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ABSTRACT
TEST-RETEST PRACTICE EFFECTS, RELIABILITY, AND STABILITY

OF THE WAIS-R IN RECOVERING TRAUMATICALLY-
BRAIN-INJURED SURVIVORS

By

David Brian Rawlings

Test-retest procedures to investigate practice effeéts,
reliability, and stability of the WAIS-R over time are
virtually non-existent. While a limited number of studies
have been completed on its predecessor, the WAIS,
psychologists have and will continue to practice under a
handicap unless a considerable amount of actuarial base-rate
information is collected and published on normal as well as
patient (i.e., neurologically impaired, developmentally
qisabled) populations. Without such information, an
understanding of the influences of repeated administrations
on neuropsychological tests will be difficult, implying that
the interpretation of test scores may be erroneous. Having
greater specificity and accuracy in determining change over
time, particularly in recovering traumatically-brain-injured
individuals, is paramount since charting intellectual and
cognitive recovery 1is central to rehabilitation and/or
vocational planning, as well as medico-legal determinations.

A group of adult traumatically-brain-injured (TBI)
subjects who were tested at approximately 2, 4, 8, and 12
months post-injury with the WAIS-R were compared with a
matched control group of similar adult TBI survivors who

ii



were tested only twice with the WAIS-R at approximately 2
and 12 months post-injury. No significant differences were
noted between the two groups on numerous pre-injury, injury,
or post-injury variables including age, education, severity
of injury, length of treatment, CT scan results, and IQ.
Both groups demonstrated significant gains in both IQ and
subtest scaled scores at one year post-injury, however no
differences were noted between the two groups at the one
year interval with the exception of the Comprehension and
Picture Completion subtests. Significantly greater change
scores were demonstrated in the experimental group than in
the control group suggesting possible test-retest practice
effects in Performance IQ, and the subtests Comprehension,
Similarities, Picture Completion, Picture Arrangement, and
Object Assembly. Test-retest reliabilities ranged from .48
(Picture Arrangement) to .84 (Vocabulary). Trend analyses
detected both linear and quadratic recovery curves with
recovery slowing as measured by Verbal subtests by the third
evaluation (8 months post-injury). Concerns regarding
measures of internal validity, implications of results for

clinical practice, and suggestions for future research are

discussed.
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CHAPTER I

Research Problem

Introduction

The growing emphasis in health and rehabilitation fields
on continuity of care, and the importance of prolonged
monitoring of patient behavior suggest an important role for
information derived from serial testing in a number of
different contexts (Seidenberg, O'Leary, Giordani, Berent
& Boll, 1981). Nowhere is this more true than in the field
of clinical neuropsychology. In particular, there 1is an
increasing need to provide information regarding the
developmental progression or course of neurological events
(Golden, 1976; Seidenberg et al., 1981), to examine the
effects of neurosurgery and psychopharmacological agents on
human behavior (Campbell, 1983), to document the nature and
extent of recovery from cerebral trauma (Campbell, 1983;
Wolfe, 1987), and to assess the efficiency of treatment
intervention in traumatically-brain-injured (TBI) survivors
through repeat test administrations (Campbell, 1983; Golden,
1976; Lezak, 1983; Wolfe, 1987).

Serial testing is not unusual. In fact, there appears
to be an increase in the number of tests readministered to
individuals over time in clinical practice (Matarazzo &
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Herman, 1984). In part, this seems to stem from the fact
that many tests lack equivalent, alternative forms; that is,
two tests which are comparable including the same number of
items, level of difficulty, content, and test administration
procedures. In addition, test-retest procedures (admini-
stering the same test on a second occasion) represent the
most substantively direct, as well as accurate means of
assessing change in individuals' 1level of functioning
(Seidenberg et al., 1981; Tabaddor, Mattis, & Zazula, 1984).
Unfortunately, without understanding the influence of
repeated administrations on neuropsychological test results
and the magnitude of error variance contiguous with an
individual's obtained score, a psychologist evaluating the
effects of treatment or monitoring a patient's recovery from
cerebral trauma will be unable to determine the true nature
of changes observed 1in the patient's successive test
performances (Campbell, 1983; Matarazzo & Herman, 1984).
Interpretation of observed changes is further confounded by
a dearth of standardized data collected upon various popula-
tions that would otherwise provide normative information
about test-retest scores in clinical practice (Matarazzo &

Herman, 1984; Seidenberg et al., 1981).

Identification of the Problem

Since intellectual functions are characteristically and
often seriously affected by traumatic-brain-injury

(Campbell, 1983), there is a preference among psychologists
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to utilize the Wechsler Intelligence Scales as measures of
cognitive outcome, particularly in the determination of
long-term recovery following head injury (Levin, Benton &
Grossman, 1982). In a recent survey, the Wechsler
Intelligence Scales were reportedly employed in 97% of all
neuropsychological evaluations performed by members of the
National Academy of Neuropsychologists (Seretny, Dean, Gray
& Hartlage, 1986). The popularity of the Wechsler Scales is
further underscored by the vast amount of research that has
been conducted with the scales, and their wuniversal
acceptance (Lezak, 1983). The ecologic validity of the
Wechsler scales has been determined (Levin et al., 1982),
and extensive reviews concerning other validity studies
involving the scales are noted elsewhere (e.g., Anastasi,
1976; Sattler, 1988; Zimmerman & Woo-Sam, 1973). For these
reasons, a further investigation of the validity of the
Wechsler Scales is beyond the scope of this study and will
not be addressed.

The Wechsler Scales for adults consist of the
Wechsler-Bellevue Intelligence Scale (W-B) (Wechsler, 1939),
the Wechsler Adult Intelligence Scale (WAIS) (Wechsler,
1955), and the Wechsler Adult Intelligence Scale - Revised
(WAIS-R) (Wechsler, 1981). The Wechsler Scales contain
eleven subtests grouped into Verbal and Performance
sections. The six Verbal Scale subtests are Information,
Digit Span, Vocabulary, Arithmetic, Comprehension, and

Similarities. The five Performance Scale subtests are



4
Picture Completion, Picture Arrangement, Block Design,
Object Assembly, and Digit Symbol. The Verbal Scale
subtests yield a Verbal IQ and the Performance Scale
subtests yield a Performance IQ. Together, the two sections
(eleven subtests) yield a Full Scale IQ value.

Developed to measure general intellectual aptitude as
well as the potential for purposeful and useful behavior
(Wechsler, 1981), the Wechsler Scales, when employed in
neuropsychological practice with the traumatically-brain-
injured, can bg used as a guide to the level of ability and
the range of general knowledge acquired by a patient prior
to a head injury (Newcombe, 1982). 1In addition, the scales
may serve as useful «criteria for the evaluation and
re-evaluation of selective post-traumatic deficits subse-
quent to the head injury (Lezak, 1983; Newcombe, 1982).
The scales also permit a direct comparison of different
abilities and yield a profile of subtest scores; the
interpretation of which is augmented by the availability of
comprehensive standardized data for a wide distribution of
ages (Levin et al., 1982).

When used serially in test-retest procedures with either
normal populations or brain-injured patients, information
concerning test-retest reliability and stability, standard
error of measurement and test-retest practice effects are
imperative (Campbell, 1983). Test-retest reliability is
defined by Anastasi (1976) as the correlation between the

scores obtained by the same persons on two administrations
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of the same test. Cronbach (1960) referred to this
correlation as a coefficient of stability since it reflected
the stability of performance over time. Matarazzo, Carmody,
and Jacobs (1980) noted that references to test-retest
stability are most pertinent when test-retest intervals are
greater than two months and indicated that test-retest
reliability and test-retest stability are terms often used
interchangeably. The standard error of measurement of a
test describes the amount of flexibility that should
accompany the use of observed scores to estimate an
individual's theoretical "true" score on that test. The
true score would be the score that would be obtained on
average if the same person could be tested a large number of
times on the same test and effects such as practice could be
ruled out (Wechsler, 1981). Test-retest practice effects
result in improvements in performance which reflect the
influences of learning and positive carry-over as a result
of having been exposed to the tasks on a previous occasion
(Seidenberg et al., 1981).

Without this information noted above, it is impossible
to discern whether observed changes upon re-evaluation are
due to treatment, spontaneous recovery, test-retest practice
effects, or test unreliability (Campbell, 1983). Unfortu-
nately, relatively little research has been published on the
test-retest reliability of the Wechsler Adult Intelligence
Scale (Wechsler, 1955) and less so on its revision, the

Wechsler Adult Intelligence Scale - Revised (Wechsler,
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1981), in either normal or clinical populations (Brown &
May, 1979; Matarazzo, Carmody & Jacobs, 1980; Matarazzo &
Herman, 1984).

Those studies which have been published report that the
Wechsler Scales test-retest reliabilities are "statistically
and clinically very robust" (Matarazzo et al., 1980, p. 82),
suggesting high test-retest stability in both clinical and
normal samples with varying test-retest intervals.
Matarazzo and Herman (1984), however, were quick to point
out that the psychometric definition of test-retest relia-
bility reported in the research is not necessarily synony-
mous with a clinical interpretation of test-retest relia-
bility. This conclusion stems from the assertion that
psychometric stability and/or reliablity is reflected by a
test-retest correlation in studies conducted to determine
the psychometric properties of the test itself, whereas
clinical stability and/or reliability involves an investiga-
tion of test-retest changes that take place in an individual
or group due to specific interventions or other life span
changes (Matarazzo et al., 1980). Thus, high psychometric
stability or reliability would be reflected by a sizeable
test-retest correlation, and high clinical stability or
reliability would be demonstrated by the absence of a
meaningful score change (Sattler, 1988). In this regard, the
Wechsler Scales are less reliable in a clinical sense than
might be inferred from the test-retest coefficients alone

(Ryan, Georgemiller, Geisser & Randall, 1985) since all
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scores may increase on retest due to within subject
variability, and only the rank order of the scores are
similar (Catron & Thompson, 1979). Thus, in the presence of
high reliability coefficients, a psychologist might
erroneously conclude that the Wechsler Scales will produce
scores on retest nearly identical in value to scores
obtained in the initial test, if in fact, only rankings in
performance are similar, but substantial gain-in test scores
occurred due to retest effects (Matarazzo et al., 1980).
Matarazzo et al. (1980) and Matarazzo and Herman (1984)
reported gains on both subtest scaled scores and IQ scores
when normals were retested with the WAIS and WAIS-R without
intervention of any kind. The authors attributed these
gains to motivational differences in individuals' test-
taking abilities on the two occasions, the less than perfect
reliability of the tests themselves, practice or test-retest
effects, random error of measurement, or some other as yet
undiscovered factor. This led Matarazzo et al. (1980) and
Matarazzo and Herman (1984) to suggest rules that "a change
of 3 to 5 points in a subtest score and a change of 15
points or more in an IQ score" (p. 103) may be interpreted
as potentially clinically meaningful on retest requiring
further analysis and clarification. Without behavioral or
clinical corroborative data to substantiate a patient's
change in Wechsler Scale score(s), such changes in isolation
would not be robust proof that a true clinical change had

occurred (Matarazzo et al., 1980), and should be considered
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a practice or test-retest effect (Matarazzo, 1972).
Therefore, the possibility always exists that in a serial
investigation of the recovery from TBI, improvements in an
individual's score may be a function of a second administra-
tion of the test rather than genuine recovery of the patient
(Mandleberg & Brooks, 1975).

A second, equally important consideration in evaluating
gains in test scores upon retesting is the phenomenon of
regression-toward-the-mean. This is particularly true when
individuals are selected because they deviate from the mean
on some variable (Glass & Hopkins, 1984). Assuming that the
time interval between test and retest is such that there is
absolutely no practice effect, there is a definite and
pronounced tendency for subjects to regress toward the mean
to the extent that subjects scores tend to be, on average,
closer to the posttest mean than would be expected from
their pretest score. The magnitude of the regression-
toward-the-mean phenomenon is a function of the size of the
pretest posttest correlation coefficient (test-retest
reliability) (Glass & Hopkins, 1984). Perfect test-retest
reliability (i.e., correlation = + 1.00) rules out regres-
sion-to-the-mean; that is, test-retest correlations less
than + 1.00 ensure that regression-to-the-mean will be
present. The latter is almost always the case. Thus, 1in
the absence of treatment or practice effects, posttest
scores are likely to be higher, on average, than pretest

scores. This is particularly true in measuring recovery



subsequent to head injury. When a traumatic-brain-injury
changes IQ scores, it can only lower them due to the trauma
imposed on the physiological, and hence, cognitive functions
of the brain. Therefore, the mean IQ scores for the group
would be reduced initially and any subsequent recovery would
result in an elevation of IQ scores relative to the initial
scores.

Research by Shatz (1981) and others (Dodrill & Troupin,
1975; Ivnik, 1978; Seidenberg et al., 1981) on patient
populations, however, suggested that increases upon
post-treatment retesting in individuals with known cerebral
dysfunction may be related to intervention strategies and/or
improved cerebral functioning, rather than to the test-
retest practice effects typically seen in non-neurologically
impaired subjects. Mandleberg and Brooks (1975) also
reported that repeated exposure to the WAIS did not signifi-
cantly enhance the IQ scores of recovering patients with
head injury at 30 months post-injury when compared to
controls tested only once; a finding which is congruent with
others (e.g., Levin et al., 1982). Therefore, test-retest
practice effects may differ greatly over time when neurolog-
ically normal subjects are compared to patient populations
with cerebral impairment on dependent measures such as IQ
scores.

If this is true, then the application of Matarazzo et
al.'s (1980) "rule of thumb" (p. 103) to retest changes in

patients with cerebral dysfunction is 1likely to be



10
misleading (Shatz, 198l). Therefore, it would be useful to
have a data base which includes a range of normative changes
observed over time on a particular test, such as the WAIS-R,
with a particular population, such as recovering TBI
patients (Seidenberg et al., 1981). Only then would the
empirical foundation for the evaluation of the WAIS-R and
the existence of the possible test-retest practice effects
in neuropsychological assessment be established (Matarazzo &
Herman, 1984; Shatz, 1981). Changes in test performances
over time in head-injured patients could then be more

clearly interpreted (Campbell, 1983).

Purpose of the Study

In general, this study provides a data base from which
changes observed on the WAIS-R over time in a population of
recovering TBI patients will be examined. Within this con-
text, the study: a) provides descriptive information
regarding the stability of test scores of individuals
recovering from TBI within a one year period of time; b)
attempts to determine the existence, extent, and magnitude
of test-retest practice effects resulting from repeat
administrations of the WAIS-R over time; and c¢) provides
information concerning the test-retest reliability of the

WAIS-R through serial testing.
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Importance

This study is important for several reasons. First,
information obtained from this study should contribute to
existing knowledge about the extent of intellectual recovery
that might be expected in the TBI survivor over a protracted
period of time. Second, is the theoretical and clinical
need to distinguish between the processes of genuine
recovery in surviving brain-injured individuals and test-
retest practice effects due to serial testing (Brooks,
Deelman, Van Zomeran, Van Dongen, Van Harskamp & Aughton,
1984). The determination of the existence and extent of
test-retest practice effects in repeat testing will, in
part, help delineate those factors which influence the
magnitude of change and adequacy of an individual's func-
tioning at a specified time post-injury (Dikmen, Reitan, &
Temkin, 1983). Third, without being cognizant of the
magnitude of test-retest practice effects evident in repeat
testing in recovering TBI patients, it would be difficult to
discern whether changes are due to the effects of practice,
spontaneous recovery, or intervention (Campbell, 1983).
Fourth, this study will help determine the test-retest
reliability of the WAIS-R and describe patterns of subtest
scores for clinical practice. Such information can be
crucial when decisions must be made with respect to suita-
bility for therapy, and evaluation of change subsequent to
specific treatment procedures (Warner, 1983). Fifth, since

information concerning test-retest reliability and practice
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effects are important to the clinician employing the
WAIS-R, these same data can be utilized to calculate
standard errors of measurement. Standard errors of measure-
ment could then be used to assess individual changes over
time with confidence and accuracy (Campbell, 1983).
Finally, this study will contribute additional information
regarding head injury recovery called for by others in the
field of neuropsychology and head injury rehabilitation
(Campbell, 1983; Catron & Thompson, 1979; Matarazzo &
Herman, 1984; Seidenberg et al., 1981; Shatz, 1981;
Tabbaddor et al., 1984).

Research Questions

The thrust of this study is to: a) provide descriptive
information regarding the stability of test scores of
individuals recovering from traumatic-brain-injuries within
a one year period of time; b) attempt to determine the
existence, extent, and magnitude of test-retest practice
effects resulting from repeat administrations of the WAIS-R
over time; and c) provide information concerning the test-
retest reliability of the WAIS-R across serial testing.

In essence, psychologists tend to measure individual
traits such as intelligence over time to determine the
course of recovery, and to make determinations and/or rec-
ommendations regarding treatment (Campbell, 1983). 1In order
to do so, test-retest procedures are employed. Since psy-

chological tests may provide individuals with opportunities
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to remember certain responses as a result of having taken
the test previously, the trait being measured may be influ-
enced by the cumulative effects of practice (Brooks et al.,
1984; Catron & Thompson, 1979; Seidenberg et al., 1981).

In measuring the intellectual recovery of TBI survivors,
psychologists may wish to measure change in individual
traits over time. Following head trauma, intellectual
changes may occur as a result of many factors, including
spontaneous recovery and treatment intervention, in addition
to test-retest practice effects (Campbell, 1983). However,
research has suggested that gains in recovering TBI survi-
vors are primarily the result of improved cortical func-
tioning, and that test-retest practice effects are not as
evident as in normal populations (Campbell, 1983; Shatz,
1981; Warner, 1983). It is also questionable whether it is
appropriate to compare and contrast normal subjects with
clinical populations, as has occurred elsewhere in studies
investigating recovery and practice effects (Brooks et al.,
1984; shatz, 1981), since the use of a nonimpaired control
or comparison group may actually obscure true improvement in
a brain-impaired experimental group (Shatz, 1981).

The omnibus research question asks whether there is an
observed test-retest practice effect in addition to the
course of natural recovery in surviving traumatically-
brain-injured individuals. Specifically, the three major

research questions are:



(1)

(2)

(3)
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What is the magnitude of change in total intelli-
gence scores over time for TBI survivors who have

been tested two and four times, respectively?

Do the IQs and subtest scaled scores measured by
the WAIS-R, differ among the recovering TBI
survivors who were administered the same test twice

and those administered the same test four times?

Is there an interaction between test-retest gains
on total intelligence measures over time and how

often a test is administered?

Secondary research questions are:

(1)

(2)

What are the test-retest reliabiiities (correlation
coefficients) of the WAIS-R for this clinical popu-
lation and do they differ among the TBI survivors
who have been tested two and four ‘times,

respectively?

If test-retest gains do exist in the group tested
more often, are the cumulative effects of these
gains on intellectual measures over time linear

and/or curvilinear?
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(3) What is the internal consistency of results
obtained on the WAIS-R on TBI survivors, and does
this consistency change over time in the group

tested more often?

Research Hypotheses

To provide data that will permit an empirical test of
the research questions, an experimental group consisting of
adult TBI survivors tested four times with the WAIS-R at 2,
4, 8, and 12 months post-injury will be compared with a
control group of similar adult TBI survivors. The control
group will have been tested two times with the WAIS-R at 2
and 12 months post-injury.

Since the study will use retrospective data the latter
group is not a true control group but rather a matched group
of subjects incurring similar treatment effects. For
simplicity, however, the words "experimental" and "control"
will be used throughout this text to differentiate between
the two groups.

From the research questions for the study, the following
(univariate) directional hypotheses are advanced:

(1) Full Scale, Verbal, and Performance IQ means for

the experimental group at 12 months post-injury
will be greater than their respective means at 2
months post-injury. The same hypothesis s

advanced for the control group.



(2)

(3)

(4)

(5)
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Subtest scaled score means for the experimental
group at 12 months post-injury will be greater than
their respective subtest scaled score means at 2
months post-injury. The same hypothesis is

advanced for the control group.

Full Scale, Verbal, and Performance IQ means of the
experimental group will be greater than the Full
Scale, Verbal, and Performance IQ means of the

control group at one year post-injury.

All subtest scaled score means in the experimental
group will be greater than all subtest scaled score

means of the control group at one year post-injury.

Pretest posttest differences in IQ and subtest
scaled score means over time in the experimental
group will be greater than the corresponding
differences in the control group (i.e., there will

be an interaction of time and number of testings).

Secondary hypotheses:

(1)

Test-retest reliabilities on the WAIS-R for the
experimental group will differ from the test-retest

reliabilities of the control group at one year



(2)

(3)
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post-injury for Full Scale, Verbal, and Performance

I0s and all subtests.

Changes in Full Scale, Verbal, and Performance IQ
means in the experimental group will be quadratic

over a one year period post-injury.

Indices of internal consistency in the WAIS-R for

the experimental group will change over the four

test administrations.



CHAPTER II

Literature Review

Introduction

The review of related literature is organized under ten
major headings. These are: (1) neuropsychological assess-
ment; (2) reliability; (3) the Wechsler Adult Intelligence
Scales; (4) test-retest reliability of the Wechsler Scales;
(5) comparison of the WAIS and the WAIS-R; (6) practice
effects; (7) practice.effects on the Wechsler Scales; (8)
studies of gain scores not involving normals; (9) factors
which influence practice effects; and (10) intellectual
recovery in traumatically-brain-injured survivors. Research
findings in these areas provide the basis for the research

questions and hypotheses for this study.

Neuropsychological Assessment

Neuropsychological assessment entails the evaluation of
brain behavior relationships in neurologically-impaired
populations. 1In addition to facilitating diagnostic formu-
lations about neuropathological conditions (Crockett, Clark
& Klonoff, 1981l; Fuld, 1984; Furst, 1985; Golden, 1976;
Lezak, 1983; Wolfe, 1987), neuropsychological assessment

attempts to elucidate the extent to which insult to cortical

18
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structures compromise an individual's functioning (Crockett
et al., 1981; Wwolfe, 1987). 1In this regard, the extent to
which cognitive deficits arise from the insult are
established as well as the magnitude of the insult itself
(Crockett et al., 1981). In addition, strengths and
weaknesses in the skills of the individual are evaluated as
precisely as possible (Wolfe, 1987).

Precise information about an individual's cognitive
status is essential for careful management and treatment of
several neurological disorders including head injury (Lezak,
1983). Rational treatment planning and care, according to
Lezak (1983), depends on an understanding of an individual's
capabilities, 1limitations, and potential for maximizing
compensatory strategies in a treatment regimen. Information
of this type is also important to rehabilitation staff in
order to choose appropriate treatment modalities where
necessary (Dikmen et al., 1983), to identify goals for
cognitive rehabilitation (Lezak, 1983), and to establish
realistic parameters in rehabilitation planning (Tabaddor et
al., 1984).

Neuropsychological assessment also has an important role
to play for the brain-injured survivor by providing that
individual with information regarding his or her performance
(Lezak, 1983). 1In this way, he or she may begin to under-
stand the nature and extent of his or her difficulties and
set realistic goals and expectations for the future (Levin

et al., 1982). In addition, the family must also be
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educated as to the extent and nature of the sequelae secon-
dary to the insult so that they may deal with the patient
and the deficits appropriately through the recovery period
and beyond (Lezak, 1983). Furthermore, neuropsychological
assessment may help the patient and the family decide how to
arrange the environment to the patient's best advantage and
how to offer support when needed (Wolfe, 1987).

In the past, neuropsychological assessment has been
devoted largely to defining the nature of cerebral deficits
and has been less applicable to monitoring and charting
recovery (Diller & Ben-Yishay, 1983). This is a fact that
has been conceded by other prominent authors (Dikmen et al.,
1983; Eson, Yen & Bourke, 1978; Miller, 1979; Rutter,
Chadwick, Shaffer & Brown, 1980; Seidenberg et al., 1981;
Tabaddor et al., 1984). This trend, however, is changing.
The growing emphasis in the health and rehabilitation fields
on continuity of care and importance of prolonged monitoring
of patient behavior suggests an important role for serial or
successive testing information in a number of different con-
texts (Seidenberg et al., 1981).

Serial neuropsychological assessment repeated at regular
intervals can provide reliable indications of whether an
underlying neurological condition is changing, and if so, in
what direction (Lezak, 1983). Repeat assessment 1is also
useful in documenting the effects of neurosurgery and

psychopharmacological agents on behavior (Campbell, 1983;
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Lezak, 1983). Information concerning intellectual function-
ing acquired through repeat administrations performed longi-
tudinally also provides a basis for the continued refinement
of treatment goals in cognitive remediation, rehabilitation,
and vocational planning. Repeat testing in a similar vein
may indicate an individual's potential for rehabilitation
services assessed at various points in time (Tabaddor et
al., 1984). In addition, testing performed on a repeated
basis may provide information regarding the effectiveness of
treatment such as cognitive retraining (Lezak, 1983),
psychological interventions (Campbell, 1983), as well as the
nature, course and rate of recovery from cerebral trauma
itself (Seidenberg et al., 1981; Campbell, 1983; Tabaddor et
al., 1984).

Matarazzo et al. (1980) reported that an increasing
number of referrals for repeat neuropsychological assessment
is occurring in order to document the extent, if any, of
recovery. This, in part, seems to stem from the fact that
although many tests lack parallel or equivalent forms,
test-retest procedures are the most direct and accurate
means of assessing changes in individual functioning
(Seidenberg et al., 1981; Tabaddor et al., 1984).
Unfortunately, without understanding the influences of
repeat administrations on neuropsychological test results
and the magnitude of error variance inherent in such
testing, psychologists evaluating the effects of treatment

or monitoring a patient's recovery will be wunable to
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determine the true nature of the changes observed in the
patient's retest performances (Campbell, 1983; Matarazzo &
Herman, 1984). In addition, interpretation of those
observed changes are confounded by an absence of standard-
ized data collected upon various populations which would
otherwise provide normative information about test-retest
scores (Matarazzo & Herman, 1984; Seidenberg et al., 1981).

In general, those studies which have attempted to
investigate treatment effects, or course of recovery in
neurologically-impaired populations such as TBI, suffer from
a failure to account for the contaminating effects of
test-retest practice and unreliability inherent in such
serial testing (Campbell, 1983; Lawson, Inglis, & Stroud,
1983). More specifically Campbell states:

"Repeatedly administering a neuropsychological

battery to brain damaged individuals requires that

the neuropsychologist be aware of the reliability,

the standard error(s) of measurement, and possible

impact of practice, memory, and other sources of

error variance on test results. Studies using

repeated testing to examine the recovery process

and/or efficiency of treatment interventions have

largely ignored test reliability and the influence

of memory and practice on test scores. Consequent-

ly, it is presently impossible to discern if the

changes in neuropsychological performance are a

result of treatment interventions, spontaneous

recovery, practice effects, or the unreliability of

the test instrument". (p. 7)
Campbell (1983) suggested that information concerning the
internal consistency of a test, as well as the test relia-
bility, standard error of measurement and practice effects

are vitally important. Once the reliability of a test is

established, the standard error of measurement can be
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calculated and wused to assess individual changes in
neuropsychological assessment performances over time with
confidence and accuracy. Lawson et al. (1983) also reported
that research must also take into consideration regression
effects on retest; a phenomenon that is a consequence of the
imperfect correlation between test and retest data which is
predictable from stability coefficients.

In addition to those concerns noted above, studies of
head injury recovery suffer from the following methodolog-
ical problems as noted by Levin et al. (1982) and others
(Dikmen et al., 1983; Wwilliams, Gomes, Drudge & Kessler,
1984): (1) an absence of an appropriate control group; (2)
failure to screen for pre-injury conditions that might
potentially compromise cognitive efficiency; (3) lack of
information concerning pre-injury cognitive abilities; (4)
inadequate documentation of acute <closed head injury
severity; (5) lack of control of the post-injury test-retest
interval; and (6) lack of serial testing to depict time
course of recovery. Miller (1979) also asserted that the
use of unreliable measures,>as well as a failure to ensure
an adequate range of values for the appropriate variables
may likely attenuate any correlations.

Therefore, studies of test-retest procedures are needed
to provide the practicing neuropsychologist with information
regarding the performance characteristics of these proce-

dures as well as a data base that would include the range of
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normative changes observed on particular tests with particu-
lar populations over time (Seidenberg et al., 1981).
Implicit here is the need for data on the crucial issue of
the course of recovery following head injury (Rutter et al.,
1980; Tabaddor et al., 1984) as well as those issues
surrounding recovery itself (Diller & Ben-Yishay, 1983). 1In
addition, studies must be conducted in such a way as to
minimize several of the methodological concerns noted above
so that generalization from any single report will not be
unduly compromised (Levin et al., 1982).

Studies directed at increasing our knowledge regarding
intellectual recovery over time in traumatically-brain-
injured survivors through test-retest procedures, with an
eye towards the contributing effects of test-retest relia-
bility and practice effects, are vitally important. These
studies may help to delineate factors that influence the
magnitude of change and the adequacy of functioning at some
specified time following injury, as well as developing
recovery curves representing the time scale and the amount
of spontaneous improvement that occurs from such deficits
(Dikmen et al., 1983). Such systematic studies of the pro-
cess of recovery may also provide a basis for establishing
cognitive remediation programs (Tabaddor et al., 1984) and

more effective treatment regimens (Eson et al., 1978).
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Reliability

Despite the fact that test-retest techniques may be
subject to contaminating practice effects, clinical practice
often dictates the readministration of psychological tests
(Klonoff, Fibiger & Hutton, 1970). Thus, in order to
ascertain pathological trends in the individual patient over
a period of time, it is necessary to first have normative
data on the reliability of the test(s) (Klonoff et al.,
1970).

The fact that two sets of measurements of the same
features of the same individuals will never exactly
duplicate each other is what is meant by unreliability
(Stanley, 1971). Nevertheless, repeated measurements on a
series of individuals will tend to demonstrate some
consistency over time. This tendency, then, toward
consistency from one set of measurements to another is
referred to as reliability (Stanley, 1971). More
specifically, reliability has been defined as the consis-
tency of scores obtained by the same persons when
re-examined with the same test on different occasions, or
with different sets of equivalent items, or under other
variable examining conditions (Anastasi, 1976). However,
according to Stanley (1971), the evaluation of the
reliability of any measure reduces to a determination of how
much of the variation in the set of scores is due to certain

systematic differences among the individuals in the group,
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and how much is due to other sources of variation that are

considered (for practical purposes) errors of measurement.
In psychometric theory, an individual's obtained score

(X) is represented as the sum of the theoretical true score

of that person (T), and an error of measurement of the test
(E) (Anastasi, 1976):
X =T+ E

A true score is the score that would be obtained on average
if the same person could be tested a large number of times
and all other circumstances remained constant. Errors of
measurement 1is the variability of the wvalues in the
frequency distribution of repeated measurements (Stanley,
1971). It can be shown that the variance of the obtained
scores of a group (6x2) equals the variance of true scores
(6T2) plus the variance arising from errors of measurement

2y,
(652)

By definition reliability is defined as:
- ¢ 2 2 2, _ ¢ 2 2
P = 6p°/ [60° + 6571 = 6% / 64

The numerical value of the reliability coefficient of a test
corresponds to the proportion of the variance in test scores
that is due to true differences within that particular popu-

lation of individuals on the variable being evaluated by the
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test (Stanley, 1971). The higher the reliability, the
greater the consistency in measurement over time.

The X = T + E expression represents the simplest
possible decomposition of the test score variance. In
practice there are many possible sources of variance of
scores on a particular test which may affect reliability by
influencing 6x2 and/or 682‘ Freeman (1962) suggested that
many sources might include, but are not restricted to the
following: (1) actual differences among individuals in the
general traits being measured; (2) differences in specific
abilities required 1in a particular test; (3) “"test-
wiseness", or the converse; (4) "chance" acquisition of
particular pieces of knowledge; (5) normal or expected
fluctuations in performance from time to time; (6) personal
characteristics of the examinee; (7) physical conditions of
the testing environment; (8) guessing; and (9) the effects
of practice (previous test taking).

There are a number of ways to estimate reliability, and
the choices of one estimate over another is often a function
of the test and/or the testing environment. Conceptually,
estimates of reliability may be approached from two
different viewpoints. Stanley (1971) refers to these as
measures of intraindividual and interindividual variability,
respectively. In the former, one is concerned with the
actual magnitude of the error of measurement expressed in
the same units as individual scores (Stanley, 1971), and

stated in terms of the standard error of measurement.
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For example, were a series of measurements to be taken,
estimates of one's true score would be obtained. A true
score would be the average score an individual would obtain
if one's performance were observed through a long series of
samples or trials assuming no test-retest practice effects
or fatigue from testing (Cronbach, 1960; Wechsler, 1981).
While an individual's true score would presumably remain
constant from one measure to another, the obtained scores
would be expected to vary from the true score from time to
time (Freeman, 1968). The variability of obtained values in
the frequency distribution is referred to as the variance
error of measurement, and its square root is called the
standard error of measurement (Stanley, 1971). The standard
error of measurement, which is an estimate of the deviation
of a set of obtained scores from "true scores" (Freeman,
1962), could then be used to estimate limits of the range of
the true score for an individual with a given obtained score
(Anastasi, 1968). Thus, the standard error of measurement
can be useful in establishing limits or "confidence inter-
vals" using an individual's observed score(s) and within
which that individual's true score would be expected to fall
with a specified level of confidence. Therefore, an over-
emphasis on obtained scores is avoided (Naglieri, 1982).

The latter concept, that of interindividual variability,
concerns the consistency with which an individual maintains
his/her position in the total group upon repetition of a

measurement procedure (Stanley, 1971). Perhaps the most



29

conceptually appealing method for finding the reliability of
test scores is by administering the same test on a second
occasion to the same sample, and correlating the two sets of
scores. This yields a correlation coefficient referred to
by Cronbach (1960) as the coefficient of stability since it
reflects the stability of a particular performance. Unfor-
tunately, test-retest reliability is the least frequently
reported method of reliability testing due to the time and
expense of locating and retesting a large number of subjects
(Freeman, 1962; Warner, 1983). In addition, there is the
possibility that the person or the trait being measured on
the second test has changed as a result of having been
previously tested (Campbell, 1983; Catron & Thompson, 1979;
Freeman, 1962). This carryover effect is likely to make the
test-retest <correlation higher than other reliability
indices (Cronbach, 1960; Freeman, 1962; Stanley, 1971).

Despite this, Derner, Aborn, and Canter (1950) stated
that the stability of an individual's score over time is an
important concern in the area of intelligence testing, so
the test-retest technigue should be the reliability method
of choice. 1In addition, the subsequent readministration of
a test has the advantage of providing completely equivalent
test content on all occasions, which 1is an essential
consideration in lieu of the costly and difficult task of
developing an equivalent form (Freeman, 1962).

The distinction between interindividual and intraindi-

vidual variability is important, then, in differentiating
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between psychometric and clinical reliability. As noted
earlier, psychometric reliability is based on a test-retest
correlation which is derived from a change in relative
position from test to retest on a sample of test scores.
This is not the same as clinical reliability; that is, the
presence or absence of a clinically meaningful change in
individual scores from test to retest (Matarazzo & Herman,
1984; Ryan et al., 1985). Without this differentiation,
high reliability correlations reported 1in test-retest
studies may mask gains that typically occur on measures such
as intelligence tests (Catron & Thompson, 1979). These
correlations could mislead by implying similarities between
test-retest scores and therefore, one may be unaware of the
gains due to the retest effect alone (Catron & Thompson,

1979; Matarazzo et al., 1980).

Wechsler Adult Intelligence Scales

The Wechsler Adult Intelligence Scale (WAIS) was
published in 1955 to replace the Wechsler-Bellevue Intelli-
gence Scale (W-B) (Wechsler, 1939). The WAIS, like the W-B,
is composed of 11 subtests. As noted earlier, six of the
subtests comprise the Verbal Scale; five make up the Per-
formance Scale; and all 11 are combined to make the Full
Scale. A number of changes occurred in the development of
the WAIS, with many subtests undergoing revision. For
example, all items on the Vocabulary subtest were newly

written.
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The WAIS was standardized based on the reports of the
1950 United States Census. Norms were developed for seven
age groups ranging from 16 to 64 with an equal number of men
and women included in each age group. Standardization also
included a mixture of races commensurate with proportions
available from the 1950 census.

Reliability coefficients for the individual tests as
well as the Verbal, Performance, and Full Scale IQs were
provided for three age groups 18 to 19, 25 to 34, and 45 to
54. Table 2.1 presents average reliability coefficients and
standard errors of measurement for both the WAIS and the
WAIS-R. Average reliability coefficients for the WAIS
Verbal IQ were .96; Performance IQ, .93; and Full Scale IQ
.97 for the age groups noted above, respectively. Average
subtest reliabilities ranged from .67 in Digit Span and
Picture Arrangement to .95 for Vocabulary. Standard errors
of measurement for Verbal, Performance, and Full Scale IQs
average 3.00, 3.86, and 2.60 IQ points, respectively for the
three age groups. These values indicate that the chances
are about two out of three that an individual's obtained
score lies within one standard error of measurement (plus or
minus) of his or her "true" score. Average standard errors
of measurement for the individual subtests ranged from a
high of 1.70 scaled scored points for Digit Span to a low of

.68 for Vocabulary.
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Table 2.1

Average Reliability Coefficients and Standard Errors of
Measurement of the WAIS and WAIS-R

WAIS WAIS-R
a b
I SEp LS B SEp
Information .91 0.87 .89 0.93
Digit Span .67 1.70 .83 1.23
Vocabulary .95 0.68 .96 0.61
Arithmetic .82 1.32 .84 1.14
Comprehension .78 1.43 .84 1.20
Similarities .85 1.19 .84 1.24
Picture Completion .83 1.16 .81 1.25
Picture Arrangement .67 1.61 .74 1.41
Block Design .84 1.20 .87 0.98
Object Assembly .68 1.63 .68 1.54
Digit Symbol .92 0.85 .82 1.27
Verbal IQ .96 3.00 .97 2.74
Performance IQ .93 3.86 .93 4.14
Full Scale IQ .97 2.60 .97 2.53

Note. All reliabilities are based on split-half procedures
except Digit Symbol.

a E ;1 = reliability. b
measurement.

SE , = standard error of
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The WAIS was succeeded by its revision, the WAIS-R
(Wechsler, 1981). Like the WAIS, the WAIS-R is composed of
11 subtests; six verbal and five non-verbal. The individual
subtests - also result in a Verbal and Performance IQ,
yielding a Full Scale IQ value. Wechsler (1981) reported
that due to the organizational structure of the test,
sections of the WAIS-R can be used alone when subjects are
handicapped. For example, the Performance section could be
used alone with individuals who are unable to comprehend or
express language while the Verbal section could be used
alone with those who are visually or motorically disabled.
Also important is the use of both the Verbal and Performance
sections to examine more comprehensively an individual's
capabilities (Wechsler, 1981).

Most of the content of the WAIS was retained by the
WAIS-R. Items that were dated were either dropped or
revised. In all, 80% of the items on the WAIS-R were
obtained from the WAIS (Wechsler, 1981). The sequence of
administration was also changed so that the Verbal and
Performance subtests are alternated. Previously on the
WAIS, Verbal subtests were completed in total and were
followed by the Performance subtests. Standardization was
representative of the U.S. 1late adolescent and adult
population during the 1970's (Sattler, 1988).

Reliability coefficients were provided by Wechsler
(1981) for nine age groups. Average reliability

coefficients for WAIS-R Verbal, Performance, and Full Scale
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IQ values were .97, .93, .97, respectively (see Table 2.1).
Average coefficients for the subtests ranged from .68 for
Object Assembly to .96 for Vocabulary. Average standard
errors of measurement for the subtests ranged from .61 in
Vocabulary to 1.54 scaled scored points for Object
Assembly. Standard errors of measurement averaged 2.74,
4.14, and 2.53 IQ points for Verbal, Performance, and Full
Scale IQs, respectively.

Correlations between the WAIS and the WAIS-R IQs and
subtests were also computed. Correlations among the Verbal,
Performance, and Full Scale IQs were .91, .79, and .88,
respectively. Subtest correlations between the WAIS and
the WAIS-R ranged from .50 on Picture Arrangement to .91 for
Vocabulary.

Intellectual determinations in normal populations have
frequently utilized the Wechsler Scales; most notably the
WAIS, but more recently the WAIS-R. Intellectual
functioning is often seriously affected by many types of
brain injury, and intelligence tests like the WAIS and the
WAIS-R have been used to assess general intellectual and
specific cognitive abilities of traumatically-brain-injured
survivors (Campbell, 1983). In fact, the Wechsler Scales
constitute a substantial portion of the test framework of a
neuropsychological evaluation and have been the intellectual
ability tests of choice for many neuropsychologists (Lezak,
1983). Several prominent authors have also included the

Wechsler Scales in both clinical as well as research test
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batteries (e.g., Reitan & Davison, 1974; Smith, 1975;
Kaplan, 1988). In addition, a survey of the National
Academy of Neuropsychologists indicated that the Wechsler
Scales were employed in 97% of all neuropsychological
evaluations performed by their members (Seretny et al.,
1986).

The popularity of the Wechsler Scales is also
demonstrated by the vast research and universal acceptance
that have evolved from them (Lezak, 1983). When employed in
neuropsychological practice with TBI survivors, the Wechsler
Scales can be used as a guide to the level of ability
achieved and the range of general knowledge acquired by the
patient prior to their head injury (Newcombe, 1982). In
addition, the scales may also serve as a useful criterion
for the evaluation of selective post-traumatic deficits
(Newcombe, 1982; Lezak, 1983), to recommend and later modify
treatment goals, to monitor improvement and treatment
effectiveness (Lezak, 1983), and make vocational and/or
medico-legal determinations.

The scales are used frequently as cognitive outcome
measures, particularly for the determination of long-term
recovery following TBI (Levin et al., 1982). These authors
have suggested that the Wechsler Scales permit a direct
comparison of different abilities, and the interpretation of
scores is facilitated by the availability of comprehensive
standardized data for a wide range of ages. The ecologic

validity of the scales with respect to the global quality of
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adjustment in the community following head injury has also

been reported as notable (Levin et al., 1982).

Test-Retest Reliability of the Wechsler Scales

Since the reliability of neuropsychological tests should
be a concern for both the clinician and researcher, it is
important to know the reliability of those tests (Parsons &
Prigatano, 1978). However, despite the Wechsler Scales'
importance to clinical and forensic psychology, and clinical
neuropsychology, Matarazzo et al. (1980) reported that
relatively little has been published on the specific issue
of test-retest reliability of these scales, a view which is
supported by others (Brown & May, 1979; Campbell, 1983;
Matarazzo & Herman, 1984; Wagner & Caldwell, 1979). The few
published studies have been severely compromised by
methodological shortcomings; mainly, highly variable
test-retest intervals, a lack of regard for differences
among various clinical populations, and low numbers of
subjects. Furthermore, there have been very few studies
involving brain-damaged subjects and only a very restricted
number of traumatically-brain-injured survivors. Without
this type of information on brain-injured survivors, the
clinical neuropsychologist is likely to be quite handicapped
(Matarazzo & Herman, 1984).

Matarazzo et al. (1980) located only 11 studies that
reported test-retest reliabilities for the Verbal,

Performance and Full Scale IQ values of the WAIS. Table 2.2
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lists these test-retest reliabilities in addition to other
studies not included in the Matarazzo et al. (1980) review.
The Matarazzo et al. (1980) article included a wide range of
ages (mean ages 19 to 70), normal and clinical populations,
and varying numbers of subjects per study (range 10 to 120).
Test-retest intervals ranged from 1 week to 676 weeks. In
addition, two studies reevaluated patients more than once.

Matarazzo et al. (1980) reviewed the results from all 11
studies and reported a remarkably high test-retest stability
for the three WAIS IQ scores. The authors reported that a
majority of correlation coefficients were in the .80's and
.90's with the median correlation values for Verbal,
Performance and Full Scale 1Qs at .89, .85, and .90,
respectively. Studies of normal subject populations
reported correlation coefficients averaging .82, .80, and
.85 for Verbal, Performance and Full Scale IQs, respectively
(Campbell, 1983). The Matarazzo et al. (1980) review also
included studies that utilized psychiatric and mentally
retarded subjects and reported average reliability
coefficients of .91, .79, and .87, and .88, .91, and .90 for
Verbal, Performance, and Full Scale IQs of the two groups,
respectively. Reliability coefficients computed in various
studies of elderly brain-damaged patients, chronic epilep-
tics, and carotid endarterectomy patients averaged .89, .83,
and .87 on Verbal, Performance and Full Scale IQs, respec-
tively (Campbell, 1983). Overall, the lowest correlations

for the entire range of studies reviewed by Matarazzo et al.



Table 2.2

WAIS IQ Test-Retest Reliabilities by Subject Population

Study/ Inter-
Population Age n val VIQ PIQ FSIQ
Kangas
Bradway, 19712
normal adults 42 48 676 .70 .57 .73
Matarazzo
et al., 19732
normal job 24 29 20 .87 .84 .91
applicants
Catron, 1978
normal college 20 35 0 .86 .86 .88
students
Catron &
Thompson, 19792
normal college
students 19 19 1 .91 .87 .94
19 4 .87 .79 .83
19 8 .72 .82 .74
19 16 .83 .85 .90
.85 .78 .84
Coons &
Peacock, 19592
psychiatric 33 24 1 .98 .96 .98
patients
Kendrick & a
Post, 1967
depressed 70 30 eg .90 .85 -
and normal 6 .95 .76 -
elderly 12€ .89 .66 -
Klonoff
et al., 19702
chronic 47 42 416 .80 .58 .71
schizophrenics
Brown
& May 19792
psychiatric 44 50 100 .91 .90 .92

patients



39

Table 2.2 (cont'd)

Wagner &
Caldwell, 1979
neurotics 30 19 229 .73 .76 .73
personality 25 18 229 .85 .79 .91
disorders
schizophrenics 23 20 229 .92 .81 .84

Warner, 1983
alcoholics 42 16 3 .82 .86 .85
non- 41 14 4 .83 .76 .82
alcoholicsf

.86 .80 .85

Rosen

et al., 19682

mentally 24 120 130 .87 .92 .88
retarded

Rosen
et al., 19742
educably 29 50 186 .89 .90 .91
retarded

Dinning,

et al., 1977

mentally 34 204 128 - - .90
retarded

Spitz, 1983

adolescent 17 42 177 - - 75
retarded
adult 21 23 183 - - .88
retarded
b

.88 .91 .86
Kendrick &

Post, 19672
brain-damaged 70 10 6% .81 .94 -
elderly 6, .82 .90 -
121 .87 .92 -
Dodrill &
Troupin, 19752
chronic .
epileptics 27 17 35% .89 .71 .84
70 .95 .78 .91
1051 .94 .74 .89
35M .83 .74 .77
700 .88 .78 .83

35° .96 .92 .96
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Matarazzo
et al., 1979%a
carotid 62 17 20 .91 .85 .92
endarter-
ectomy

Wagner &
Campbell, 1979
"organics” 24 39 229 .83 .76 .

b

[o ) |q
o |

.88 o7

wm

Note. Mean ages are in years. Mean test-retest intervals
are in weeks.

aMatarazzo et al. (1980). bMean values. CFirst to second

dSecond to third test administration.

£

test administration.
®First to third test administration. Psychiatric and

medical patients. 9rirst to second test administration.

hSecond to third test administration. lrirst to third test
administration. JFirst to second test administration.
kFirst to third test administration. 1First to fourth test

administration. Msecond to third test administration.
Nsecond to fourth test administration. OThird to fourth
test administration.
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(1980) were .70 for Verbal 1Q, .57 for Performance IQ, and
.71 for Full Scale IQ. The lowest Verbal and Performance IQ
correlation values were reported on normals retested 676
weeks apart (Kangas & Bradway, 1971). The lowest Full Scale
IQ correlation value was calculated from a group of chronic
schizophrenics tested 416 weeks apart (Klonoff et al.,
1970).

Of the 11 studies reviewed by Matarazzo et al. (1980),
only one involved "brain-damaged" individuals; a group of 10
elderly subjects suffering from diffuse brain damage
(chronic brain syndrome) who were tested 3 times with test-
retest intervals of 6 weeks (Kendrick & Post, 1967). Verbal
IQ correlation coefficients ranged from .81 between the
first to second testing to .87 between the first and the
third testing. Performance IQ correlation coefficients
ranged from .94 between the first and second testing to .90
between the second and the third testing. None of the
groups included in the Matarazzo et al. (1980) review
appeared to have sustained a traumatic-brain-injury. Of the
remaining multiple reevaluations, Kendrick and Post (1967)
retested depressed and normal elderly patients three times
at 6 weeks intervals. Dodrill and Troupin (1975) retested
chronic epileptics four times at 35 week intervals,
respectively.

Based on their findings, Matarazzo et al. (1980) con-
cluded that the three WAIS IQ values possessed test-retest

reliabilities which were “"statistically and «clinically
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robust" (p. 92) and demonstrated high stability in both
clinical and normal samples. This was based on a majority
of values in the .80's and .90's despite the fact that many
of the subjects were clinically quite disturbed and retest
intervals varied considerably (Matarazzo et al., 1980). The
authors also reported that the test-retest stability of the
WAIS appeared to be as high for one age level as for
another.

Only six of the eleven studies reviewed by Matarazzo et
al. (1980) reported the test-retest stability of all 11 WAIS
subtests (see Table 2.3). While respectable, Matarazzo et
al. (1980) reported that all subtest reliabilities were
lower than the values for the three scales to which they
contributed individually. The authors reported the median
correlation coefficient for the total group of subtests was
«76. Median values for all eleven subtests were:
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.

Matarazzo et al. (1980) explained that the lower retest
reliabilities for the subtests were not surprising since
each subtest represented a smaller sample of behavior than
did the WAIS taken as a whole as well as the restriction of
range involved in the conversion of raw scores to scaled
scores. In addition, test-retest correlations based on

small sample sizes demonstrate large sampling error which
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WAIS Subtest Test-Retest Reliabilities by Subject Population

Sfudy/ D. D.
Population Int, Comp, Sp. Arith, Sim, voc, P,A, P,C, B.D. O0.A., Sym,
Matarazzo R
et al,, 1973

appl icants «75 59 o713 66 .58 .79 .70 T o712 13,87
Catron, 1978

students 90 W81 .62 WJ1L .82 .91 W1 .62 .86 .61 .16

82 .73 68 69 70 .85 ,73 .66 L7179 67 82

Coons &
Peacock, 19592

psychiatric 94 «89 .84 .94 .94 .95 .88 .87 .88 .86 092
Klonof f

ot al,, 1970°

schizophrenics 79 59 <82 092 63 .24 +69 o924 091 59 .63
Wagner &

Caldwell, 1979

neurotics 89 .63 .81 «36 35 .64 ,25 ,66 .68 L,45 .51
personal ity

disorders 85 .85 .81 65 56 .89 oI5 62 .83 ,46 .84

schizophrenics 90 71 «70 «70  L64 66 .38 ,64 .90 .88 .82
Warner, 1983

alcoholics 92 66 53 90 75 .87 63 .79 .87 ,70 .81
non-

alcohol les® J3 W81 T .62 .83 .89 .69 W34 JIT .19 .68

86 713 o715 67 67 13 .52 «59 .83 .68 74
Rosen
et al,, 1968°
retarded J8 .60 .69 .69 .68 .80 .85 .81 .87 .87 .88
«718 .60 «69 69 .68 .80 «85 .81 .87 87 .88
Dodrill &
Troupin, 19752 .90 .81 75 83 L,68 .85 ,27 .68 69 .64 87
chronlc 90  L67 +81 .62 .88 ,95 67 .64 72 ,61 67
epllieptics «85 .65 61 82 .88 ,94 72 «74 67 73 74
.90 .80 55 o714 70 86 ,59 .66 63 7 79
«96 .69 .44 89 .82 .83 ,38 +78 .79 .80 .80
.94 76 .87 83 .81 92 ,78 .64 .82 .82 ,89
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Table 2,3 (cont'd)

Matarazzo

ot al., 1979°

endarter-

ectomles .88 .70 .57 42 .83 .84 .64 .50 .76 .67 .67

Wagner &
Caldwell, 1979
organics 82 .69 »80 86 .49 .77 .60 .62 L,70 75 ,L66

89 .72 «68 66 76 87 58 66 L7272 L76

Note, Abbreviations In the heading represent the following WAIS subtests: Informa-
tion, Comprehension, Digit Span, Arithmetic, Similarities, Vocabulary, Picture
Arrangement, Picture Completion, Block Design, Object Assembly, and Digit Symbol,
respectively,

aFound in Matarazzo et al, (1980), bMean values, cPsychlafrlc and medical

patlients,
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also results in a decrease in subtest stability. Thus,
while the IQ retest reliabilities were viewed as being very
high, the subtest test-retest reliabilities were considered
only "moderately good" (p. 93); requiring caution when
evaluating a change in subtest scores in the individual
patient (Anastasi; 1976, Matarazzo et al., 1970; Matarazzo &
Herman, 1984).

Studies not included in the Matarazzo et al. (1980)
review which reported additional test-retest reliability
information are also listed in Tables 2.2 and 2.3. Using a
mixed out-patient sample (N = 96) with retest intervals
ranging from 1 to 10 years, Wagner and Caldwell (1979) found
WAIS IQ reliabilities of .89, .90, and .87 for Full Scale,
Verbal, and Performance IQs, respectively. The authors
indicated that these values compared favorably with those
obtained for institutionalized samples and were not far
removed from the reliability (split-half) data reported by
Wechsler (1955). These authors also reported that the
subtests demonstrating the lowest overall test-retest relia-
bilities were Arithmetic, Similarities, Picture Completion,
and Picture Arrangement. As noted above, comparatively low
reliabilities have been reported for Picture Arrangement
although not so for the other three. Table 2.3 presents the
test-retest reliabilities of the WAIS subtests.

Wagner and Caldwell (1979) also divided their population
into four diagnostic groups consisting of "organics" (p.

132) (n = 39), neurotics (n = 19), personality disorders (n
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= 18) and schizophrenics (n = 20), and found the
reliabilities to be remarkably high. The organic brain
syndrome (organics) group was "sometimes" (p. 132)
predetermined by evidence of a known brain injury prior to
testing although the etiological nature of the rest of this
subgroup was not reported. ' The organic subjects yielded
Verbal, Performance and Full Scale IQ coefficients of .83,
.76, and .78, respectively. Subtest correlation coeffi-
cients were also determined and ranged from the subtest
Similarities (.49) to Arithmetic (.86). Verbal IQ correla-
tion coefficients were .73, .85, and .92 for the remaining
groups consisting of neurotics, personality disorders and
schizophrenics, respectively. Performance IQs were .76,
.79, and .81 for the three groups, and .73, .91, and .84 for
Full Scale IQ values, respectively.

Warner (1983) calculated retest correlation coefficients

on WAIS IQs and subtests for a group of alcoholics (n = 16)

and non-alcoholics (n 14) (which was comprised of an
assortment of patients with medical and psychiatric
diagnoses). Mean test-retest intervals for the alcoholic
and non-alcoholic groups were 22.0 and 24.9 days, respec-
tively. Mean ages for the two groups were 42.1 and 40.7 for
the alcoholic and non-alcoholic groups, respectively. Cor-
relation coefficients for the alcoholic groups were .82,
.86, and .85 for the Verbal, Performance, and Full Scale IQ

values, respectively. Subtest correlations ranged from .53

(Digit Span) to .92 (Information). Non-alcoholics averaged
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Verbal, Performance and Full Scale correlation coefficients
of .83, .76, and .82, respectively. Subtest correlation
coefficients ranged from .34 (Picture Completion) to .89
(Vocabulary).

If retest reliability studies for the WAIS are few,
those for the WAIS-R are even more rare. Wechsler (1981)
presented test-retest (stability) coefficients for the three
IQs and 11 subtests for two retest groups (see Tables 2.4
and 2.5). The test-retest interval ranged from two to seven
weeks. Seventy-one individuals were reevaluated in the 25
to 34 year old range, and 48 individuals from the 45 to 54
year old age group. Verbal IQ correlation coefficients were
.94 and .97 for the two chronological age groups, respec-
tively. Performance IQ correlation coefficients were .89
and .90, and Full Scale IQ correlations were .95 and .96 for
the two respective groups. The younger group subtest
correlation coefficients ranged from .69 (Picture Arrange-
ment) to .93 (Vocabulary) while the older group subtest
correlation coefficients ranged from .67 (Object Assembly)
to .94 (Information).

Snow, Tierney, Zorzitto, Fisher, and Reid (1989) also
studied normals but used a group (N = 101) of geriatric
subjects with a mean age of 67.1 years. The test-retest
interval was an average of 1.1 years and resulted in retest
reliabilities of .86 for Verbal IQ, .85 for Performance IQ,
and .90 for Full Scale IQ. The authors reported that these

reliability values were "high over a 1l-year interval"
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Table 2.4

WAIS-R IQ Test-Retest Reliabilities by Subject Population

Inter-

Study Sample Age n val VIQ PIQ FSIQ
Wechsler, normals 25-34 71 (2-7) .94 .89 .95
1981 45-54 48 (2-7) .97 .90 .96
Warner, alcoholics 42 16 3 .91 .95 .96
1983 non-

alcoholics® 41 14 4 .90 .84 .90
Ryan, et b
al., 1985 mixed 37 21 38 .79 .88 .86
Snow, et normals 67 101 57 .86 .85 .90

al., 1989

Note. Mean ages are in years. Mean
are in weeks.

aPsychiatric and medical patients.
neurologically-impaired patients.

test-retest intervals

stychiatric

and
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(p. 425), but were not as high as those reported by Wechsler
(1981) for younger subjects. Snow et al. (1989) suggested
that Wechsler's (1981) values were higher because his retest
interval was much shorter. Subtest test-retest reliability
values ranged from .51 (Comprehension) to .91 (Digit
Symbol).

Employing the WAIS-R, Ryan et al. (1985) assessed test-
retest stability in a sample of 21 psychiatric and neurolog-
ical patients. The mean test-retest interval was 38 weeks
(range two to 144 weeks). Group mean age and education were
respectively, 37.38 and 12.19 years. Included in the group

were the following diagnoses: alcoholism with organic brain

syndrome (OBS) (n 4); adjustment reaction (n = 3); head
injury (n = 3); post-traumatic stress disorder (n = 2);
schizophrenia (n = 2); Alzheimer Disease or possible disease
(n = 2); and drug induced psychosis (n = 1). Verbal,
Performance, and Full Scale IQs yielded stability coeffi-
cients of .79, .88, and .86, respectively. Subtest correla-
tion coefficients ranged from .45 (Similarities) to .90
(Information).

Warner, (1983) also conducted test-retest procedures

with the WAIS-R on alcoholics (n = 16) and non-alcoholics

(n 14) in the same manner noted previously. Verbal 1IQ
correlation coefficients for the alcoholic and non-alcoholic
groups were .91 and .90, respectively. Performance IQ was
.95 and .84 with Full Scale IQ correlation coefficients of

.96 and .90 for the alcoholic and non-alcoholic groups,
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WA|S-R Subtest Test-Retest Relliablilities by Subject Population

Study/ D.
Population Inf, 0.S. Voc, Arith, Comp, Sim, P,C. P.,A, B,D, O0.A, Sym,
Wechsler, 1981 .88 .89 .93 .80 .79 .82 .8 .69 91 .72 .86

normals .94 .82 .91 .90 .82 .86 L,89 ,76 .80 .67 .82
Warner, 1983

alcohol ics .97 .84 ,95 ,78 ,80 .81 .78 75 .13 .83 .88
non=-

alcoholics® .91 .84 .93 81 66 85 83 .86 .67 34 87
Ryan et al,,

1985

mixed® 9 ,75 .78 .74 .76 .45 .81 o179 75 77T .74
Snow et al,,

1989

normals .81 .66 ,71 .72 ,51 65 65 74 84 T 91
a

Psychlatric and medical patients, stychlafrlc and neurologically-impaired

patients,
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respectively. Subtest coefficients for the alcoholics
ranged from .73 (Block Design) to .97 (Information). Non-
alcoholic subtest <coefficients ranged from .34 (Object
Assembly) to .93 (Vocabulary).

Noting that client characteristics and time limitations
may result in the omission of subtests, Mittenberg and Ryan
(1984) determined that elimination of any one WAIS-R subtest
left Full Scale IQ reliability essentially unchanged at .97
(split-half reliability). 1In addition, the authors reported
that subtraction of any combination of Performance subtests
produced no further reduction of the Full Scale IQ reliabil-
ity due to the high Verbal IQ reliability of .97 (split-
half). The omission of more than one Verbal subtest, how-
ever, affected reliability moderately, but five verbal sub-
tests would have to be deleted before reliability fell below
.95. This is particularly important with neurologically-
impaired patients since their deficits may make them noncom-
pliant or physically restricted such that it is difficult,
if not impossible, for them to take all the tests (Lezak &
Gray, 1984).

In summary then, both the WAIS and WAIS-R IQs possess
high to moderately high test-retest reliabilities, with
lower reliabilities noted for the 11 subtests. The lower
subtest reliabilities as described by Matarazzo and Herman
(1984) reflect the combination of restriction of range when
converting raw scores to scaled scores as well as smaller

sampling of behavior relative to the Wechsler Scales in
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total. From this review, it would appear that in most cases
Verbal IQ reliabilities are greater than Full Scale IQ
reliabilities, and Full Scale IQ reliabilities are greater
than Performance reliabilities (Campbell, 1983). The con-
sistently lower Performance IQ reliability coefficients may
be due to the time limits and novel problem-solving nature
inherent in these tasks. This is in contrast to the Verbal
subtests which have a greater number of items from which to
sample behavior as well as the more engrained, well-learned
and over-rehearsed content inherent in those verbal tasks
(Fisher, 1985; Mandleberg and Brooks, 1975; Ruesch, 1944).

It is clear from this review that there is a limited
number of test-retest reliability studies completed on the
WAIS and even fewer on the WAIS-R. In addition, it appears
that those results which have been published have been
severely compromised by methodological shortcomings.
Furthermore, there have been few studies which have involved
brain-damaged subjects and only a very restricted number of
traumatically-brain-injured survivors. Thus, there is a
need to supply base-rate information to the practitioner
relative to the Wechsler Scales, consisting of test-retest
reliabilities for brain-injured populations (Brown & May,
1979; Campbell, 1983; Matarazzo & Herman, 1984; Ryan et al.
1985; Seidenberg et al., 1981). Further data on the relia-
bility of these tests and changes in test performances over
time can enhance clear interpretation and judgments about

these changes with confidence (Campbell, 1983).
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Comparison of the WAIS and the WAIS-R

Following the revision of a test instrument, it is not
unusual to examine the relationship between the revised
edition and its predecessor. This is helpful to establish
criterion validity and to determine whether the two forms
are equivalent and/or interchangeable. This information is
important when a determination needs to be made on an
individual who has been tested with both the original test
and its subsequent revision. Clearly, an investigator would
want to know how the performance or results on one test
compared to the performance or results of the other. If the
two tests were found to be comparable, and therefore inter-
changeable, the influence of possible test-retest practice
effects might be minimized by alternating the two tests in
repeat or serial evaluations.

An examination of the relationship between the WAIS and
the WAIS-R occurred following the revision of the WAIS.
Wechsler (1981) presented correlation coefficients of scaled
scores and IQs on the WAIS with those on the WAIS-R using 72
cases with an age range of 35 to 44 (see Table 2.6). All
subjects were administered the WAIS-R and the WAIS in
counterbalanced order with a test-retest interval of three
to six weeks. Verbal, Performance, and Full Scale IQ
correlation coefficients between the WAIS and WAIS-R were
.91, .79, and .88, respectively. Correlations on subtests
between the two test forms ranged from .50 (Picture Arrange-

ment) to .91 (Vocabulary). This was quite similar to a



Table 2.6

WAIS/WAIS-R Correlations

54

Wechsler, Prifitera Urbina, Rabourn,
1981 & Ryan, et al. 1983
1983 1982

Information .87 .91 .90 .91
Digit Span .86 .85 .82 .92
Vocabulary .91 .94 .95 .96
Arithmetic .85 .78 .88 .93
Comprehension .72 .86 .82 .93
Similarities .71 .74 .82 .86
Picture Completion .63 .83 .80 .88
Picture Arrangement .50 .80 .75 .84
Block Design .85 .89 .82 .97
Object Assembly .66 .80 .57 .98
Digit Symbol .79 .94 72 .98
Verbal IQ .91 .96 .95 .96
Performance IQ 79 .87 .86 .94
Full Scale IQ .88 .93 .94 .95
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study by Urbina, Golden and Ariel (1982) on a heterogenous
sample of 35 females and 33 males ranging in age from 16 to
74. Correlations between the WAIS Verbal, Performance and
Full Scale IQ and those on the WAIS-R were .95, .86, and
.94, respectively.

Despite these correlation coefficients, Wechsler (1981)
found the resulting WAIS Verbal, Performance and Full Scale
IQ values to be 6.9, 8.0, and 7.5 points higher, respec-
tively than the corresponding IQs on the WAIS-R (see Table
2.7). Using 32 psychiatric and vocational counseling
patients, Prifitera and Ryan (1983) found the WAIS-R Verbal,
Performance and Full Scale IQs to be 7.59, 7.06 and 7.75
lower, respectively, than the corresponding IQs on the WAIS.
Correlations for these same IQ values were .96, .87, and
.93, respectively.

Rabourn (1983) used a format that combined the WAIS and
the WAIS-R by administering items consistent with both tests
concurrently, and adding items in each test which were not
common to both. This was done primarily to reduce errors
due to practice effects common in test-retest methods.
Rabourn found correlations between the WAIS and WAIS-R
Verbal, Performance, and Full Scale IQ values (N = 52) to be
.96, .94, and .95, respectively. Resulting WAIS IQ values
were 6.2, 7.6, and 6.7 points higher than the WAIS-R.
Similarly, Smith (1983) used naive subjects (N = 70) for

both WAIS and WAIS-R administrations and found that the
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Table 2.7

WAIS Minus WAIS-R Difference Scores

Wechsler, Prifitera Urbina, Rabourn,

1981 & Ryan, et al. 1983
1983 1982

Information 1.10 1.03 0.85 1.20
Digit Span 0.60 0.15 0.24 0.80
Vocabulary 1.80 1.85 1.49 1.50
Arithmetic 1.00 1.00 0.97 1.00
Comprehension 1.80 1.75 1.29 2.00
Similarities 2.20 2.10 1.62 2.10
Picture Completion 1.80 1.09 1.21 1.40
Picture Arrangement 0.80 0.47 0.66 0.50
Block Design 1.00 0.88 0.79 1.40
Object Assembly 1.30 1.19 1.16 1.30
Digit Symbol 1.80 1.01 1.66 1.40
Verbal IQ 6.90 7.59 5.43 6.20
Performance IQ 8.00 7.06 5.31 7.60

Full Scale IQ 7.50 7.75 5.28 6.70
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WAIS-R resulted in significantly lower estimates of intel-
lectual ability than did the WAIS. The WAIS-R Verbal,
Performance and Full Scale IQ values were 8, 9, and 9 points
lower than the WAIS values, respectively.

Using a neurologically-impaired population (N = 114)
similar in age, years of education, occupation, race, sex,
etiology and location of cerebral dysfunction, Kelly,
Montgomery, Felleman, and Webb (1984) also found the WAIS
IQs to be higher than WAIS-R IQs. The WAIS group
demonstrated mean scores 6.42, 3.54, and 5.79 points greater
than the WAIS-R on Verbal, Performance, and Full Scale IQs,
respectively. Differences between the two groups were
statistically significant for the Verbal and Performance IQ
mean values.

These studies suggest that while the correlations
between the two Wechsler scales are high, different
relationships may exist between the WAIS and the WAIS-R at
different points on the intelligence distribution (Sattler,
1988). Therefore, the WAIS and WAIS-R are not equivalent
(Ssmith, 1983; Warner, 1983) or interchangeable (Sattler,
1988). Thus, the two tests should not be used in the serial
testing of individuals since differences between the WAIS
and the WAIS-R will confound the results and subsequent
interpretation of those scores.

In an attempt to understand why the two tests differ,
Smith (1983) reported that Wechsler tended to attribute the

differences between the WAIS and WAIS-R IQ scores to changes
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in the populations on which the two scales were standardized
and not to changes in the scales themselves. Rabourn (1983)
cited societal influences on the test items, changes in the
construction of the test, attitudes towards testing, and
possible changes in the training of test administrators as
possible variables contributing to the differences between
WAIS and WAIS-R scores. Furthermore, Prifitera and Ryan
(1983) suggested the influences of wide-spread exposure to
TV and other media in the 28 years between the two sets of
norms, as well as an overall increase in the educational
level of the population, were accountable. In any event,
it is clear that the use of these two psychometric instru-
ments alternatively could present a major confound in any
attempt to document recovery or measure the effects of
practice over time (Warner, 1983). In addition, the two
tests should not be used interchangeably in clinical neuro-

psychological assessment and research (Kelly et él., 1984).

Practice Effects

Repeat administrations of tests to assess recovery
following head injury are common and have proved valuable in
monitoring recovery in traumatically-brain-injured survivors
(Brooks et al., 1984). However, it is possible that when-
ever a test is repeated increased familiarity with that test
may result in an improved performance on that test. The
improvement in performance which reflects the influence of

learning and positive carryover as a result of having been
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exposed to those tasks on a previous occasion is referred to
as a practice effect (Seidenberg et al., 1981). Catron and
Thompson (1979) have suggested the term "retest effect"
(p. 352) because of the variety of other variables beyond
mere practice that contribute to the effect. Hence, the
term test-retest practice effect will be used for this
study.

The concerns regarding test-retest practice effects have
been expressed by several authors (Catron & Thompson, 1979;
Matarazzo et al., 1980; Matarazzo & Herman, 1984; Warner,
1983). Without being cognizant of these effects for a given
instrument, or the accuracy of an obtained score, it is
quite difficult to determine whether changes in test
performance over time in a population (such as TBI survi-
vors) are due to treatment, unreliability of the test,
spontaneous recovery, or to practice effects (Campbell,
1983). For instance, if a clinician used cut-off points as
the sole basis for making judgments with respect to
normality of brain functioning, the existence of test-retest
practice effects may result in judging more individuals to
be normal on successive administrations of a test than on
the first test without intervention (Dodrill & Troupin,
1975; Matarazzo, Matarazzo, Wiens, Gallo & Klonoff, 1976).
In fact, Dikmen et al. (1983) suggested that test-retest
practice effects may possibly mask the true slowing of
recovery over time when, in fact, practice effects may

emulate continued cognitive improvement by influencing
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scores to increase. The possibility of test-retest practice
effects requires that considerable caution be exercised
before concluding that subjects have recovered to normal
functioning without corroborative evidence even when IQ
scores are back to premorbid and/or average levels (Becker,
1977; Dodrill & Troupin, 1975; Matarazzo et al., 1980;
Matarazzo & Herman, 1984).

The potentially deleterious effects of test-retest
practice effects on clinical decisions also suggest that
these effects peed to be separated from true intellectual
performance. This, in turn, suggests the need for a
statistical procedure that would permit variation in test
scores associated with a practice effect to be removed from
variation that reflects true intellectual performance and
natural recovery. Unfortunately, such modeling is not
currently possible, and thus, teasing out practice effects
from test scores becomes a logical as opposed to a
statistical process.

Another difficulty related to practice effects noted
previously, 1is that high test-retest correlations can
mislead clinicians by implying similarity between the
test-retest scores when, in fact, scores may increase upon
retesting and only the rank order of scores are similar
(Catron & Thompson, 1979). Thus, with extremely high
test-retest reliabilities one could conclude erroneously
that the Wechsler Scales might produce a score on retest

nearly identical in absolute value to the score obtained in
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the initial test for the same individual and be unaware of
the substantial gain due to the test-retest effect alone
(Matarazzo et al., 1980). This caution is underscored by
Ryan et al. (1979) who reported that the WAIS-R is less
reliable clinically than one might infer from the test-
retest coefficients alone, and that large pretest to
posttest changes must be interpreted in conjunction with
information from other specialized assessment procedures
(Matarazzo & Herman, 1984).

Test-retest practice effects may, in turn, also
influence test-retest reliability coefficients differen-
tially. If the initial and repeat tests are close
temporally, the individual may remember some of the answers.
This carryover or test-retest practice effect may yield a
spuriously high retest correlation (Campbell, 1983;
Cronbach, 1960; Derner et al., 1950; Freeman, 1962). Derner
et al. (1950) suggested that the consistency of the practice
effect, however, can be assessed by making retest measure-
ments at varying time intervals. It is expected that a
longer test-retest interval will result in a lowering of the
reliability coefficient (Cronbach, 1960; Freeman, 1962) and
that test-retest practice effects will diminish with time
(Anastasi, 1968; Campbell, 1983; Tuma & Applebaum, 1980).
If, however, test-retest effects differentially influence
test scores rather than increase each individual score to
the same degree, then the test-retest reliability coeffi-

cient will decline because the original rank order of the
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individuals on the first test will change (Campbell, 1983;
Meer & Baker, 1967).

In general, test-retest effects may be due to such
factors as environmental and situational variables as well
as emotional or affective factors (Seidenberg et al., 1981).
Numerous authors (Lezak, 1983; Matarazzo, 1972; Quereshi,
1968; Steisel, 1951) suggest that tests that have a large
speed component may be particularly susceptible to test-
retest practice effects. Steisel (1951) theorized that in a
retest situation the reaction times of a subject would tend
to be faster than at the original testing. Since additional
credit is allowed for speed on some tests, this would allow
for higher scores in the retest situation. Karson, Pool and
Freud (1957) reported that tasks involving manipulation of
test materials might increase transfer from test to retest.
Furthermore, Lezak (1983) theorized that tests which require
an unfamiliar or infrequently practiced mode of response, or
have a single-solution, particularly if it can be easily
conceptualized once it was obtained, were more 1likely to
show significant practice effects. In addition, Warner
(1983) hypothesized that the subtests most susceptible to
practice effects would also be those that were the least

reliable.

Practice Effects on the Wechsler Scales

Given that the WAIS and WAIS-R lack equivalent, alterna-

tive forms and are not interchangeable, many concerns have
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been expressed about the use of either the WAIS or the
WAIS-R in test-retest procedures. Catron and Thompson
(1979) suggested that the experience of taking the test once
forever alters any subsequent test results; especially Full
Scale and Performance IQ scores, and when intervals are less
than 4 months, the Verbal IQ as well. In fact, Wechsler
consistently cautioned that a gain in IQ of about 5 points
from test to retest should, in general, be considered a
practice or retest effect rather than a clinically meaning-
ful change in actual IQ (Matarazzo et al., 1980). Thus,
while the Wechsler IQs and subtests appear to be "robust"
(p.92) psychometrically, some scores change sufficiently to
warrant considerable caution in making clinical judgments in
isolation (Matarazzo & Herman, 1984); as discussed below.

Matarazzo et al. (1980) analyzed 10 of the 11 studies
noted previously for changes in WAIS Verbal, Performance,
and Full Scale IQ values between test and retest. The
median gains for Verbal, Performance, and Full Scale IQ
values separately were 2, 8, and 5 IQ points, respectively;
while corresponding mean gains were 2.38, 6.08, and 4.08 IQ
points, respectively. In addition, Matarazzo et al. (1980)
reported the actual gain or loss in means from one study to
another ranged from -5 to +11 IQ points.

The pattern of retest gains was also found to be quite
consistent with the Performance Scale demonstrating greater
gains on retest than the Verbal Scale; a finding that is

congruent with previous research (Campbell, 1983; Catron &
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Thompson, 1979; Derner et al., 1950; Matarazzo, 1972). This
pattern also holds true, despite the length of the retest
interval (Catron & Thompson, 1979). Table 2.8 lists the
WAIS IQ gains on retest of those studies in addition to, and
including, the Matarazzo et al. (1980) review.

Catron (1978) studied 35 male college students who were
administered the WAIS twice in 1immediate succession.
Significant increases were noted with retest gains of 3.1,
14.2, and 8.3 points for Verbal, Performance, and Full Scale
IQ scores, respectively. Catron concluded that the gain in
these scores represented the maximum amount of gain one
could expect to find on retest since all practice effects,
and influences due to recency and insight would be at a
premium. Kangas and Bradway (1971) retested normal
individuals (N = 48) 13 years apart and found gains of 5.8,
11.3, and 8.5 points for Verbal, Performance, and Full Scale
IQs, respectively. In addition, Catron and Thompson, (1979)
retested 76 male college students with a retest interval of
either 1 week, 1 month, 2 months, and 4 months apart,
respectively (n = 19/interval). They found that as the
test-retest interval increased, the retest gain scores
decreased in a decelerating curve, although the gains in
Performance IQ remained greater than those noted in Verbal
IQ.

Matarazzo et al. (1980) also reported that increases

were observed on all 11 subtests on retest to some degree.
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WAIS IQ Test-Retest Gains by
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Subject Population

Study/
Population

o)

Age

Inter-

Educ. wval VIQ

PIQ

FSIQ

Kangas & a
Bradway, 1971
normal adults

Matarazzo
et al., 19732
normal job
applicants
Catron, 1978
normal
college students

Catron &
Thompson, 19792
normal
college students

Coons &
Peacock, 19592
psychiatric

patients

Kendrick &

Post, 19672

depressed/
normal elderly

Klonoff

et al., 19702
chronic
schizophrenics

Brown &

May, 19792
psychiatric
patients

48

29

35

19
19
19
19

24

30

42

50

42

24

20

19
19
19
19

33

70

47

44

- 676

14 20

12+ 0

12+
12+
12+
12+ 1

O\ OO >

10 6

10 416

- 100

5.80

5.60

3.10

4.74
1.79
2.27
0.85

11.30

4.90

14.20

11.37
9.79
8.74
8.00

8.50

5.50

8.30

8.00
5.68
5.42
4.21

3.45

2.60

3.27

2.30

9.75

8.60

3.56

3.20

6.51

5.00

6.64

2.80



Table 2.8 (cont'd)
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Wagner &

Caldwell, 1979
neurotics
personality
disorders
schizophrenics
total
outpatientd

Warner, 1983
alcoholics
non-alcoholics®

Rosen

et al., 19682

mentally
retarded

Rosen

et al., 19742

educable
retarded

Dinning
et al., 1977
adult retarded

Spitz, 1983

adolescent
retarded

adult retarded

Kendrick &

Post, 19672
brain-damaged
elderly

Dodrill &

Troupin, 19752
chronic
epileptics

Matarazzo

et al., 19792
carotid
endarterectomy

19

18
20

96

16
14

120

50

204

42
23

10

17

17

30

25
23

25

42
41

24

29

34

17
21

70

27

62

12+

12
13

10

13

229

229
229

229

130

186

128

177
183

35

20

€1.00 1.00 1.00
€6.00 4.00 5.00
€6.00 3.00 3.00
5.73 6.48 5.48
3.80 8.60 6.30
2.40 7.10 4.60
b3 g0 5.34 4.42
1.00 2.70 1.80
2.00 2.00 2.00
- - 1.70
- - 1.00
0.52
by.so0  2.35 1.40
0.70 0.70 -
-4.77 -3.76 -4.47
2.40 4.90 3.60
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Wagner &
Caldwell, 1979
organics 39 24 12+ 229 ©4.00 4.00 4.00

by.ss8  1.46 1.04

Note. Mean age and education are in years. Mean test-
retest intervals are in weeks.

3Matarazzo et al. (1980) . b Mean values. CIQ test-retest
gains are estimates derived from reported subtest gains.
d'rhe total outpatient sample includes neurotics, personality

disorders, schizophrenics and organics. €psychiatric and
medical patients.
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Using test-retest WAIS subtest scores of 29 normal individ-
uals, Matarazzo et al. (1973) found that changes do take
place after a 20 week test-retest interval, albeit small
ones. Table 2.9 lists the test-retest gains on WAIS sub-
tests in addition to other reported gain scores. Mean
changes in individual scaled scores for each of the 11 sub-
tests in the 1973 study were 0.24 (Information), 1.93
(Comprehension), 0.41 (Arithmetic), 0.90 (Similarities),
1.00 (Dpigit Span), 0.90 (Vocabulary), 1.41 (Picture
Completion), 0.76 (Block Design), 0.17 (Picture Arrange-
ment), 0.69 (Object Assembly), and 1.00 (Digit Span).

In addition, these authors reported that in gain or loss
difference scores on the six Verbal subtests, 63% of all 29
subjects fell between +1 to -1 point on retest. Fifty four
percent of all subjects fell between +1 and -1 point on
retest on the five Performance subtests. Nevertheless,
without intervention of any kind, Matarazzo et al. (1980)
stated some individuals changed as much as 3 to 7 points in
subtest scaled scores from test to retest. The authors
suggested that these changes may be due to either motiva-
tional or test taking differences, practice or retest
effects, test unreliability, or some other as yet
undiscovered factor. As such, Matarazzo et al. (1980)
advocated that practitioners use caution in interpreting
WAIS test-retest changes and suggested that a change of 3 to
5 points' or more in subtest scaled scores and a change of 15

points or more in an IQ score may be interpreted as
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WAIS Subtest Test-Retest Gains by Subject Population

Sfudy/ Do
Population Inf, D.S., Voc, Arith, Comp, Sim, P.,C., P.A, B,D, O.,A, Sym,
Matarazzo, s
et al,, 1973

normal
appl icants 0,24 1,00 0,90 0,41 1,93 0,90 1.41 0,17 0,76 0,69 1,00
Catron, 1978
normal college
students 0,08 0,37 0,03 1,48 0,72 0,32 1,71 2,86 1,14 3,00 2,03
b0.I6 0,68 0,46 0,94 1.32 0,61 1,56 1,51 0,95 1,84 1,51
Coons &
Peacock, 1959°
psychlatrics 0.60 0,50 0,3 0,20 0,60 0,90 0,80 1,60 0.90 2,60 0,80
Wagner &
Caldwell, 1979
neurotics -0,21 0,26 0,3t 0.48 -0.,15 0,52 -0,05 0,15 0,00 0,21 0.73
personal ity
disorders 0,78 0,28 0,62 0.39 1,66 1,34 0,95 1,05 1,11 0,17 0,83
schlzophrenics 0,10 0,55 0,10 0,45 1,30 0,00 0,15 1,10 0.35 0,35 0,55
oufpaflenfsc 0,35 0,38 0,52 0,49 0,95 0,92 0,47 0,51 0.63 1,03 0,56
Warner, 1983
alcoholics 0.0 o.,80 0,3 0,60 0,50 1,20 1,40 1,10 1,60 1,40 1,00
non—alcohollcsd 0.80 -0,50 0,10 0,50 0,70 0,80 1,00 0,70 1,00 1,80 1,10
b0.36 0,32 0,32 0,44 0,79 0,81 0,67 0.88 0,79 1,08 0,79
Matarazzo
et al,, 1979
carotid
endarterectomy 0,10 1,10 0,00 0,00 0,00 0,70 1,50 0,00 0,60 0,80 0,40
Wagner &
Caldwell, 1979
organic 0,56 0,38 0,79 0,57 0,98 1,38 0,67 0,12 0,84 0,49 0,36
b
0.33 0,74 0,39 0,28 0,49 1,04 1,08 0,06 0,72 0,64 0,38
a
Matarazzo et al,, (1980) study, bMean values, “The total outpatient sample in-
cludes neurotics, personality disorders, schizophrenics, and organics, dPSYCh'a?Flc

and medical patients,
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potentially clinically important. This assertion was also
made with regard to use of the WAIS-R (Matarazzo & Herman,
1984). Combining both the 25 to 34 and 45 to 54 year old
age groups from the test-retest samples for the WAIS-R,
Matarazzo and Herman (1984) determined that the mean change
upon retest after 2 to 7 weeks for 119 subjects (see Table
2.10) was a gain of 3.3, 8.4, and 6.2 points for Verbal,
Performance and Full Scale IQ values, respectively, which
were similar to the median gains noted in the review of the
published test-retest studies above. It is also noteworthy
to mention, as before, that these changes in IQ occurred
despite rather significantly high test-retest reliability
coefficients. Similarly, the WAIS-R subtests also
demonstrated test-retest changes despite what would appear
to be acceptable psychometric test-retest reliability (see
Table 2.11). Retest changes on the WAIS-R subtests in the
Matarazzo and Herman (1984) study reflected the following
gains: 0.6 (Information), 0.4 (Digit Span), 0.2
(Vocabulary), 0.6 (Arithmetic), 0.2 (Comprehension), 0.9
(Similarities), 1.1 (Picture Completion), 1.3 (Picture
Arrangement), 0.7 (Block Design), 1.9 (Object Assembly), and
0.9 (Digit Symbol).

In summary, Matarazzo et al's. (1980) "rules of thumb”
regarding the interpretation of change in either subtest or
IQ scores as noted above are based primarily on studies
involving normal and psychiatric patients. His conclusions

however, may not be entirely applicable to brain-damaged



71
Table 2.10

Test-Retest WAIS-R IQ Gains by Subject Population

Study/ n Age Educ. Inter- VIQ PIQ FSIQ
Population val
Warner, 1983
alcoholics 16 42 12 3 4.80 8.50 7.00
non-alcoholic? 14 41 13 4 3.50 9.00 6.70
Matarazzo and
Herman, 1984
normals 119 - - 2-7 3.30 8.40 6.20
Ryan et al.,
1985 b
mixed 21 37 38 2.91 4.52 3.86

Note. Mean ages and education are in years. Mean test-

retest intervals are in weeks.

b

aPsychiatric and medical patients. Psychiatric and neuro-

logically-impaired patients.
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Table 2,11

WAIS-R Subtest Test-Retest Galns by Subject Population

Sfudy/ D.
Population Inf, 0.S. Voc, Arith, Comp, Sim, P,C, P,A, B,0, 0.A, Sym,
wWarner, 1983

alcohol ics 0,50 1,20 0,20 .10 0,80 0,70 1,40 1,00 1,10 1,40 1,50
non=

alcoholics® 1,00 0,50 -0,20 1,20 -0,30 1,00 1,10 1,50 0,80 2,00 0.70
Matarazzo &

Herman, 1984

normals 0,60 0,40 0,20 0,60 0,20 0,90 1,10 1,30 0,70 1,90 0,90
Ryan et al.,

1985

mlxedb 0.38 0,52 0,34 -0,15 0,91 1,38 0,76 0,76 0,58 0,90 0,48

Note, Mean ages and education are in y
weeks,

a

Psychlatric and medical patients,

patlients,

ears, Mean test-retest

intervals are In

b
Psychiatric and neurologlically-impaired



73

subjects (Campbell, 1983; Warner, 1983) as will be seen

below.

Studies of Gain Scores Not Involving Normals

Studies reviewed by Matarazzo et al. (1980) involving
normal subjects demonstrated average mean gains of 3.50,
9.01, and 6.21 points for Verbal, Performance and Full Scale
IQ values, respectively. Similarly, studies involving
psychiatric subjects as reviewed by Matarazzo et al. (1980)
reported average gains of 3.27, 5.80, and 4.81 IQ points for
Verbal, Performance and Full Scale, respectively, when sub-
jects were retested with the WAIS. Test-retest studies by
Warner (1983) demonstrated gains of 3.8, 8.6, and 6.3 IQ
points on Verbal, Performance and Full Scale IQ values,
respectively for alcoholics (n = 16) and gains of 2.4, 7.1,
and 4.6 IQ points, respectively, for a group of
non-alcoholics (n = 14) on the WAIS. 1In the same study
Warner also used the WAIS-R to determine test-retest effects
in both alcoholic and non-alcoholic groups. Gains in the
alcoholic (n = 16) group were 4.8, 8.5, and 7.0 for Verbal,
Performance and Full Scale IQ values, respectively while
means of 3.8, 9.0 and 6.7 were noted for the IQ values of
the non-alcoholics, (n = 14), respectively.

Studies that involved people with mental retardation,
however, did not demonstrate such large gains. Of those
reports reviewed by Matarazzo et al. (1980) average test-

retest gains on Verbal, Performance, and Full Scale IQ
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scores were 1.50, 2.35, and 1.90 points, respectively.
Dinning, Andert and Hustak (1977) also used the WAIS to
retest 204 retarded adults with a retest interval of 32
months and found the mean Full Scale IQ change on the WAIS
to be only 1.7 points. Furthermore, Spitz (1983) retested
adult mentally retarded subjects approximately 3.5 years
after the initial WAIS and found the IQs changed by only
about 1 point. Bell and Zubek (1960) concluded what while
practice effects may be a factor in subjects with average
intelligence, it is difficult to believe that it would be a
significant féctor in people with mental retardation.
Furthermore, the authors suggested that test practice,
unless allied with coaching, does not bring about the amount
of gains reported in normals.

A study by Matarazzo et al. (1979) with subjects (N =
17) undergoing carotid endarterectomies demonstrated WAIS
retest gains of 2,4, 4.9, and 3.6 points for Verbal,
Performance and Full Scale IQ values, respectively. A
serial study of epileptics (N = 17) by Dodrill and Troupin
(1975) however, demonstrated a loss on retest with the WAIS
of -4.7, -3.7, and -4.4 points for Verbal, Performance and
Full Scale IQs values, respectively. A partial explanation
for this drop was the use of anticonvulsants in nine of the
subjects whose Full Scale IQ dropped 6.44 points. Neverthe-
less, no explanation was given for the other eight subjects
who were not taking medications and who dropped an average

of 2.25 points (Shatz, 1981). In fact, it wasn't until the



75
third administration that Performance IQs exceeded scores on
the first test and not until the fourth evaluation that
Verbal IQ and Full Scale IQ exceeded the first test scores.

In another serial study, Kendrick and Post (1967)
evaluated brain-damaged elderly subjects (n = 10) three
times. Changes in WAIS Verbal IQ resulted in a gain of only
0.70 points on the first retest (second administration) and
a loss of 0.70 on the second retest (third administration).
Similarly, Performance IQ improved by only 0.70 on the first
retest and demonstrated a subsequent loss of 0.80 points on
the second retest. Therefore, the possibility exists that
practice effects or gains on retest with persons with known
cerebral dysfunction do not occur in as a reliable fashion
as typically seen in healthy subjects (Shatz, 1981).

Shatz (1981) has also suggested that practice effects
differ in both magnitude and time course between those sub-
jects who are neurologically intact and those who experience
cerebral dysfunction. Research further suggests that retest
changes may not occur to the same extent in all populations
(Ryan et al., 1985). As demonstrated previously, normal
subjects seem to show greater practice effects than psychi-
atric patients while individuals with cerebral dysfunction
show minimal practice effects from a single retesting. 1In
fact, those retest increases noted in IQ scores in subjects
with cerebral dysfunction may possibly reflect improved

cerebral functioning rather than the practice effects
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characteristically seen in normal subjects or controls
(Shatz, 1981) as will be demonstrated below.

In a study of 47 patients with vascular disease, the
WAIS was administered and subsequently retested several
months later (Duke, Bloor, Nugent & Majzoub, 1968). The
patients were divided into a small vessel disease group
(SVD), a large vessel disease operated group (LVD-0O), and a
large vessel disease non-operated group (LVD-N). The LVD-O
group underwent carotid endarterectomies to permit an
increase in blood flow. Results on retesting indicated that
the SVD group made significant gains on all three IQs,
whereas the LVD-O group made significant gains on Perform-
ance, and Full Scale IQ (see Table 2.12). The LVD-N group
made no significant gains. The authors surmised that the
surgery on the LVD-O group created a condition wherein the
LVD-0 group was able to achieve a practice effect by
stopping the deterioration of accompanying vascular disease
whereas the LVD-N was unable to do so.

Ivnik (1978) tested and retested patients with multiple
sclerosis (MS) (n = 14) as well as non-MS neurological
controls (n = 14). Using a mean test-retest interval of 3
years Verbal, Performance, and Full Scale IQs decreased due
to the worsening of MS. It was noted that the control group
demonstrated gains of 1.5, 3.1, and 2.0 IQ points on the
respective IQ scales. 1Ivnik suggested that the test-retest
differences probably represented true improvement in neuro-

psychological functioning for the control group by the fact
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Table 2.12

Test-Retest Gains of Impaired and Control Populations on
WAIS IQ Values

Study n Age Educ. Inter- VIQ PIQ FSIQ
val
Duke
et al., 1968
SVD 19 59 47 3.58 6.90 5.73
LVD-0 16 58 76 2.19 10.19 6.38
LVD-N 13 57 75 -1.83 -0.63 -1.08
Ivnik, 1978
non-MS 14 37 12 138 1.50 3.10 2.00
MS 14 38 13 148 -3.60 -3.70 =3.70
Seidenberg
et al., 1981
improved
epileptics 22 22 11 74 3.59 10.23 6.86
unimproved
epileptics 25 22 11 78 -1.08 4.28 1.24
Drudge,
et al., 1984
normal adults 15 25 13 0
head-injured
adults 15 25 13 36 13.70 25.40 20.60
a8(-9.6) (-12.3)(-11.2)
Becker, 1977
enlisted
controls 10 23 12 9 3.20 6.40 5.00
head-injured
enlisted 10 20 9 7.00 15.40 12.30

a(-8.5) (-17.8)(-13.5)

Note. Mean ages and education are in years. Mean test-
retest intervals are in weeks.
aIQ points below normal controls at time of retest.
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that several of the neurological disorders in that group
involved neurosurgical procedures from which recovery of
functioning over time was anticipated.

Seidenberg et al. (198l1) examined the WAIS test-retest
performances of a group of epileptics (N = 58). The results
indicated significant retest increases only on Performance
IQ and Object Assembly for a portion of the sample for whom
seizure activity did not improve. With epileptics for whom
seizures did improve, significant increases were noted on
retest in 11 of the 14 WAIS measures. These improvements
included Verbal, Performance, and Full Scale IQ values, and
the subtests Information, Similarities, Comprehension,
Picture Completion, Picture Arrangement, Block Design,
Object Assembly, and Digit Symbol. It was concluded that
these retest improvements were not due to practice effects
since the extent of the improvement succeeded those
attributable to the influence of practice as discussed by
Matarazzo (1972) but also the test-retest interval of more
than 20 months was longer than the period of time the
effects of practice were typically expected to operate
(Seidenberg et al., 1981).

Drudge, Williams, Kessler, and Gomes (1984) evaluated
TBI survivors (n = 15) twice with the WAIS; once at 2.6
months and again at 11.5 months, post-injury. All changes
between the initial and second tests were significant except
for Digit Span. Retest gains were 13.7, 25.4, and 20.6

points for Verbal, Performance, and Full Scale IQ values,
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respectively. Despite these changes on the second test, the
TBI patients were inferior to controls tested only once on 9
of the 14 various WAIS scales and subtests. By testing
controls only once, not twice, learning or practice effects
were not controlled for, however the authors assumed that
the improvement in the TBI subjects was the result of the
recovery process. The assumption was based on the knowledge
that TBI patients are most deficient in learning and memory;
both of which are instrumental for test-retest practice
effects. These cognitive deficits in the face of a nine
month test-retest interval also suggested a reasonable
reduction in the effects of incidental memory. This was
also consistent with Schau, O'Leary and Chaney (1980) who
suggested that practice effects would not 1likely be
detectible over a one year period of time.

Becker (1977) evaluated and then re-evaluated a group (n
= 10) of male enlisted patients with closed head injuries at
approximately 2 and 13 weeks, post-injury, respectively.
This impaired group was compared with a matched group (n =
10) of enlisted men who had no history of head injury, brain
disease, or psychiatric diagnosis and who were tested at
approximately the same times. Becker reported that the
overall improvement shown by the closed head injured
patients were not significantly greater than the control
subjects leading the author to conclude that the "improve-
ment®” noted on retesting was attributable to practice

effects and the experience of prior test taking. Despite
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this contention, the head injury group's test-retest gains
were more than twice the test-retest gains of the control
group reflecting greater change relative to the much lower
scores of the head injury group on initial testing than
those of the control group. The head-injured group's
initial Verbal, Performance, and Full Scale IQ values were
12.3, 26.8, and 19.8 lower than the matched control group,
IQ values, respectively. Even with the large test-retest
gains demonstrated by the head-injured group, IQ values were
still 8.5, 17.8, and 13.5 lower than the matched group on
Verbal, Perforﬁance, and Full Scale measures respectively,
at retest. Therefore, test-retest gains were not equivalent
and may have varied for reasons other than practice effects
including genuine recovery.

Mandleberg and Brooks (1975) compared the three year
post-injury follow-up of WAIS scores of TBI patients (N =
40) differing in the number of times (one to four) the WAIS
had been given previously. The authors found no evidence
for test-retest practice effects insofar as the three year
WAIS scores were not related to the number of previous
testings. Practice effects were also absent at 5 and 10,
months post-injury as well. The authors suggested that the
lack of evident practice effects in TBI subjects ran counter
to findings in non-brain-injured groups. They surmised that
in the latter, improved retest scores could be a function of

late learning, increased test familiarity, and decreased
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levels of anxiety, whereas those same factors were less
powerful in the TBI subjects they had evaluated.

In a second study, Mandleberg (1976) compared the WAIS
scores of TBI patients (n = 51) evaluated 4 times within a
30 month period, post-injury with those TBI subjects (n =
98) who had no prior exposure. Mandleberg reported that
prior exposure to the WAIS did not significantly enhance IQ
scores of the former group. This finding was congruent with
Levin et al. (1982) who observed that severely impaired
patients who were evaluated at 6 to 12 month intervals
frequently denied having seen the test materials previously.

This is not to say, however, that practice effects do
not occur in patients with cerebral dysfunction, rather that
they do not manifest themselves to the same extent as do
normal subjects (Shatz, 1981). 1In fact, multiple adminis-
trations of the Wechsler Scales over a period of several
months probably will produce significant practice effects in
patients with relatively mild injury, but not in severely
injured patients who are serially tested at widely separated

intervals (Levin et al., 1982).

Factors Which Influence Practice Effects

Just as test-retest practice effects influence various
subject populations differently, other factors are thought
to influence practice effects. The first of these variables
may be age. Eisdorfer (1963) reported a gain of only .19

total scaled score points when 47 subjects (mean age 65
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years) were retested 39 months later with the WAIS. 1In
another sample of 41 subjects (mean age 74), Eisdorfer found
a decrease of 1.05 total scaled scored points also at a 39
month follow-up. Rhudrick and Gordon (1973) reported test-
retest data on 86 elderly patients (mean age 72) with the
WAIS with a one to two year follow up. The results demon-
strated a decline on Verbal IQ and a mean increase of 2.58
points in Performance IQ. This led Shatz (1981) to conclude
that while practice effects cannot be totally ignored in the
elderly, the extent of practice effects on this group are
not as robust as the 5 point improvement in younger subjects
suggested by Matarazzo et al. (1980). In fact, Matarazzo
and Herman (1984) in their review of the WAIS-R standardiza-
tion group suggested that age did not appear to influence
retest gains or loss in the age groups 25 to 35, or 45 to
54; a fact that was also supported by Ryan et al. (1985) in
their retest study of the WAIS-R in a mixed outpatient
sample with a mean age of 37.38.

Education may also influence practice effects, although
studies investigating this variable are scarce. Ryan et al.
(1985) found that gain or loss on retest WAIS-R Full Scale
IQ was strongly associated with years of education which
suggested that prior learning history may influence the
amount of incidental memory that occurs between the first
and second testing. It has also been reported (Matarazzo &
Herman, 1984) that mean Full Scale IQ values are typically

higher in those who have completed more years of education.
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Additionally, it has been suggested (Grafman, Salazar,
Weingartner, Vance & Amin 1986; Steisel, 1951) that post-
injury cognitive performances show greater correlation with
pre-injury intelligence and that brighter individuals may
benefit more from a retest situation than those less bright.

Different types of cerebral dysfunctioning and course of
neurological processes are also likely to effect test-retest
practice. Impairment of learning ability as a result of
brain damage must be seen as a manifestation of the under-
lying pathology and may vary according to the extent and
focus of the brain damage (Matarazzo et al., 1979; Shatz,
1981). Patient populations in some studies also provide
certain 1limitations not 1likely to reveal the practice
effects as do other groups (Dodrill & Troupin, 1975). These
authors have suggested that very healthy individuals may do
so well on testing initially that there is little room for
test-retest practice effects and very impaired patients
maybe so disturbed that they cannot profit from the initial
testing to have performances improve on the second. The
effects of drugs have not been fully investigated either,
although one study (Dodrill & Troupin, 1975) suggested
medications may, to some degree, minimize test-retest
practice effects by making the subjects less able to profit
from their test-taking experiences.

Length of the test-retest interval is another important
variable related to test-retest practice effects (Catron &

Thompson, 1979; Shatz, 1981) and one which appears to be
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intimately linked with test-retest reliability. As the
test-retest interval increases, practice effects typically
decrease (Anastasi, 1968; Derner et al., 1950). This may
reflect a concomitant decrease not only in the test-retest
reliability but a lack of familiarity with the test instru-
ment on retest. Decreasing the test-retest interval will
increase the reliability coefficient by facilitating memory
effects on the second test administration (Matarazzo et al.,
1979; Warner, 1983). 1Increasing the retest interval allows
a greater amount of "mental growth" or improvement to take
place (Catron & Thompson, 1979) and in particularly 1long
intervals, subjects may cross from one age group to another
with the likely effect of decreasing the consistency in IQ
scores. Shatz (1981) in turn, has suggested that an
examination of either raw or scaled scores as opposed to age
weighted scores be performed when interpreting individual or
group performances over time since increases in IQ scores
may be due to an aging artifact (Klonoff et al., 1970).

Obviously then, test-retest practice effects are not the
same for all populations nor are the influences of those
variables noted previously. Therefore, research must be
encouraged to collect and publish data in samples of
patients with known cerebral dysfunction to establish the
necessary foundation for the evaluation of WAIS-R test-
retest practice effects in neuropsychological assessment
(Shatz, 1981). 1In this regard, Shatz has suggested the use

of non-impaired control groups be avoided in studies using
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cerebrally-impaired subjects since the former may obscure

the improvements of the brain-injured group.

Intellectual Recovery in TBI Survivors

While it is important to understand the extent to which
individuals recover from intellectual impairment due to
head injury, relatively few studies have been conducted in
this area until recently (Brooks, 1984). In the 1930's and
1940's a few researchers such as Conkey (1938), Ruesch
(1944), Ruesch and Moore (1943) and Tooth (1946) investi-
gated the nature and occurrence of intellectual impairment
recovery. It was not until the 1970's that interest in
intellectual impairment and recovery in the TBI survivor was
rekindled (Brooks, 1984). In their review of the published
literature on intellectual recovery following traumatic-
brain-injury, Levin et al. (1982) identified 17 reports; 10
of which employed the WAIS. Unfortunately, many of these
studies demonstrated the methodological difficulties
described previously. In addition, only four studies
involved retesting with the WAIS (Becker, 1977, Mandleberg,
1975; Mandleberg & Brooks, 1975; and Mandleberg, 1976).
Since then, only a few reports investigating intellectual
recovery in TBI patients with the WAIS have appeared in the
literature (Diller & Ben-Yishay, 1983; Drudge et al., 1984;
Tabaddor et al., 1984). At the time that the research was
reviewed, no studies with the WAIS-R related exclusively to

the intellectual recovery of TBI patients had been



86
published. From this limited sample and other literature
related to intellectual recovery, the following information
has been obtained.

Following traumatic-brain-injury, cognitive functions
can be seriously compromised (Campbell, 1983). Despite the
variety of insult and severity of injury, certain patterns
of intellectual deficits manifest themselves in the
recovering TBI survivor. In general, patients with left
hemisphere damage obtain significantly lower Verbal IQs in
comparison to their own Performance IQs although both may be
suppressed (Bornstein, 1983; Tabaddor et al., 1984).
Patients for whom either right hemisphere damage or bilater-
al damage has occurred; patient's Performance IQ scores will
typically be significantly lower in comparison to their own
Verbal IQ scores although both may be decreased (Becker,
1977; Bornstein, 1983; Drudge et al., 1984; Dye, Saxon &
Milby, 1981; Fisher, 1985; Mandleberg, 1976; and Tabaddor et
al., 1984). Nevertheless, it would appear that many more
cases appear to follow the latter pattern (lower Performance
scores) rather than the former as a result of the more
frequent and diffuse nature of traumatically-induced brain-
injury.

This pattern of greater impairment in Performance IQ
than Verbal IQ has been thought to reflect the overlearned,
well established, and more resilient nature of the verbal
information requested in the Verbal section of the Wechsler

Scales through simple, readily elicited responses (Fisher,
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1985; Mandleberg & Brooks, 1975; Ruesch, 1944). In con-
trast, the Performance IQ subtests rely on the integration
of many complex functions including motivation, attention,
sustained effort, perception, dexterity, perception and
speed (Brooks, 1975; Mandleberg & Brooks, 1975); any one of
which might be in itself sufficiently impaired to depress
Performance skills (Mandleberg & Brooks, 1975). In addi-
tion, Seidenberg et al. (198l) reported that new learning
situations inherent in the Performance sections are also
more vulnerable to the effects of brain damage.

Recovery of intellectual deficits found in TBI survivors
also reveal rather characteristic patterns; namely, that the
return of intellectual abilities is rapid and the final
level is reached earlier for Verbal than Performance, or
non-verbal skills (Bond & Brooks, 1976; Diller & Ben-Yishay,
1983). This may be due to the fact that Verbal subtests on
the Wechsler scales are less impaired initially and hence
return quicker than those functions tested by the non-verbal
subtests (Bond & Brooks, 1976; Eson et al., 1978). 1In turn,
test-retest improvements on the Performance sections are
greater relative to the Verbal measures whose changes
demonstrate minimal increases (Diller & Ben-Yishay, 1983;
Seidenberg et al., 1981). Greater gains in the Performance
subtests may, of course, reflect the concept of
regression-to-the-mean where, upon repeat testing, there is
a greater tendency for more impaired scores to converge

towards the mean in the retest situation (Eisdorfer, 1963).
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Therefore, in areas of greater brain impairment, there may
be greater cognitive improvement observed with the
repetition of the test (Lezak, 1983).

A review by Diller and Ben-Yishay (1983) suggested that
recovery of neuropsychological functions tends to be lawful;
that is, individuals tend to maintain their standing as it
regards performances on neuropsychological tests. In
essence, those individuals whose performances are low after
injury are more likely to stay low relative to the total
group. The overall rate of return of intellectual functions
also appears to be more rapid during the early stages and
slows up considerably thereafter (Diller & Ben-Yishay,
1983). 1In general, researchers have suggested most changes
occur during the first year after injury with the most rapid
improvement of all skills within 3 to 6 months (Bond, 1975;
Bond & Brooks, 1976; Diller & Ben-Yishay, 1983; Mandleberg
and Brooks, 1975). This period of rapid improvement is also
followed by a period of decelerating rate of improvement
until asymptote is reached suggesting a quadratic trend in
the recovery pattern (Dodrill & Troupin, 1975; Eson et al.,
1978). Typically Verbal skills "plateau" around 6 months
whereas Performance abilities reach plateau by approximately
13 months (Mandleberg & Brooks, 1975).

Despite the fact that significant gains may be made
within one year, performances may remain impaired when
compared to others or themselves premorbidly (Drudge et al.,

1984), suggesting that TBI patients actually recover only a
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portion of their initial loss over time (Tabaddor et al.,
1984; Wagner & Caldwell, 1979). Therefore, the continued
presence of residual deficits would represent the remaining,
non-recovered portion of the initial loss (Dikmen et al.,
1983). Thus, the notion of a true and total recovery may be
tenuous particularly in the absence of concomitant positive
behavior changes, and good estimates of pre-injury intellec-
tual functioning of both verbal or non-verbal abilities
despite normal test scores (Matarazzo et al., 1980;
Matarazzo & Herman, 1984; Ruesch, 1944).

The extent to which an individual recovers also seems to
be influenced by many of the same factors which may influ-
ence practice effects; namely age (Bond & Brooks, 1976;
Brooks, 1986; Carlsson, von Essen & Lofgren, 1968; Lewin,
Marshall & Roberts, 1979; Lundholm, Jepsen & Thornval, 1975;
Heiskanen & Sipponen, 1970; Smith, 1974), premorbid intelli-
gence (Bond & Brooks, 1976; Grafman et al., 1986; Williams
et al., 1984), severity of injury (Bond & Brooks, 1976;
Carlsson et al., 1968; Dye et al., 1981; Klove & Cleeland,
1972; Lundholm et al., 1975; Smith, 1961) and educational
attainment (Finlayson, Johnson & Reitan, 1977; Grafman et
al., 1986; Parsons & Prigatano, 1978). Other possible vari-
ables that may influence recovery and/or neuropsychological
test performance include sex, socioeconomic level and occu-
pation, handedness, duration of injury and experiences
between test administrations, alcohol consumption, severity

of brain damage, and psychiatric history (Heaton, Baade &
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Johnson, 1978; Parsons & Prigatano, 1978). Another impor-
tant variable interrelated with those factors noted above is
memory (Fisher, 1985). Since many head-injured patients
experience marked difficulties in memory as well as intel-
lectual tasks, the capacity to efficiently problem-solve and
learn new information, both verbally and non-verbally will
be severely compromised (Finlayson & Block, 1982; Fisher,
1985).

In this regard, Levin, Grossman and Kelly (1976) con-
firmed findings in previous studies which demonstrated that
persistent impairment of recognition memory continues
several months or more following trauma. These authors also
stated, however, that short-term recognition memory is less
vulnerable to head 1injury than is recognition memory
spanning longer intervals; a pattern also suggested by the
investigation of recall memory. Brooks (1974) reported that
the recovery of memory is dependent upon other factors other
than time elapsing since the injury, and suggested that
recovery may be completed within six months. Although rate
of learning in patients with TBI was still lower than in
controls, and group differences increased at each trial,
Lezak (1979)indicated that simple learning does show an
improvement pattern in TBI populations but at a much reduced
rate. Lezak's research also suggested that few TBI patients
improve their ability for verbal learning within the first
three years. Thus, the ability to profit from previous

exposure to test materials in a TBI population may be
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diminished relative to normals suggesting that test-retest
practice effects may not be so robust. They may increase,
however, when shorter intervals are used between the test
and retest.

Noting that very few studies have investigated the
recovery of intellectual functions in surviving TBI popu-
lations with the WAIS, and literally none with the WAIS-R,
there is a need for information about intellectual changes
as measured by the WAIS-R in the aforesaid clinical popula-
tion (Ryan et al., 1985). It is also necessary to stress
the need to study the natural history of recovery before
assuming that increased scores on repeat testing demonstrate
more than a test-retest practice effect as demonstrated when
normal subjects are retested (Newcombe, 1982). 1In this
regard, it would be extremely important to distinguish
between the process of recovery of intellectual functioning
over time and the possible, concomitant process of test-
retest practice effects (Brooks et al., 1984). Such a study
might then contribute information helpful to the interpreta-
tion of scores specific to those individuals with TBI on
whom certain medico-legal or psycho-vocational determina-
tions may be based. Test-retest data as well as a set of
curves that would document the kind of changes expected for
a particular combination of test and time intervals would
therefore be most beneficial (Catron & Thompson, 1979).

Few studies have attempted to determine the level of

recovery in TBI patients by testing the same patients on a
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number of occasions (Levin et al., 1982). Those who have
used these procedures have encountered methodological
problems in trying to separate the effects. of test-retest
practice and those due to genuine recovery (Brooks et al.,
1984). As has been stated previously, the problem is not
solved by the simple use of non-impaired retest control
groups (Brooks et al., 1984; sShatz, 1981) since the cogni-
tive levels and rates of change in the intellectual perform-
ances of the head-injured and control groups are always
likely to be different at different stages during recovery.

Warner (1983) has reported that one way studies
assessing long-term cognitive recovery in patient popula-
tions have avoided the problem of test-retest practice
effects is by using retest intervals approximating a year or
more (Drudge et al., 1984; Schau et al., 1980). Assuming
one used a lengthy test-retest interval for a group of
impaired control subjects; items from the test at the time
of the second administration should be less familiar. If it
could also be assumed that the scores from the first test
administered to both an impaired experimental group and a
similarly impaired control group were the same, (or nearly
the same), a combined sequential and cross-sectional design
could be a way of both charting recovery (Mandleberg &
Brooks, 1975) and identifying the extent of test-retest
practice at the same time (Brooks et al., 1984).

In this way, changes from the first test to the last

test administration in both the control and experimental
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groups could be used to measure the magnitude of recovery
expected within a protracted period of time. Differences in
the changed scores between the two groups, however, may
yield objective findings that may indicate that those
differences, if significant, are partly due to practice
effects in addition to the natural course of recovery.

In summary, repeat neuropsychological assessment can be
an important vehicle through which to document recovery from
a neurological condition. However, when administering the
same assessment tool in a repeated fashion, the clinician
must be cognizant of the influences of repeated testing on
obtained test scores. 1In addition, one must be aware of the
error variance inherent in such testing and the reliability
of the test itself.

A review of the 1literature reveals a few reports that
address these important issues. As noted previously, high
test-retest reliability coefficients in tests such as the
Wechsler Scales may mislead clinicians by implying that test
scores will be similar upon retest when, in fact, retest
gains may be evident due to test-retest practice effects
alone. In this regard, research involving normals has
demonstrated gains of several IQ points despite high
test-retest reliability <coefficients. Other studies
involving non-normals, however, do not demonstrate the same
gains as an apparent result of cerebral dysfunction.
Improvements, when noted, in neurologically-impaired groups

are presumed to be due to improved cerebral functioning
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and/or treatment effects rather than to test-retest practice
effects assumed to operate in normal populations.

Since very few studies involve brain-injured subjects,
and even then a restricted number of TBI survivors, this
study will attempt to provide data that will establish the
necessary foundation for the evaluation of test-retest
practice effects and reliability of the WAIS-R in addition
to monitoring recovery over a one year period of time.

From the literature review, it is apparent that many of
the methodological shortcomings evident in previous studies
must be avoided in this study. Employing a large number of
subjects of a select group of TBI survivors will be
paramount then in reducing contamination that might arise
from a combination of other clinical populations and making
decisions regarding statistical inferences with greater
confidence. In addition, employing a control group of
similarly-matched TBI subjects is imperative so as not to
obscure subtle changes in the experimental group that might
possibly occur when utilizing a non-impaired control group.
Also evident from the literature review is the importance of
screening subjects on pre-injury conditions on variables
that might otherwise confound or compromise cognitive
efficiency or recovery. For similar reasons a matched
control group is also important in controlling the effects
of many other injury and post-injury variables that might

possibly bias outcome results.
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The related literature has also revealed that in order
to minimize test-retest practice effects in a control group,
a reasonable test-retest interval must be chosen. A review
of the literature has supported an interval of approximately
one year during which practice effects would be minimized or
considered marginal. In this manner, the improvements or
gains demonstrated by the control group should reflect the
extent of true recovery in intellectual functioning within a
one year period of time. Scores in the experimental group
which then exceed the control groups' scores within the same
time period (assuming potentially confounding variables are
held constant) would demonstrate increases in scores due to
test-retest practice effects as a result of multiple test
administrations. These gains would also reflect increases
beyond those anticipated from natural recovery alone as
observed in the control group.

Previous research has also indicated that recovery may
involve greater improvements in Performance IQ than in
Verbal IQ and the improvements in Verbal IQ may be completed
more quickly when compared to Performance IQ. Based upon
the review of the literature, groups of TBI subjects would
be expected to show improvements, however, the increased
familiarity of one group to a particular test over another
may lead to greater obtained scores in the former group
which in the past may have been misinterpreted and related
strictly to recovery. In addition, variables thought to

influence <cognitive recovery are also considered to
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influence practice effects. Therefore, control of those
variables may minimize the effects these factors may have in
influencing or biasing this study's results. A careful
explanation of the methodological operations employed in
this study with reference to these concerns are noted in the

chapter to follow.



CHAPTER III

Methodology

Introduction

Due to the continuing need to monitor cognitive and
intellectual recovery following traumatic-brain-injury,
information regarding test-retest changes is essential to
the accurate interpretation of observed performances. At
the present time, such information is virtually absent.
Without 1it, clinicians charting recovery from head injury
will be unable to determine whether such changes in scores
from test to retest are due to the recovery process,
psychometric unreliability, or test-retest practice effects
(Campbell, 1983).

While it is generally assumed that most surviving TBI
subjects demonstrate some type of improvement early in their
recovery, it is unclear to what extent changes measured over
time are due to the recovery process and/or to the effects
of repeat testing. Therefore, it is important to determine:
1) the role of test-retest practice effects on test scores
in a population of recovering TBI survivors; 2) the stabil-
ity or change in test scores obtained from test to retest;

and 3) the test-retest reliability of the WAIS-R. As noted

97
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earlier, this determination has been primarily logically,
rather than statistically based.

This investigation is important then, since it will
attempt to distinguish between the process of recovery and
the effects of test-retest practice. The differentiation
between recovery and the effects of multiple repetitions of
the WAIS-R is a question of substantial clinical import.
This is due to the pressure placed upon clinicians to con-
tinuously monitor recovery and to provide an accurate inter-
pretation of obtained scores upon which medico-legal-reha-
bilitation determinations are frequently based. Improving
the accuracy of the interpretation would, therefore, have
important ramifications for professionals, families, and
patients, alike.

Based upon a review of the literature, it is anticipated
that test-retest practice effects will result, although
perhaps not as profoundly as has been demonstrated in normal
controls. Therefore, it is expected that if variables
identified as potentially confounding are held constant, an
experimental group of recovering TBI survivors who have
taken the WAIS-R twice as often as a control group of
recovering TBI survivors, will demonstrate significantly
greater IQs and subtest scores, and that these greater
scores will be due to test-retest practice effects.

It is also expected that both the experimental and
control groups will demonstrate recovery within a one year

period of time following their head injuries. However, this
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recovery may not be without some form of test-retest
practice effect. Differences between WAIS-R scores obtained
at initial testing and scores obtained at one year post-in-
jury will, under the assumption that potentially confounding
variables have been identified and held constant, reflect a
test-retest practice effect (if any) in addition to the
patients' natural recovery. In this regard, it |is
anticipated that IQ and subtest scaled score means of the
experimental group will be greater than the control group at
one year post-injury due to the excessive exposure to, and
familiarity with, the test instrument. 1In addition, it is
expected that the pattern of recovery in WAIS-R IQ values of
the experimental group will be curvilinear. That is, a
period of rapid improvement will be followed by a
decelerating rate of improvement suggesting a quadratic
trend in the recovery pattern.

To test these hypotheses, archival data was retrieved on
TBI patients who were evaluated on a longitudinal basis at
approximately 2, 4, 8, and 12 months post-injury, respec-
tively (see Appendix A). Test-retest gains or practice
effects were then investigated by making comparisons of test
scores between the experimental group and a control group of
similar adult TBI survivors who were tested only twice with
the WAIS-R at approximately 2 and 12 months post-injury,
respectively (see Appendix A). The extent of recovery

within each of the experimental and control groups over time



100
was also investigated in addition to determining test-retest
correlations and changes in internal consistency.

In order to better understand the procedures employed in
the present study, this chapter will address methodological
issues. Included are the subject population, sample
selection, data collection, characteristics of the sample,
instrumentation, design, threats to validity, the

hypotheses, data analyses, and limitations of the analyses.

Subject Population

All of the subjects involved in this study were either
admitted to and/or received treatment from rehabilitation
facilities in Michigan as a result of a traumatic-brain-
injury. The primary site for subject recruitment was an 80
bed rehabilitation hospital which supported an Adult Brain
Injury Program for treatment of both inpatients and out-
patients. Secondary sites included: (1) a 300 bed acute
care facility which also supported a rehabilitation unit for
the assessment and treatment of adult head injuries; and (2)
a residential, rehabilitation facility supplying treatment
to recovering TBI survivors subsequent to acute care
hospitalization.

Subjects were diagnosed as having had a traumatic-brain-
injury on the basis of a neurological examination, presence
of coma secondary to the head injury, neuroradiological
findings (i.e., computerized axial tomography), or a com-

bination of any of the findings noted above. The general
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purpose of the rehabilitation at those facilities which
provided subjects for this study was to restore the
subject's cognitive, physical, and vocational potential to
the maximum extent possible following impairment of these

areas due to an accident or other form of trauma.

Sample Selection

As part of each patient's assessment and treatment, all
patients were referred by a physician to a staff
psychologist for neuropsychological testing on an ongoing
basis. This service was performed to monitor and assess the
rate and degree of recovery following head injury, and to
make recommendations regarding treatment, guardianship,
discharge and/or vocational planning. Since the WAIS-R was
not published prior to 1981, it was determined that only
those patients whose traumatic-brain-injuries occurred on or
following 01/01/81, and who had only received testing with
the WAIS-R, would be considered for inclusion in this study.
Consistent with the WAIS-R manual (Wechsler, 1981) only
those individuals who were 16 or older at the time of their
evaluations were included for study.

Due to the inordinate amount of time and cost to conduct
a study of this nature prospectively, a retrospective study
investigating archival data appeared warranted. Files of
patients who were either considered or designated as TBI
survivors were reviewed proforma to determine which patients

would become subjects for this study. Brain-injured
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patients were assigned to one of two groups where
applicable. Assignment to either the experimental or the
control group was contingent upon the frequency of tests
administered as well as the times post-injury the subjects
were tested with the WAIS-R. Assignment to the experimental
group required evidence of four test administrations of the
WAIS-R at approximately 2, 4, 8, and 12 months post-injury,
respectively. Criterion for assignment to the control group
consisted of two test administrations with the WAIS-R at
approximately 2 and 12 months post-injury, respectively.

In an effort to avoid methodological short-comings
reported in the neuropsychological literature and to meet
subsequent recommendations for research (e.g., Levin et al.,
1982), subjects were excluded who evidenced either: (1) a
prior and significant head 1injury; (2) a premorbid
psychiatric history; (3) pre-injury epilepsy; (4)
penetrating head injury (e.g., gunshot wound); (5) chronic
alcoholism; (6) anoxia; (7) meningitis; (8) mental
retardation or other congenital disability; or (9) other
neurological impairment (i.e., multiple sclerosis). These
variables were reported to result in potential confounds in
both recovery and intellectual status over time.

Since random assignment of subjects to groups was not
possible due to the retrospective nature of the study,
attempts were made to ensure that the two groups were as
comparable as possible in terms of demographic and injury-

related variables. In addition, testing periods were
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selected to fall within specified ranges so as to eliminate
other confounds created by unequal test-retest intervals.
Thus, subjects were also excluded if any of the following
occurred: (1) Verbal and/or Performance IQs were either
below 60 or exceeded 110 at the time of the first test
(pretest) administration; (2) severity of injury, as
determined by length of coma, exceeded 35 days; (3) the
first test (pretest) administration occurred more than three
and one-half months (105 days) post-injury; (4) the last
test (posttest) administration occurred earlier than eight
and one-half months post-injury and/or later than 18 months
post-injury; and (5) no fewer than six months separated the
first test (pretest) from the last test (posttest) adminis-
tration. Therefore, the stated testing times of 2, 4, 8,
and 12 months are approximations to the actual testing times

and should be treated as such.

Data Collection

Subjects in both the experimental and control groups
were administered the WAIS-R by psychologists trained in its
administration and experienced 1in traumatic-brain-injury
assessment and rehabilitation. As above, the experimental
group consisted of subjects evaluated at four time periods:
approximately 2, 4, 8, and 12 months post-injury. The
control group consisted of subjects evaluated at two time
periods: approximately 2 and 12 months post-injury,

respectively.
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Data obtained for this study were transferred to a Data
Summary Form (see Appendix B). The Data Summary Form was
designed to provide a format for the systematic collection
of information germane to a subject's head injury and
recovery. This form also allowed for the inclusion of
information regarding pre-injury status, medical informa-
tion, and demography on which to compare the two groups more
closely in addition to the required psychometric data. As
noted on the Data Summary form, variables were included that
either empirically or logically were thought to confound
test results and/or intellectual recovery. Therefore, an
attempt was made to include as many of those variables as
possible in order to identify and control for their
influences.

While the majority of data collection occurred at the
rehabilitation facilities mentioned previously (notably the
primary rehabilitation hospital), data collection also
required the inclusion of data from all other professional
agents or agencies who assessed and/or treated each sub-
ject's intellectual status post-injury. Clinical informa-
tion derived from the assessment and/or treatment of each
respective subject while at the rehabilitation facilities
were retrieved from the respective Psychology Department
files. This was also true for both the inpatient and out-
patient files found 1in the respective Medical Record
Departments. Clinical information derived from the assess-

ment and treatment of each subject by an agent or agency
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other than the rehabilitation facilities noted above was
also retrieved from either the inpatient and/or outpatient
files in the respective Medical Record Departments where
available.

However, clinical information derived from the assess-
ment and/or treatment of a subject by another agent or
agency other than the rehabilitation facilities noted above
and not available in the respective Medical Record
Departments required additional procedures. These pro-
cedures involved a statement of informed consent as well as
a signed authorization to release information for the
purpose of this study. ©Unless legal guardianship had been
determined for the subject, he or she was considered appro-
priate to make decisions regarding consent and release of
that requested information. The procedures which follow in
obtaining, using, and treating archival data in a retrospec-
tive study of this nature were approved by the Michigan
State University Committee on Research Involving Human
Subjects (UCRIHS) (see Appendix C).

In instances where informed consent was required, a
letter describing the purpose of this study and need for
data collection was sent to either the subject or his/her
guardian's most recent address (see Appendix D) in addition
to a release of information form delineating the data
requested for this study (see Appendix E). A return
envelope was also enclosed to enable the subject and/or

their guardian to return the forms which, in turn, were sent
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to the respective agent or agencies. Failure to return the
respective form by either the subject or guardian was
followed by a phone call to either the subject or the
guardian to insure receipt of the materials, to answer
questions of concern, and/or to ask permission to send a
second letter if the first was lost. Failure to return the
consent form following this procedure was respected as a
refusal to participate. In total, requests for
participation were sent to 23 potential subjects of which 15
responded affirmatively.

Information obtained from the files of the respective
Psychology and/or Medical Record Departments, or received
from an agent or agency other than the rehabilitation
facilities noted above were recorded on the Data Summary
Form accordingly. All data obtained from these procedures
were coded and recorded by serial number to protect and
insure patient confidentiality and anonymity. The use of
patient names was not relevant to this study except in
requesting information from other agencies vis a vis
informed consent procedures.

Transformation of data (e.g., age at time of injury,
estimated preinjury IQ) was computed by hand and entered on
the Data Summary Form. Raw score test data from the WAIS-R
was converted to scaled scores where necessary and recorded.
When required, calculations of IQs were also completed
according to the WAIS-R manual and entered accordingly on

the Data Summary Form. Procedures also included the
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prorating of IQ scores based on missing items from the

WAIS-R as permitted by the WAIS-R manual.

Characteristics of the Sample

Roughly 1000 (all) files from the three rehabilitation
facilities were reviewed. Eighty-five TBI subjects were
judged to meet inclusion criteria for this study. Seventy-
three subjects were identified from the primary rehabilita-
tion hospital. The remaining 12 subjects were divided
evenly among the two, secondary rehabilitation sites.
Sixty-five of the subjects were male and 20 were female.
Ages ranged from 16 to 76 with a mean age of 27.6 years.
Average education level obtained by the subjects was 11.8
years with a mean grade point average (GPA) of 2.06.

Severity of head injury, as evidenced by length of coma,
averaged 4.6 days suggesting a severe, traumatic-brain-
injury overall. Other severity of injury indices, including
the Los Amigos Cognitive Functioning Levels (Malkumus, 1974)
and the Disability Rating Scale (Rappaport, Hall, Hopkins,
Belleza & Cope, 1982), were 5.2 and 10.6, respectively.
These scores, on average, suggested that while the subjects
were alert at the time of their rehabilitation admission,
many may have demonstrated disorientation, confusion, verbal
inappropriateness, agitation in response to external
demands, and physical impairments suggestive of moderately-

severe disabilities.
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Acute care hospitalization immediately following trauma
averaged 29.5 days with subsequent rehabilitation hospitali-
zation requiring an additional 56.5 days on average. A mean
of 262.6 days of rehabilitative therapy was provided to the
subjects from the time of their injuries including acute
care hospitalization. Subjects who received psychotropic
medications required an average length of 90.6 days to
control agitation during the early phase of recovery.
Anticonvulsant medications were also employed an average of
252.0 days to prevent or control post-traumatic seizures in
at-risk subjects.

On average, subjects were initially tested at 58.2 days
post-injury and demonstrated Verbal, Performance, and Full
Scale IQ means of 84.0, 78.2, and 80.2, respectively. Based
on the mean Full Scale IQ, subjects were functioning, in
general, in the low average range of intelligence. Final
testing with the WAIS-R took place an average of 374.0 days
post-injury; approximately 10 1/2 months following the first

evaluation with the WAIS-R.

Instrumentation

Instrumentation consisted of the Wechsler  Adult
Intelligence Scale-Revised (WAIS-R) (Wechsler, 1981). As
noted previously, the WAIS-R is composed of 11 subtests; six
verbal and five nonverbal. The verbal and nonverbal
sections may be administered separately or together to yield

a Verbal, Performance, and Full Scale IQ.
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The WAIS-R was standardized on 1,880 white and nonwhite
Americans, equally divided with respect to gender and
selected to be representative of the U.S. late adolescent
and adult populations during the 1970s (Sattler, 1988).
Accordingly, the demographic characteristics used to obtain
a stratified sample were age (16-17, 18-19, 20-24, 25-34,
35-44, 45-54, 55-64, 65-69, and 70-74), sex, race (white =
1,664, black = 192, and Asians plus native Americans = 24),
geographic region (Northeast, North Central, South, and
West), education, and urbal-rural residence (Sattler, 1988).

The WAIS-R is intended for use with individuals sixteen
years of age and older. Normative data is provided through
age seventy~-four, although individuals older than
seventy-four may be tested using the norms for ages seventy
to seventy-four. WAIS-R examiners need to be thoroughly
trained in the use of individually administered intelligence
scales. This also requires that the examiners need to
adhere carefully to the specific directions given in the
test manual for each subject. In addition, specific rules
regarding starting, discontinuance, probing, and repetition
of items must be addressed (Sattler, 1988).

Scoring WAIS-R responses requires careful study of the
scoring criteria, scoring guidelines, and scoring examples
in the WAIS-R manual (Sattler, 1988). Raw scores for each
subtest were converted to scaled score equivalents (x = 10,
SD = 3) for each of the nine age groups in the standardiza-

tion group. In this way, subject scores can be directly
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compared to that of age peers. However, for this study, the
scaled scores for each of the eleven subtests in the battery
were based on a general reference group consisting of five
hundred normal subjects used in the standardization sample
between the ages of twenty and thirty-four. This 1is
consistent with the recommendation of Shatz (1981) who
suggested that an examination of scaled scores is preferable
to age-weighted scores since increases in scores may be due
to an aging artifact.

IQ scores are derived by converting raw scores to scaled
scores based on the general reference group noted above.
The scaled scores aré summed, and the sum and the subject's
age are used to find IQs for the Verbal, Performance, and
Full Scale sections in the WAIS-R manual. IQs for each
section employ a mean of 100 and a standard deviation of 15.
Age-corrected subtest scaled scores are not used to
calculate 1IQs, but are used only when making subtest
interpretations and comparisons. The WAIS-R manual also
makes provisions for prorating IQ values when a subtest is
omitted from either the Verbal and/or the Performance
sections of the WAIS-R.

The WAIS-R provides highly reliable IQs (Sattler, 1988)
as reported previously in Chapter Two. The standard errors
of measurement (SEm) in IQ points based on the average of
nine age groups, are 2.53 for Full Scale IQ, 2.74 for the

Verbal IQ, and 4.14 for the Performance IQ (Sattler, 1988).
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Evidence of construct validity has been provided by: (1)
the level and pattern of intercorrelations between WAIS-R
subtests and scales; (2) the observation that scores on the
WAIS-R are distributed 1in a manner consistent with
theoretical explanations; and (3) the results of factor
analysis applied to the intercorrelations of the 11 subtests
(Sattler, 1988). A review of studies by Sattler (1988) also
suggested satisfactory concurrent wvalidity with other
intelligence tests, picture vocabulary tests, achievement
measures, and years of education.

Regarding the WAIS-R's validity, Wechsler (1981) stated,

"A body of evidence both rational and empirical,
attests the validity of the Wechsler Adult Scale as
a measure of global intelligence. Inasmuch as the
WAIS-R measures the same abilities as the 1955 WAIS
and its predecessor, the Wechsler-Bellevue Intelli-
gence Scale, and overlaps considerably in test con-
tent with these earlier forms of the Wechsler Adult
Scale, studies with the WAIS and W-B can be con-
sidered relevant to this revision." (p.49)

Design
The research design for this study was conceived as
having the form of an incomplete split-plot, repeated meas-

ures design as seen in Figure 3.1.
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Time (months)

Groups Experimental X X X X

Control X X

Figure 3.1. Research Design.

In this study, time (or repeated measures) was partially-
crossed with the grouping variable (experimental or
control). Specifically, groups represented a between-
subjects factor and time a within-subjects factor (i.e.,
time at pretest = 2 months post-injury; 4 months; 8 months;
and posttest = 12 months post-injury). IQ values for the
Full, Verbal, and Performance scales, as well as all WAIS-R
subtest scaled scores, served as dependent variables.

Using Campbell and Stanley's (1963) configuration, this
study employed a quasi-experimental design referred to as
the "non-equivalent control”" (p. 47) design seen in Figure
3.2. The X in Figure 3.2 represents exposure to the experi-
mental variable; namely, the two additional administrations
of the WAIS-R at approximately four and eight months post-

injury, respectively.

0 0

Figure 3.2. Non-equivalent Control Design.
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The Os in Figure 3.2 represent pre- and posttests with the
WAIS-R at approximately 2 and 12 months post-injury, respec-
tively. The dashed line in Figure 3.2 using Campbell and
Stanley's (1963) convention, represents comparison groups

not equated by random assignment.

Threats to Validity

The lack of random assignment means that the experi-
mental and control groups cannot be assumed to be equivalent
at the pretest (Campbell & Stanley, 1963), i.e., the effects
of potentially confounding variables cannot be expected to
be evenly distributed across the two groups. Such an
imbalance threatens the internal validity of this study and
allows for (at best) weak causal statements to be made.

Campbell and Stanley (1963) defined internal validity by
asking whether an experimental intervention results in a
specific effect. If the effect can be attributed solely to
the intervention the study is presumed to have internal
validity. This is in contrast to extraneous variables
which, if not controlled by the experimental design, might
produce effects confounded with the effect of the experi-
mental stimulus. These extraneous variables have been
categorized into eight classes by Campbell and Stanley
(1963) including: (1) history; (2) maturation; (3) testing;
(4) instrumentation; (5) statistical regression; (6)
selection of subjects; (7) experimental mortality; and (8)

selection-maturation interactions.
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Campbell and Stanley (1963) defined external validity as
the degree to which the experimental effect can be general-
ized (e.g., to various populations, settings, treatment
variables). These authors' reported threats to external
validity or representativeness that include the following:
(1) reactive or interaction effects of testing; (2) inter-
action effects of selection biases and the experimental
variable; (3) reactive effects of experimental arrangements;
and (4) multiple-treatment interference.

The lack of random assignment implies that the two
groups may differ prior to treatment intervention. However,
the availability of pretreatment information on potentially
confounding variables means that it is possible to empir-
ically determine whether groups are equal on the potentially
confounding variables. The more similar the two groups on
pretest variables (i.e., psychometric testing at two months
post-injury), the more effective the control group becomes
(Campbell & Stanley, 1963). This is particularly true as it
regards intellectual performance in this study. Campbell
and Stanley (1963) also stated that for purposes of internal
validity, the status of this design controls for the main
effects of history, maturation, testing, instrumentation,
selection, and mortality.

One type of information is the pre-injury characteris-
tics of the subjects who are the victims of head injury and
the variables that may have contributed to placing subjects

at greater risk to TBI. A second type is the physiological
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profile which characterizes TBI survivors not only by the
type of injuries, but also by the treatment and recovery
which the subjects experienced. In addition, the
retrospective nature of the data collection and the detailed
nature of current medical records maximizes a researcher's
control over several nonmedical-type variables. Thus, an
attempt was made to make the two groups as similar as
possible through their recruitment and demography.

This notwithstanding, deliberate attempts were made to
further limit other threats to internal validity as noted by
the examples below. While intrasession history could not be
controlled for in all situations, an attempt was made to
delineate similarities between the two groups. One way of
doing this was by determining the length of both the acute
and rehabilitation hospitalizations as well as the length of
continuous therapy to explain some of the events which
occurred between measurements. The effects of maturation
were also controlled for by attempting to restrict some
variables such as the age of individuals who were injured
and subsequently tested. An attempt was also made to
control the time span between testings, and therefore
maturation within subjects. Pretesting with the WAIS-R
using standardized techniques reported earlier was expected
to restrict the effects of testing as well as instrumenta-
tion. It was assumed that all examiners followed appro-

priate administrative and scoring procedures. Selection of
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subjects also was made partially on physiological deter-
minants (e.g., length of coma) which yielded a more homoge-
neous group of both experimental and control subjects.

Campbell and Stanley (1963) stated that one general con-
cern regarding the internal validity of the design (i.e.,
the assumption that the independent variable is responsible
for variation in the dependent variable) was the problem of
regression-to-the-mean. However, if both groups demonstrate
similar deviations from the mean at pretest (two months
post-injury), then the regression-to-the-mean phenomenon
should be simiiar for both groups. This would help to rule
out regression-to-the-mean as a threat to internal validity.

If the means of the two groups are substantially differ-
ent at pretest, then Campbell and Stanley (1963) state that
the occufrence of unwanted regression effects is insured and
it becomes predictable that the two groups will differ on
the posttest altogether independent of any effects of X. 1In
that case, statistical control of the variation associated
with these unwanted effects (e.g., analysis of covariance)
should be considered. However, such a statistical analysis
is unlikely to remove all of the undesirable effects asso-
ciated with pretreatment differences among groups. In this
study the process of selecting subjects was expected to
produce groups which were approximately equivalent on a host
of potentially confounding variables.

Despite these attempts to improve internal validity,

limitations of this study still included the failure to
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control for or assess the degree to which other variables
affected recovery and practice effects. Such factors
included, for example, indices of the subjects' emotional
status at the time of testing, the time of day testing took
place, as well as the subjects' attitudes toward testing
and/or the test examiner. Pre- and posttests of the sub-
jects' memory abilities and learning capabilities were also
important variables not taken into consideration as it re-
gards outcome from recovery or'repeat testing. In addition,
concerns regarding the quality and quantity of treatment
given to subjects between testing was not accounted for.

Campbell and Stanley (1963) also emphasized that inter-
action(s) may exist between selection factors and other var-
iables such as history, maturation and testing. The selec-
tion of groups, however, was made on a similar basis in that
minimally, all individuals sustained a severe traumatic-
brain-injury and were referred for intellectual testing to
chart recovery. As noted previously, other attempts were
made to make the groups homogeneous. While recovery time
post-injury, maturation, history, and pretesting may be
similar, an effort to explain a pretest-posttest gain spe-
cific to the experimental group may need to hypothesize an
interaction between these variables and the selection
differences that distinguish the experimental from the
control group.

As suggested by Campbell and Stanley (1963), an

interaction between selection and maturation may be tenable
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even when groups are equal on a pretest. If, in a group of
recovering TBIs, individuals in the experimental group
experienced more treatment during their rehabilitation or
showed greater spontaneous recovery than individuals in the
control group, such an interaction may exist. The reasons
for experiencing more treatment (testing) may be due to
chance, patient availability, funding sources, or severity
of injury necessitating greater need for monitoring recovery
to name but a few. In addition, testing may have been used
to prescribe treatment such that greater areas of deficit
received more cognitive retraining which might have further
increased obtained scores on retest. However, the design
employed in the present study does not permit interactions
of this nature to be investigated statistically. Thus,
absolute statements about test-retest practice effects are
not possible; rather, only weak causal statements are
permissible.

Threats to external validity (i.e., the generalizability
of research findings to and across populations of subjects
and settings) are likewise exacerbated by the absence of
random assignment of patients to both groups. This is
because internal validity is a prerequisite for external
validity. It is also unclear to what extent the interaction
between testing and treatment threatens external validity.
The nature of the proposed study, however, suggests that
pretesting may affect subsequent testing (or treatment in

this case) as a result of prior exposure resulting in
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test-retest effects. However, this interaction would seem
to be generalizable to that proportion of the universe
(e.g., neuropsychological testing, rehabilitation, and
psycho-medico-legal determinations) where repeated measures
(assessments) are common.

The interaction of selection and treatment may also
affect external validity to the extent that there was diffi-
culty in obtaining subjects meeting the parameters required
for inclusion in the population. This may be due to other
factors which did not result in repeat testing such as the
number of physician referrals, overall patient improvement,
or funding for testing as examples. Also, attrition of
subjects over time may be a confounding variable. A number
of authors (e.g., Brooks et al., 1984) have reported
attrition rates of 30% in similar studies which may have
resulted in fewer subjects who were available. While all
subjects were recruited from rehabilitation facilities in
Michigan, it is unclear how representative this sample is of
other TBI survivors or rehabilitation facilities elsewhere
in the United States. It should be emphasized, however,
that the rehabilitation facilities from which this sample
was recruited were ones which espoused state-of-the-art
technology and treatment. However, the nature of the
subject population suggests that the results for the sample
used in the study can be generalized.

Reactivity to testing and the testing arrangements are

also a possible confound to generalizability. In cases in



120
which subjects were tested as part of medical treatment
repeat intellectual assessment may have been perceived as
part of the role patients assumed while hospitalized or
under the care of their physician, and hence generaliz-
ability was increased. If, on the other hand, patienté
looked forward to future repeat testings to try to improve
their scores, or resented having to return for more tests,
generalizability would be compromised. Generalizability is
also likely to be compromised due to multiple-treatment
interference. That is, the multiple testing (or treatment
in this case) applied to the same subjects will contaminate
results since the effects of such treatments are not

erasable (Campbell & Stanley, 1963).

Hypotheses

The primary hypotheses tested in this study were as
follows:

Hypothesis one.
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Hypothesis three.

Secondary hypotheses include the following:

Hypothesis one.

H

o =P =Py =0
H

1 =Py ~py 70

Hypothesis two.

o

T quadratic =0

Hy T quadratic >0

Data Analyses

Before formal hypothesis testing, descriptive statistics
were used to summarize demographic characteristics including
pre-injury, injury, and post-injury variables. 1In addition,

preliminary analyses were completed to test for differences
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between the experimental and control groups on potentially
confounding variables that may have influenced the results
of this study. Preliminary analyses of these variables
employed two-sample, t-tests for independent groups
(two-tailed; alpha = .05).

In order to test whether there were any differences
between the experimental and control group at the time of
the pretest (two months post-injury), two-sample, t-tests
for independent groups were used to compare performances on
the Verbal, Performance and Full Scale IQ values (two-
tailed, alpha - .05). All t-tests in the study utilized
separate variance estimates by way of the Welch-Aspin Test
(Marascuilo & Serlin, 1988). This test is appropriate when
the statistical assumption of homogeneity of variances is
questionable. If mean differences were significant, then a
strategy to remove extraneous variation due to the pretest
such as analysis of covariance was to be used. Fortunately,
this last option was not necessary. Similar analyses
utilizing two-sample, t-tests for independent groups were
also completed on the WAIS-R subtest values between the
control and the experimental group.

Because of the a priori nature of the primary research
questions, all of the major statistical analyses involving
the primary hypotheses were planned and all tests were
directional (alpha = .05). This is important for the
following reasons: (1) When properly guided by sound theory

or previous research, directional tests are more appropriate
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than non-directional tests since a review of research
relevant to the said proposal should lead to a prediction
for how the results should turn out (Glass & Hopkins, 1984);
and (2) other things being equal, the statistical test
associated with a directional hypothesis will have greater
power for rejecting a false Hy than a two-tailed test. This
increases the likelihood of detecting a treatment effect.
The planned analyses employed t-statistics, and consisted of
both between- and within-subject tests. The analysis
associated with a particular dependent variable was also
considered to be one experiment, since the various dependent
variables were to be analyzed singly.

Within-subject effects as postulated in hypotheses one
and two were examined by using matched-pair t-tests. In
this regard, the changes observed between the pretest (two
months post-injury) and posttest (12 months post-injury)
were tested separately in the control and experimental
groups for both the IQ and subtest scaled score values.

Between-subject effects as postulated by hypotheses
three and four employed two4sample, t-tests for independent
groups. This statistical test was wused to test for
differences between the experimental and control group test
scores at posttest (12 months post-injury) for all IQ and
subtest scaled score values. A similar planned comparison
was used for hypothesis five which tested the significance
of an interaction; namely, the presence of test-retest gains

thought to exist due to practice effects. In this regard
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the differences between the pre- and posttest scores of the
experimental group were compared with the pretest-posttest
differences in the control group for all IQ and subtest
scaled score values.

Secondary hypotheses were not directional. 1In order to
test secondary hypothesis one, z-tests were used to test
differences among reliability coefficients. Specifically,
Pearson correlations of the pre- and posttest administra-
tions were computed separately for the experimental and
control groups and the groups were compared on these corre-
lations using Fischer's two-sample, z-test involving r to 2
transformed correlations (Glass & Hopkins, 1984). This test
provided information on whether the test-retest correlations
from pretest to posttest were the same for the experimental
and control groups.

In order to test secondary hypothesis two, a test of
linearity for changes in the IQ values over four test times
in the experimental group were made. Since testing and
resulting IQ values were obtained at unequal intervals of
time ;rend coefficients were derived by hand following Kirk
(1982). Estimated linear and quadratic contrasts were then
tested for significance using the F-test.

Secondary hypothesis three utilized a gross estimate of
the WAIS-R'S internal consistency by calculating the median
Pearson correlations among all possible subtest correlations

over all four test administrations. Descriptive information
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was also provided regarding the variance for both the

experimental and control groups over time.

Limitations of the Analyses

Statistically, the greatest 1limitation to the data
analyses described previously is the use of multiple
t-tests. Glass and Hopkins (1984) stated that whenever more
than one t-test is made, the probability of one or more
type-I errors (i.e., rejecting the null hypothesis when it
is true) increases. That is, alpha, the probability of
making type-1 error becomes quite large as the number of
groups increases. The dependency among the t-tests also
makes this problem more complex inasmuch as it is impossible
to determine the actual value of alpha for several differ-
ent, non-independent t-tests (Glass & Hopkins, 1984). Thus,
falsely significant results are likely and hence confound

the strength of statements relative to this study's outcome.



CHAPTER IV

Analysis of Results

Introduction

Analysis of the data generated by this study is
presented in this chapter. Four areas of interest are
addressed. The first section concerns a summary of data
collected on discrete demographic variables including pre-
injury, injury, and post-injury characteristics in both the
experimental and control groups. Comparisons between the
two groups were made on those variables thought to have a
potentially significant effect on both neuropsychological
test performance and/or recovery following TBI. The second
section consists of a description of the sample on both
demographic and experimental continuous variables also
thought to impact the course of recovery and psychometric
results. A comparison of these variables between the two
groups at pretest further evaluated the ability of the con-
trol group to hold constant confounding variables. The
third and fourth sections formally test the primary and

secondary hypotheses, respectively.
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Demographic Data

A total of 85 subjects were appropriate for inclusion in
this study; 47 of which were in the experimental group while
the remaining 38 comprised the control group. Recall that
the validity of the statistical results are predicated on
the ability to identify and hold constant, potentially
confounding variables. Thus, wherever possible, attempts
were made to collect as much data as was available on all
subjects. However, the retrospective nature of this study
created a situation in which complete information on some
subjects was not available in the existing medical records.
Therefore, data analysis did not always encompass the
complete sample of 85 subjects, and the number of subjects
in the analyses vary. The number (or percentage) of
subjects used in each analysis is noted in the tables to
follow.

In keeping with the need to hold constant confounding
influences, the groups were compared on variables thought to
have a potentially significant impact on neuropsychological
test performance and recovery. No statistically significant
differences between the groups were found. Table 4.1
presents information derived from the collection of discrete
variables on the sample of 85 subjects.

Consistent with the national population of people with
head injury (Rimel & Jane, 1983), the sample was largely
male (76.5%). The sample was also predominately Caucasian

(94.1%). Right-handedness was prevalent (85.9%) with
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Table 4.1

Comparison of Experimental and Control Group Subjects
on Pre-Injury Demographic Variables

Percent
Experimental Control Overall
Sex
Male 78.7 73.7 76.5
Female 21.3 26.3 23.5
Race
Caucasian ' 100.0 86.8 94.1
BlaCk - 7.9 305
Hispanic - 2.6 1.2
Other - 2.6 1.2
Handedness
Right 87.2 84.2 85.9
Left 12.8 5.3 9.4
Ambidextrous - 2.6 1.2
(Missing) 7.9 3.5
Marital Status
Single 61.7 63.2 62.4
Married 31.9 26.3 29.4
Divorced 6.4 10.5 8.2
Academic Obtainment
Pre-High School 6.4 23.7 14.1
High School Drop Out 12.8 13.2 12.9
G.E.D. 2.1 10.5 5.9
High School Degree 72.3 44.7 60.0
Associates Degree 2.1 - 1.2
Bachelors Degree 4.3 5.3 4.7
(Missing) 2.6 1.2
Special Education
Classification
Learning Disabled 4.3 5.3 4.7
Emotionally Impaired 2.1 - 1.2
Not Classified 91.5 81.6 87.1
(Missing) 2.1 13.2 7.1
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Table 4.1 cont'd.

Reported Alcohol Abuse

Yes 53.2 31.6 43.5
No 40.4 63.2 50.6
(Missing) 6.4 5.3 5.9

Reported Drug Abuse

Yes 17.0 21.1 18.8
No 74.5 73.7 74.1
(Missing) 8.5 5.3 7.1

Occupational Endeavors

Professional - Technical 4.3 5.3 4.7
Farmer - Farm Manager 2.1 - 1.2
Managers - Office 8.5 2.6 5.9
Clerical - Sales - 2.6 1.2
Craftsman - Foreman 4.3 5.3 4.7
Operators 8.5 5.3 7.1
Service Work 17.0 7.9 12.9
Laborers 27.7 23.7 25.9
Housekeeping 4.3 2.6 3.5
High School Student 10.6 23.7 16.5
College Student 6.4 7.9 7.1
Disabled - 2.6 1.2
Unemployed 2.1 7.9 4.7
Retired 4.3 2.6 3.5

Note. Overall percentages were calculated on a total N =
85. Experimental and control percentages were calculated on
ns of 47 and 38, respectively.
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left-handed individuals and ambidextrals representing 10.6%
of the sample. Ambidextrous individuals (1.2%) were
represented in the control group only. Handedness was not
known because of incomplete records on 3.5% of the sample.
A majority of subjects (62.4%) were single with the
remainder either married (29.4%) or divorced (8.2%). These
figures are consistent with Rimel and Jane (1983) who also
reported that the incidence of injuries involving singles is
20 percent higher than the population base as a whole.

In general, a large percentage of subjects (60%) had
obtained at least high school degrees while approximately
14% were still in high school at the time of their injuries.
- An additional 5.9% of the sample had either completed an
Associate or a Bachelor's degree. Nearly 13% of the total
sample had dropped out of high school while another 5.9% had
completed G.E.D.s. Educational obtainment could not be
determined in one of the cases as a result of missing
information. 5.9% of the sample were served by special
education programs as identified and treated by their
schools' respective educational planning committees.
Reportedly, 4.7% of these individuals were classified as
learning disabled with a smaller percentage (1.2) identified
as emotionally impaired. A 1little more than seven percent
of the total sample had missing information regarding
special education services with the proportion being higher

in the control group than the experimental group.
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Another set of variables that may potentially compromise
recovery and psychometric test results were histories of
either alcohol or substance abuse. Nearly half of the
sample reportedly abused alcohol while approximately 19% of
the sample reportedly abused other substances (e.g.,
marijuana, cocaine).

Table 4.1 also reveals that 23.6 percent of all subjects
were in some form of educational endeavor at the time of
their injuries. A large percentage of subjects (54.1%) were
involved in occupations such as craftsmen, operators, gen-
eral laborers, service workers, and housekeepers. Thirteen
percent of the sample was involved in professional-
technical, farming, managerial, or sales work. The
remaining 9.4% were either disabled, unemployed or retired.

With regard to the cause of the injuries sustained,
Table 4.2 indicates that 70.6% of the sample was involved in
motor-vehicle accidents while an additional 18.9% was in-
volved in either motorcycle or car-pedestrian accidents.
This data is consistent with Rimel and Jane (1983) who also
reported that more than half of all head injuries are re-
lated to traffic accidents. The remaining subjects (10.6%)
either sustained falls or were victims of assault. As a
result of the cause of their accidents, an overwhelming
number of subjects (71.8%) qualified for no-fault insurance
coverage for rehabilitation care subsequent to their
accidents. This, in turn, suggested that a large number of

subjects received potentially unlimited finances with which
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Table 4.2

Comparison of Experimental and Control Group Subjects
on Injury and Post-Injury Variables

Percent
Experimental Control Overall
Source of Trauma
Motor Vehicle Accident 78.7 60.5 70.6
Motorcycle 4.3 10.5 7.1
Pedestrian-Car 6.4 18.4 11.8
Fall 6.4 7.9 7.1
Assault 4.3 2.6 3.5
Insurance Coverage
Auto No-Fault 76.6 65.8 71.8
Private 8.5 18.4 12.9
Government (Medicaid) 12.8 15.8 14.1
(Missing) 2.1 - 1.2
Documented Use of Alcohol
at Time of Injury
Yes 36.2 26.3 31.8
No 51.1 44.7 ‘ 48.2
(Missing) 12.8 28.9 20.0
Type of Injury
No Skull Fracture 63.8 68.4 65.9
Non-Penetrating Skull
Fracture 31.9 26.3 29.4
Penetrating Skull
Fracture 4.3 - 2.4
(Missing) 5.3 2.4
Medication Induced Coma
Yes 2.1 7.9 4.7
No 97.9 86.8 92.9
(Missing) 5.3 2.4
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Table 4.2 cont'd.

Intracranial Pressure

Monitoring
Yes 23.4
No 76.6
Unknown -
(Missing)

Neurosurgical Intervention

Yes 14.9
No 85.1
(Missing)

Initial CT Scan Results
Not Completed 2.1
Right-Sided Involvement 21.3
Left-Sided Involvement 14.9

Bilateral Involvement 17.0
Intraventricular

Involvement 6.4
Normal 38.3
(Missing)

Side of Weakness or

Hemiparesis
None 38.3
Right 34.0
Left 17.0
Bilateral 8.5
Unknown 2.1
(Missing)

Post-Injury Seizure Activity

Yes 10.6
No 89.4
Unknown

(Missing)

Use of Anticonvulsant

Medication
Yes 46.8
No 53.2

(Missing) -
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Use of Psychotropic

Medication
Yes 19.1 7.9 14.1
No 80.9 84.2 82.4
(Missing) 7.9 3.5

to fund rehabilitation treatment services. The balance of
the subjects were supported by either private (12.9%) or
governmental (14.1%) insurance programs. Insurance coverage
could not be determined in one case. Of those subjects for
whom records were available (20% missing), over 30% of all
injuries involved alcohol. This proportion of alcohol-
related injuries is less than figures reported by Rimel and
Jane (1983), but consistent with Adams and Putnam (1989) who
reported 26% of their subjects were under the influence of a
non-prescribed substance at the time of their accident.
These reports, nevertheless, suggest the need for further
driver and alcohol education to the general public as it
regards drinking and driving.

A large proportion of the subjects (65.9%) sustained
closed head injuries without skull fracture. Approximately
308 of the subjects sustained non-penetrating skull frac-
tures in addition to their head injuries. These figures are
consistent with information provided by Rimel and Jane
(1983). Approximately two and one-half percent of the
sample could not be confirmed as having had a skull

fracture.
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According to medical records, only a small percentage
(4.7%) of these individuals required drug-induced comas.
Approximately 27% of the subjects did require some form of
intracranial pressure monitoring to measure brain tissue
swelling. Neurosurgical intervention such as the removal of
a hematoma was required in approximately 20% of all cases,
and is consistent with data reported by Rimel and Jane
(1983). When CT scans of the brain were completed, nearly
308 of the findings were normal. This was in contrast to
those on whom right (20%), left (17.6%), bilateral (18.8%)
and intraventricular (7.1%) damage was identifiable. CT
scans were either not done or were missing on 7.0% of the
sample. Of those subjects on whom CT scan records were
available, no mass effect was noted.

As a result of the head injuries incurred, 53% of the
sample demonstrated some form of hemiparesis or motor weak-
ness. Information about motor functioning was missing or
could not be identified for 10.6% of the cases. Addition-
ally, 12.9% of the subjects demonstrated seizure activity
following their head injuries. Seizure data were missing
for 1.2% of the total group, and another 1.2% could not be
confirmed. Furthermore, 49.4% of all subjects for whom
information was recorded, required the administration of an
anticonvulsant medication such as Dilantin as either

intervention for or prophylaxis of seizure activity. In
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addition, 14.1% of the reported sample required some form of
psychotropic medication such as Valium or Haldol principally
during the acute care hospitalization as treatment for

agitation and/or confusion.

Preliminary Data

A key goal of the subject selection was to generate a
sample that was homogeneous with respect to various poten-
tially confounding variables. However, the lack of random
assignment of subjects to treatments makes it likely that
the groups may.differ on variables not being investigated
and weakens the internal validity of the study. The pres-
ence of potentially confounding variables thought to impact
test results and recovery following TBI, however, was
assessed for the experimental and the control groups. To
test the equivalence between the two groups, two-sample,
t-tests for independent groups were employed (alpha = .05).
Nonsignificant results suggest, but do not ensure, that the
groups are equivalent on that variable.

Comparisons between the experimental and the control
group on important demographic variables are presented in
Table 4.3. Mean ages of the subjects at the time of TBI
were not significantly different between the experimental (x
= 29.17 years) and the control groups (x = 25.84 years). In
addition, pre-injury variables such as years of education,
cumulative grade point average, and IQ scores were not

significantly different between the two groups. Similarly,
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TABLE 4,3

Comparison of Demographic Variables Between Exper imental
and Control Groups

EXPERIMENTAL CONTROL
M+ S0 L] M+ S0 L] i

Age at Injury 29,17 + 13,87 47 25,84 + 12,75 (38) .253
Total Education 11,96 + 1,88 (47) 11,67 + 1,65 (37) 451
Most Recent G.P.A.? 2,03 + 0.61 (40) 2,12 + 0.74 (26) .630
Class Rankb 33,91 + 17.32 (23) 35,80 + 25.66 (10)  .835
Pre-injury 1Q° 101,05 + 10.96  (17) 100,33 + 19,14 (3)  .954
Estimated FSIQd 102,47 + 3,95 (47) 101.85 + 3.46 (37)  .451
Length of Coma 4,86 + 6.56 47) 4,32 + 5.50 (36) .681
Length of Acute Care

Hospitallization 31,68 + 16,82 (47) 26,66 + 19,42 (36) .221
Time From Injury

to Rehabilitation

Hosplitalization 32,21 + 17.90 (47) 30.55 + 19,91 (29) .75
c.F.L.. Time of

Rehabllitation :

Hospltal ization 5.35 + 0.90 (47) 5.16 + 1,08 (27)  .458

D.R.S.f at Time of
Rehabil itation
Hosplital ization 10,44

|+

3.35 (45) 11,28

|+

3.36 (14) 2422

Length of Rehabllitation
Hosplitallization 59,08

|+

33.06 (47) 53.05

|+

42,11 (34)  .490

Length of Contlinuous
Therapy 275,19 + 113,51 (47) 246,78

|+

127,38 37 291
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Table 4,3 cont'd,

Length of Anticon-
vulsant Medications 248,00 + 125,59 (22) 257,05 + 152,80 (18) 841

Length of Psychlatric
Medications 53.11 + 82,76 (9) 203,33 + 233,01 (3) «380

Note, Two-tailed probabiliities were determined for all comparisons, Age at Injury and
total education are In years, All lengths of coma, hosplitalizations, therapy and medi-

cations are In days, M = mean; SD = standard deviation; n = sample size; p = proba-

bility level,

°Grado point average obtained or derived from avallable high school ftranscripts,
bRofrlevod from academic transcripts, the pre-injury |Q was the score determined by
psychometric testing regardless of the Instrument administered, ®Formula equation
suggested by Karzmark, Heaton, Grant and Matthews (1985), 9Rancho Los Amigos Cognitive
Functioning Levels (Malkumus, 1974), eRappapou'f Disability Rating Scale (Rappaport,
Hall, Hopkins, Belleza, & Cope, 1982),
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post-injury variables including hospitalization length and
treatment duration were the same statistically for both
groups. In fact, a review of Table 4.3 suggests that none
of the continuous, demographic variables that were identi-
fied and examined as potentially confounding to both test
results and recovery were statistically different between
the two groups using separate variance estimates. This
suggests (but does not guarantee) that the two groups were
equivalent at the beginning of the study and implies greater
confidence 1in the comparisons between the control and
experimental groups.

It is important to note, however, that while the means
of the variables are similar, the variances (i.e., standard
deviations) for some variables appear to differ (e.g., class
rank, length of psychiatric medications). Thus, statements
of equivalence refer to means and not to variances.

In this study, the larger variance was often associated
with the smaller control group. This suggests several
possibilities. First, the control group may not be as
homogeneous with respect to variability as the experimental
group despite nonsignificant findings using t-tests.
Second, the lack of similarity (based on variance estimates)
between the two groups suggests that the degree to which the
control group can hold constant certain confounding
variables is lessened by its greater variability; and hence
confidence in the results is weakened. It is also possible

that the probability of making a Type I error is greater
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than the nominal probability (alpha = .05) due to the
heterogeneity of variance particularly in this instance
where the larger sample (experimental group) has the smaller
variance.

In order to control for other effects such as testing,
instrumentation, and regression effects, tests of similarity
between the experimental and control groups were made at the
time of the pretest (two months post-injury). This was
accomplished by comparing performances on the Verbal,
Performance, and Full Scale IQ values of the WAIS-R using
the statistical test noted previously. No significant
differences were found (p > .05). Table 4.4 presents IQ
means for both groups. Mean Verbal, Performance, and Full
Scale IQ values were 83.89, 77.04, and 79.63 respectively,
for the experimental group. Control group means were 84.28,
79.68, and 81.05 for Verbal IQ, Performance IQ, and Full
Scale IQ values, respectively. The mean times during which
both the experimental and control groups were first tested
post-injury were not significantly different (54.46 vs.
63.02 days).

Similar analyses were computed for all WAIS-R subtests
at pretest as well. Table 4.4 presents the mean subtest
values for both groups. Six of the 11 subtest scaled score

means appeared lower in the experimental group than in the
control group. Nevertheless, no significant differences
were noted between the experimental and the control groups

(p > .05) among any of the eleven WAIS-R subtests.
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Comparison of WAIS-R 1Q and Subtest Scaled Scores Between

Experimental and Control Groups at Pretest

Experimental Control

M + ® 2 M + s  n p
Information 5.91 + .77 (47) 5.64 + 2,31 (37) 565
Digit Span 7,19 + 2,55 (47) 8.05 + 2,79 (37) 149
Vocabul ary 7.04 + 1,89 (47) 6,65 + 1,82 (32) 367
Arithmetic 7.51 + 2,20 47 7,10 + 2,10 (37) 397
Comprehens ion 7.71 + 3,06 (46) 7.67 + 2,28 (37) 944
Similarities 6,55 + 2,12 47) 6,94 + 2,65 (37)  .466
Picture Completion 7.17 + 2,50 (47) 7,15 + 2,46 (38) »982
Plcture Arrangement 6,06 + 1,89 (46) 7.05 + 2,51 (38)  .054
Block Design 6,80 + 2,92 (45) 7,28 + 2,49 (36) 415
Object Assembly 5.71 + 2,59 (45) 6,30 + 3,06 (38) 357
Digit Symbol 4,70 + 1,63 (40) 5.28 + 2,29 (33) 259
Verbal 1Q 83.89 + 9,02 47) 84,28 + 11,09 (38) .860
Performance 1Q 77,04 + 10,20 a7 79,68 + 12,51 (36) «298
Full Scale 1Q 79.63 + 8,65 (45) 81.05 + 11.48 (38) «532
Time Posf—lnjurya 54,46 + 18.86 (47) 63,02 + 35.59 (37) 191

Note, Two-talled probabilities were determined for all comparisons,
Time post=injury Iis in days,
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It is important to restate the situation that variance
differences surrounding ability-related variables (e.g.,
Full Scale IQ means) suggests that statements about group
similarity cannot be made unequivocably. Rather, one group
may be more homogeneous than another and this difference may
lessen the overall effect of the control group in
controlling for particular effects since one group will be
expected to vary more about its mean than another. This

uncertainty effects prognostication.

Tests of Primary Hypotheses

Hypothesis One: Full Scale, Verbal, and Performance IQ
means for the experimental group at 12
months post-injury will be greater than
their respective means at 2 months
post-injury. This same hypothesis is
advanced for the control group.

Table 4.5 presents WAIS-R Full Scale, Verbal, and
Performance IQ means at 2 and 12 months post-injury,
respectively for both the experimental and control groups.
The Full Scale IQ mean for the experimental group increased
from 79.63 to 93.95 (a difference of 14.31 points), while
the control group Full Scale IQ increased from 81.05 to
92.39 (a difference of 11.34 points). The change from
pretest to posttest was significant for both groups (p <
.001) with the greatest change noted in the experimental
group. Table 4.5 also includes effect sizes (Glass and

Hopkins, 1984) which are standardized mean differences.

Effect sizes provide information regarding the practical
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Exper imental and Control Group Changes In WAIS-R 1Q Mean Values
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From Pretest to Posttest

Pretest Posttest
Effect
A M+ SO M 4+ SD Difference p size®
Verbal 1Q
Experimental (47) 83.89 + 9.02 93,12 + 9,53 9,23 ,000* 1,02
Control (38) 84.28 + 11,09 92,65 + 12,62 8,36 .000*% 75
Per formance 1Q
Experimental (47) 77,04 + 10,20 97,00 + 11,11 19.95 ,000* 1,96
Control (38) 79.68 + 12,51 93,73 + 13,24 14,05 .000* 1,12
Full Scale 1Q
Experimental (47) 79,63 + 8.65 93,95 + 8.92 14,31 LHO00* 1,66
Control (38) 81,05 + 11,48 92,39 + 12,36 11,34 ,000* 99
In all cases it was

Note, One-talled probabilities were determined for all comparisons,

hypothesized that the posttest mean would be greater than the pretest mean,

a -
effect size = standardized mean difference, or y posttest Y pretest/s pretest

*p < ,001,
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significance of the results and are used only when tests are
significant. Thus, the difference of 14.31 points in the
experimental group Full Scale IQ is a change of 1.66
standard deviations and represents a substantial change in
score from pretest to posttest.

Significant changes were also noted on Verbal and
Performance IQ means for both the experimental and control
groups as well (p < .001) with the experimental group demon-
strating the larger changes. Verbal IQ means increased from
83.89 to 93.12 (a difference of 9.23 points; effect size of
1.02) in the experimental group while the control group
Verbal IQ increased from 84.28 at pretest to 92.65 (a
difference of 8.36; effect size of .75) at posttest. The
experimental group Performance IQ increased from 77.04 to
97.00 (a change of 19.95 points; effect size 1.96); there
was a change of 14.05 points in the control group
Performance IQ from 79.68 at pretest to 93.73 at posttest
(effect size = 1.12). Thus, all changes from pretest to
posttest were significant (p < .001) and in the expected
direction. Therefore, the research hypothesis was

empirically supported.

Hypothesis Two: Subtest scaled score means for the experi-
mental group at 12 months post-injury will
be greater than their respective subtest
scaled score means at 2 months post-injury.
The same hypothesis is advanced for the
control group.
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Tables 4.6 and 4.7 present changes in WAIS-R subtest
scaled score means at 2 and 12 months post-injury for the
experimental and control groups, respectively. Changes in
all subtest scaled score means for both groups were signifi-
cant (p < .001) and in the expected direction. The extent
of change in the experimental group ranged from a difference
of 0.75 scaled score points in Vocabulary to 3.71 scaled
score points in Picture Arrangement. Effect sizes ranged
overall from .39 to 1.97. The smallest change in subtest
scaled scores means in the control group was also on
Vocabulary with a mean increase of 1.00 scaled score points
(effect size .56). The largest increase in the control
group was that of Block Design with a change of 2.34 scaled
score points and an effect size of .94. Effect sizes were
generally the largest in the Performance section of the
WAIS-R. Effect sizes also appeared larger, as a group, in
the experimental group than in the control group. Since all
subtest scaled score mean changes were in the expected
direction and were significantly different (p < .001), the

research hypothesis was supported.

Hypothesis Three: Full Scale, Verbal, and Performance IQ
means of the experimental group will be
greater than the Full Scale, Verbal, and
Performance IQ means of the control group
at one year post-injury.
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Experimental Group Changes in WAIS-R Subtest Scaled
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Score Mean Values from Pretest to Posttest

Pretest Posttest
Effect
n M + SD M + SO Difterence p slze
Information (47)  5.91 + 1,77 7.80 + 2,37 1.89 .,000* 1,07
Diglit Span (47)  7.19 + 2,55 8.97 + 2,47 1.78  ,000* .70
Vocabu | ary (44) 7,02 + 1,93 7.77 + .77 0.75 ,000* 39
Arithmetic 47) 7.51 + 2,20 8.82 + 2,59 1.31  ,000* «60
Comprehension (45) 7.68 + 3,09 9.68 + 2,35 2,00 .000*% «65
Similarities (47) 6,55 + 2,12 9.23 + 2,66 2,68 ,000* 1,26
Picture Completion 47) 7,17 + 2,50 10,80 + 2,13 3,63 .000* 1,45
Picture Arrangement (46) 6,06 + 1,89 9,78 + 2,92 3,71 ,000* 1,97
Block Design (47) 6,80 + 2,92 9.59 + 2,66 2,78 ,000*% +96
Object Assembly (42) 5,76 + 2,48 9,04 + 2,30 3.28 ,000* 1,32
Digit Symbol (40) 4,70 + 1,63 7.25 + 2,35 2,55 ,000* 1,56

Note, One-talled probabilities were determined for all comparisons,
hypothesized that the posttest mean would be greater than the pretest mean,

*p < ,001,

In all cases it was
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Control Group Changes in WAIS-R Subtest Scaled Score Mean Values

from Pretest to Posttest

Pretest Posttest
Effect
n M + SD M + SD Difference p size
Information (37)  5.64 + 2,31 7.13 + 2,49 1.48 000" 64
Digit Span (37) 8,05 + 2,79 9.24 + 2,78 1.18  ,000* 42
Vocabul ary (31) 6.58 + 1,80 7,58 + 2,11 1.00 .000*% «56
Arithmetic (37 7,10 + 2,10 8,70 + 2,58 1.59 ,000% «76
Comprehens ion (37) 7.67 + 2,28 8.72 + 2,53 1.05 ,000% 46
Simllarities (37) 6,94 + 2,65 8,70 + 2,81 1,75  ,000* «66
Plcture Completion (38) 7.15 + 2,46 9.28 + 2,37 2,13  ,000% .87
Picture Arrangement (35) 7,08 + 2,54 9.28 + 2,40 2,20 ,000* .87
Block Doslgﬂ (38) 7.28 i 2.49 9.63 i 2.‘6 2.3‘ 0000. 094
Object Assembly (35) 6,40 + 3.05 8,65 + 2,41 2,25 ,000* .74
Digit Symbol (33) 5.24 + 2,29 7,30 + 2,18 2,06 ,000% .90
Note, One-talled probabllities were determined for all comparisons, (n all cases It was

hypothesized that the posttest mean would be greater than the pretest mean,

*p < 001,
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Table 4.8 presents the Full Scale, Verbal, and
Performance IQ means for both the experimental and control
groups at 12 months post-injury. The time from injury to
posttest were not significantly different between the
experimental and control groups. The Verbal IQ mean for the
experimental group was 93.12; a difference of 0.47 points
from the control Verbal IQ mean of 92.65. A difference of
3.27 points was noted between the experimental Performance
IQ mean of 97.00 and that of the control Performance IQ mean
of 93.73. Control and experimental group Full Scale IQ
means differed by 1.56 points. Statistical comparisons
between the two groups did not demonstrate a significant
difference among any of the three IQ means (p > .05).
Therefore, the research hypotheses associated with the tests
of the Full Scale, Verbal, and Performance IQ means in Table
4.8 were not supported, i.e., the experimental group was not
significantly greater than the Full Scale, Verbal, and
Performance IQ means of the control group at one year

post-injury.

Hypothesis Four: All subtest scaled score means in the ex-
perimental group will be greater than all
subtest scaled score means of the control
group at one year post-injury.

Table 4.8 also contains the subtest scaled score means
for both the experimental and control groups at 12 months
post-injury. Only two subtests, however, Comprehension and

Picture Completion proved to differ significantly between
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Table 4,8

Comparison of WAIS-R 1Q and Subtest Scaled Scores Between Experimental
and Control Groups at Posttest

Experimental Control

M + S0 ¥+ n 2 Effect

size®
Information 7.80 + 2,37 (47) T.13 + 2,46 (38) .102
Digit Span 8,97 + 2,47 (47) 9,10 + 2,87 (35) 415
Yocabu | ary 7,77 + 1,77 (44) 7,36 + 2,12 (36) .178
Arithmetic 8,82 + 2,59 (47) 8,65 + 2,56 (38) ,380

Comprehens ion 9,69 + 2,32 (46) 8,71 + 2,50 (38)  .034% 39
Similarities 9.23 + 2,66 (47) 8,68 + 2,78 (38) L1719

Picture Completion 10,80 + 2,13 (47) 9,28 + 2,37 (38)  L001%* «64
Plcture Arrangement 9.74 + 2,90 (47) 9.10 + 2,47 (37) .140
Block Design 9.59 + 2.66 (47) 9.63 *+ 2,46 (38) .474
Object Assembly 8,93 + 2,31 (44) 8.64 + 2,67 (37)  ,308
Digit Symbol 7,06 + 2,29 (46) 6,86 + 2,36 (38) 350
Verbal 1Q 93,12 + 9,53 (47) 92,65 + 12,62 (38)  .425
Per formance 1Q 97.00 + 11,11 (47) 93,73 + 13,24 (38) L1114
Full Scale 1Q 93,95 + 9,92 (47) 92,39 + 12,36 (38)  ,265

Time at Posttest® 373,12

|+

43,59 (47) 375.28 + 75,47 (38) .438

Note, One-talled probabilities were determined for all comparisons, In all cases it was
hypothesized that that means of the experimental group would be greater than the mean of
the control group,

a
effect size = (Ye - Yc)/Sc. leme at post-injury Is In days,

*p < ,05 **p < ,001,
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the two groups (p < .05), and in the expected direction
using a one-tailed test of significance. Effect sizes for
Comprehension and Picture Completion were .39 and .64,
respectively. The remaining subtests were not significantly
different (p > .05). Therefore, the research hypothesis was
not supported for nine out of 11 subtests since the means of
the experimental group were not greater than the subtest
scaled score means of the control group at one year post-
injury. The research hypothesis was, however, supported for

the WAIS-R subtests Comprehension and Picture Completion.

Hypothesis Five: Pretest-posttest differences in 10 and
subtest scaled score means over time 1n
the experimental group will be greater
than the corresponding differences in the
control group.

Differences between the pretest and posttest means of
the experimental and control groups are presented in Table
4.9. That is, the average pretest to posttest difference of
the experimental group was compared to the average pretest
to posttest difference of the control group on the same
variables. These "differences of differences" analyses
correspond to an interaction. It will be noted that the
change in Performance IQ in the experimental group from
pretest to posttest was in the expected direction and
significantly larger than the pretest to posttest change of
the Performance IQ of the control group (p < .05) with an
effect size of .50. The Verbal and Full Scale IQ changes in

the experimental group appeared larger and in the expected
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Comparisons of WAIS-R 1Q and Subtest Change Score Means from Pretest to Posttest
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Exper imental Control
Effect
M + S o M + SO n p  size
Information 1.89 + 1,43 (47) 1,48 + 1,67 (37) 117
Digit Span 1.78 + 2,06 (47) 1.18 + 2,37 (37) L1115
Vocabul ary 0.75 + 1,16 (44) 1,00 + 1,18 (31) .184
Arithmetic 1.31 + 1,40 (47) 1,59 + 2,08 (37)  .246
Comprehens lon 2,00 + 2,66 (45) 1,05 + 2,24 (37)  ,042% .42
Similarities 2,68 + 1,97 (47) 1.75 + 2,57 (37) .038% 36
Picture Completion 3.63 *+ 2,29 (47) 2,13 + 2,37 (38) ,002** .63
Picture Arrangement 3.71 + 2,61 (46) 2,20 + 2,06 (35)  .002** 73
Block Design 2,78 + 1,93 (47) 2,34 + 2,37 (38) 177
Object Assembly 3,28 + 2,09 (42) 2,25 + 2,68 (35) ,035* .38
Digit Symbol 2,55 + 1,98 (40) 2,06 + 1,98 (33) L1149
Verbal 1Q 9.23 + 5.99 (47) 8.36 + 9,13 (38)  .308
Per tormance 1Q 19.95 + 9.43 (47) 14,05 + 11,82 (38) ,007** .50
Full Scale 1Q 14,31 + 6,48 (47) 11,34 + 9,58 (38) .053
Time F'os‘r-ln,jurya 318,65 + 49,50 (47) 314,75 + 86,75 (37)  .404

Note, One-tailed probabilities were determined for all comparisons,
was hypothesized that change score means of the experimental group would be greater than
all the change score means of the control group,

a
Time post=-injury Is In days,

*p < .05, **p < 01,

In all cases It
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direction than the <control group, but the differences
between the change score means of the two groups were not
statistically significant (p > .05). Overall, IQ changes
from pretest to posttest ranged from 8.36 points in Verbal
IQ of the control group to 19.95 points in Performance IQ of
the experimental group. In addition, it should be noted
that the time which elapsed between pretest and posttest
between the two groups was not significantly different (p >
.05) and reflected a pretest to posttest interval of
approximately 10 1/2 months.

Similar analyses were performed on the differences in
the change score means of the subtests in the two groups.
Nine of the eleven subtests in the experimental group
demonstrated changes in the expected direction with changed
scores means in the experimental group exceeding change
score means of the control group. However, only five of the
nine subtests reflecting these larger changes were signifi-
cantly different from the control group (p < .05). These
significant changes were in the subtests Comprehension,
Similarities, Picture Completion, Picture Arrangement, and
Object Assembly. Effect sizes for the respective subtests
were .42, .36, .63, .73, and .38. The two subtests in which
changed score means were greater in the control group than
in the experimental group were Vocabulary and Arithmetic.
Differences between the two groups on these two subtests
were not significantly different nor were the other four

subtests (p > .05). Subtest change score means ranged from
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0.75 points in Vocabulary in the experimental group to 3.71
points in Picture Arrangement also in the experimental
group.

It should also be noted here that the variation in the
experimental group was less than the control group in all
but two measures. Thus, these results suggest greater
homogeneity among the experimental group relative to the
degree of change which occurred from pretest to posttest in
the control group.

The comparison of pretest to posttest averages of the
experimental and the control groups represents an inter-
action effect which is most fully conveyed by graphs.
Figure 4.1 graphically displays the interaction between time
and treatment effects for the Performance IQ means of the
experimental and control groups. The presence of a
disordinal interaction suggested that the treatment effect
(additional testing) in the experimental group had a greater
influence on the outcome in the experimental group Perform-
ance IQ value than the control group within the same period
of time.

Figures 4.2 through 4.6 display the significant
interactions between time and treatment for the WAIS-R
subtests as well. Disordinal interactions as discussed
above are evident in the subtests Similarities, Picture
Arrangement, and Object Assembly. Ordinal interactions were
noted in the subtests Comprehension and Picture Completion.

It will be noted that these latter two subtests were not
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distinguishable (graphically) at pretest yet demonstrated
considerable gain beyond the control group over time with
additional testing.

Since pretest posttest differences between the experi-
mental and control groups were statistically different for
six of the variables, the research hypothesis was partially
supported. Thus, the possible effects of test-retest
exposure were noted in Performance IQ and the subtests
Comprehension, Similarities, Picture Completion, Picture
Arrangement and Object Assembly of the experimental group.
These same effeﬁts were not evident as determined by pretest
posttest differences in the eight remaining subtests and IQ

values.

Tests of Secondary Hypotheses

Hypothesis One: Test-retest reliabilities on the WAIS-R for
the experimental group will differ from the
test-retest reliabilities of the control
group at one year post-injury for Full
Scale, Verbal and Performance IQs and all
subtests.

Test-retest reliabilities of the WAIS-R IQs and subtests
between the pretest and posttest administrations are listed
in Table 4.10. Test-retest reliabilities appeared lower for
the Performance IQ and higher for Verbal IQ on the WAIS-R
for both groups. The weakest test-retest reliabilities were
in the subtests Picture Arrangement (.48) and Picture

Completion (.51) for the experimental group, and Picture

Completion (.51) and Object Assembly (.53) for the control
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group. The highest test-retest reliabilities were noted in
the subtests Arithmetic (.84) and Vocabulary (.80) of the
experimental group, and Vocabulary (.82) and Information
(.75) in the control group. Test-retest reliabilities of
the subtests ranged from .48 (Picture Arrangement) to .84
(Vocabulary); both of which were in the experimental group.
Test-retest reliabilities of the WAIS-R IQs ranged from .58
(Performance IQ) in the control group to .79 (Verbal IQ) in
the experimental group. Comparisons between the test-retest
reliabilities of the experimental and control groups using
Fisher's two-sample Z-test are also presented in Table 4.10.

Test-retest reliabilities calculated in the experimental
group appeared to be larger than the test-retest reliabil-
ities calculated for the respective IQs and subtests in the
control group. Nine of the possible 14 test-retest
reliabilities seemed larger in the experimental group than
the control group, but only one subtest, Arithmetic, had a
significantly greater (p < .05) test-retest reliability than
its control group analog. The test-retest reliability
calculated on the subtest Picture Completion was the same
for both the experimental and control groups (.51). The
test-retest reliabilities for the remaining subtests
Vocabulary, Comprehension, Picture Arrangement, and Digit
Symbol reliabilities did not differ statistically between
the experimental and control groups (p > .05).

Since only one test-retest reliability was significantly

different between the experimental and control groups, the
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Table 4.10

Comparisons Between the Pretest/Posttest Correlations
of the Experimental and Control Groups

Experimental Control
r h r n Z
Information . 799 (47) . 759 (37) 0.457
Digit Span .663 (47) .637 (37) 0.227
Vocabulary .807 (44) .828 (31) -0.306
Arithmetic .842 (47) .620 (37) 2.173*
Comprehension .551 (45) .569 (37) -0.130
Similarities .680 (47) .558 (37) 0.858
Picture Completion .519 (47) .519 (38) 0.000
Picture Arrangement .480 (46) .653 (35) -1.119
Block Design .765 (47) .541 (38) 1.825
Object Assembly .619 (42) .539 (35) 0.507
Digit Symbol .553 (40) .609 (33) -0.337
Verbal IQ .793 (47) .710 (38) 0.894
Performance IQ .611 (47) .580 (38) 0.212
Full Scale IQ .764 (47) .679 (38) 0.808

Note. Two-tailed probabilities were determined for all
comparisons. It was hypothesized in all cases that test-
retest reliabilities of the experimental group would differ
from the test-retest reliabilities of the control group
because the experimental group would reflect the more recent
influences of additional testing. Since the subjects might
remember some of the answers, the correlation between the
two tests would not be independent and a high correlation
would result. r = correlation coefficient; Z = Fisher's 2;
a mathematical transformation of r.

*p < .05.
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research hypothesis was not supported. Therefore, with the
exception of the subtest Arithmetic, the test-retest relia-
bilities on the WAIS-R for the experimental group did not
differ from the test-retest reliabilities of the control
group at one year post-injury using a test-retest interval
of approximately 10 1/2 months.

Hypothesis Two: Changes in Full Scale, Verbal, and
Performance IQ means in the experimental
group will be quadratic over a one year
period post-injury.

Table 4.11 presents the WAIS-R subtest scaled score and
IQ means over four separate test administrations during a
period of approximately one year since time of injury.

A review of Table 4.11 indicates that the changes in
Verbal, Performance, and Full Scale IQs appear to be in a
positive direction over all four test administrations.
Noting the changes in the respective Verbal subtests, the
change from one test administration to the next remains in a
positive direction, however the amount of change appears to
slow down with successive testing. Between the third and
fourth test administrations the Verbal subtests, Digit Span
and Arithmetic actually demonstrated a decrease in average
scores.

Performance subtests appeared to reveal larger changes
from one test administration to another than did the Verbal
subtests, but these too, slowed down with successive
testing. No Performance subtest, however, appeared to

decrease in its mean score over time. The larger increases
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Change in WAIS-R 1Qs and Subtest Scaled Scores Over Four Test Administrations

Months Post-Injury

2 4 8 12

M+ SO M + SO M+ SO M + SO
Information 5.91 + 1,77 7,09 + 2,23  7.601 + 2,21 7,80 + 2,37
Digit Span 7.19 + 2,55 8.91 + 2,43 9.12 + 2,55 8.97 + 2,47
Yocabul ary 7.04 + 1,89 7.46 + 1,74 7,73 + 1.60 7.79 + 1.79
Arithmetic 7.50 + 2,20 8,23 + 2,32 8,95 + 2,38 8,82 + 2,59
Comprehension 7.71  + 3,06 8.82 + 2,13 9,27 + 2,07 9,69 + 2,32
Similarities 6.55 + 2,12 8,19 + 1,93 8.91 + 2,56 9.23 + 2,66
Picture Completion 7.17 + 2,50 9.31 + 2,28 10,14 + 2,05 10,80 + 2,13
Picture Arrangement 6,06 + 1.89 8.21 + 2,52 8,63 + 2,23 9,74 + 2,9
Block Design 6.80 + 2,92 8,55 + 2,47 9.34 + 3,048 9,59 + 2,66
Object Assembly 5.7 + 2,59 7.93 + 2,86 8,78 + 2,57 8,93 + 2,31
Diglt Symbol 4,7 + 1,65 5.87 + 2,13 6,50 + 2,06 7,09 + 2,28
Verbal 1Q 83,89 + 9,02 89,93 + 8,17 92,82 + 9,44 93,12 + 9,53
Per formance 1Q 77,04 + 10,20 87,85 + 11,06 92,44 + 11,73 97,00 + 11,11
Full Scale 1Q 79.63 + 8,65 88,08 + 8,84 92,02 + 9,92 93.95 + 9.92
Time Post-Injury® 54,46 + 18,86 115,74 + 20,51 263,78 +.26,41 373,12 + 43,59

3T imes post=injury are in days,
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noted in the early testings also reflected lower perform-
ances initially when compared to the Verbal subtests. This
is typical in TBI WAIS-R test patterns.

Trend analyses were performed on IQ means to assess
whether the changes noted over time were linear or curvi-
linear. Since time of testing led to unequal intervals over
one year post-injury, trend coefficients were derived by
hand following Kirk (1982, Appendix C). All statistical
hypotheses were nondirectional. F-tests for linear and
quadratic effects over time were computed (Glass & Hopkins,
1984). Table 4.12 summarizes the trend analyses for both
linear and quadratic trend components for each of the three
IQ variables.

The analysis of trend components demonstrated the pres-
ence of a statistically significant linear (p < .001) as
well as a quadratic (p < .025) trend in all three WAIS-R IQ
means over time. This is supported by Figure 4.7 which sug-
gested that the IQ values increase initially in a linear
fashion, and subsequently the change in IQ means begin to

slow-up resulting in a curvilinear pattern of change over

time.

A measure of explained variance, hz, (eta-squared) was
also computed for all statistically significant trends. The
proportion of variation associated with time in the Verbal,
Performance, and Full Scale IQs due to a linear effect was

74%, 87%, and 82%, respectively. That is, 74% of the varia-

tion due to time for Verbal IQ was attributable to the
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Table 4,12

Trend Analysls Summary of WAIS-R IQs by Time In the Experimental Group

Source ss ot s 2 I3 °?
b

VIQ~ by Time 2588, 31 3
| inear 1920,31 1 1920,31 23,45 0,001 *#* 74
quadratic 553.57 1 553,57 6.76 0.025* .21
remainder® 114,43 1 100,00 1.39 0.250

Error 15065.14 184 81,87

Total 17653.46 187 94,40

P1Q? by Time 1031614 3
| inear 8932,27 1 8932,27 73,23 0,001 ### .87
quadratic 817,56 1 817,56 6.70 0.025* .08
remainder® 556.31 1 566,31 4,64 0.050* .08

Error 22443,48 184 121,95

Total 32759.63 187 175,18

FS1Q° by Time 5680, 55 3
| inear 4630,07 1 4630,07 52,90 0,001 #»# 82
quadratic 782,88 | 182,88 8.94 0.010%% .14
remainder® 267,60 1 267,60 3.05 0.100

Error 16105,40 184 87,52

Total 21785,95 187 116.50

i h2 = Ssoffecf/ssTlme = measure of practical significance, b VIQ = Verbal IQ. “This is an

SS SS -SS -SS -SS
aggregate of the higher order trends: remainder =  Total error | Inear quadratic,

d
P1Q = Performance 1Q, eFSlo = Full Scale IQ.

*p < ,05, **p < .01, ***p < 001,



1Q

167

—a— Verbal IQ
—a&—— Performance IQ

—&— Full Scale IQ

100
90-.
80 -
70 r——r—r— —r ————
0 2 4 6 8 10 12

Months

Figure 4.7. Change in Verbal, Performance,
and Full Scale IQ means over time.
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linear trend. The proportion of variation due to a quadrat-

ic effect in Verbal, Performance, and Full Scale IQs was

21%, 8%, and 14%. Thus, the variation in recovery appears

to be primarily linear and secondarily quadratic.

Figure 4.7 demonstrates the changes in Verbal, Perform-
ance, and Full Scale IQ means over the course of four test
administrations within a one year period of time. From this
figure, it will be noted that the Performance IQ mean value
begins lower than the Verbal IQ mean value at the first test
administration, approximates the Verbal IQ by the third
testing, and then surpasses Verbal IQ by the fourth and
final test administration.

Since trend analysis demonstrated both a statistical
significant linear and quadratic trend for IQ means over
time, the research hypothesis was supported. Therefore,
changes in IQ mean values are curvilinear (as well as
linear) within a one year period of recovery for all IQ
means in the experimental group.

Hypothesis Three: 1Indices of internal consistency in the
WAIS-R for the experimental group will
change over the four test administra-
tions.

In order to obtain a global estimate of the WAIS-R
internal consistency, the following procedure was employed.
All possible pairwise (Pearson) correlations among the
eleven subtests for each time were computed and the median
correlations found. Using this method, median correlations

of .48, .43, .44, and .38 were found for the first through
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fourth test administrations, respectively. These correla-
tions suggest only moderate consistency among the subtest
performances based on scaled scores. It is also interesting
to note that the median correlations demonstrated a decrease
over time suggesting that variables influencing test
results, possibly including test-retest practice effects,

may have differentially affected the subjects.



CHAPTER V

Discussion and Conclusions

Summary

Procedures to investigate test-retest practice effects,
reliability, and stability of the WAIS-R (Wechsler, 1981)
over time are in short supply. While a limited number of
studies have been completed on its predecessor, the WAIS
(Wechsler, 1955), psychologists have and will continue to
practice under a handicap until a considerable amount of
actuarial base-rate information is collected and published
on normal as well as patient (i.e., neurologically impaired,
developmentally disabled) populations (Matarazzo & Herman,
1984). Without such information, an understaqding of the
influences of repeat administrations on neuropsychological
tests will be difficult, implying that the interpretation of
test scores and test score <changes may be 1in error
(Campbell, 1983). This is particularly important in chart-
ing intellectual and cognitive recovery in traumatically-
brain-injured survivors when greater specificity and accu-
racy in determining change over time is central to rehabil-

itation and/or vocational planning, as well as medico-legal

determinations.

170
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Consistent with the extremely limited research on
test-retest practice effects, reliability, and stability
with either the WAIS or WAIS-R (Matarazzo & Herman, 1984),
there is a dearth of published research on either instrument
investigating test-retest practice effects, reliability, and
stability with recovering traumatically-brain-injured (TBI)
survivors. Without this type of information, it would be
extremely difficult, if not impossible, to discern whether
observed changes upon re-evaluation were due to treatment
effects, spontaneous recovery, test-retest practice effects,
or test unreliability (Campbell, 1983). Therefore, it was
the purpose of this study to provide a data base from which
changes observed on the WAIS-R over time in a population of
recovering TBI patients could be examined.

In particular, this study attempted to: a) provide de-
scriptive information regarding the stability of test scores
of individuals who were recovering from TBI within a one
year period of time; b) determine the possible existence,
extent, and magnitude of test-retest practice effects
resulting from repeated administrations of the WAIS-R over
time; and c¢) provide information concerning the test-retest
reliability of the WAIS-R through serial testing.

In order to provide the information for this data base,
and to empirically test the research questions noted
previously in Chapter One, an experimental group consisting
of 47 adult TBI survivors tested four times with the WAIS-R

at approximately 2, 4, 8, and 12 months post-injury was
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compared with a matched control group of 38 similar TBI sur-
vivors. The control group subjects were tested only twice
with the WAIS-R at approximately 2 and 12 months post-
injury. Because of the retrospective nature of this study,
randomization was not possible. Therefore, attempts were
made to match the two groups as closely as possible on a
number of variables thought to have the potential to
confound intelligence testing and/or cognitive recovery. In
addition, efforts were made to avoid methodological
short-comings ~as reported in the neuropsychological
literature (e.g., Levin et al., 1982).

Utilizing a quasi-experimental design referred to as the
"non-equivalent control" (p. 47) design (Campbell & Stanley,
1963) groups represented a between subjects factor, and time
a within subjects factor. Verbal, Performance, and Full
Scale IQ values as well as all WAIS-R subtest scaled scores
served as dependent variables. The two additional adminis-
trations of the WAIS-R at approximately 4 and 8 months
post-injury, respectively were considered the treatment
condition.

Test-retest gains or practice effects were then
investigated by making comparisons of tests scores between
the experimental and control groups in the manner noted
previously in Chapter Three. The extent of recovery within
the experimental and control groups over time were also
investigated as well as the determination of test-retest

correlations and changes in internal consistency. The
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section to follow attempts to qualify these results given

the limitations of this sﬁudy.

Discussion

The omnibus research question in this study asked
whether there was a test-retest practice effect that
occurred with multiple testing of the WAIS-R, in addition to
the course of natural recovery, in surviving
traumatically-brain-injured individuals. In order to answer
this 1larger question, primary and secondary research
questions were addressed and tested with five primary and
three secondary hypotheses, respectively. Accordingly,
discussion of the results are organized in order of the

hypotheses tested.

Hypothesis One.

In order to assess whether test-retest practice effects
occur due to multiple testings with the WAIS-R, it was
necessary to first determine whether TBI survivors
demonstrated changes in intelligence measures over time on a
single retest. The results of testing hypothesis one
suggested that significant changes (p <.001) do occur and in
a positive (gain) direction between two and twelve months,
post-injury. Specifically, the control group demonstrated
mean gains of 8.36, 14.05, and 11.34 points in Verbal,
Performance and Full Scale IQs, respectively. These gains

in IQ measures were, in general, consistent with IQ gains
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reported by Becker (1977) and Drudge et al. (1984) who also
studied head-injured subjects, but who employed a single
retest with the WAIS.

In fact, many of the changes which occurred upon the
single retest of the control group in this study,
demonstrated characteristics common to other studies
incorporating TBI populations (Diller & Ben-Yishay, 1983;
Drudge et al., 1984; Mandleberg & Brooks, 1975). One such
characteristic was the observation that at the time of the
initial testing, all IQ values were below average levels of
intelligence. Most notable was the greater impairment in
Performance IQ mean (x = 79.68) relative to the Verbal IQ
mean (x = 84.28). This pattern was consistent with research
previously reported (Becker, 1977; Bornstein, 1983; Drudge
et al., 1984; Dye et al., 1981; Fisher, 1985; Mandleberg,
1976; Tabbador et al., 1984). This between-scales
discrepancy, which is typically observed during acute stages
of head injury, is attributed to the resilient,
language-mediated aspects of the Verbal section (Drudge et
al., 1984; Fisher, 1985; Mandleberg & Brooks, 1975; Ruesch,
1944), in contrast to the more vulnerable, problem-solving
skills of the Performance section (Brooks, 1975; Drudge et
al., 1984; Mandleberg & Brooks, 1975). As noted previously,
diminution of any one of these latter skills may depress
Performance skills (Mandleberg & Brooks, 1975).

Another observation noted in this study and common to

other reports involving TBI subjects was the larger
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test-retest gain observed in the Performance IQ mean (x =
14.05; effect size = 1.12) when compared to the Verbal IQ

mean gain (X = 8.36; effect size = .75). In addition, the

Performance IQ mean (X 93.73) surpassed the Verbal IQ mean
(x = 92.65) upon a single retest. One explanation for these
dramatic test-retest gains is that the changes in Perform-
ance IQ means are larger relative to Verbal IQ since the
Verbal measures demonstrate only minimal increases on retest
because the verbal abilities are more resilient to head
injury and are less impaired when tested initially (Diller
& Ben-Yishay, 1983; Seidenberg et al., 198l1). Other expla-
nations for these changes suggest that although the Perform-
ance measures maybe more sensitive to brain-injury in the
acute stage of recovery, they become less so as the time
between testing and the traumatic event increases (Drudge et
al., 1984). Furthermore, greater gains in the Performance
subtests may reflect the phenomenon of regression-to-the-
mean where, upon repeat testing, there is a greater tendency
for more impaired scores to converge towards the mean
(Eisdorfer, 1983). Thus, in areas of greater impairment
(Performance IQ in the acute state) there may be greater
cognitive improvement observed with the repetition of the
test (Lezak, 1983).

The significant gains reported previously for the
control group retested only once resulted in all IQ means
falling within the average range of intelligence (Verbal 1Q,

X = 92.65; Performance IQ, X = 93.73; Full Scale IQ, x =
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92.39). While these changes do not mean that these
individuals returned to normal (Dodrill & Troupin, 1975;
Matarazzo et al., 1976), the mean IQ scores were within the
expected range of functioning for the general population.
Therefore, the test-retest gains were interpreted as
improvements in scores from previously low average or
borderline levels of intellectual functioning. Furthermore,
these improvements were considered to be largely
attributable to recovery rather than from artifacts of
multiple testing.

Support for this inference stems from the fact that the
gains noted in the control group IQ means (i.e., VIQ = 8.36;
PIQ = 14.05; FSIQ = 1l1l.34 points) far exceeded the test-
retest gains (i.e., VIQ = 3.30; PIQ = 8.40; FSIQ = 6.20
points) attributed to practice effects by Matarazzo and
Herman (1984) and others (Ryan et al., 1985; Warner, 1983)
in normal as well as clinical populations when using the
WAIS-R. The improvements in Verbal, Performance, and Full
Scale IQ means in the control group also exceeded the
test-retest gains reported in Chapter Two in normal,
psychiatric, alcoholic, medical, mentally retarded, and
other neurologically-impaired (non-TBI) populations on the
WAIS.

These retest gains are particularly important when the
test-retest intervals are considered. The 1lengthier
test-retest interval used in the control group should have

reduced this group's familiarity with the test. This is in
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contrast to those subjects 1in the previously reported
studies for whom test-retest intervals were much shorter,
and hence familiarity and retest gains would be expected to
be larger. 1In addition, it has been reported that traumati-
cally-brain-injured survivors are frequently deficient in
learning (Lezak, 1979) and memory abilities (Brooks, 1976);
both of which are functions instrumental for test-retest
practice effects to occur (Drudge et al., 1984). These
cognitive deficits, when augmented by the average
test-retest interval in this study (10 1/2 months), should
have greatly reduced the 1likelihood of appreciable
incidental 1learning in the control group (Drudge et al.,
1984). Support of this kind was also provided by Schau et
al. (1980) who reported that test-retest practice effects
would not be detectable over a one year period of time.

Since repetition of a test may lead to an increased
familiarity and improved performance on that test, retest
practice effects cannot be summarily ruled out as a factor
contributing to the gains on a single retest. However when
the same test 1is given multiple times, as in the
experimental group, the retest effects may become more
prominent when compared to a single retest within the same
time frame.

Essentially, all of the characteristics noted above for
the control group were the same for the experimental group.
The only differences were that the magnitude of the retest

gains between two and twelve months post-injury appeared
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greater in the experimental group for the Verbal,
Performance and Full Scale IQ means (x = 9.23, effect size =

1.02; x = 19.95, effect size = 1.96; x = 14.31, effect size

= 1.66), and levels of recovery were higher (Verbal IQ, X

93.12, Performance IQ, x = 97.00; and Full Scale IQ, X
93.95) than the control group.

Given the fact that both groups were not statistically
different (p >.05) at pretest the greater magnitude of
scores and retest gains in the experimental group were
thought to be attributable to test-retest practice effects.
These resultsi suggest that while TBI patients may
demonstrate a return to average intelligence within one year
of injury on a single retest with the WAIS-R, additional
retesting may inflate those test scores accordingly. In
addition, gains on a single retest are thought to reflect
recovery, however, the degree to which test-retest practice
effects take place upon a single retest is unclear and
perhaps mitigated by other factors such as the test-retest
interval. Thus, the clinician is cautioned about making
interpretations regarding recovery of intellectual
functioning when the WAIS-R is administered more than twice

within a one year period of time.

Hypothesis Two.

Consistent with the changes noted in the WAIS-R IQ mean
values, both the control and experimental groups

demonstrated significant changes (p <.001) in a positive
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(gain) direction on all Verbal and Performance subtests upon
retest. Specifically, the control group demonstrated mean
gains of 1.00 to 2.34 scaled score points. The magnitude of
the test-retest gains noted on these subtest scaled scores
were also consistent with the test-retest gains on WAIS
subtests reported by both Becker (1977) and Drudge et al.
(1984) who employed head-injured subjects with a single
retest of the WAIS.

Like the composite 1Qs, the test-retest gains
demonstrated among the subtests were the largest in the
Performance section. Retest gains in the control group
Performance subtests ranged from 2.06 to 2.34 scaled score
points with effect sizes ranging from .74 to .94. Verbal
subtests in the control group ranged from 1.00 to 1.59
scaled score points with effect sizes ranging from .42 to
.76. Within the control group, Block Design demonstrated
the largest gain on retesting, followed by Object Assembly,
Picture Arrangement, Picture Completion, Digit Symbol,
Similarities, Arithmetic, Information, Digit Span,
Comprehension, and Vocabulary.

Retest gains in the experimental group were larger than
the control group with the greatest gains also noted in the
Performance section. Gains ranged from 2.55 to 3.71 on
Performance subtests. Effect sizes ranged from .96 to 1.97.
Verbal subtest gains ranged from .75 to 2.68 scaled score
points with effect sizes ranging from .39 to 1.26. The

order of subtests for the experimental group varied somewhat
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from the pattern of the control group although five of the
six largest gains also occurred on the Performance subtests.
The order of gains from largest to smallest were Picture
Arrangement, Picture Completion, Object Assembly,
Similarities, Block Design, Digit Symbol, Comprehension,
Information, Digit Span, Arithmetic, and Vocabulary.

While the explanations for the 1larger gains in
Performance IQ relative to Verbal IQ noted previously may
also hold for the Performance subtests, an additional
explanation is possible. The tendency for Performance
subtests to improve on retest may be partially explained by
the fact that all Performance subtests are timed tests,
therefore, a possibility exists of earning bonus points for
speed; that is, correctly completing the tasks as quickly as
possible (Catron, 1978; Steisel, 1951). Additional reasons
for greater improvements in Performance subtests may also
include developing strategies and forming Gestalts which
also result in higher scores.

It should also be noted that the retest gains on the
subtest Vocabulary were consistently the smallest in both
the experimental and control groups. Similar findings
regarding Vocabulary were also reported by Catron (1978),
but with normal college students. This lends further
support to the earlier contention that the Verbal subtests,
and hence total Verbal IQ, are more resilient to head trauma

and demonstrate fewer gains as a result. Therefore,
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Vocabulary may represent the subtest which 1is least
susceptible to practice effects.

Impaired at the time of the initial testing, all
subtests in both groups were either at or within one
standard deviation of the WAIS-R mean (x = 10; SD = 3) at
retest. The retest mean gains on the subtests in both
groups were also larger than the gains noted in studies
reported previously with the WAIS-R that employed normal as
well as clinical (non-TBI) populations (Matarazzo & Herman,
1984; Ryan et al., 1985; Wwarner, 1983). Subtest gains in
the control group were two to five times larger than the
retest gains noted in the published studies above, however,
the experimental group subtest gains were larger than the
control group. In addition, the test-retest subtest gains
in this study were greater than the gains reported in
studies employing the WAIS on normal, psychiatric, medical,
alcoholic, and other neurologically-impaired (non-TBI)
populations.

Since the subtest gains demonstrated on a single retest
in this study far exceeded the test-retest gains thought to
be due to practice effects alone in the studies noted
previously, the excess retest gains here were interpreted as
improvements due to actual recovery. This was further
supported by the Becker (1977) and Drudge et al. (1984)
studies that demonstrated retest gains of similar strength.
The similarity of magnitude among the studies employing TBI

subjects also suggested that improvements upon retest cannot



182

simply be attributable to test-retest practice effects since
they, too, demonstrated greater gains than those reported in
studies of various normal and clinical (non-TBI)
populations.

However, when the WAIS-R is repeated on more than one
occasion and within the same 10 1/2 month period, gains in
subtest scaled scores may become inflated due to retest
practice effects resulting in increases in total scaled
score points and larger IQ means. Caution must, therefore,
be exercised when interpreting changes in individual subtest
scaled scores when the WAIS-R is given more than two times
within a 10 1/2 month period post-injury.

In summary, since the WAIS-R demonstrated significant
changes (p <.001) on all dependent variables (both IQ and
subtest scaled scores) between pretest and posttest, it
could be alleged that in studies with recovering TBI
subjects the WAIS-R lacks what Matarazzo et  al. (1980)
referred to as high clinical reliability; that is, the
absence of a meaningful change in scores from initial test
to retest. In contrast, the changes noted above are
meaningful in that the gains demonstrated even on a single
retest are significantly large such that they probably
cannot be explained by test-retest practice effects alone.
Since the test-retest gains in this study exceeded those
retest gains reported to occur in normal and non-TBI
populations where test-retest practice effects were thought

to be maximum, the most plausible explanation to account for
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these additional gains would be that they reflect the amount
of recovery that has taken place since the time of the ini-
tial testing. However, those gains that result from addi-
tional, multiple testings and are in excess of those gains
reported in the control group are likely to represent the
accumulation of retest practice effects due to additional
testings. The current results suggest that additional
practice effects may result in increases of approximately 1,
6, and 3 IQ points in Verbal, Performance and Full Scale IQ

scores, respectively.

Hypothesis Three.

The question tested by hypothesis three asked whether IQ
means at one year post-injury would differ between the group
of subjects tested four times and the group tested only
twice with the WAIS-R. The basis for the hypothesis stemmed
from the understanding that, if test-retest practice effects
existed, the practice effects would be of such a magnitude
as to be evident in the IQ means of the experimental group
when compared to the control group IQ means at posttest.

While a trend in this direction was observed with the
experimental group appearing to demonstrate larger IQ means
at posttest than the control group, none of the differences
were statistically significant (p >.05). As will Dbe
discussed below, the sizeable vériability surrounding the
posttest means was sufficient to reject tests of

significance.
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Hypothesis Four.

Like hypothesis three, hypothesis four asked whether
subtest scaled scores would differ between the experimental
and control group at one year post-injury. As noted above,
a trend was observed in which the experimental group
appeared to demonstrate larger means at one year post-injury
than the control group. Specifically, the experimental
group means were higher on nine of the eleven subtests but
only Comprehension and Picture Completion reached
statistical significance. Digit Span and Block Design
appeared to demonstrate larger means in the control group at
one year post-injury, but were not significantly different.

Despite this trend of greater experimental than control
group means at posttest, the differences between posttest
means was not statistically significant. Variances
surrounding the mean values in the control group, however,
appeared larger in eight of the eleven subtests. Only the
variance in the subtests Arithmetic, Picture Arrangement,
and Block Design appeared greater in the experimental group.

The greater variability surrounding the control group
means may be due to smaller sample sizes; however, another
reason for the variance may be the fact that the subjects in
the control sample did not have the benefit of multiple
testing. As a result, the control group demonstrated less
consistency in their level of performance since test-retest

practice effects due to retest familiarity was minimal. In
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other words, the experimental sample which had opportunities
to become quite familiar with the WAIS-R, may have demon-
strated greater convergence of scores since the samples'
performances may have created a ceiling (Dikman et al.,
1983; Schau et al., 1980) or homogenizing effect wherein
further improvements, and hence variability, in scores were
reduced (see Figure 4.8).

This homogenization effect is 1likely to occur as the
result of the subjects' inability to improve their obtained
scores beyond a certain threshold. This, in turn, forces
scores to congregate around a particular score and varia-
bility is reduced. For example, extremely bright, neurolog-
ically-intact individuals may do so well on some tests
initially, that there is 1little room for test-retest
practice effects to take place. Hence, the variability
among those subjects' scores is reduced making the group
more homogeneous in appearance.

In contrast to the healthy, neurologically-intact
subjects above, TBI subjects demonstrate gains in scores due
to a combination of true recovery and probable test-retest
practice effects. However, just as in the example above,
these subjects may eventually experience a homogenization
effect as well. This most likely stems from the TBI
subjects' inability or incapacity to exceed certain levels
or thresholds of performance. The limits or ceiling imposed
on the degree to which these subjects can progress is

probably influenced by several factors including the
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subjects' innate intellectual abilities premorbidly, the
subjects current capabilities due to the limited amount of
recovery that has taken place within a prescribed period of
time since injury, memory and the ability to benefit from
exposure to the test, as well as the limits and distribution
of scores in the test itself. For these reasons, TBI
subjects tested repeatedly may reach these thresholds
quicker than TBI subjects tested less frequently and hence,
the consistency among scores becomes greater. This, in
turn, reduces variability and increases the homogeneity of
the scores for the group tested more frequently.

The occasion for the subtests Comprehension and Picture
Completion to yield significantly different (p <.05) means
between the two groups with the considerable variability
noted among all test scores certainly suggests the possi-
bility of a test-retest practice effect. The fact that
these two subtests may have generated test-retest practice
effects 1is not wunexpected. Comprehension and Picture
Completion were among ¢two of five subtests noted to
demonstrate significant retest gains (p < .10) in the Ryan
et al. (1985) study employing the WAIS-R. The other
subtests were Similarities, Picture Arrangement, and Object
Assembly. Previous studies employing only the WAIS also
indicated Comprehension and Picture Completion as two
subtests which demonstrated considerable retest gains which

were thought to be attributable to test-retest practice
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effects (Becker, 1977; Catron, 1978; Drudge et al., 1984;
Matarazzo et al., 1980).

Possible explanations for test-retest practice effects
in Picture Completion and Comprehension include the subjects
honing or altering their responses to conform to a new level
of expectancy, easily recalling their original response, or
refining their earlier responses on subsequent testing
(Catron, 1978). In addition, improvements in Picture
Completion could also have arisen due to the recognition
format of the task for which only one answer is possible or
in which a quicker solution was made resulting in a larger
score (Steisel, 1951).

In summary, the results of this study suggest that
test-retest practice effects may be present in samples
retested with the WAIS-R, however, these effects may only be
evident when the WAIS-R is used several times.
Unfortunately, individual variability may obscure many of
these effects from one person to another. Nevertheless,
when test-retest practice effects occur, they are likely to
manifest themselves as improvements in the subtests
Comprehension and Picture Completion when compared to

similar groups of recovering TBI patients.

Hypothesis Five.

Hypothesis five, which tested whether an interaction
existed between test-retest gains on the dependent variables

over time and how often a test was administered, provided
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mixed results. Earlier in this discussion it was reported
that both the control and experimental groups demonstrated
significant retest changes in a positive (gain) direction (p
<.05).

When the differences between the two groups' test-retest
changes were compared, a corresponding analysis of the
interaction between the amount of treatment and time was
made. Twelve of the fourteen test-retest gains in the
experimental group appeared larger than the control group.
The only exceptions were the subtests Vocabulary and
Arithmetic. Of the twelve measures noted above, six were
significantly larger in the experimental than the control
group (p <.05) including Performance IQ. The remaining five
measures demonstrating significant test-retest changes
listed in order of decreasing effect sizes, included the
subtests Picture Arrangement, Picture Completion, Compre-
hension, Object Assembly, and Similarities. Recall that
these same subtests were also identified by Ryan et al.
(1985) as demonstrating statistically significant
test-retest gains on a single retest. This suggested the
possibility that test-retest effects on the WAIS-R do exist
with repeated test administrations.

In short, support for the existence of test-retest
practice effects stems from several sources; most of which
are largely conceptual in nature and require a logical
rather than a statistical approach. Unfortunately,

randomization of the groups was not possible, and the
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effects of potentially confounding variables may not be
evenly distributed across the two groups. While it 1is
logical to assume that the retest gains in the experimental
group which exceed the control groups gains (thought to
reflect recovery) are mostly due to the sources of
test-retest practice effects discussed below, other effects
may be influencing the test-retest results that have not
been controlled for either statistically and/or through
randomization. Since it was not possible to unambiguously
statistically model test-retest practice effects in this
study, teasing out practice effects remains a primarily
logical as opposed to a statistical procedure.

In line with this thinking, various authors (Catron,
1978; Lezak, 1983; Matarazzo, 1972; Steisel, 1951) have
suggested that some tests that have a speed component may be
particularly susceptible to test-retest practice effects.
Catron (1978) and Steisel (1951) theorized that in a test-
retest situation, the reaction times of a subject would tend
to be faster in a subsequent test than at the initial
testing, and therefore the subjects would earn bonus points
for speed assuming those tasks were accurately completed.
According to Catron (1978) this speed element contributed to
increased retest scores in his study and may be one reason
why all five Performance subtests in the experimental group
had larger retest gains; three of which demonstrated statis-
tically significant differences when compared to control

group retest gains. While speed is not a consideration in
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improvements noted in Comprehension or Similarities, other
factors may contribute to increased scores as discussed
below.

Karson et al. (1957) reported that tasks involving ma-
nipulation of test items might increase transfer from test
to retest. 1In addition, Catron (1978) and Quereshi (1968)
stated that development of a strategy or insight into a
problem to be solved, such as the Gestalt needed for Object
Assembly is another important facet. In this regard, a so-
lution to a problem (which may have been discovered by trial
and error); once grasped, or conceptualized, may result in
putting the puzzle together as quickly as possible (Catron,
1978; Lezak, 1981; Steisel, 1951). Thus, from this line of
logic it is not surprising that the significant gains
reported in the Performance section occurred as they did.

Insight into the problem or development of a Gestalt may
also have contributed to the significant differences between
the two groups on the subtests Comprehension and Similar-
ities. In addition, Lezak (1983) theorized that tests which
require an unfamiliar mode of response may also show signif-
icant test-retest practice effects. In this manner, items
on the subtest Similarities which require categorization of
seemingly dissimilar concepts may result in the subject
altering their responses to conform to a new set or level of
expectancy which the subject may later understand more
completely (Catron, 1978). Comprehension may also lend

itself to test-retest practice effects through the recall of
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originally correct responses, or the refinement of others at
the second test which, in turn, yields additional points and
increases scores on outcome measures. This may also be a
result of improved recognition memory in the subjects as
well as the repetitive nature of the tasks which may have
assisted in the acquisition of that information. Addition-
ally, some questions may be recalled at a later time because
of their uniqueness or emotional impact which might further
facilitate a search for a better answer or solution between
test administrations.

Further suéport for the existence of test-retest prac-
tice effects stem from Warner's (1983) allegations that sub-
tests revealing the greatest susceptibility to test-retest
practice effects were those that were also the least
reliable. It should not be surprising to note, then, that
the subtests Object Assembly, Picture Arrangement, and
Picture Completion had the lowest reliabilities in the
Performance section, and Comprehension and Similarities had
the next to the lowest reliabilities in the Verbal section
using WAIS-R (Wechsler, 1981) data. This argument also
seems to hold for the retest studies reviewed in Chapter
Two.

A review of Chapter Two also indicates that the test-
retest gains in the Performance section are also charac-
teristically the largest for the subtests Picture Arrange-
ment, Picture Completion, and Object Assembly in both the

WAIS and the WAIS-R. The results are less consistent for
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Comprehension and Similarities but they do reveal, overall,
the largest test-retest gains in the Verbal section for both
the WAIS and WAIS-R.

In summary, a significant interaction appears to exist
which suggests that multiple testing over time does have an
effect on outcome measures. Logically, these influences
would appear to be largely attributable to test-retest
practice effects. While the sample was not randomized and
potentially confounding variables may be influencing these
results, the use of a reasonable matched control group
allows for the separation of test-retest practice effects
from recovery on a logical basis. Using the hypotheses
proposed by others above (Catron, 1978); Lezak, 1983;
Steisel, 1951; Warner, 1983), the trend toward greater
test-retest gains due to test-retest practice effects as a
result of multiple test administrations appears evident and

consistent with published data.

Secondary Hypothesis One.

Secondary hypothesis one had two purposes. First, to
describe the test-retest reliabilities of the WAIS-R and
second, to determine whether the test-retest reliabilities
from pretest to posttest in the experimental group differed
from those of the control group.

In general, Performance IQ test-retest reliabilities
were smaller than the Verbal IQ test-retest reliabilities in

both the experimental and control groups. In addition,
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Verbal, Performance, and Full Scale IQ test-retest
reliabilities in both groups appeared smaller than the data
reported by Wechsler (1981) or others (Ryan et al., 1985;
Snow et al., 1989; Warner, 1983) on the WAIS-R in normal and
clinical (non-TBI) populations. This difference may be due
to the TBI population used in this study, and since the
WAIS-R was not normed on this population there is some
uncertainty whether these values are expected. This same
pattern of lower reliability coefficients is also true for
reports of test-retest IQ reliabilities employing the WAIS,
whom with the exception of Kangas and Bradway (1971),
Klonoff et al. (1970), and Wagner and Caldwell (1979), had
test-retest intervals of 676, 416, and 229 weeks apart.
Each of these test-retest intervals is considerably longer
than the test-retest interval of 44 to 45 weeks in this
study, and supports the assertion by Cronbach (1960) and
Freeman (1962) who stated that a longer test-retest interval
will result in a lowering of the reliability coefficient.. A
similar trend was also evident in the individual subtest
test-retest reliabilities in both the experimental and
control groups where the reliabilities appeared, overall,
smaller than the reliabilities in the retest studies
employing the WAIS-R noted above.

The weakest test-retest reliabilities in the experi-
mental group, Picture Arrangement (.48) and Picture Comple-
tion (.51) also demonstrated the greatest test-retest gains.

The subtests with the highest retest reliability in the
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experimental group, Arithmetic (.84) and Vocabulary (.80),
demonstrated the least amount of test-retest gain. This is
consonant with Warner's (1983) earlier assertion regarding
the inverse relationship between test-retest reliability and
stability. That is, subtests that are the least susceptible
to practice effects are those which are the most reliable
and vice versa. Therefore, the more reliable the test, the
greater the consistency of scores obtained by the same
persons when re-examined with the same test on different
occasions or under different examining conditions.

The Vocabulary test-retest reliability (.82) was the
control group's largest and the subtest also revealed the
least amount of test-retest gain. Picture Completion (.51)
and Object Assembly (.53) demonstrated the lowest test-
retest reliabilities in the control group but demonstrated
the second and fourth largest retest gains on retest.

Test-retest reliabilities appeared 1larger than the
experimental group for nine of the fourteen WAIS-R measures
with only Arithmetic being significantly larger than the
control group retest reliabilities. These apparently larger
test-retest reliabilities in the experimental group may
possibly reflect that group's more recent testing experi-
ence. Recall that the reported test-retest reliabilities
were calculated between the second and twelfth month post-
injury test dates, but that the experimental group had had
two more exposures to the WAIS-R than the control group at 4

and 8 months post-injury, respectively. It may be possible,
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that the higher test-retest reliability in the experimental
group reflects the more recent influences of these addi-
tional tests. Since the subjects in the experimental group
may remember some of their answers, this in turn could have
resulted in a carryover, or test-retest practice effect,
which would yield a higher retest correlation (Anastasi,
1976; Campbell, 1983; Cronbach, 1960; Derner et al., 1950;
and Freeman, 1962). The additional testing experienced by
the experimental group may have also diminished the effect
that the much longer 10 1/2 month test-retest interval may
have had in possibly lowering the reliability coefficients
in the control group. It is also possible that the small
sample sizes may be under or over estimating test-retest
reliabilities.

Of the six WAIS-R measures for which significant
interactions were found three measures (Similarities, Object
Assembly and Performance IQ) had larger - test-retest
reliabilities in the experimental group. One measure
(Picture Completion) had the same retest reliability
coefficient for both groups, while the remaining two
measures (Comprehension and Picture Arrangement) had
test-retest reliability coefficients that were lower in the
experimental group. None of these six reliability
coefficients, however, were statistically different (p >.05)
between the two groups.

While the increased test-retest reliability in the

former three measures may be due to the increased
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test-retest familiarity discussed above, it is not clear why
the test-retest reliabilities in the latter three were the
same or weaker than the control group. One possible expla-
nation, at least for Picture Completion, is that it is a
highly unreliable measure regardless of the presence or lack
of influences which are exerted upon it. As a result, when
long test-retest intervals apply, it remains unreliable
regardless of the level of familiarity a subject may have
with it. Similar arguments could also be made for
Comprehension and Picture Arrangement.

Another possible explanation, however, for the lower
retest reliabilities may be due to the differential influ-
ences that practice effects have on individuals within a
specific population as reported by Campbell (1983), Catron
(1978), and Meer and Baker (1967). Accordingly, if test-
retest effects differentially influence test scores due to
certain factors (e.g., differences in intelligence level,
cognitive tempo, ceiling effects, fatigue, boredom, memory
or similarity of response), rather than to increase each
individual score to the same degree, then the overall test-
retest reliability coefficient will decline. This is
because the original rank order of individuals on the first
test will change. Another possible explanation is that some
individuals (i.e., brighter subjects) may tend to gain less
on retesting due to homogenization effects which, in turn,

may also affect their ranking from the first test. Thus,
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the reliability coefficient would decrease due to the
restricted variability (Catron, 1978; Stanley, 1971).

In summary, test-retest reliabilities in TBI populations
employing the WAIS-R demonstrate moderate to very high
reliability coefficients (range .51 to .82) when tested only
twice with a test-retest interval of 10 1/2 months.
Test-retest reliabilities in a similar group tested twice as
often also demonstrated moderate to very good reliability
coefficients (range .48 to .84), however, the group tested
more often appeared to reveal higher reliabilities in nine
of fourteen WAIS-R measures. While only the subtest
Arithmetic demonstrated a statistically larger test-retest
reliability between the two groups, the trend noted above
was suggestive of the possible influences due to test-retest

practice effects.

Secondary Hypothesis Two.

Secondary hypothesis two tested whether the cumulative
effects of test-retest gains and recovery would be quadratic
over a one year period of time post-injury. In response to
this question, both a linear and a quadratic trend were
noted in the Verbal, Performance, and Full Scale IQ means.

The changes noted from pretest to posttest generally
follow the characteristics discussed previously in this
section. Specifically, all IQ means were impaired upon
initial testing with the Performance IQ mean appearing

weaker than the Verbal IQ mean. Subsequently, all IQ means
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increased to average levels of functioning with the largest
gains or improvements noted in the Performance section.
Additionally, the Performance IQ improvements or retest
gains exceeded those gains noted in Verbal IQ at posttest.
The rationale for these observations have also been reviewed
previously, however, it was of particular interest to
determine the trend and, therefore, the pattern of recovery
in the IQ means when subjects were tested more than twice
with the WAIS-R.

Consistent with the recovery of intellectual deficits
reported in studies of TBI survivors, a rather character-
istic pattern was noted; namely, that the return of
intellectual abilities was rapid and the final 1level
appeared to be reached earlier for the Verbal section than
the Performance section (Bond & Brooks, 1975; Diller &
Ben-Yishay, 1983). In addition, this period of rapid
improvement was followed by a period of decelerating rate of
improvement until an asymptote was reached suggesting a
quadratic trend in the recovery pattern as néted by others
(Dodrill & Troupin, 1975; Eson et al., 1978).

This description of the pattern of recovery appeared to
be more congruent for verbal intellectual skills measured by
the Verbal IQ than for the nonverbal intellectual skills as
measured by Performance IQ. Verbal IQ means over the four
test times demonstrated a linear trend effect followed by a
smaller quadratic trend effect. Data and graphs also

demonstrated a slow-down in retest gains with actual
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decreases noted in test scores between the eighth and the
twelfth month post-injury. This pattern was generally
consistent with the study of Mandleberg and Brooks (1975)
who reported a period of approximately six months for Verbal
IQ with the WAIS to maximize recovery. Differences in the
tests used, severity of injury, subject selection, and
test-retest intervals interfere with further comparisons.

The pattern of recovery in Performance IQ means appeared
to vary from that of the Verbal IQ means inasmuch as
Performance IQ did not demonstrate an obvious plateau effect
prior to the last test administration. Although Performance
IQ means revealed a linear and quadratic trend effect over
time, a graph of the Performance IQ means demonstrated con-
tinued increases in mean values through the twelfth month
post-injury. The Performance IQ recovery curve appeared to
be consistent with Mandleberg and Brooks (1975) who reported
that WAIS Performance IQ recovery took longer than Verbal IQ
to occur. However, this study was not extended long enough
to determine whether Performance IQ recovery plateaus at
approximately thirteen months as suggested by the Mandleberg
and Brooks study (1975). Unfortunately, without further
testing it will not be known at which point Performance IQ
means in this study would have actually plateaued with the
WAIS-R.

Noting the Performance IQ recovery curve and the
inflection upward from the eighth month to the twelfth month

test administration, 1lends itself to speculation. Since
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both Performance and Verbal IQ means were relatively equal
and within the normal range of intelligence at eight months
post-injury, it is unclear why the Performance IQ mean would
continue to increase while Verbal 1IQ means remained
generally static.

One possible explanation maybe the fact that the
majority of experimental subjects had greater Performance
versus Verbal IQ abilities premorbidly and the inflection of
Performance IQ means after eight months simply demonstrated
a return to those higher premorbid levels. Unfortunately,
this study lacked the information that may have lent support
to this argument. Another explanation might be the exis-
tence of greater left versus right hemisphere damage in
survivors who, because of the laterality of their injuries,
would have demonstrated limited recovery in Verbal rather
than Performance IQ abilities. In fact, just the opposite
of this was true, suggesting that the greater number of
patients in this study with right or bilateral hemisphere
damage should have demonstrated greater limitations in
Performance IQ abilities relative to Verbal IQ skills. The
most plausible explanation, however, may be the fact that
because of the increased familiarity of the test due to
multiple test administrations, and hence, practice effects,
the tendency to anticipate strategies, and improved times on
speed items, subjects earned more points and subsequently
higher scores on the Performance section of the WAIS-R.

This is in contrast to the Verbal section of the WAIS-R
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which, with the exception of Comprehension and Similarities
discussed previously, may have demonstrated a homogenization
effect since there may not have been additional allowances
to take advantage of (i.e., bonus points on timed items) on
later test administrations.

These observations raise a concern in interpreting IQ
scores, particularly Performance IQ, since the existence of
test-retest practice effects may result in judging more
people to be normal on successive administrations of a test
particularly when cut-off points are used as the sole basis
for making judgments (Dodrill and Troupin, 1975; Matarazzo
et al., 1976). Additional caution in interpretation was
reported by Dikman et al. (1983) who suggested that
test-retest practice effects may possibly mask the true
slowing of recovery over time, since test-retest practice
effects would have the effect of emulating continued
cognitive improvement by influencing scores to increase.
For these reasons, the possible existence of test-retest
practice effects requires that considerable caution be
exercised before concluding that subjects have returned to
normal, or are continuing to demonstrate substantial
recovery, without corroborative, behavioral evidence even if
IQs and subtest scaled scores are back to average and/or
premorbid levels (Becker, 1977; Dodrill and Troupin, 1975;

Matarazzo et al., 1980; Matarazzo and Herman, 1984).
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Secondary Hypothesis Three.

Secondary hypothesis three tested the internal consis-
tency of the WAIS-R in the experimental group and whether
the internal consistency changed over time. As noted in
Chapter Four, the estimates of internal consistency demon-
strated only modest reliability among the subtest perform-
ances. In addition, it was noted that these median corre-
lations demonstrated a decrease over time. The possible
explanations for this trend may be similar to those
discussed previously. That is, these correlation coeffi-
cients may have decreased due to a restriction of range as a
result of ceiling or homogenization effects that were
created from a combination of recovery and test-retest
practice effects (Catron, 1978; Stanley, 1971). Freeman
(1962) also reported that the test-retest method is more
likely to underestimate the internal consistency of a test,
because factors extraneous to it may effect the scores
dissimilarly. These same factors may continue to effect the
internal consistency of a test through increasing
dissimilarity in scores. As noted previously, these
extraneous factors might include subjects' cognitive tempo,
emotional experiences, mental growth, and boredom, etc.

(Catron, 1978).

Implications for Future Research

This study, despite its imperfections, is one of only a

handful of studies which have attempted to measure the
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test-retest reliability and stability of the WAIS-R. In
addition, this study attempted to provide a basis upon which
descriptive information could ©be utilized by other
clinicians regarding the intellectual outcome and recovery
that takes place over time following TBI (Adams and Putnam,
1989). 1In addition, this study was original in its attempt
to partition test-retest practice effects from recovery in
repeat test administrations using impaired controls.

Clearly though, this study had many limitations not
restricted simply to a lack of randomization. Future
research in this area should therefore, continue to employ
matched control groups of similarly impaired populations but
with randomized groups. Concurrently, attempts should be
made to assess the degree to which other factors, not
accounted for here, influence practice effects. Examples
would be pre- and posttest evaluations of memory and
learning as well as affective-emotive conditions. Greater
control over the effects of situational and environmental
variables such as the time of testing, attitudes toward
testing, emotional sequelae and the testing environment,
etc. should also be attempted and explored. A prospective
study of this nature may be prohibitive due to costs,
however, such a study would allow for greater opportunities
to collect demographic data on a host of variables that
might also influence outcome and recovery.

Additional studies should also be completed in

individuals with other 1levels of severity (e.g., minor or
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profound TBI) to assess the degree of recovery and possible
effects of practice on outcome measures. To this end,
subsequent testing to account for cognitive changes beyond
one year post-injury also appears warranted.

In addition, practice effects and their possible
influences may be demonstrated through varying the number of
times tests are administered within the same time periods.
For example, a third group having been tested three times in
addition to the two or four times in this study may have
shed additional light on the proportion of test-retest gains
that exist based on scaled degrees of multiple testing.

Correlational studies also appear warranted in order to
look more specifically at those variables that influence
both outcome and possible test-retest practice effects.
Multiple regression methods utilizing such data may also
provide a basis on which to make judgments regarding out-
come, and the data derived from these formulas may help the
clinician to differentiate recovery from other influences
such as test-retest practice effects in later stages of

recovery.

Conclusions

Based upon the above noted results, the following
conclusions are suggested:

1. Intellectual measures of TBI survivors in the

initial stage of recovery (two months post-

injury) are significantly impaired, with
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Performance IQ measures usually weaker than
Verbal IQ measures on the WAIS-R.
Intellectual recovery as measured by the WAIS-R
demonstrates significant gains between the
initial test in the early phase of recovery
(two months post-injury) and testing in the
later phase of recovery (one year post-injury).
Improvements in WAIS-R Verbal, Performance, and
Full Scale IQ values range, on average, from 8
points in Verbal IQ to 14 points in Performance
IQ on a single retest using the WAIS-R with a
test-retest interval of 10 1/2 months. Test-
retest improvements appear to be larger, on
average, for patients who were tested more
frequently within this same interval of time.
WAIS-R measures tend to return to average
levels of intelligence, with Performance
measures exceeding Verbal measures upon a
single retest at one year post-injury. The
Performance-Verbal IQ discrepancy may, however,
become somewhat larger with additional testings
with the WAIS-R within the same test-retest
interval.
Comparisons on the WAIS-R between similarly
matched groups of TBI survivors tested within
the same period of time post-injury, but dif-

fering on the frequency of testing, may not
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demonstrate significant differences on either
IQ or subtest scaled scores due to the large
variability in scores at one year post-injury.
Possible exceptions may be the subtests Compre-
hension and Picture Completion whose scaled
scores may increase due to the influences of
test-retest practice as a result of multiple
testings.
Significant interactions are noted between
select WAIS-R IQ and subtest outcome measures
and how often the test is re-administered with-
in a specified period of time. Specifically,
and in decreasing order, Picture Arrangement,
Picture Completion, Performance IQ, Comprehen-
sion, Object Assembly and Similarities are
particularly susceptible to increased test-
retest gains with multiple administrations of
the WAIS-R. These increases appear to be
attributable to test-retest practice effects.
Test-retest gains on the WAIS-R in recovering
TBI populations are likely to reflect a combi-
nation of: a) test-retest practice effects; b)
general recovery and; c) a combination of other
influences heretofore unexplained.
Test-retest reliabilities of the WAIS-R

subtests on a single retest range from .51 to
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.82 suggesting moderate to good reliability
within a 10 1/2 month period of time.
Verbal retest reliabilities appeared larger
than Performance retest reliabilities.
Measures having the weakest reliabilities also
demonstrated, in general, larger retest gains.
Test-retest reliabilities tend, on average, to
be slightly larger when the WAIS-R |is
administered twice as often within the same
retest interval. However, the range of
reliabilities remains generally the same (i.e.,
.48 to .84)
The recovery of intellectual function on the
WAIS-R as measured by IQ means appears to
follow established patterns observed on the
WAIS with rapid, initial recovery resulting in
a subsequent, decelerating rate of improvement.
While this generally holds for Verbal IQ,
Performance IQ may not demonstrate the same
amount of slow-up as a result of multiple
testing and the influences of test-retest
practice effects.
Interpretation of WAIS-R scores wupon its
readministration and the subsequent gains from
test to retest must be made with caution,
particularly when the WAIS-R has been

administered several times within a one year
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period of time. Without collaborative
evidence, substantial gains may be due, in
part, to retest practice effects which inflate
scores, and mask the true slowing of recovery.
The internal consistency of the WAIS-R using
global estimates demonstrate modest consistency

among the subtest performances.
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Alcohol Use: Nane of Nonpath
(Pre-Injury) Subst. Use
Substance

abuse
Substance depen—-
pendency
Drug Use: None or Nonpath
Subst. Use
Substance
abuse
Substance depen-
dency
Source of Trauma:
M.v.A.
Motorcycle
Pedestrian
Fall
Assault
Other

Length of Caoma:

Total Years of Education:

Highest Degree Obtained: GED BA/S
HSD MA/S
AA Ph.D.

Total or Most Recent GPA:

Class Rank:

BEducation Eligibility:
L.D. (Learning Disabled)
E.M.I. (Bducable Mentally Impaired)
E.I. (Emotionally Impaired)
P.O.H.I. (Physically or O.H.
Impaired)

Occupational Level:
Professional, technical, and
Kindred Workers
Farmers and Farm
Mangers, Officials, and
Proprietors
Clerical, Sales and Kindred
Workers
Craftsmen, Foremen, and
Kindred Workers
Operative and Kindred Workers
Private Household Worker

Keeping House
Students (HS/Col./Voc.)
Others (disabled, unemployed,

retired, etc.)
Anoxia: Yes
No
Meningitis: Yes
No
Medication included coma: Yes
No
Anticonvulsants: Yes
No

Psychotropic medications: Yes

HiN I
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DATA SUMMARY FORM

Type of Injury:
Nonpenetrating Surgical Intervention: Yes
No Skull Fracture (Cranial) No
Skull Fracture
Penetrating CT scan (initial): None
: Right
Seizures: left
None Bilateral
Pre~-injury Normal
(Epilepsy) Intraventric
Post-Injury
Both Handedness: Right
Unknown Left
Anmbidextrous
Sig. Previous Head Injury:
Yes:
No:
(PTA 24 hours, or GCS of 8
or less, or hosp. observation
24 hours)
EVAIIATTION SCHEDULE

Date:

(Initial/2 Month)

(4 months)

(8 months)

(12 months)
Test Results Raw

Smres/Saled

Date:
Time Postinjury
Information _/ - S S S
D. Span / f oo ke S [
Vocabulary -/ - S/ S S
Arithmetic YA YA A - S
Camprehension YA YA A
Similarities YA YA A/
P.C -t S S _/
P.A -_ S S S S
B.D - S S S [
O.A - S S S S
D. Sym -t A S S S
Verbal IQ - A S S S
Performance IQ Y A A A A A
Full Scale IQ - Y S/ S S S
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MICHIGAN STATE UNIVERSITY

UNIVERSITY COMMITTEE ON RESEARCH INVOLVING EAST LANSING * MICHIGAN * 48824-1111
HUMAN SUBJECTS (UCRIHS)
206 BERKEY HALL
(517) 3539738
October 18, 1988 IRB# 88-386

David B. Rawlings, M.A.
319 Kingswood Dr.
East Grand Rapids, MI 49506

Dear Mr. Rawlings:

Subject: "TEST-RETEST PRACTICE EFFECTS, RELIABILITY, AND
STABILITY OF THE WAIS-R IN RECOVERING TRAUMATICALLY
BRAIN INJURED SURVIVORS IRB# 88-386"

The above p.roject is exempt from full UCRIHS review. I have reviewed
the proposed research protocol and find that the rights and welfare of
human l.«';ubjects appear to be protected. You have approval to conduct the
research.

You are reminded that UCRIHS approval is valid for one calendar year. If

you plan to continue this pr%ect beyond one year, please make provisions
for obtaining appropriate UCRIHS approval i

Any chanfes in procedures involving human subjects must be reviewed by
the UCRIHS prior to initiation of the change. UCRIHS must also be
notified promptly of any problems (unexpected side effects, complaints,
etc.) involving human subjects during the course of the work.

Thank l{w for bringing this project to our attention. If we can be of any
future help, please do not hesitate to let us know.

Singarely,

John K. Hudzik, Ph.D.
Chair, UCRIHS

JKH/sar

cc: N. Crewe

MSU is en Affirmative Action/Equal Opportunity Institution
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Dear

I am a doctoral candidate at Michigan State University campleting my
Ph.D. in Counseling Psychology. As part of the requirements for my degree,
I am working on a research project which will investigate how test scores
change as individuals recover from their traumatic brain injuries.

The project would not require any further testing or interviews, but
rather, a simple review of how you progressed fram your injury based on
existing records. You would not be identified in any way, and the
information contained in your records would be cambined with information
from others in order to determine the pattern of change that occurs over

time during one's recovery.

Your involvement only requires your signed approval to cbtain records
for review. Your decision to participate in this study will not effect in
any your treatment now or in the future. Your participation is voluntary,
you may choose not to participate. However, the results of this study may
be extremely helpful to professionals who help newly head injured patients
in the future.

I hope you will take a mimute to read over the attached materials and

agree to help me by participating in this study. Please indicate your
decision by signing and returning both the consent and authorization to
release information forms in the enclosed stamped enwvelope.

Please allow me to thank you in advance for your consideration and
prampt response. .

Sincerely,

David B. Rawlings, M.A.
Psychologist, Limited License

Enclosures: Consent Form
Authorization to Release Information
Addressed Stamped Envelope
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CONSENT FORM

Information About: "Test-retest practice effects, reliability, and
stability of the Wechsler Adult Intelligence Scale - Revised (WAIS-R) in
recovering traumatically brain-injured survivors."

1. This study, upon its ocampletion, will be submitted in partial
fulfillment of requirements for the degree of Doctor of Philosophy
at Michigan State University.

2. This study is designed to improve the accuracy of tests which are
used in the diagnosis and treatment of individuals suffering from
traumatic brain injury. Information from this research project
will enable professionals to determine the influence of repeated

on obtained test scores. This, in turn, will improve our
ability to monitor recovery fram head-injury as well as the
effects of rehabilitation, drugs, or surgery on brain functioning.

3. This study doés not require your active participation.

4. In oxder to monitor the recovery from your brain-injury you have
been given the same test (WAIS-R) on at least two occasions. This
test may have been given by different psychologists in various
settings as ordered by your physician or rehabilitation case
manager. In this regard, you are being asked to sign a form

authorizing release of that test information for analysis.

5. If you agree to participate, the release form as well as the
consent form must be signed by you (or where appropriate, your
guardian) and returned in the enclosed envelope. The signed
release form will then be sent to the respective psychologist(s)
or agency(s).

6. Test results which are received fram these sources noted above
will be kept strictly confidential. Your identity as a member of
this study will not be revealed in any way; including any
published or oral presentation of the results of this study.

7. The benefits of participating in this research project are that
the results aobtained from the test information you provide will
help make the ¢tests more accurate and useful assessment
instruments. These improvements will, in turn, improve our
evaluation of the effectiveness of rehabilitation treatment and
rehabilitation programs, and increase our accuracy in determining
the rate and extent of recovery from brain injury.

8. Participation in this study is entirely voluntary. You may
choose not to participate at all or you may withdraw from the
study at any time without prejudice or affect on the treatment you
receive now or in the future.
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Consent Form
page two

9. If you have any questions about the procedures of the study please
ask me for more information. The principal investigator, David B.
Rawlings, may be reached by calling (517)349-5471 or by writing
him c/o Grand River Psychological Services, 2176 Hamilton Road,
Okemos, MI 48864. In addition, Nancy M. Crewe, Ph.D., Professor,
Mldugan State University, will be able to answer any questions
you may have about this research project. She may be reached by
calling (517)355-1824.

I, , certify that above written statements were
read and understood fully by me, and therefore I consent to participate in

this study.

Date Signature (indicate if signed by quardian)

David B. Rawlings, M.A.
Psychologist - Limited License

Please indicate if you would like to receive project results. Yes
No



APPENDIX F

CLIENT INFORMATION RELEASE AUTHORIZATION



219

CLIENT INFORMATION RELEASE AUTHORTZATION

I, . ( )
NAME BIRTHDATE

authorize

(HOSPITAL, CLINIC, AGENCY, SCHOOL)
or its director, designee, or records department, to release all WAIS-R
protocols, including both raw and scaled score test results derived from

evaluation procedures and contained in my records to:

David B. Rawlings, M.A
c/o Grand River Psychological Services, P.C.
2176 Hamilton Road
Okemos, MI 48864
(517) 349-5471

I am willing that a photocopy of this authorization be accepted with
the same authority as the original.

Witnessed by:

Client or Guardian Signature (Indicate if Guardian)

Date:
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