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6 | The Neuropsychological
Examination: Interpretation

THE NATURE OF NEUROPSYCHOLOGICAL
EXAMINATION DATA

The basic data of psychological examinations, like
any other psychological data, are behavioral observa-
tions. In order to get a broad and meaningful sample of
the patient’s behavior from which to draw diagnostic
inferences or conclusions relevant to patient care and
planning, the psychological examiner needs to have
made or obtained reports of many different kinds of
observations, including historical and demographic
information.

Different Kinds of Examination Data
Background data

Background data are essential for providing the con-
text in which current observations can be best under-
stood. In most instances, accurate interpretation of
the patient’s examination behavior and test responses
requires at least some knowledge of the developmental
and medical history, family background, educational
and occupational accomplishments (or failures), and
the patient’s current living situation and level of social
functioning. The examiner must take into account a
number of patient variables when evaluating test per-
formances, including sensory and motor status, alert-
ness cycles and fatigability, medication regimen, and the
likelihood of drug or alcohol dependency. An appreci-
ation of the patient’s current medical and neurological
status can guide the examiner’s search for a pattern of
neuropsychological deficits.

The importance of background information in inter-
preting examination observations is obvious when
evaluating a test score on school-related skills such as
arithmetic and spelling or in the light of a vocational
history that implies a particular performance level (e.g.,
a journeyman millwright must be of at least average
ability but is more likely to achieve high average or even
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better scores on many tests; to succeed as an executive
chef requires at least high average ability but, again,
many would perform at a superior level on cognitiv
tests). However, motivation to reach a goal is also
important: professionals can be of average ability while
an individual with exceptional ability might be a shoe
clerk. The contributions of such background variables.
as age or education to test performance have not always
been appreciated in the interpretation of many differ:
ent kinds of tests, including those purporting to mes-
sure neuropsychological integrity (e.g., not PsychCorp.
2008a; nor Reitan and Wolfson, 1995b; nor Wechs}
1997a; 1997b provide education data for compute
SCOres Or sCOore conversions on any tests).

Behavioral observations

Naturalistic observations can provide very useful infor
mation about how the patient functions outside th:
formalized, usually highly structured, and possibl:
intimidating examination setting. Psychological exa
iners rarely study patients in their everyday setting y
reports from nursing personnel or family members ma:
help set the stage for evaluating examination data or a:
least raise questions about what the examiner observes
or should look for.

The value of naturalistic observations may be mo
evident when formal examination findings alone wou
lead to conclusions that patients are more or less capa-
ble than they actually are (Capitani, 1997; Newcomb:
1987). Such an error is most likely to occur when t
examiner confounds observed performance with ab
ity. For example, many people who survive even qui
severe head trauma in moving vehicle accidents ult-
mately achieve scores that are within or close to tk
average ability range on most tests of cognitive func-
tion {Crosson, Greene, Roth, et al., 1990; H.S. Leviz
Grossman, Rose, and Teasdale, 1979; Ruttan et a’
2008). Yet, by some accounts, as few as one-third ¢
them hold jobs in the competitive market as so mar:
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oubled by problems of attention, temperament,
elf-control (Bowman, 1996; Cohadon et al., 2002;
ien, Vakil, Cohen, and Sheleff, 1990; Lezak and
ien, 1990). The behavioral characteristics that com-
ise their adequate and sometimes even excellent
tive skills are not elicited in the usual neuropsychi-
or neuropsychological examination. Mesulam
i5) reviewed several cases of patients with frontal
damage who exhibited no cognitive deficits on for-
neuropsychological examination (see follow-up by
zess, Alderman, and colleagues, 2009). However,
deficits become painfully apparent to anyone
is with these patients as they go about their usual
ies—or, in many cases, inactivities. In contrast,
¢ is the shy, anxious, or suspicious patient who
ands only minimally to a white-coated examiner but
everyday behavior is far superior to anything the
iner sees; and also patients whose coping strategies
le them to function well despite significant cogni-
deficits (B.A. Wilson, 2000; R.L. Wood, Williams,
alyani, 2009).
ow patients conduct themselves in the course of the
ination is another source of useful information.
r comportment needs to be documented and evalu-
as attitudes toward the examination, conversation
nce, the appropriateness of their demeanor and
responses, can tell a lot about their neuropsycho-
al status as well as enrich the context in which their
snses to the examination proper will be evaluated.

+ data

i7 a very real sense there is virtually no such thing as a
uropsychological test. Only the method of drawing
erences about the tests is neuropsychological.

K.W. Walsh, 1992

:ing differs from these other forms of psychological
gathering in that it elicits behavior samples in a
ardized, replicable, and more or less artificial and
crive situation (S.M. Turner et al., 2001; Urbina,
1. Its strengths lie in the approximate sameness of
zest situation for each subject, for it is the sameness
enables the examiner to compare behavior samples
ween individuals, over time, or with expected per-
ance levels. Its weaknesses too lie in the sameness,
=at psychological test observations are limited to the
aviors prompted by the test situation.

> apply examination findings to the problems that
le the patient, the psychological examiner extrap-
from a limited set of observations to the patient’s
-ior in real-life situations. Extrapolation from the
= is a common feature of other kinds of psycho-
il data handling as well, since it is rarely possible
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to observe a human subject in every problem area.
Extrapolations are likely to be as accurate as the obser-
vations on which they are based are pertinent, precise,
and comprehensive, as the situations are similar, and as
the generalizations are apt.

A 48-year-old advertising manager with originally superior
cognitive abilities sustained a right hemisphere stroke with
minimal sensory or motor deficits, He was examined at the
request of his company when he wanted to rerurn to work.
His verbal skills in general were high average ro superior, but
he was unable to construct two-dimensional geometric designs
with colored blocks, put together cut-up picture puzzles, or
draw a house or person with proper proportions (see Fig. 6.1).
The neuropsychologist did not observe the patient on the job
but, generalizing from these samples, she concluded that the
visuoperceptual distortions and misjudgments demonstrated
on the test would be of a similar kind and would occur to a
similar extent with layout and design material. The patient
was advised against retaining responsibility for the work of
the display section of his department. Later conferences with
the patient’s employers confirmed that he was no longer able
to evaluate or supervise the display operations.

In most instances examiners rely on their common-
sense judgments and practical experiences in making
test-based predictions about their patients’ real-life
tunctioning. Studies of the predictive validity and eco-
logical validity of neuropsychological tests show that
many of them have a good predictive relationship with
a variety of disease characteristics (e.g., pp. 125-126)
and practical issues (see p. 126).

FIGURE 6.1 House-Tree-Person drawings of the 48-year-old adver-
tising manager described in the texr (size reduced to one-third of
original).
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Quantitative and Qualitative Data

Every psychological observation can be expressed
either numerically as quantitative data or descriptively
as qualitative data. Each of these classes of data can
constitute a self-sufficient data base as demonstrated by
two different approaches to neuropsychological assess-
ment. An actuarial system (Reitan, 1966; Reitan and
Wolfson, 1993)—elaborated by others (e.g., Heaton,
Grant, and Matthews, 1991; J.A. Moses, Jr., Pricchard,
and Adams, 1996, 1999)—exemplifies the quantitative
method. It relies on scores, derived indices, and score
relationships for diagnostic predictions. Practitioners
using this method may have a technician examine the
patient so that, except for an introductory or closing
interview, their data base is in numerical, often com-
puter-processed, form. At the other extreme is a clin-
ical approach built upon richly described observations
without objective standardization (A.-L. Christensen,
1979; Luria, 1966). These clinicians documented their
observations in careful detail, much as neurologists or
psychiatrists describe what they observe.

Both approaches have contributed significantly to the
development of contemporary neuropsychology (Barr,
2008). Together they provide the observational frames
of reference and techniques for taking into account,
documenting, and communicating the complexity, var-
iability, and subtleties of patient behavior. Although
some studies suggest that reliance on actuarial evalua-
tion of scores alone provides the best approach to clin-
ical diagnosis (R.M. Dawes, Faust, and Meehl, 1989),
this position has not been consistently supported in neu-
ropsychology (Cimino, 1994; Heaton, Grant, Anthony,
and Lehman, 1981; Ogden-Epker and Cullam, 2001).
Nor is it appropriate for many—perhaps most—
assessment questions in neuropsychology, as only sim-
ple diagnostic decision making satisfies the conditions
necessary for actuarial predictions to be more accurate
than clinical ones: (1) that there be only a small num-
ber of probable outcomes (e.g., left cortical lesion, right
cortical lesion, diffuse damage, no impairment}; (2) that
the prediction variables be known (which limits the
amount of information that can be processed by an
actuarial formula to the information on which the for-
mula was based); and (3) that the data from which the
formula was derived be relevant to the questions asked
(American Academy of Clinical Neuropsychology,
2007; Pankratz and Taplin, 1982).

Proponents of purely actuarial evaluations overlook
the realities of neuropsychological practice in an era of
advanced neuroimaging and medical technology: most
assessments are not undertaken for diagnostic purposes
but to describe the patient’s neuropsychological status.
Even in those instances in which the examination is

undertaken for diagnostic purposes the issue is more
likely to concern diagnostic discrimination requiring
consideration of a broad range of disorders—including
the possibility of more than one pathological condi-
tion being operative—than making a decision between
three or four discrete alternatives. Moreover, not infre-
quently diagnosis involves variables that are unique
to the individual case and not necessarily obvious to a
naive observer or revealed by questionnaires, variables
for which no actuarial formulas have been developed
or are ever likely to be developed (Barth, Ryan, and
Hawk, 1992).

It is also important to note that the comparisons in
most studies purporting to evaluate the efficacy of clin-
ical versus actuarial judgments are not presenting the
examiners with real patients with whom the examiner
has a live interaction, but rather with the scores gen-
erated in the examination—and just the scores, with-
out even descriptions of the qualitative aspects of the
performance (e.g., Faust, Hart, and Guilmette, 1988a;
Faust, Hart, Guilmette, and Arkes, 1988b; see also
this page). This debate has extended into one concern-
ing “fixed” versus “flexible” approaches (Larrabee,
Millis, and Meyers, 2008). Practical judgment and
clinical experience supports the use of a “flexible”
selection of tests to address the referral question(s) and
problems/issues raised in neuropsychological consulta-
tion {American Academy of Clinical Neuropsychology,
2007).

Quantifative data

The number is not the reality, it is only an abstract
symbol of some part or aspect of the reality mea-
sured. The number is a reduction of many events into
a single symbol. The reality was the complex dynamic
performance.

Lloyd Cripe, 19964, p. 191

Scores are summary statements about observed behav-
ior. Scores may be obtained for any set of behavior
samples that can be categorized according to some
principle. The scorer evaluates each behavior sample to
see how well it fits a predetermined category and then
gives it a place on a numerical scale {Urbina, 2004).

A commonly used scale for individual test items has
two points, one for “good” or “pass” and the other
for “poor” or “fail.” Three-point scales, which add a
middle grade of “fair” or “barely pass,” are often used
for grading ability test items. Few item scales contain
more than five to seven scoring levels because the gra-
dations become so fine as to be confusing to the scorer
and meaningless for interpretation. Scored tests with
more than one item produce a summary score that is




ally the simple sum of the scores for all the individ-
izems. Occasionally, test-makers incorporate a cor-
ion for guessing into their scoring systems so that
final score is not just a simple summation.
hus, a final test score may misrepresent the behavior
er examination on at least two counts: It is based
only one narrowly defined aspect of a set of behav-
samples, and it is two or more steps removed from
original behavior. “Global,” “aggregate,” or “full-
2™ scores calculated by summing or averaging a set
zest scores are three to four steps removed from the
avior they represent.
mmary index scores based on item scores that
= had their normal range restricted to just two
ts representing either pass or fail, or “within nor-
imits” or “brain damaged,” are also many steps
aved from the original observations. Thus “index
s,” which are based on various combinations of
es on two or more—more or less similar—tests suf-
~the same problems as any other summed score in
they too obscure the data. One might wonder why
x scores should exist at all: if the tests entering into
dex score are so similar that they can be treated
sugh they examined the same aspects of cognitive
rioning, then two tests would seem unnecessary.
: che other hand, if each of two tests produces a dif-
it score pattern or normative distribution or sen-
ity to particular kinds of brain dysfunction, then
two are different and should be treated individu-
¢ 50 that the differences in patient performances on
= tests can be evident and available for sensitive
interpretation.
»e inclusion of test scores in the psychological data
satisfies the need for objective, readily replicable
cast in a form that permits reliable interpretation
‘" meaningful comparisons. Standard scoring sys-
provide the means for reducing a vast array of
rent behaviors to a single numerical system {see pp.
167). This standardization enables the examiner
xmpare the score of any one test performance of a
nt with all other scores of that patient, or with any
p or performance criteria.
mpletely different behaviors, such as writing
and visual reaction time, can be compared on a
2 numerical scale: one person might receive a high
for elegant penmanship but a low one on speed
sponse to a visual signal; another might be high
oth kinds of tasks or low on both. Considering
sehavior at a time, a scoring system permits direct
parisons between the handwriting of a 60-vear-
stroke patient and that of school children at
us grade levels, or between the patient’s visual

pin

-
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Problems in the evaluation of quantitative data

To reason—or do research—only in terms of scores
and score-patterns is to do violence to the nature of the
raw material.

Roy Schafer, 1948

When interpreting test scores it is important to keep in
mind their artificial and abstract nature. Some exam-
iners come to equate a score with the behavior it is
supposed to represent. Others prize standardized, rep-
licable test scores as “harder,” more “scientific” data
at the expense of unquantified observations. Reification
of test scores can lead the examiner to overlook or dis-
count direct observations. A test-score approach to psy-
chological assessment that minimizes the importance
of qualitative data can result in serious distortions in
the interpretations, conclusions, and recommendations
drawn from such a one-sided data base.

To be neuropsychologically meaningful, a test score
should represent as few kinds of behavior or dimen-
sions of cognitive functions as possible. The simpler the
test task, the clearer the meaning of scored evaluations
of the behavior elicited by that task. Correspondingly,
it is often difficult to know just what functions con-
tribute to a score obtained on a complex, multidimen-
sional test task without appropriate evaluation based
on a search for commonalities in the patient’s perfor-
mances on different tests, hypotheses generated from
observations of the qualitative features of the patient’s
behavior, and the examiner’s knowledge of brain-
behavior relationships and how they are affected by neu-
ropathological conditions (Cipolotti and Warrington,
1995; Darby and Walsh, 2005; Milberg, Hebben, and
Kaplan, 1996).

If a score is overinclusive, as in the case of summed or
averaged test battery scores, it becomes virtually impos-
sible to know just what behavioral or cognitive char-
acteristic it represents. Its usefulness for highlighting
differences in ability and skill levels is nullified, for the
patient’s behavior is hidden behind a hodgepodge of
cognitive functions and statistical manipulations (J.M.
Butler et al.,, 1963; A. Smith, 1966). N. Butters (1984b)
illustrated this problem in reporting that the “memory
quotient” (MQ) obtained by summing and averaging
scores on the Wechsler Memory Scale (WMS) was the
same for two groups of patients, each with very differ-
ent kinds of memory disorders based on very different
neuropathological processes. His conclusion that “reli-
ance on a single quantitative measure of memory ... for
the assessment of amnesic symptoms may have as many
limirations as does the utilization of an isolated score....
for the full description of aphasia” {p. 33) applies to
every other kind of neuropsychological dysfunction as
well. The same principle of multideterminants holds for
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single test scores too as similar errors lowering scores
in similar ways can occur for different reasons (e.g.,
attentional deficits, language limitations, motor slow-
ing, sensory deficits, slowed processing,-etc.).

Further, the range of observarions an examiner can
make is restricted by the test. This is particularly the
case with multiple-choice paper-and-pencil tests and
those that restrict the patient’s responses to button
pushing or another mechanized activity that limirs
opportunities for self-expression. A busy examiner may
not stay to observe the cooperative, comprehending, or
docile patient manipulating buttons or levers or taking
a paper-and-pencil test. Multiple-choice and automared
tests offer no behavior alternatives beyond the pre-
scribed set of responses. Qualitative differences in these
test performances are recorded only when there are
frank aberrations in test-taking behavior, such as qual-
ifying statements written on the answer sheet of a per-
sonality test or more than one alternative marked on a
single-answer multiple-choice test. For most paper-and-
pencil or automated tests, how the patient solves the
problem or goes about answering the question remains
unknown or is, at best, a matter of conjecture based on
such relatively insubstantial information as heaviness
or neatness of pencil marks, test-taking errors, patterns
of nonresponse, erasures, and the occasional pencil-
sketched spelling tryouts or arithmetic computations in
the margin.

In addition, the fine-grained scaling provided by the
most sophisticated instruments for measuring cognitive
competence is not suited to the assessment of many of
the behavioral symptoms of cerebral neuropathology.
Defects in behaviors that have what can be considered
“species-wide” norms, i.e., that occur at a developmen-
tally early stage and are performed effectively by all
but the most severely impaired school-aged children,
such as speech and dressing, are usually readily appar-
ent. Quantitative norms generally do not enhance the
observer’s sensitivity to these problems nor do any test
norms pegged at adult ability levels when applied to
persons with severe defects in the tested ability area.
Using a finely scaled vocabulary test to examine an
aphasic patient, for example, is like trying to discover
the shape of a flower with a microscope: the exam-
iner will simply miss the point. Moreover, behavioral
aberrations due to brain dysfunction can be so highly
individualized and specific to the associated lesion that
their distribution in the population at large, or even in
the brain impaired population, does not lend itself to
actuarial prediction techniques (W.G. Willis, 1984).

The evaluation of test scores in the context of direct
observations is essential when doing neuropsychologi-
cal assessment. For many brain impaired patients, test
scores alone give relatively little information about the

patient’s functioning. The meat of the matter is often
how a patient solves a problem or approaches a task
rather than what the score is. “There are many reasons
for failing and there are many ways you can go about
it. And if you don’t know in fact which way the patient
was going about it, failure doesn’t tell you very much”
(Darby and Walsh, 2005). There can also be more than
One way to pass a test.

A 54-year-old sales manager sustained a right frontal lobe
injury when he fell as a result of a heart attack with sey-
eral moments of cardiac arrest. On the Hooper Visual
Organization Test, he achieved a score of 26 out of a pos-
sible 30, well within the normal range. However, not only
did his errors reflect perceptual fragmentation (e.g., he called
a cut-up broom a “long candle in holder”), but his correct
responses were also fragmented (e.g., “wrist and hand and
fingers” instead of the usual response, “hand”; “ball stitched
and cut” instead of “baseball”).

Another patient, a 40-year-old computer designer with a
seven-year history of multiple sclerosis, made only 13 errors
on the Category Test (CT), a number considerably lower than
the 27 etror mean reported for persons at his very high level .
of mental ability {Mitrushina, Boone, et al., 2005). {His scores
on the Gates-MacGinitie Vocabulary and Comprehension
tests were at the 99th percentile; WAIS-R Information and
Arithmetic age-graded scaled scores were in the very superior
and superior ranges, respectively.) On two of the more dif-
ficule CT subtests he figured out the response principle within
the first five trials, yet on one subtest he made 4 errors after a
run of 14 correct answers and on the other he gave 2 incor- |
rect responses after 15 correct answers. This error pattern sug-
gested difficulty keeping in mind solutions that he had figured
out easily enough but lost track of while performing the task.
Nine repetitions on the first five trials of the Auditory Verbal
Learning Test and two serial subtraction errors unremarked
by him, one on subtracting “7s” when he went from “16” to
“19,” the other on the easier task of subtracting 3s when he
said “23, 21,” further supported the impression that this grad- .
uate engincer “has difficulty in monitoring his mental activ-
ity ... and [it] is probably difficult for him to do more than one .
thing ar a time.” (K. Wild, personal communication, 1991).

This larter case also illustrates the relevance of ;
education and occupation in evaluating test perfor-
mances since, by themselves, all of these scores are
well within normal limits, none suggestive of cognitive
dysfunction.

Moreover, “Different individuals may obtain the
same test score on a particular test for very different
reasons” (C. Ryan and Butters, 1980b). Consider two
patients who achieve the same score on the WIS-A
Arithmetic test but may have very different problems
and abilities with respect to arithmetic. One patient
performs the easy, single operation problems quickly
and correctly but fails the more difficult items requir-
ing two operations or more for solution because of an




ility to retain and juggle so much at once in his
ediate memory. The other patient has no difficulty
embering item content. She answers many of the
aler items correctly but very slowly, counting aloud
her fingers. She is unable to conceptualize or per-
rm the operations on the more difficult items. The
terical score masks the disparate performances
hese patients. As this test exemplifies, what a test
ally is measuring may not be what its name sug-
s or what the test maker has claimed for it: while
a test of arithmetic ability for some persons with
ted education or native learning ability, the WIS-A
hmetic’s oral format makes it a test of attention and
t-term memory for most adults, a fearure that is
- recognized by the test maker (PsychCorp, 2008a;
schsler, 1997a; see also p. 637). Walsh {1992) called
long-standing misinterpretation of what Arithmetic
measuring, “The Pitfall of Face Validity.”

The potential for error when relying on test scores
e is illustrated in two well-publicized studies on the

cal interpretation of test scores.

ost all of the participating psychologists drew errone-
conclusions from test scores faked by three preadoles-
s and three adolescents, respectively (Faust et al., 1988a;
:¢h), Although the investigators used these data to ques-
the ability of neuropsychological examiners to detect
ngering, their findings are open to two quite ditferent
pretations: (1) Valid interpretations of neuropsycho-
-l status cannot be accomplished by reliance on scores
Neuropsychological assessment requires knowledge
understanding of how the subject performed the tests,
-2 circumstances of the examination—why, where, when,
r for—and of the subject’s appreciation of and attitudes
these circumstances. The psychologist/subjects of these
‘25 did not have access to this information and apparently
ot realize the need for it.

Training, experience, and knowledge are prerequisites for
spsychological competence. Of 226 mailings contain-
:he children’s protocols that were properly addressed,
- seventy-seven (34%) “usable ones” were returned; of
adolescent study, again only about one-third of poten-
adges completed the evaluation task. The authors made
h of the 8+ years of practice in neuropsychology claimed
se respondent-judges, but they noted that in the child
- only “about 17%” had completed formal postdoctoral
g in neuropsychology, and in the adolescent study this
ber dropped to 12.5%. They did not report how many
ates of the American Board of Professional Psychology
Neuropsychology participated in each study. (Bigler
1b] found that only one of 77 respondents to the child
+ had achieved diplomate status!); nor did they explain
‘any psychologist can claim to be a neuropsychologist
lirtle training and no supervision. An untrained per-
n be as neuropsychologically naive in the 8th or even
. 24th year of practice as in the first. Those psychologists
were willing to draw clinical conclusions from this kind
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of neuropsychological numerology may well have been less
well-trained or knowledgeable than the greater number of
psychologists who actively declined or simply did not send
in the requested judgments. (I was one who actively declined
[mdi].)

Qualitative data

Qualitative data are direct observations. In the formal
neuropsychological examination these include observa-
tions of the patient’s test-taking behavior as well as test
behavior per se. Observations of patients” appearance,
verbalizations, gestures, tone of voice, mood and affect,
personal concerns, habits, and idiosyncrasies can pro-
vide a great deal of information about their life situa-
tion and overall adjustment, as well as attitudes toward
the examination and the condition that brings them to
it. More specific to the test situation are observations
of patients’ reactions to the examination itself, their
approach to different kinds of test problems, and their
expressions of feelings and opinions about how they
are performing. Observations of the manner in which
they handle test material, the wording of test responses,
the nature and consistency of errors and successes,
fluctuations in attention and perseverance, emotional
state, and the quality of performance from moment to
moment as they interact with the examiner and with
the different kinds of test material are the qualitative
data of the test performance itself (Milberg, Hebben,
and Kaplan, 2009).

Limitations of qualitative data

Distortion or misinterpretation of information obrained
by direct observation results from different kinds of
methodological and examination problems. All of
the standardization, reliability, and validity problems
inherent in the collection and evaluation of data by a
single observer are ever-present threats to objectivity
(Spreen and Risser, 2003, p. 46). In neuropsychologi-
cal assessment, the vagaries of neurological impairment
compound these problems. When the patient’s commu-
nication skills are questionable, examiners can never
be certain that they have understood their transactions
with the patient—or that the patient has understood
them. Worse yet, the communication disability may be
so subtle and well masked by the patient that the exam-
iner is not aware of communication slips. There is also
the likelihood that the patient’s actions will be idiosyn-
cratic and therefore unfamiliar and subject to misun-
derstanding. Some patients may be entirely or variably
uncooperative, many times quite unintentionally.
Moreover, when the neurological insult does not pro-
duce specific defects but rather reduces efficiency in the
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performance of behaviors that tend to be normally dis-
tributed among adults, such as response rate, recall of
words or designs, and ability to abstract and generalize,
examiners benefit from scaled tests with standardized
norms. The early behavioral evidence of a deteriorat-
ing disease and much of the behavioral expression of
traumatic brain injury or little strokes can occur as a
quantifiable diminution in the efficiency of the affected
system(s) rather than as a qualitative distortion of the
normal response. A pattern of generalized diminished
function can follow conditions of rapid onset, such as
trauma, stroke, or certain infections, once the acute
stages have passed and the first vivid and highly specific
symptoms have dissipated. In such cases it is often diffi-
cult if not impossible to appreciate the nature or extent
of cognitive impairment without recourse to quantifi-
able examination techniques that permit a relatively
objective comparison between different functions.

By and large, as clinicians gain experience with many
patients from different backgrounds, representing a
wide range of abilities, and suffering from a variety of
cerebral insults, they are increasingly able to estimate
or at least anticipate the subtle deficits that show up
as lowered scores on tests. This sharpening of observa-
tional talents reflects the development of internalized
norms based on clinical experience accumulated over
the years.

Blurring the line between quantitative
and qudlitative evaluations

Efforts to systematize and even enhance observation of
how subjects go about failing—or succeeding—on tests
have produced a potentially clinically valuable hybrid:
quantification of the qualitative aspects of test responses
{Poreh, 2000). Glozman (1999) showed how the exam-
ination procedures considered to be most qualitative
(i.e., some of Luria’s examination techniques) can be
quantified and thus adaptable for retest comparisons
and research. She developed a 6-point scale ranging
from 0 (no symptoms) to 3 (total failure), with half-
steps between 0 and 1 and 2 to document relatively
subtle differences in performance levels.

Other neuropsychologists have developed systems
for scoring qualitative features. Joy, Fein and colleagues
(2001) demonstrated this hybrid technique in their
analysis of Block Design (WIS-A) performances into
specific components that distinguish good from poor
solutions. Based on their observations, they devised a
numerical rating scheme and normed it on a large sam-
ple of healthy older (50 to 90 years of age) subjects, thus
providing criteria for normal ranges of error types for
this age group. Joy and his colleagues emphasized that
the purely quantitative “pass—fail” scoring system does
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not do justice to older subjects who may copy most but
not quite all of a design correctly. Similarly, Hubbard
and colleagues (2008) used a mixture of quantitative
and qualitative measures to assess performance of clock
drawing performance in cognitively normal elderly per-
sons (55 to 98 years of age). These measures provide
a comparison for evaluating a number of neuropsy-
chological functions including visuoconstructive and
visuospatial as well as language skills and hemiatten-
tion. This type of scoring for qualitative features allows
the clinician to make judgments based on the qualita-
tive aspects of a patient’s performance while supporting
clinical judgment with guantitative data.

Quantified qualitative errors provide information
about lateralized deficits that summary scores alone can-
not give. For example, quantifying broken configuration
errors on Block Design discriminated seizure patients
with left hemisphere foci from those with foci on the
right as the latter made more such errors (p = .008)
although the raw score means for these two groups were
virtually identical (left, 26.6 = 12.4; right, 26.4 + 12.8)
(Zipf-Williams et al., 2000). Perceptual fragmentation
(naming a part rather than the whole pictured puzzle) on
the Hooper Visual Organization Test was a problem for
more right than left hemisphere stroke patients, while
the reverse was true for failures in providing the cor-
rect name of the picture (Merten, Volkel, and Dornberg,
2007; Nadler, Grace, et al., 1996, see p. 400).

Methods for evaluating strategy and the kinds of
error made in copying the Complex Figure have been
available for decades (see pp. 582-584). Their score
distributions, relationships to recall scores, interindi-
vidual variability, and executive function correlates
were evaluated by Troyer and Wishart (1997) who
recommended that, although not all had satisfactory
statistical properties, examiners “may wish to select a
system appropriate for their needs.”

Integrated data

The integrated use of qualitative and quantitative
examination data treats these two different kinds of
informartion as different parts of the whole data base.
Test scores that have been interpreted without refer-
ence to the context of the examination in which they
were obtained may be objective but meaningless in
their individual applications. Clinical observations
unsupported by standardized and quantifiable testing,
although full of import for the individual, lack the com-
parability necessary for many diagnostic and planning
decisions. Descriptive observations flesh out the skeletal
structure of numerical test scores. Fach is incomplete
withour the other. The value of taking into account all
aspects of a test performance was exemplified in a study




mparing the accuracy of purely score-based predic-
of lateralization with accuracy based on score
1les plus qualitative aspects of the patient’s perfor-
ice (Ogden-Epker and Cullum, 2001). Accuracy
greatest when qualitative features entered into per-
ance interpretation.

_Neuropsychology is rapidly moving into an era where
recedented clinical information will be available
ery patient including genetic, neuroimaging, and
r neurodiagnostics studies that ultimately needs to
integrated with the neuropsychological consultation
rest findings. Indeed, the era of neuroinformatics
ributing to neuropsychological decision making is
us (Jagaroo, 2010). These kinds of data call for
integration,

=%,
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Zommon Interpretation Errors
# this, then that: the problem of overgeneralizing

n Walsh {1985) described a not uncommon kind of
pretation error made when examiners overgeneral-
¢heir findings. He gave the example of two diagnos-
{Iy different groups {patients with right hemisphere
:mage and those with chronic alcoholism) generating
- >1mxlar cluster of scores, a parallel thar led some
stigators to conclude that chronic alcoholism some-
shriveled the right but not the left hemisphere (see
16). At the individual case level, dementia patients
21l as chronic alcoholics can earn depressed scores
the same WIS tests that are particularly sensitive
ght hemisphere damage. If all that the examiner
1ds to is this cluster of low scores, then diagnostic
sfusion can result. The logic of this kind of thinking
the same as arguing that because a horse meets the
: of being a large animal with four legs [then] any
v encountered large animal with four legs must be
rse” (E. Miller, 1983).

 Failure to demonstrate a reduced performance:
“= problem of false negafives

= absence of low scores or other evidence of impaired
‘ormance is expected in intact persons but will also
~ir when brain damaged patients have not been
¢n an appropriate examination (Teuber, 1969). If a
.crion or skill is not examined, its status will remain
iwnown. And again, the typical neuropsychological
mination situation is no substitute for reality in that
examination is undertaken in a controlled environ-
nt usually minimizing all extraneous stimuli with
zssment being done on a one-to-one basis. This does
eplicate the real world circumstances that may be
cularly challenging for the neurologically impaired
idual.
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3. Confirmatory bias

This is the common tendency to “seek and value sup-
portive evidence at the expense of contrary evidence”
when the outcome is [presumably] known (Wedding
and Faust, 1989).

A neuropsychologist who specializes in blind analysis of
Halstead-Reitan data reviewed the case of a highly educated
middle-aged woman who claimed neuropsychological deficits
as a result of being stunned when her car was struck from
the rear some 21 months before she took the examination in
question. In the report based on his analysis of the test scores
alone the neuropsychologist stated that, “The test results
would be compatible with some type of traumatic injury
(such as a blow to the head), but they could possibly have
been due to some other kind of condition, such as viral or
bacterial infection of the brain.” After reviewing the history
he concluded that although he had suspected an infectious
disorder as an alternative diagnostic possibility, the case his-
tory that he later reviewed provided no evidence of encephali-
tis or meningitis, deemed by him ro be the most likely types of
infection. He thus concluded that the injury sustained in the
motor vehicle accident caused the neuropsychological deficits
indicated by the test data. Interestingly, the patient’s medi-
cal history showed that complaints of sensory alterations and
motor weakness dating back almost two decades were con-
sidered to be suggestive of multiple sclerosis; a recent MRI
scan added support to this diagnostic possibiliry.

4. Misuse of salient data: over- and
underinterpretation

Wedding and Faust (1989) made the important point
that a single dramatic finding (which could simply be
a normal mistake; see Roy, 1982) may be given much
grearer weight than a not very interesting history that
extends over years (such as steady employment) or
base rate data. On the other hand, a cluster of a few
abnormal examination findings that correspond with
the patient’s complaints and condition may provide
mmportant evidence of a cerebral disorder, even when
most scores reflect intact functioning. Gronwall (1991)
illustrated this problem using mild head trauma as an
example, as many of these patients perform at or near
premorbid levels except on tests sensitive to attentional
disturbances. If only one or two such tests are given,
then a single abnormal finding could seem to be due to
chance when it is not.

5. Underutilization or misutilization of base rafes

Base rates are particularly relevant when evaluating
“diagnostic” signs or symptoms (D. Duncan and Snow,
1987).When a sign occurs more frequently than the con-
dition it indicates (e.g., more people have mild verbal
retrieval problems than have early Alzheimer’s disease)
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relying on that sign as a diagnostic indicator “will
always produce more errors than would the practice
of completely disregarding the sign(s)” (B.W. Palmer,
Boone, Lesser, and Wohl, 1998; Wedding and Faust,
1989). > AR .

as possibly suggestive but never pathognomonic. Such
signs can lead to potentially fruitful hypotheses but not
to conclusions, Thus, slurred speech rarely occurs in the
intact adult population and so is usually indicative of

means. A major limitation in contemporary neuropsy-
chology is that base rate data for neurobehavioral and
nieurocognitive symptoms/problems i often lacking for

population. Such in-depth investigations of a neuropsy-
chological variable are rare but necessary,

Compounding the base rate problem is use of inap-
propriate base rate data which can be as distorting than
using no base rate data. For example, G.E. Smith, Ivnik,
and Lucas (2008) note the differences in the ratios for
identifying probable Alzheimer patients on the basis
of a verbal fluency score depending on whether base
rate was developed on patients coming to a memory
clinic or persons in the general population (see also B.L.
Brooks, Iverson, and White, 2007, for base rate varia-
tions and ability levels).

6. Effort effects

Both the American Academy of Clinical Neuropsychology
and the Nationgl Academy of Neuropsycbology have pro-
duced position papers supporting the use of effort testing
in neuropsychological assessment as a means to address
the validity of an assessment (S.S. Bush, Ruff, et al,, 200s;
Heilbronner, Sweet, et al., 2009). Underperformance on
neuropsychological measures becauge of insufficient effort
results in a patient’s performance appearing impaired
when it is not (see Chapter 20).

EVALUATION OF NEUROPSYCHOLOG]CAL
EXAMINATION DATA
Qualitative Aspects of Examination Behavior

Two kinds of behavior are of special interest to the neuro-
psychological examiner when evaluating the qualitative
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aspects of a patient’s behavior during the examination,
One, of course, is behavior that differs from norma]
€Xpectations or customary activity for the circumstances.
Responding to Block Design instructions by matter-of-
factly setting the blocks on the stimulus cards is obyi-
ously an aberrant response that deserves more attention
than a score of zero alone would indicate. Satisfaction
with a blatantly distorted fesponse or tears and agitation
when finding some test irems difficult also should elicit
the examiner’s interest, as should statements of displea-
sure with a2 mistake unaccompanied by any attempt to
correct it. Each of these behavioral aberrations may arise
for any number of reasons. However, each is most likely
to occur in association with certain neurological condi-
tions and thus can also alert the examiner to look for -
other evidence of the suspected condition,.

Regardless of their possible diagnostic usefulness,
these aberrant responses also afford the examiner sam-

instructions but also is not aware of this failure when
procecdingmunselfconsciously?~with this display of
Very concrete, structure-dependent behavior, Patients
who express pleasure OVer an incorrect response are 4
also unaware of their failures
torted perception of the task, the product, or both, they
demonstrate self-awareness and some sense of a scherne
of things or a state of self-expectations that this perfor-
mance satisfied,

The second kind of qualitatively Interesting behaviors
deserves special attention whether or not they are aber-
rant. Gratuitous responses are the comments patients
make abourt their test performance or while they are
taking the test, or the elaborations beyond the necessary
requirements of a task that may enrich or distort their

is well recognized in the Interpretation of projective
test material, for it is the gratuitously added adjectives. -
adverbs, or action verbs, flights of fancy whether ver-
bal or graphic, Spontaneously introduced characters,
objects, or situations, that reflect the patient’s mood
and betray his or her preoccupations. Gratuitous
fesponses are of similar value in neuropsychologi-
cal assessment. The unnecessarily detailed spokes and
gears of a bike with no pedals (see Fig. 6.2) tell of th
patient’s involvement with details at the expense o
practical considerations, Expressions of self-doubt o
self-criticism repeatedly voiced during a mental exam-
Ination may reflect perplexity or depression and raisz
the possibility that the patient is not performing up tc
capacity (Lezak, 1978b).
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icture Arrangement, were in the bigh average ability range.

In addition, patient responses gained by rtesting the
ts or using the standard test material in an innova-
vz manner to explore one or another working hypoth-
have to be evaluated qualitatively. For example,
asking a patient to recall a set of designs ordinar-
presented as a copy task (e.g., Wepman’s variations
the Bender-Gestalt Test, see p. §71) the examiner
look for systematically occurring distortions—in
¢, angulation, simplifications, perseverations—that,
ey did not occur on the copy trial, may shed some
t on the patient’s visual memory problems. In look-
for systematic deviations in these and other draw-
- characteristics that may reflect dysfunction of one
more behavioral systems, the examiner also analyzes
patient’s self-reports, stories, and comments for
qualities as disjunctive thinking, appropriateness
cabulary, simplicity or complexity of grammatical
wstructions, richness or paucity of descriptions, etc.

st Scores

:sT scores can be expressed in a variety of forms.
zrely does a test-maker use a raw score—the sim-
sum of correct answers or correct answers minus
rortion of the incorrect ones—for in itself a raw
‘re communicates nothing about its relative value,
:tead, test-makers generally report scores as values
3 scale based on the raw scores made by a standard-
‘fon population (the group of individuals tested for
purpose of obtaining normative data on the test).
score then becomes a statement of its value rel-
-ve to all other scores on that scale. Different kinds
cales provide more or less readily comprehended
statistically well-defined standards for comparing
one score with the scores of the standardization
ulation.

£ 6.2 This bicycle was drawn by a 61-year-old retired millwright with a high school education. Two years prior to the neuropsychologi-
examination he had suffered a stroke involving the right parietal lobe. He displayed no obvious sensory or motor deficits, and was alert,
ulate, and cheerful but so garrulous that his ralking could be interrupted only with difficulty. His highest WAIS scores, Picture Completion

B.L. Brooks, Strauss, and their colleagues {2009)
review four themes underlying the interpretation and
reporting of test scores and neuropsychological find-
ings: (1) the adequacy of the normative data for the test
administered; (2) inherent measurement error of any
neuropsychological test instrument including ceiling
and floor effects; (3) what represents normal variabil-
ity; and (4) what represents a significant change over
time with sequential testing. To make clinical sense out
of test data is the focus of neuropsychological assess-
ment and is dependent on the fundamental assumptions
discussed below.

Standard scores

The usefulness of standard scores. The treatment of
test scores in neuropsychological assessment is often
a more complex task than in other kinds of cognitive
evaluations because test scores can come from many
different sources. In the usual cognitive examination,
generally conducted for purposes of academic eval-
uation or career counseling, the bulk of the testing is
done with one test battery, such as one of the WIS-A
batteries or the Woodcock-Johnson Tests of Cognitive
Ability. Within these batteries the scores for each of the
individual tests are on the same scale and standardized
on the same population so that test scores can be com-
pared directly.

On the other hand, no single test battery provides
all the information needed for adequate assessment of
most patients presenting neuropsychological questions.
Techniques employed in the assessment of different
aspects of cognitive functioning have been developed
at different times, in different places, on different popu-
lations, for different ability and maturity levels, with
different scoring and classification systems, and for




166

different purposes. Taken together, they are an unsys-
tematized aggregate of more or less standardized tests,
experimental techniques, and observational aids that
have proven useful in demonstrating deficits or distur-
bances in some cognitive function or activity. These
scores are not directly comparable with one another.
To make the comparisons necessary for evaluating
impairment, the many disparate test scores must be con-
vertible into one scale with identical units. Such a scale
can serve as a kind of test users’ lingua franca, permit-
ting direct comparison between many different kinds of
measurements. The scale that is most meaningful statisti-
cally and that probably serves the intermediary function
between different tests best is one derived from the nor-
mal probability curve and based on the standard devi-
ation unit (SD) (Urbina, 2004) (see Fig. 6.3). Thus the
most widely used scale is based on the standard score.
The value of basing a common scale on the standard
deviation unit lies primarily in the statistical nature of
the standard deviation as a measure of the spread or

Per cent of cases

THEORY AND PRACTICE OF NEUROPSYCHOLOGICAL ASSESSMENT

dispersion of a set of scores (X;, X,, X_s, etc.) around
their mean (M). Standard deviation units describe
known proportions of the normal probability curve
(note on Fig. 6.3, “Percent of cases under portions of
the normal curve®). This has very practical applications
for comparing and evaluating psychological data in that
the position of any test score on a standard deviation
unit scale, in itself, defines the proportion of people tak-
ing the test who will obtain scores above and below the
given score. Virtually all scaled psychological test data
can be converted to standard deviation units for intertest
comparisons. Furthermore, a score based on the stan-
dard deviation, a standard score, can generally be esti-
mated from a percentile, which is the most commonly
used nonstandard score in adult testing {Crawford and
Garthwaite, 2009).

The likelihood that two numerically different scores
are significantly different can also be estimated from
their relative positions on a standard deviation unit
scale. This use of the standard deviation unit scale is

under portions of  0.13%  2.14% 34.13% | 13.59% 2.14%  0.13%
the normal curve
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NOTE: This chart connot be used fo equate scores on one fest o scores on another fest. For example, both 600 on the CEEB and
120 on the AGCT are one siandard deviation above their respective means, but they do nof respresent “equal” standings because

the scores were obtained Fom different groups.

FIGURE 6.3 The relationship of some commonly used test scores to the normal curve and to one another. AGCT, Army General Classification
Test; CEEB, College Entrance Examination Board. {Reprinted from the Test Service Bulletin of The Psychological Corporation, 1955),




narticular importance in neuropsychological testing,

evaluation of test scores depends upon the signifi-
nce of their distance from one another or from the
smpatison standard. Since direct statistical evalua-
as of the difference between scores obtained on dif-
ent kinds of tests are rarely possible, the examiner
st use estimates of the ranges of significance levels
ed on score comparisons. In general, differences of
5> standard deviations or more may be considered
iificant, whereas differences of one to two standard
iations suggest a trend; although M.]. Taylor and
aton (2001) accept scores falling at -1 SD as indi-
g deficit.

nt forms but are all translations of the same scale,
ed on the mean and the standard deviation The z-score
e basic, unelaborated standard score from which all
rs can be derived. The z-score represents, in stan-
d deviation units, the amount a score deviates from
mean of the population from which it is drawn.

_X-M
Z-——S—*

e mean of the normal curve is set at zero and the
ndard deviation unit has a value of one. Scores are
ted in terms of their distance from the mean as mea-
ed in standard deviation units. Scores above the
an have a positive value; those below the mean are
zative. Elaborations of the z-score are called derived
res. Derived scores provide the same information as
-scores, but the score value is expressed in scale
s that are more familiar to most test users than
wcores. Test-makers can assign any value they wish to
standard deviation and mean of their distribution of
iz scores. Usually, they follow convention and choose
mmonly used values. (Note the different means and
:dard deviations for tests listed in Fig. 6.3.) When
standardization populations are similar, all of the
sferent kinds of standard scores are directly compa-
e with one another, the standard deviation and its
tionship to the normal curve serving as the key to
slation.
stimating standard scores from nonstandard scores.
zce most published standardized tests today use a stan-
«d score format for handling the numerical test data,
scores present little or no problem to the exam-
r wishing to make intertest comparisons. However, a
- test makers still report their standardization data in
centile or 1Q score equivalents. In these cases, stan-
rd score approximations can be estimated. Unless
e is reason to believe that the standardization pop-
ion is not normally distributed, a standard score
-alent for a percentile score can be estimated from a
le of normal curve functions. Table 6.1 gives z-score
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TABLE 6.1 Standard Score Equivalents for
21 Percentile Scores Ranging from 1 to 99
Percentile Percentile Percentile
Score 2-Score  Score z-Score Score z-Score
99 +2.33 65 +0.39 30 -0.52
93 +1.65 60 +0.25 25 —0.68
90 +1.28 A +0.13 20 -0.84
85 +1.04 50 0 15 -1.04
80 +0.84 45 ~0.13 10 -1.28
75 +0.68 40 -0.25 5 ~1.65
70 0.52 335 -0.39 1 -2.33

approximations, taken from a normal curve table, for
21 percentiles ranging from 1 to 99 in five-point steps.
The z-score that best approximates a given percentile is
the one that corresponds to the percentile closest to the
percentile in question.

Exceptions io the use of standard scores

Standardization population differences. In evaluating a
patient’s performance on a variety of tests, the exam-
iner can only compare scores from different tests when
the standardization populations of each of the tests are
identical or at least reasonably similar, with respect to
both demographic characteristics and score distribu-
tion (Axelrod and Goldman, 1996; Mitrushina, Boone,
et al,, 2003; Urbina, 2004; see Chapter 2). Otherwise,
even though their scales and units are statistically iden-
tical, the operational meanings of the different values
are as different as the populations from which they
are drawn. This restriction becomes obvious should
an examiner attempt to compare a vocabulary score
obtained on a WIS-A test, which was standardized on
cross-sections of the general adult population, with a
score on the Graduate Record Examination (GRE),
standardized on college graduates. A person who
receives an average score on the GRE would probably
achieve scores of one to two standard deviations above
the mean on WIS-A tests, since the average college grad-
uate typically scores one to two standard deviations
above the general population mean on tests of this type
{Anastasi, 1965). Although each of these mean scores
has the same z-score value, the performance levels they
represent are very different.

Test-makers usually describe their standardization
populations in terms of sex, race, age, and/or educa-
tion. Intraindividual comparability of scores may differ
between the sexes in that women tend to do less well on
advanced arithmetic problems and visuospatial items
and men are more likely to display a verbal skill disad-
vantage (see pp. 362-364). Education, too, affects level
of performance on different kinds of tests differentially,
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making its greatest contribution to tasks involving ver-
bal skills, stored information, and other school-relared
activities, but affects test performances in all areas (see
pp. 360).

Age can be a very significant variable when evaluat-
ing test scores of older patients (see pp. 356-360 and
Chapters 9-16, passim). In patients over 5 0, the normal
changes with age may obscure subtle cognitive changes
that could herald an early, correctable stage of a tumor
or vascular disease. The use of age-graded scores puts
the aging patient’s scoring pattern into sharper focus.
Age-graded scores are important aids to differential
diagnosis in patients over 50 and are essential to the
clinical evaluation of test performances of patients over
65. Although not all tests an examiner may wish to use
have age-graded norms or age corrections, enough are
available to determine the extent to which a patient
might be exceeding the performance decrements
expected at a given age. An important exception is in
the use of age-graded scores for evaluating older per-
sons’ performances on tasks which require a minimum
level of competence, such as driving (Barrash, Stillman,
et al., 2010). This research team found that non-age-
graded scores predicted driving impairment better than
age-graded ones.

A major debate continues in neuropsychology as to
whether significant differences in neuropsychological
performance relates to race (Gasquoine, 2009; Manly,
2005). Significant differences between major racial
groups have not been consistently demonstrated in
the score patterns of tests of various cognitive abilities
or in neuropsychological functioning (A.S. Kaufman,
McLean, and Reynolds, 1988; Manly, Jacobs, Touradji,
etal., 2002; P.E. Vernon, 1979). Nevertheless, there are
racial differences in expression of various neurological
disorders (Brickman, Schupf, et al., 2008). Race norms
have been developed for some standardized neuropsy-
chological measures (Lucas, Ivnik, Smith, et al., 2003),
but there are limitations as to how they should be used
(Gasquoine, 2009; Manly, 2005).

Vocational and regional differences between standard-
ization populations may also contribute to differences
between test norms. Clinicians should always keep in
mind that vocational differences generally correlate
highly with educational differences, and regional dif-
ferences tend to be relatively insignificant compared
with age and variables that are highly correlated with
income level, such as education or vocation.

Children’s tests. Some children’s tests are applicable
to the examination of patients with severe cognitive
impairment or profound disability. Additionally, many
good tests of academic abilities such as arithmetic,
reading, and spelling have been standardized for child
or adolescent populations. The best of these invariably

have standard score norms that, by and large, cannot
be applied to an adult population because of the signifi-
cant effect of age and education on performance differ-
ences berween adults and children.

Senior high school norms are the one exception to
this rule. On tests of mental ability that provide adult
norms extending into the late teens, the population of
18-year-olds does nor perform much differently than
the adult population at large (e.g., PsychCorp, 2008;
Wechsler, 1997a), and four years of high school is a
reasonable approximation of the adult educational
level. This exception makes a great number of very
well-standardized and easily administered paper-and-
pencil academic skill tests available for the examination
of adults, and no scoring changes are necessary.

All other children’s tests are best scored and reported
in rerms of mental age (MA), which is psychologically
the most meaningful score derived from these tests. ,
Most children’s tests provide mental age norms or
grade level norms (which readily convert into mental
age). Mental age scores allow the examiner to estimate
the extent of impairment, or to compare performance
on different tests or between two or more tests admin-
istered over time, just as is done with test performances
in terms of standard scores. When test norms for chil-
dren’s tests are given in standard scores or percentiles
for each age or set of ages the examiner can convert the -
score to a mental age score by finding the age at which
the obtained score is closest to a score at the 50th pet-
centile or the standard score mean. Mental age scores
can be useful for planning educational or retraining
programs.

Small standardization populations. A number of
interesting and potentially useful tests of specific skills
and abilities have been devised for studies of particular
neuropsychological problems in which the standard-
ization groups are relatively small (often under 20)
(Dacre et al., 2009; McCarthy and Warrington, 1990,
passim). Standard score conversions are inappropriate
if not impossible in such cases. When there is a clear
relationship between the condition under study and a
particular kind of performance on a given test, there is
frequently a fairly clear-cut separation between patient
and control group scores. Any given patient’s score
can be evaluated in terms of how closely it compares
with the score ranges of either the patient or the control
group reported in the study.

Nonparametric distributions

It is not uncommon for score distributions generated
by a neuropsychologically useful test to be markedly -
skewed—often due to ceiling (e.g., digit span) or floor
(e.g., Trail Making Test) effects inherent in the nature -



ns test and human cognitive capability (Retzlaff
sibertini, 1994). For these tests, including many

in neuropsychological assessments, standard
s—which theoretically imply a distribution base
sasonably approximates the parametric ideal of a
haped curve—are of questionable value as skew-
eatly exaggerates the weight of scores at the far
~f a distribution. These distorted distributions pro-
¢ overblown standard deviations (Lezak and Gray,
23 [1991]). When this occurs, standard deviations

2 so large that even performances that seemingly
d fall into the abnormal range appear to be within
il limits. The Trail Making Test provides an
sctive example of this statistical phenomenon (see
shina, Boone, et al., 2005).

i.. Heaton, Grant, and Matthews (1986) thoughtfully pro-
score ranges and median scores along with means and
rd deviations of a normative population. Their 20-29
group’s average score on Trails B was 86 * 39 sec but
wge of 47" to 245" with a median score of 76 indicates
many more subjects performed below than above the
= and that the large standard deviation—swollen by a few
ow responders——brings subjects under the umbrella of
wormal limits who—rtaking as much as 124" (i.e, < -1
-z complete Trails B—do not belong there.

ton showed the way to resolve the problem of
+ed distributions by identifying the score at the Sth
tile as the boundary for abnormality—i.e., defec-
srformance (see Benton, Sivan, Hamsher, et al.,
. Benton and his coworkers used percentiles to
degrees of competency on nonparametric test per-
~ances which also avoids the pitfalls of trying to fit
=zrametric data into a Procrustean parametric bed.

r tests of a single cognitive function, ability, or skill
t have separate norms for age, sex, education,
few widely used tests of general mental abilities
into account the geographic distribution of their
rdization population; the rest are usually stan-
ed on local people. Tests developed in Minnesota
zve Minnesota norms; New York test makers use
city population; and British tests are standardized
irish populations. Although this situarion results
than perfect comparability between the different
n most cases the examiner has no choice but to
iorms of tests standardized on an undefined mixed
nrandom adult sample. Experience quickly dem-
tes that this is usually not a serious hardship, for
‘mixed-bag™ norms generally serve their purpose.

£
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“I sometimes determine SD units for a patient’s score
on several norms to see if they produce a different cate-
gory of performance. Most of the time it doesn’t make
a significant difference. [If] it does then [one has] to
use judgment [H.]. Hannay, 2004, personal communi-
cation].” Certainly, one important normative fault of
many single-purpose tests is that they lack discriminat-
ing norms at the population extremes. Different norms,
derived on different samples in different places, and
sometimes for different reasons, can produce quite dif-
ferent evaluations for some subjects resulting in false
positives or false negatives, depending on the subject’s
score, condition, and the norm against which the score
is compared (Kalechstein et al., 1998; Lezak, 2002).

Thus, finding appropriate norms applicable for each
patient is still a challenge for clinicians. Many neu-
ropsychologists collect a variety of norms over the
years from the research literature. The situation has
improved to some degree in recent years with the pub-
lication of collections of norms for many but not all of
the most favored tests (Mitrushina, Boone, et al., 2005;
E. Strauss, Sherman, and Spreen, 2006). However,
there are times when none of these norms really applies
to a particular person’s performance on a specific test.
In such cases, the procedure involves checking against
several norm samples to see if a reasonable degree of
consistency across norms can be found. When the data
from other tests involving a different normative sample
but measuring essentially the same cognitive or motor
abilities are not in agreement, this should alert the cli-
nician about a problem with the norms for that test
as applied to this individual. This problem with norms
is very important in forensic cases when the choice of
norms can introduce interpretation bias (van Gorp
and McMullen, 1997). The final decision concerning
the selection of norms requires clinical judgment (S.S.
Bush, 2010).

A large body of evidence clearly indicates that demo-
graphic variables—especially age and education {and
sex and race on some tests)—are related to perfor-
mance (see data presented in Chapters 9-16, passim).
Yet some have argued against the use of demographi-
cally based norms and suggest that test score adjustment
may invalidate the raw test scores (Reitan and Wolfson,
1995b). This argument is based on findings that test
performance was significantly related to age and edu-
cation for normal subjects but not to age and barely
for education in a brain damaged group. However, a
reduction in the association between demographics and
performance is to be expected on a statistical basis for
brain damaged individuals.

Suppose that variable X is significantly related to variable Y in
the normal population. If a group of individuals is randomly



170 THEORY AND PRACTICE OF NEUROPSYCHOLOGICAL ASSESSMENT

selecred from the population, the relationship berween vari-
ables X and Y will continue to be present in this group. Add
random error to one of the variables, for instance Y, and
the relationship between X and (Y + random error) will be
reduced. Now apply this reasoning to an example bearing on
the argument against use of demographic score adjustments.
Age is related to performance on a memory test in the nor-
mal population. Some individuals, a random sample from the
normal population, have a brain disorder and are asked to
take the memory test. The effects of their brain dysfunction
on memory performance introduces random error, given that
brain dysfunction varies in the cause, location, severity, and
effects on each person’s current physiology, psychiatric sta-
tus, circumstances, motivation, etc. As a result, the statisti-
cal association between age and memory test performance is
likely to be reduced.

If aspects of the brain damage itself had been held
constant in the Reitan and Wolfson (1995b) study
that prompted questioning about use of demographic
variables, perhaps the associations would have been
quite significant in the brain damaged group, too
(Vanderploeg, Axelrod, Sherer, et al., 1997). If younger
individuals had more severe brain damage than older
ones or more educated individuals had greater brain
damage than less educated ones, the age-education
relationships could be small or insignificant. In short,
changes in these relationships do not invalidate the
use of demographically based norms. Since premorbid
neuropsychological test data are rare, demographically
based norms aid test interpretation. Without demo-
graphically appropriate norms, the false positive rate
for older or poorly educated normal individuals tends
to increase (Bornstein, 1986a; R.K. Heaton, Ryan,
and Grant, 2009; also see pp. 374-375). Some false
negative findings can be expected (J.E. Morgan and
Caccappolo-van Vliet, 2001). Yet, should a test con-
sistently produce many false negatives or false positives
with particular demographic combinations, this prob-
lem requires reevaluation of norms or demographic
scoring adjustments.

Another major demographic issue in contemporary
clinical neuropsychology is the use of tests across cul-
tures and different languages and their standardiza-
tion and normative base (K.B. Boone, Victor, et al.,
2007; Gasquoine, 2009; K. Robertson et al.,, 2009).
Neuropsychology had a Western European and North
American origin with most standardized tests coming
from these countries and languages. Eastern European,
Asian, and African countries are just beginning this
process and therefore additional demographic factors
and normative data will likely become available.

At this time, relatively few normative samples include
all of the demographic variable combinations that
may be pertinent to measurement data on a particular

ability or behavior. Those few samples in which all
relevant demographic variables have been taken into
account typically have too few subjects for dependable
interpretation in the individual case. Major efforts are
underway to correct this limitation for certain neuro-
psychological measures {Cherner et al., 2007; Gavett
et al., 2009; Iverson, Williamson, et al., 2007; Pena-
Casanova et al., 2009).

Possibly the most ambitious undertaking along these
lines is sponsored by the National Institutes of Health.
(NIH): the NTH Toolbox (Gershon et al., 2010). When
the NIH Toolbox is complete it will provide the cli-
nician with a well-standardized and normed brief
assessment battery from which the appropriate cog-
nitive measure can be selected to assess motor, sen-
sory, emotional, and cognitive functioning for clinical
or research purposes. The cognitive module includes
assessment of the following domains: executive, epi-
sodic memory, working memory, processing speed,
language, and attention. All measures will be stan-
dardized and normed in both English and Spanish on
individuals 3 to 83 years of age.

Impairment criteria

Neuropsychologists generally use a criterion for iden-
tifving when performance on a particular test may
represent impairment, but it is not necessarily explicitly
stated and is unlikely to appear in reports. Once test
data have been reliably scored and appropriate norms
have been chosen to convert scores to standard scores
and percentiles, the clinician needs to determine if per-
formance on individual tests is impaired or not, and
whether the pattern of performance is consistent with
the patient’s background and relevant neurologic, psy-
chiatric, and/or other medical disorders. Sometimes,
when poor performance does not represent an acquired
impairment, simple questions about a person’s abilities
may elicit information that confirms lifelong difficulty
in these areas of cognitive or motor ability. A poor per-
formance may also indicate that the person was not
motivated to do well or was anxious, depressed, or hos-
tile to the test-taking endeavor rather than impaired.
Estimates of premorbid level of a patient’s function-
ing become important in determining whether a given
test performance represents impairment (see pp. 553-
555, 561-563). In some cases such estimates are rela-
tively easy to make because prior test data are available
from school, military, medical, psychological, or neu-
ropsychological records. At other times, the current test
data are the primary source of the estimate. A change
from this estimate, perhaps 1, 1.5, or 2 SDs lower than
the premorbid estimate, may be used as the criterion
for determining the likelihood that a particular test




-formance is impaired. A test score that appears to
resent a 1 SD change from premorbid functioning
not be a statistically significant change but may
ate an impairment to some examiners and only
zest impaired performance to others. A 2 SD score
ression is clear evidence of impairment.

ince approximately 15% of intact individuals obtain
res greater than 1 §D below test means, there is con-
that too many individuals who are intact with
ect to particular functions will be judged impaired
n using ~1 8D as an impairment criterion. When
criterion is less stringent (e.g., =1 SD rather than
. more intact performance will be called impaired
. false positive) and more “hits™ (i.e., impaired per-
mance correctly identified) are to be expected. On
¢ other hand, when criteria become overly strict (e.g.,
-2) the possible increase in misses occurs such that a
iy impaired performance is judged normal (i.e., false
itive). These errors can be costly to patients with
eveloping, treatable disease such as some types of
:in tumors which will grow and do much mischief
ot identified as soon as possible. Should this be a
¢ alarm, the patient is no worse off in the long run
- may have paid in unnecessary worry and expensive
zdical tests. In the case of a possible dementia, this
ild not be so costly an error since there is no suc-
ful treatment at the moment and the disorder will
ogress and have to be managed until the individual
-5. However, neuropsychological conclusions must
- rest on a single aberrant score. Regardless of the
erion used, it is the resulting pattern of change in
formance that should make diagnostic sense.
~Some neuropsychologists interpret as “probably
paired” any test score 1 or more 8D lower than the
zan of a normative sample that may or may not take
account appropriate demographics (e.g., Golden,
risch, and Hammeke, 1991; R.X. Heaton, Grant, and
arthews, 1991). This latter group converted scores
vm the Halstead-Reitan battery plus other tests into
scores based on age, education, and sex corrections.
this system a T-score below 40 {> -1 SD below the
=an) is considered likely to represent impaired perfor-
znce. The paitern of test scores is also important and
t make sense in terms of the patient’s history and
ected disorder or disease process {R.K. Heaton,
n, and Grant, 2009). In evaluating test perfor-
ces, it must be kept in mind that intact individuals
2 likely to vary in their performance on any battery
cognitive tests and it is not unusual for them to score
the impaired range on one or two tests (Jarvis and
rth, 1994; M.]. Taylor and Heaton, 2001}.

Ir is important to note that using a criterion for
ision making that represents a deviation from the
-an of the normative sample rather than change from
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premorbid level of functioning is likely to miss sig-
nificant changes in very high functioning individuals
while suggesting that low functioning individuals have
acquired impairments that they do not have.

For instance, a concert pianist might begin to develop
slight difficulties in hand functioning in the early stages of
Parkinson’s disease that were noticeable to him but not to an
examiner who uses a criterion for impairment linked to the
mean of the distribution of scores for males of his age, educa-
tion, and sex. In that case another musician might pick up the
difference by comparing recordings of an earlier performance
with a current performance. Contrast this example with one
of several painters who claimed to be brain-damaged after
inhaling epoxy paint fumes in a poorly ventilated college
locker room. On the basis of his age and education he would
be expected to perform at an average level. Linking poor per-
formance on many tests to toxic exposure by one psychologist
seemed appropriate. However, once his grade school through
high school records were obtained, it was found that he had
always been functioning at a borderline to impaired level on
group mental ability and achievement tests.

When such evidence of premorbid functioning is
available—and often it is not—it far outweighs norma-
tive expectations. “If I had reason to believe that the
person was not representative of what appears to be
the appropriate normative sample, I would compare
the individual with a more appropriate sample [e.g.,
compare an academically skilled high-school dropout
to a higher educational normative sample] and be pre-
pared to defend this decision” {R.K. Heaton, personal
communication, 2003). This is how competent clini-
cians tend to decide in the individual case whether to
use impairment criteria based on large sample norms or
smaller, more demographically suitable norms.

Sensitivity/specificity and diagnostic accuracy

It has become the custom of some investigators in clin-
ical neuropsychology to judge the “goodness” of a test
or measure and its efficiency in terms of its diagnostic
accuracy, L.e., the percentage of cases it correctly identi-
fies as belonging to either a clinical population or a con-
trol group or to either of two clinical populations. This
practice is predicated on questionable assumptions, one
of which is that the accuracy with which a test makes
diagnostic classifications is a major consideration in
evaluating its clinical worth. Most tests are not used
for this purpose most of the time but rather to provide
a description of the individual’s strengths and weak-
nesses, to monitor the status of a disorder or disease, or
for treatment and planning. The criterion of diagnostic
accuracy becomes important when evaluating screen-
ing tests for particular kinds of deficits (e.g., an aphasia
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screening test), single tests purporting to be sensitive to
brain dysfunction, and sometimes other tests and test
batteries as well.

The accuracy of diagnostic classification depends
to some degree on its sensitivity and specificity (see p.
127). The percentage of cases classified accurately by
any given test, however, will depend on the base rate
of the condition(s) for which the test is sensitive in the
population(s} used to evaluate its goodness. It will also
depend on the demographics of the population, for
instance, level of education (Ostrosky-Solis, Lopez-
Arango, and Ardila, 2000). With judicious selection
of populations, an investigator can virtually predeter-
mine the outcome. If high diagnostic accuracy rates are
desired, then the brain damaged population should con-
sist of subjects who are known to suffer the condition(s)
measured by the test(s) under consideration (e.g.,
patients with left hemisphere lesions suffering commu-
nication disorders tested with an aphasia screening test);
members of the comparison population (e.g., normal
control subjects, neurotic patients) should be chosen on
the basis that they are unlikely to have the condition(s)
measured by the test. Using a population in which the
frequency of the condition measured by the test(s) under
consideration is much lower {e.g., patients who have
had only one stroke, regardless of site) will necessarily
lower the sensitivity rate. However, this lower hit rate
should not reflect upon the value of the test.

The extent to which sensitivity/specificity rates will
differ is shown by the large differences reported in
studies using the same test(s) with different kinds of
clinical (and control) populations (Bornstein, 1986a;
Mitrushina, Boone, et al., 2005). Morcover, it will usu-
ally be inappropriate to apply sensitivity/specificity data
collected on a population with one kind of neurological
disorder to patients suspected of having a different con-
dition. Since the “sensitivity/specificity diagnostic accu-
racy rate” standard can be manipulated by the choice of
populations studied and the discrimination rate found
for one set of populations or one disorder may not apply
to others, it is per se virtually meaningless as a measure
of a test’s effectiveness in identifying brain impaired or
intact subjects except under similar conditions with sim-
ilar populations. A particular test’s sensitivity to a spe-
cific disorder is, of course, always of interest.

The decision-making procedure {or combination of
procedures) that best accomplishes the goal of accurate
diagnosis has yet to be agreed upon; and there may be
none that will be best in all cases. In the end, decisions
are made about individuals. Regardless of how clini-
cians reach their conclusions, they must always be sen-
sitive to those elements involved in each patient’s case
that may be unique as well as those similar to cases
seen before: qualitative and quantitative data from test

performance, behavioral observation, interviews with
family members and others as possible, and the his-
tory. Disagreements among clinicians are most likely
to occur when the symptoms are vague and/or mild; the
developmental, academic, medical, psychiatric, psycho-
social, and/or occupational histories are complex or not
fully available; and the pattern of test performance is
not clearly associated with a specific diagnostic entity.

Screening Techniques

Different screening techniques make use of differ-
ent kinds of behavioral manifestations of brain dam-
age. Some patients suffer only a single highly specific
defect or a cluster of relared disabilities while, for the
most part, cognitive functioning remains intact. Others
sustain widespread impairment involving changes in
cognitive, self-regulating, and executive functions, in
attention and alertness, and in their personality. Still
others display aberrations characteristic of brain dys-
function (signs) with more or less subtle evidence of
cognitive or emotional deficits. With such a variety of
signs, symptoms, and behavioral alterations, it is no
more reasonable to expect accurate detection of every
instance of brain disorder with one or a few instruments
or lists of signs and symptoms than to expect that a
handful of laboratory tests would bring to light all gas-
trointestinal tract diseases. Yet many clinical and social
service settings need some practical means for screening
when the population under consideration—such as pro-
fessional boxers, alcoholics seeking treatment, persons
tested as HIV positive, or elderly depressed patients, to
give just a few instances—is at more than ordinary risk
of a brain disorder.

The accuracy of screening tests varies in a somewhat
direct relationship to the narrowness of range or spec-
ificity of the behaviors assessed by them (Sox et al.,
1988). Any specific cognitive defect associated with
a neurological disorder affects a relatively small pro-
portion of the brain-impaired population as a whole,
and virtually no one whose higher brain functions are
intact. For instance, perseveration (the continuation of
a response after it is no longer appropriate, as in writ-
ing three or four “e’s” in a word such as “deep” or
“seen” or in copying a 12-dot line without regard for
the number, stopping only when the edge of the page
is reached) is so strongly associated with brain damage
that the examiner should suspect it on the basis of this
defect alone. However, since most patients with brain
disorders do not give perseverative responses, it is not
a practical criterion for screening purposes. Use of a
highly specific sign or symptom such as perseveration
as a screening criterion for brain damage results in vir-
tually no one without brain damage being misidentified




srain damaged (false positive errors), but such a
ow test will let many persons who are brain dam-
i slip through the screen (false negative errors). In
-ast, defects that affect cognitive functioning gen-
. such as distractibility, impaired immediate mem-
and concrete thinking, are not only very common
oms of brain damage but tend to accompany a
er of emotional disorders as well. As a result, a
irive screening test that relies on a defect impair-
cognitive functioning generally will identify many
damaged patients correctly with few false nega-
rors, but a large number of people without brain
ders will also be included as a result of false posi-
rors of identification.

irations in predictive accuracy do not invalidate
tests for specific signs or tests that are sensitive to
ions of general dysfunction. Each kind of test can
d effectively as a screening device as long as its limi-
s are known and the information it elicits is inter-
d accordingly. When testing is primarily for screening
~ses, a combination of tests, including some that are
¢ to specific impairment, some to general impair-
and others that tend to draw out diagnostic signs,
make the best diagnostic discriminations.

reliance on signs for identifying persons with a
n disorder has a historical basis in neuropsychol-
and is based on the assumption that brain disor-
have some distinctive behavioral manifestations.
rt this assumption reflects early concepts of brain
ge as a unitary kind of dysfunction (e.g., Hebb,
Shure and Halstead, 1958) and in part it arises
observations of response characteristics that do
sguish the test performances of many patients with
= disease.

st pathognomonic signs in neuropsychologi-
ssessment are specific aberrant test responses or
ies of response. These signs may be either positive,
ing the presence of abnormal function, or neg-
that the function is lost or significantly dimin-
Some signs are isolated response deviations that,
mselves, may indicate the presence of an organic
Rotation in copying a block design or a geo-
¢ figure has been considered a sign of brain dam-
Specific test failures or test score discrepancies
also been treated as signs of brain dysfunction,
- instance, marked difficulty on a serial subtrac-
ask (Ruesch and Moore, 1943) or a wide spread
~yeen the number of digits recalled in the order given
he number recalled in reversed order {Wechsler,
The manner in which the patient responds to
sk may also be considered a sign indicating brain
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damage. M. Williams (1979) associated three response
characteristics with brain damage: “stereotyping and
perseveration”; “concreteness of behavior,” defined by
her as “response to all stimuli as if they existed only
in the setting in which they are presented”; and “cat-
astrophic reactions” of perplexity, acute anxiety, and
despair when the patient is unable to perform the pre-
sented task.

Another common sign approach relies on not one but
on the sum of different signs, i.e., the total number of
different kinds of specific test response aberrations or
differentiating test item selections made by the patient.
This method is used in some mental status examinations
to determine the likelihood of impairment (see p. 127).
In practice, a number of behavior changes can serve
as signs of brain dysfunction (see Table 6.2). None of
them alone is pathognomonic of a specific brain disor-
der. When a patient presents with more than a few of
these changes, the likelthood of a brain disorder runs
high.

Cutting scores

The score that separates the “normal” or “notimpaired”
from the “abnormal” or “impaired” ends of a contin-
uum of test scores is called a cutting score, which marks
the cut-off point (Dwyer, 1996). The use of cutting
scores is akin to the sign approach, for their purpose is
to separate patients in terms of the presence or absence
of the condirion under study. A statistically derived cut-
ting score is the score that differentiates brain impaired
patients from others with the fewest instances of error
on cither side. A cutting score may also be derived by
simple inspection, in which case it is usually the score
just below the poorest score attained by any member
of the “normal” comparison group or below the low-
est score made by 95% of the “normal” comparison
group (see Benton, Sivan, Hamsher, et al.,, 1994, for
examples).

Cutting scores are a prominent feature of most
screening tests. However, many of the cutting scores
used for neuropsychological diagnosis may be less effi-
cient than the claims made for them (Meehl and Rosen,
1967). This is most likely to be the case when the deter-
mination of a cutting score does not take into account
the base rate at which the predicted condition occurs in
the sample from which the cutting score was developed
{Urbina, 2004; W.G. Willis, 1984).

Other problems also tend to vitiate the effectiveness
of cutting scores. The criterion groups are often not
large enough for optimal cutting scores to be deter-
mined (Soper, Cicchetti, et al., 1988). Further, cutting
scores developed on one kind of population may not
apply to another. R.L. Adams, Boake, and Crain (1982)



Functional Class* Symptoms and Signs

Visuospatial

Emotional

Diminished or distorted ability for manual
abilities skills (e.g., mechanical repairs, sewing)
Spatial disorientation

Impaired spatial judgment

Right-left disorientation

Diminished emotional control with temper
outbursts, antisocial behavior

Diminished empathy or interest in
interpersonal relationships without
depression

Affective changes without known
precipitating factors (e.g., lability,
flattening, inappropriateness)

Personality changes without known
precipitating factors

Increased irritability without known
precipitating factors

Alrered appetites and appetitive activities
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TABLE 6.2 Behavior Changes that Are Possible Indicators of a Pathological Brain Process
Functional Class* Symptoms and Signs
Speech and Dysarthria
language Dysfluency
Marked change in amount of speech output
Paraphasias
Word finding problems
Academic skills Alterations in reading, writing, calculating,
and number abilities; e.g., poor reading
comprehension, frequent letter or number
reversals in writing
Thinking Perseveration of speech or action components
Simplified or confused mental tracking,
reasoning, concept formation
Motor Lateralized weakness or clumsiness
Problems with fine motor coordination
Perception Diplopia or visual field alterations

Inattention {usually left-sided, may be
perceptual and/or in productions)

Somatosensory alterations (particularly
lateralized or confined to one limb)

Comportment}

(eating, drinking, play, sex)

Alrered grooming habits {overly {astidious,
careless)

Hyper- or hypoactivity

Social inappropriateness

*Many emotionally disturbed persons complain of memory deficits that typically reflect their self-preoccupations, distractibility, or anxiety rather than a dysfunc-
tional brain. Thus memory complaints in themselves are not good indicators of neuropathology.

+These changes are most likely to have neuropsychological relevance in the absence of depression, but they can be mistaken for depression.

Adapted from Howieson and Lezak, 2002; © 2002, American Psychiatric Association Press.

pointed out the importance of adjusting cutting scores
for “age, education, premorbid intelligence, and race-
ethnicity” by demonstrating that the likelihood of false
positive predictions of brain damage tends to increase
for nonwhites and directly with age, and inversely
with education and intelligence test scores. Bornstein
(1986a) and Bornstein, Paniak, and O’Brien (1987)
demonstrated how cutting scores, mostly developed on
a small and relatively young normative sample, clas-
sified as “impaired” from 57.6% to 100% of normal
control subjects in the 60-90 age range.

When the recommended cutting scores are used,
these tests generally do identify impaired patients bet-
ter than chance alone. They all also misdiagnose both
intact persons (false positive cases) and persons with
known brain impairment (false negative cases) to
varying degrees. The nature of the errors of diagnosis
depends on where the cut is set: if it is set to minimize
misidentification of intact persons, then a greater num-
ber of brain impaired patients will be called “normal”
by the screening. Conversely, if the test-maker’s goal
is to identify as many patients with brain damage as
possible, more intact persons will be included in the

brain damaged group. Only rarely does the cutting
score provide a distinct separation between two popu-
lations, and then only for tests that are so simple that
all ordinary intact adults would not fail. For example,
the Token Test, which consists of simple verbal instruc-
tions involving basic concepts of size, color, and loca-
tion, is unlikely to misidentify verbally intact persons
as impaired.

Single tests for identifying brain disorders

The use of single tests for identifying brain damaged
patients—a popular enterprise several decades ago—
was based on the assumption that brain damage, like
measles perhaps, can be treated as a single entity.
Considering the heterogeneity of brain disorders, it is
not surprising that single tests have high misclassifica-
tion rates {G. Goldstein and Shelly, 1973; Spreen and
Benton, 1965). Most single tests, including many that
are not well standardized, can be rich sources of infor-
mation about the functions, attitudes, and habits they
elicit. Yet to look to any single test for decisive infor-
mation about overall cognitive behavior is not merely




<zolish but can be dangerous as well, since the absence
positive findings does not rule out the presence of a
ological condition.

'sefulness of screening techniques

the 1940s and 1950s, in the context of the simple
rganic” versus “functional” distinction, brain dam-
was still thought by many to have some general
:nifestation that could be demonstrated by psycho-
ical tests, screening techniques were popular, par-
ularly for identifying the brain impaired patients in
psychiatric population. As a result of better under-
«anding of the multifaceted nature of brain pathology
d of the accelerating development and refinement of
er kinds of neurodiagnostic techniques, the useful-
zss of neuropsychological screening has become much
ore limited. Screening is unnecessary or inappropriate
most cases referred for neuropsychological evalua-
zom: either the presence of neuropathology is obvious
- otherwise documented, or diagnosis requires more
n simple screening. Furthermore, the extent to
ich screening techniques produce false positives and
se negatives compromises their reliability for making
scisions about individual patients.
However, screening may still be useful with popula-
wons in which neurological disorders are more frequent
n in the general population (e.g., community dwell-
z elderly people [Cahn, Salmon, et al., 1995]). The
- most obvious clinical situations in which neuropsycho-
“ogical screening may be called for are examinations
{ patients entering a psychiatric inpatient service or
s-risk groups such as the elderly or alcoholics/substance
_zbusers when they seek medical care. Screening tests are
creasingly used in the U.S. and Canada to identify and
:ONitor CONCussions in sports participants, especially
cer and football (Covassin et al., 2009; Van Kampen
= al., 2007). Dichotomizing screening techniques are
#is0 useful in research for evaluating tests or treatments,
a7 for comparing specific populations with respect to
~zhe presence or absence of impaired functions.

Once a patient has been identified by screening tech-
ziques as possibly having a brain disorder, the prob-
~lzm arises of what to do next, for simple screening at

best operates only as an early warning system. These

-atients still need careful neurological and neuropsy-
shological study to determine whether a brain disor-
_Jer is present and, if so, to help develop treatment and
~lanning for their care as needed.

[43

Evaluating screening fechniques

In neuropsychology as in medicine, limitations in
oredictive accuracy do not invalidate either tests for
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specific signs or disabilities or tests that are sensitive to
conditions of general dysfunction. We have not thrown
away thermometers because most sick people have nor-
mal temperatures, nor do we reject the electroenceph-
alogram (EEG) just because many patients with brain
disorders test normal by that method. Thus, in neuro-
psychology, each kind of test can be used effectively as
a screening device as long as its limitations are known
and the information it elicits is interpreted accordingly.
For screening purposes, a combination of tests, includ-
ing some that are sensitive to specific impairment, some
to general impairment, and others that tend to draw
out diagnostic signs, will make the best diagnostic
discriminations.

When evaluating tests for screening, it is important
to realize that, although neuropsychological testing has
proven effective in identifying the presence of brain dis-
orders, it cannot guarantee its absence, i.e., “rule out”
brain dysfunction. Not only may cerebral disease occur
without behavioral manifestations, but the examiner
may also neglect to look for those neuropsycholog-
ical abnormalities that are present. Inability to prove
the negative case in neuropsychological assessment is
shared with every other diagnostic tool in medicine
and the behavioral sciences. When a neuropsychologi-
cal examination produces no positive findings, the only
tenable conclusion is that the person in question per-
tormed within normal limits on the tests taken at that
time. While the performance may be adequate for the
test conditions at that time of assessment, the neuro-
psychologist cannot give a “clean bill of health.”

Pattern Analysis
Intraindividual variability

Discrepancy, or variability, in the pattern of successes
and failures in a test performance is called scatter.
Variability within a test is intratest scatter; variability
berween the scores of a set of tests is intertest scatter
{Wechsler, 1958).

Intratest scatter. Scatter within a test is said to be
present when there are marked deviations from the nor-
mal pass—fail pattern. On tests in which the items are
presented in order of difficulty, it is usual for the subject
to pass almost all items up to the most difficult passed
item, with perhaps one or two failures on items close to
the last passed item. Rarely do cognitively intact per-
sons fail very simple items or fail many items of mid-
dling difficulty and pass several difficult ones. On tests
in which all items are of similar difficulty level, most
subjects tend to do all of them correctly, with perhaps
one or two errors of carelessness, or they tend to floun-
der hopelessly with maybe one or two lucky “hits.”
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Variations from these two common patterns deserve
the examiner’s attention.

Certain brain disorders as well as some emotional
disturbances may manifest themselves in intratest scat-
ter patterns. Hovey and Kooi (1955 ) demonstrated
that, when taking mental tests, patients with epilepsy
who exhibit paroxysmal brain wave patterns (sudden
bursts of activity) were significantly more likely to be
randomly nonresponsive or forgetful than were psy-
chiatric, brain damaged, or other epileptic patients.
Some patients who have sustained severe head injuries
respond to questions that draw on prior knowledge as
if they had randomly lost chunks of stored information.
For example, moderately to severely injured patients as
a group displayed more intratest scatter than a compa-
rable control group, although scatter alone did not reli-
ably differentiate brain injured from control subjects on
an individual basis (Mittenberg, Hammeke, and Rao,
1989). Variability, both intratest and over time, charac-
terized responses of patients with frontal lobe dementia
(Murtha et al., 2002). E. Strauss, MacDonald, and their
colleagues (2002) found a relationship between incon-
sistency in physical performance and fluctuations on
cognitive tests.

If scatter is present within test performances, the chal-
lenge for the examiner is to assess whether the observed
scatter in a given patient is beyond what would occur
for the relevant reference group. As few intratest scat-
ter studies for specific diagnostic groups have been
undertaken, the examiner can only rely on experience,
personal judgment, and what is known about scatter
patterns for particular tests (e.g., Crawford, Allan,
McGeorge, and Kelly, 1997). Intratest scatter may also
be influenced by cultural and language factors (Rivera
Mindt et al., 2008).

Intertest scatter. Probably the most common
approach to the psychological evaluation of brain
disorders is through comparison of the test score lev-
els obtained by the subject—in other words, through
analysis of the intertest score scatter. By this means,
the examiner attempts to relate variations between test
scores to probable neurological events—or behavioral
descriptions in those many cases in which a diagnosis
is known. This technique clarifies a seeming confusion
of signs and symptoms of behavioral disorder by giving
the examiner a frame of reference for organizing and
evaluating the data.

Making sense of intraindividual variability

A significant discrepancy between any two or more
scores is the basic element of test score analysis
(Silverstein, 1982). Any single discrepant score or
response error can usually be disregarded as a chance
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deviation. A number of errors or test score deviations
may form a pattern. Marked quantitative discrepancie:
In a person’s performance—within FESPONSES to a test
between scores on different tests, and/or with respect tc
an expected level of performance—suggest that some
abnormal condition is interfering with that person’s
overall ability to perform at their characteristic level of
cognitive functioning. Brain dysfunction is suspected
when a neurological condition best accounts for the
patient’s behavioral abnormalities.

In order to interpret the pattern of performance in
a multivariate examination, the clinician must fully
understand the nature of the tests administered, what
the various tests have in common and how they differ
in terms of input and output modalities, and what cog-
nitive processes are required for successful completion.
Appropriate interpretation of the data further requires
a thoughtful integration of historical, demographic, and
psychosocial data with the examination information,

A 32-year-old doctoral candidate in the biological sciences
sustained a head injury with momentary loss of consciousness
just weeks before she was to take her qualifying examina-
tions. She was given a small set of neuropsychological tests
two months after the accident to determine the nature of her
memory complaints and how she might compensate for them.
Besides a few tests of verbal, visuospatial, and conceptual
funcrions, the relatively brief examination consisted mainly
of tests of attention and memory as they are often most rele-
vant to mild post traumatic conditions.

The patient had little problem with attentional or reason-
ing tests, whether verbal or visual, although some tendency
to concrete thinking was observed. Both story recall and sen-
tence repetition were excellent; she recalled all of nine sym-
bol-digit pairs immediately after 3 min spent assigning digits
to an associated symbol, and seven of the pairs a half hour -
later {Symbol Digir Modalities Test); and she recognized an
almost normal number of words {12) from a list of 15 she had
attempted to learn in five trials (Auditory-Verbal Learning
Test). However, this very bright woman, whose speaking
skills were consistent with her high academic achievement,
could not retrieve several words without phonetic cueing
{Boston Naming Test); and she gave impaired performances
when attempting to learn a series of nine digits (Serial Digit
Learning), on immediate and delayed recall of the 15-word
list, and on visual recall on which she reproduced the con-
figuration of the geometric design she had copied but not the
details (Complex Figure Test). Thus she clearly demonstrated
the ability for verbal learning at a normal level, and her visual
recall indicated that she could at least learn the “big picture.”
Her successes occurred on all meaningful material and when
she had cues; when meaning or cues—hooks she could use
to aid retrieval—swere absent, she performed at defective ley-
els. Analysis of her successes and failures showed a consistent
pattern implicating retrieval problems that compromised her
otherwise adequate learning ability. This analysis allowed the
examiner to reassure her regarding her learning capacity and



»mmend techniques for prodding her sluggish retrieval

n analysis procedures

question of neuroanatomical or neurophysiolog-
elihood underlies all analyses of test patterns
=rtaken for differential diagnosis. As in every other
rostic effort, the most likely explanation for a
ral disorder is the one that requires the least
ber of unlikely events to account for it. Once test
have been reliably scored and appropriate norms
been chosen to convert scores to standard scores
ercentiles, the clinician determines whether the
n of performance is typical of individuals with a
ular diagnosis. The many differences in cognitive
srmance between diagnostic groups and between
iduals within these groups can be best appreciated
»ut to clinical use when the evaluation is based on
score patterns and item analyses taken from tests
ny different functions. If it fits a diagnostic pat-
.. the clinician then must consider what would be
chavioral ramifications of this individual’s unique
n, as even within a diagnostic category, few per-
will have an identical presentation.
ow that neuroimaging and laboratory technol-
often provide the definitive neurological diagno-
ow a brain disorder or disease might play out in
ife may be the most important issue in the neuro-
chological examination. In planning the examina-
the examiner will have in mind questions about
ratient’s real life functioning, such as potential for
ing or rehabilitation, return to work or requiring
<sted living, quality of life and capacity for interper-
relationships. These examinations require a fairly
review of functions. Damage to cortical tissue in
ea serving a specific function not only changes or
hes the expression of that function but changes
character of all activities and functions in which the
aired function was originally involved, depending
n how much the function itself has changed and
= extent to which it entered into the activity (see pp.
-348). A minor or well-circumscribed cognitive def-
may show up on only one or a very few depressed
scores or may not become evident at all if the test
ery samples a narrow range of behaviors.
L fost of the functions that a neuropsychologist exam-
s are complex. In analyzing test score patterns, the
ner looks for both commonality of dysfunction
evidence of impairment on tests involving func-
or skills that are associated neuroanatomically,
eir cognitive expression, and with well-described
=ase entities and neuropathological conditions. First,
examiner estimates a general level of premorbid
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functioning from the patient’s history, qualitative
aspects of performance, and test scores, using the exami-
nation or historical indicators that reasonably allow the
highest estimate (see Chapter 4). This aids the examiner
in identifying impaired test performances. The exam-
iner then follows the procedures for dissociation of dys-
function by comparing test scores with one another to
determine whether any factors are consistently associ-
ated with high or low scores, and if so, which ones (see
p. 131). The functions which contribute consistently to
impaired test performances are the possible behavioral
correlates of brain dysfunction, and/or represent those
areas of function in which the patient can be expected to
have the most difficulty. When the pattern of impaired
functions or lowered test scores does not appear to be
consistently associated with a known or neurologically
meaningful pattern of cognitive dysfuncrion, discrepant
scores may well be attributable to psychogenic, devel-
opmental, or chance deviations (L.M. Binder, Iverson,
and Brooks, 2009).

By and large, the use of pattern analysis has been con-
fined to tests in the Wechsler batteries because of their
obvious statistical comparability. However, by con-
verting different kinds of test scores into comparable
score units, the examiner can compare data from many
different tests in a systematic manner, permitting the
analysis of patterns formed by the scores of tests from
many sources. For example, R.X. Heaton, Grant, and
Matthews (1991) converted scores from a large number
of tests to a single standard score system.

INTEGRATED INTERPRETATION

Pattern analysis is insufficient to deal with the numer-
ous exceptions to characteristic patterns, with the many
rare or idiosyncratically manifested neurological condi-
tions, and with the effects on test performance of the
complex interaction between patients’ cognitive status,
their emotional and social adjustment, and their appre-
ciation of their altered functioning. For the examination
to supply answers to many of the diagnostic questions
and most of the treatment and planning questions
requires integration of all the data—from tests, obser-
vations made in the course of the examination, and the
history of the problem.

Some conditions do not lend themselves to pattern
analysis beyond the use of large and consistent test
score discrepancies to implicate brain damage. For
example, malignant tumors are unlikely to follow a reg-
ular pattern of growth and spread (e.g., see Plates x and
x). In order to determine which functions are involved
and the extent of their involvement, it is usually neces-
sary to evaluate the qualitative aspects of the patient’s
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performance very carefully for evidence of complex or
subtle aberrations that betray damage in some hith-
erto unsuspected area of the brain. Such painstaking
scrutiny may not be as necessary when dealing with a
patient whose disease generally follows a well-known
and regular course.

Test scores alone do mnot provide much informa-
tion about the emotional impact of brain damage on
the individual patient’s cognitive functioning or how
fatigue may alter performance. However, behavior dur-
ing the examination is likely to reveal a great deal about
reactions to the disabilities and how these reactions in
turn .affect performance efficiency. Emotional reac-
tions of brain damaged patients can affect their cog-
nitive functioning adversely. The most prevalent and
most profoundly handicapping of these are anxiety and
depression. Euphoria and carelessness, while much less
distressing to the patient, can also seriously interfere
with expression of a patient’s abilities.

Many brain impaired patients have other characteris-
tic problems that generally do not depress test scores but
must be taken into account in rehabilitation planning.
These are motivational and control (executive fanction)
problems that show up in a reduced ability to organize,
to react spontaneously, to initiate goal-directed behay-
ior, or to carry out a course of action independently.
They are rarely reflected in test scores since almost all
tests are well structured and administered by an exam-
iner who plans, initiates, and conducts the examination
(see Chapter 16 for tests that elicit these problems).
Yet, no matter how well patients do on tests, if they
cannot develop or carry out their own course of action,
they are incompetent for all practical purposes. Such
problems become apparent during careful examination,
but they usually must be reported descriptively unless
the examiner sets up a test situation that can provide a
systematic and scorable means of assessing the patient’s
capacity for self-direction and planning.



