09 

1.69 

1 . 19 

1.47 

.30 

.98 

.99 

12 

22 

09 

26 

.92 

.80 

.94 

.84 

07 

33 

02 

14 

14 

.80 

37 

1.40 15 
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words are APPLE BUSH 
HORSE, & the picture is 
now a drawing of cars in 
a traffic jam. 

I 238 Patient is asked to re- .0001 1.61 .15 
order a series of 
pictures depicting the 
changing seasons. 

II 238 Same format except the .85 .57 
pictures depict the 
hatching & development 
of a chicken. 

I 239 Time to complete #238 .0001 1.29 .20 
II 239 Time to complete #238 .60 .57 

I 242 Patient is presented a .0001 1.01 .19 
picture & is asked what 
is comical or absurd 
about the story in the 
picture. Picture shows 
frogs tying strings to 
bird's legs & then being 
carried away by the bird. 

II 242 Same format except pa- 1.93 .03 
tient is given a drawing 
showing a man & woman in 
summer clothing taking a 
walk in the snow. 

I 243 Patient is asked what is .0001 .96 .52 
comical or absurd about 
a series of pictures 
showing a man waking up 
and throwing his alarm 
clock out the window. 

II 243 Same format except pa- -10 .95 
tient is given a drawing 
of a man who is chopping 
a tree with a mallet. 

I 251 Patient is told that .0074 .58 .71 
table belongs to the 
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II 251 

group of obje 
furniture and 
for what grou 
belongs to & 
carp belongs 
Patient is to 
hamburger bel 
group of obje 
food & then a 
group dress b 
& what group 
belong to. 

cts called 
then asked 
p rose 
what group 
to. 
Id that a 
ongs to the 
cts called 
sked what 
elongs to 
sparrow 

32 84 


