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Abstract

Neuropsychological test interpretation has relied on pre- and postmorbid comparisons, as exemplified by the use of
demographically adjusted normative data. We argue that, when the assessment goal is to predict real-world functioning,
this interpretive method should be supplemented by “absolute” scores. Such scores are derived from comparisons with
the general healthy adult population (i.e., demographically unadjusted normative data) and reflect examinees’ current
ability, that is, the interaction between premorbid and injury/disease-related factors. In support of this view, we found
that substantial discrepancies between demographically adjusted and absolute scores were common in a traumatic brain
injury sample, especially in participants with certain demographic profiles. Absolute scores predicted selected measures
of functional outcome better than demographically adjusted scores and also classified participants’ functional status
more accurately, to the extent that these scores diverged. In conclusion, the ecological validity of neuropsychological
tests may be improved by the consideration of absolute scores. (JINS, 2009, 15, 94-102.)
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INTRODUCTION

Two core aims of neuropsychological assessment are often
to determine whether a patient (a) has cognitively declined
from (or returned to) their premorbid status and (b) has cog-
nitive difficulties that are significant enough to interfere with
(or sufficient to support) real-world functional task perfor-
mance. These will herein be referred to as testing for impair-
ment and deficiency, respectively. Neuropsychologists are
well-equipped to address both of these questions, but typi-
cally test only for impairment, and on this basis, make
(perhaps erroneous) inferences about deficiency. The main
premise of this study is that detecting impairment and defi-
ciency are distinct endeavors that require different interpre-
tive methods.

Standard dictionaries define impairment as damage, reduc-
tion, or deterioration in ability, a change for the worse. It is thus
relative to a baseline state. As will be familiar to the reader,
impairment is determined by comparing the examinee’s ob-
tained test score with their expected premorbid score. Most
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commonly, their expected score is the mean of a normative
group to which they are demographically similar (in a best
case scenario, with respect to age, level of education attain-
ment, gender, and ethnicity; e.g., Heaton et al., 2004). Alterna-
tively, expected premorbid scores may be derived from
examinees’ current intellectual status, performance on “hold”
tests that are relatively resilient to acquired brain dysfunction
such as oral word reading tasks, regression equations with de-
mographic and socioeconomic variables as predictors, histori-
cal records such as high-school grade point average, or some
combination thereof (Lange et al., 2005, 2006; Miller &
Rohling, 2001; Steinberg & Bieliauskas, 2005; Williams,
1997). If the standardized difference between the examinee’s
obtained and expected values exceeds a conventional cutoff
point (e.g., < —1.5 standard deviations), the obtained score is
unlikely to have been produced by this examine preinjury/
predisease onset, and is, therefore, considered “impaired.”! Of
course, neuropsychologists invariably administer numerous
tests, and so pre-postmorbid comparisons are made at the indi-
vidual test, domain, and battery levels, cognizant of family-wise

!'In the case of abnormally distributed screening measures, standardized
difference scores are inappropriate; instead, impairment is considered to be
present when the obtained score is exceedingly infrequent (e.g., below the
fifth percentile) in a normative sample.
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Type I error inflation (Crawford et al., 2007). Pattern analysis
and consideration of qualitative aspects of test performance are
also essential to interpretation.

Demographic adjustments (considered as the “model”
pre-postmorbid comparison method in this study) aim to sta-
tistically remove the influence of premorbid status from cur-
rent test performance as to isolate the effects of injury/disease
on cognition. Such normed scores, therefore, estimate the
magnitude of decline from premorbid levels, irrespective of
what that level was. It, therefore, seems prudent that they have
been recommended for diagnostic purposes—delineating the
nature and severity of cognitive difficulties owing to a known/
presumed neurological condition (Heaton et al., 2004; Lezak
et al., 2004; Tuokko & Woodward, 1996). They also appear
appropriate to predict return to one’s premorbid activities. For
example, determining whether a patient can likely return to
the job they held before their injury/disease onset seems most
sensibly based on their degree of impairment.

In contrast to impairment, deficiency is defined as inadequacy,
insufficiency, lack or shortage of something essential to
normal functioning. Implicit is the assumption that individuals
with a deficiency in a given ability cannot perform activities
independently (timely and safely) that require that ability.
Operationally defining deficiency, that is, “how low is too low,”
can be achieved by arbitrary statistical conventions (e.g., fifth
percentile) or empirically, by finding the threshold that maxi-
mizes sensitivity and specificity to functional status. Importantly,
whatever threshold is adopted, it must be applied to the
general healthy adult population distribution and is unrelated to
an individual’s premorbid state. In other words, deficiency can
only be determined by making “absolute” comparisons between
an examinee’s raw score and the grand normative mean (i.e., no
demographic corrections). Absolute scores reflect the inter-
action between acquired brain dysfunction and premorbid sta-
tus, and thus estimate current/postmorbid cognitive ability.

Authoritative sources on neuropsychological assessment
(e.g., American Academy of Clinical Neuropsychology
Board of Directors, 2007; Lezak et al., 2004; Mitrushina
et al., 2005; Strauss et al., 2006) either make no mention or
admonish the use of absolute comparisons. Some authors
have argued that absolute scores are actually superior on the
empirical grounds that demographically corrected scores under-
estimate cognitive impairment by over-adjusting for pre-
morbid factors (e.g., Reitan & Wolfson, 2005; Yantz et al.,
2006). Others have refuted this claim, concluding that demo-
graphically corrected scores “reflect more accurately the neuro-
psychological status of patients” (Sherrill-Pattison et al.,
2000, pg. 496), are “fairer” (Steinberg & Bieliauskas, 2005,
pg. 277), or are simply “better” (e.g., Taylor & Heaton, 2001,
pg. 874). Capturing the sentiment of the field, Lezak et al.
(2004, pg. 47) state that “most neuropsychologists assume
that [correcting for all possible demographic factors] is al-
ways preferable.” The central message of this article is that
both types of comparisons are valuable and should both be
used to address different clinical questions.

There is at least one important use for absolute com-
parisons: to more directly answer the question of whether a
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patient’s abilities are sufficient for the functional demands of
basic and instrumental activities of daily living (ADLs), uni-
versal employment-related tasks, specific recreational activi-
ties, etc. (cf. Heaton et al., 2004; Manly & Echemendia,
2007).2 Each of these tasks requires a fairly uniform pattern
and level of basic cognitive abilities, regardless of who per-
forms them. In attempting to predict whether a patient is likely
to have difficulty independently adhering to their medication
regimen, for example, knowing their absolute level of memory
ability is more important than knowing how much lower it is
than a typical 55-year-old African American female with 14
years of education, and by inference, how much their memory
ability has declined. As another example, whereas impairment
was hypothesized to predict return to premorbid employment,
deficiency should be more predictive of capacity for gainful
employment of any kind, or capacity to perform specific
employment-related tasks required for a new profession.

The distinction between impairment and deficiency will
be trivial insofar as (1) the test variables of interest are un-
correlated with demographic factors, (2) the examinee’s de-
mographic characteristics approach the population average,
or (3) the acquired brain dysfunction is extensive, thereby
overwhelming the influence of demographic/premorbid fac-
tors. In such cases, neuropsychological testing will typically
reveal evidence of both impairment and deficiency. However,
in many common clinical situations, none of these three
conditions hold, necessitating the separate consideration of
impairment and deficiency. To the extent that they diverge,
deficiency is purported here as conceptually more appropri-
ate than impairment to inform patients’ functional capaci-
ties. In other words, predictions of real-world functioning
should be based on deficiency level. Predictions about real-
world functioning and related recommendations based on
impairment level may be exceedingly punitive or lax. The
implication is that normative comparisons that “correct” for
estimated premorbid ability (e.g., through demographic ad-
justments) can lower the ecological validity of neuropsycho-
logical test scores for some examinees.

This theoretical argument raises empirical questions. How
discrepant are impairment (operationalized as demographi-
cally adjusted scores) and deficiency (absolute scores) levels
in the same examinees? In other words, does the type of
normative comparison actually make much difference? Al-
though preferable on conceptual grounds, does deficiency
actually predict functional status better than impairment?
A preliminary attempt to answer these questions follows.

METHOD

Participants

Participants with traumatic brain injury were recruited
through the Southeastern Michigan Traumatic Brain Injury
System program. Of 62 participants, 10 were excluded from

2 Others make a similar argument, but for age-correct scores (Mitrushina
et al., 2005), e.g., “general population of 58-year-olds.”
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this study because of an excess of missing data points (see
below). At the time of injury, our sample of 52 participants
were, on average, 38.3 years old (range, 18 to 65 years) and
completed 11.5 years of education (range, 6 to 18 years);
79% were male and 73% were African-American (the re-
mainder were Caucasian). With regard to injury severity,
median Glasgow Coma Scale score at admission was 9,
median loss of consciousness duration was 1.5 days, and
median posttraumatic confusion duration was 24.5 days.

Materials and Procedure

All subjects were administered a neuropsychological battery
for research purposes by a trained psychometrist at approxi-
mately 1 year posttraumatic brain injury. Of the tests in our
research battery, five were included in the normative system
of Heaton et al. (2004), and so were retained for analysis:
Trail Making Test (TMT; Reitan & Wolfson, 1985), California
Verbal Learning Test, Second Edition (CVLT-2; Delis et al.,
2000),? phonemic fluency (FAS), Digit Vigilance Test (DVT;
Lewis & Rennick, 1979), and Grooved Pegboard Test (GPT;
Reitan & Wolfson, 1985). These tests produced seven vari-
ables: TMT Part A, TMT Part B, CVLT-2 total learning trials
1-5, CVLT-2 long delay free recall, FAS total score, DVT
total time, and GPT dominant hand time (nondominant hand
time was not included, as the results should be redundant).
Raw scores were converted to absolute and adjusted scores,
using the tables provided in Heaton et al. (2004). Both of
these are standard difference scores (expressed in T scores for
the present study) derived from contrasting raw scores with
normative data. Absolute scores involve a normative sample
that reflects the general healthy adult population (i.e., no strat-
ification or adjustment for any demographic variables). For
the tests in our battery, this normative sample was approxi-
mately 80% Caucasian, 57% male, and averaged 49 years of
age and 13.9 years of education (derived from Heaton et al.,
2004); it thus reasonably corresponds to the 2000 US Census.
Adjusted scores involve a normative sample that is similar to
the examinee with respect to age, education, gender, and eth-
nicity (or technically, a predicted score from a regression
model derived from healthy subjects with these demographic
factors as independent variables). Overall test battery mean
(OTBM) summary scores were then computed by separately
averaging absolute scores and adjusted scores for the seven
neuropsychological test variables. Several participants were
not administered at least one test in the battery, usually due to
time constraints. Those missing two or more test variables
(n=10) were excluded from the analyses. Participants miss-
ing only one test variable (n=6) did not differ from those with
no missing data (n=46) with respect to their absolute OTBM
[#(50)=.82; p=.42] or adjusted OTBMs [#(50)=-.33; p=.74],
and so were included (their OTBMs were computed by aver-
aging six test variables). Discrepancy scores were computed

3 The CVLT was actually used by Heaton et al. (2004), but the raw
scores for the variables used in this study are equivalent for the CVLT and
CVLT-2 (Delis et al., 2000).
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by subtracting adjusted scores from absolute scores (i.e., pos-
itive scores indicate that the examinee’s absolute score was
lowered by the demographic adjustment and vice versa).

Measures of functional outcome were administered con-
currently, by a rater who was blind to their neuropsycho-
logical test performance. They included the Disability Rating
Scale (DRS; Rappaport et al., 1982), Glasgow Outcome
Scale — Expanded (GOS-E; Wilson et al., 1998), Craig
Handicap Assessment and Reporting Technique — Short
Form (CHART; Whiteneck et al., 1997), and the Supervision
Rating Scale (SRS; Boake, 1996). These instruments have
satisfactory inter-rater reliability, sensitivity to change with
recovery, and construct validity in traumatic brain injury
samples (Dijkers & Greenwald, 2007; Hammon et al., 2004;
Levin et al., 2001; van Baalen et al., 2006; Walker et al.,
2003).

The CHART was completed with the participants. The
other functional outcome measures were administered to the
“best available source,” the participant and/or their caregiver.
Items from the measures that made no reference to the indi-
vidual’s premorbid ability and fell in one of the following
domains were included: (1) living/residence, (2) community
ambulation, (3) employment, (4) global. See Table 2 for
the correspondence between the selected outcome measures
and domains of functioning. DRS Employability is a seven-
point ordinal scale ranging from 0 (not restricted in open
labor market) to 3 (completely unemployable, even in a shel-
tered workshop). DRS Functioning is an 11-point ordinal
scale ranging from O (complete independence) to 5 (totally
dependent and requiring 24-hr nursing care). Responses to
GOS-E items were coded as yes/no. SRS scores ranged from
1 to 13, but where dichotomized as independent living vs.
receiving supervision because of severe positive skewness.
CHART index scores range from a maximum of 100, “level
of performance typical of the average nondisabled person,”
to 0, complete disability. Employment status was dichoto-
mized as productive outcome (competitive employment) and
unproductive outcome (retired/disability or unemployed/not
looking); participants whose employment status was equivo-
cal (e.g., homemaking; n=32) were excluded from this
analysis.

This study was conducted in compliance with the Wayne
State University Institutional Review Board’s policy for re-
search with de-identified databases (i.e., containing no pro-
tected health information).

RESULTS

To appreciate how much of a difference these scoring sys-
tems make, absolute minus adjusted discrepancy scores were
summarized for each test and the OTBM, across subjects. As
can be seen in Table 1, discrepancies greater than 1.5 stan-
dard deviations occurred in our sample. Table 1 also displays
the frequency of non-trivial discrepancies in the sample,
where “non-trivial” is defined as a T score difference of greater
than five (0.5 standard deviations), because this moves an
examinee from one category descriptor to the next (e.g.,
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Table 1. Descriptive statistics for absolute scores, adjusted scores, and discrepancy scores

Min/Max T % with>5T

N Absolute Mean (SD) Adjusted Mean (SD) score difference pts difference
DVT 49 41.1 (9.7) 41.0(10.2) —8/+8 16.3
TMT A 52 39.7 (9.9) 39.4 (11.8) —11/+11 28.9
TMT B 51 38.9(11.2) 38.5 (13.0) —13/+10 47.1
CVLT-2 Trials 1-5 52 37.7 (8.5) 34.2 (12.1) =9/+17 57.7
CVLT-2 LDFR 52 38.1 (9.1) 36.0 (13.4) -12/+14 44.2
FAS 51 38.8 (8.3) 40.2 (9.3) -16/+7 23.5
GPT-dom 51 37.4(9.8) 38.7 (10.9) —13/+9 39.2
OTBM 52 38.7 (6.8) 38.0 (8.0) -9/+9 36.5

Note. DVT, Digit Vigilance Test; TMT, Trail Making Test; CVLT, California Verbal Learning Test, Second Edition (CVLT-2); LDFR,
long delay free recall; FAS, F-A-S version of phonemic fluency; GPT-dom, Grooved Pegboard Test, dominant hand; OTBM, overall

test battery mean.

Below Average to Mildly Impaired) in the Heaton et al. (2004)
system. In our sample, participants with non-trivial OTBM
discrepancies were similar to those with trivial OTBM dis-
crepancies with respect to age [#(44)=0.50; p=.62], gender
x> (1)=.73; p=.39], and education [1(44)=1.62; p=.11],
but more likely to be Caucasian [y? (1)=7.72; p=.005].

A linear regression analysis was then performed to eluci-
date the “risk factors” for OTBM discrepancies. Absolute-
versus-adjusted OTBM discrepancy scores were regressed
onto demographic variables: age, education, gender, and eth-
nicity. The overall model was significant, F(4,41)=34.69; p <
.001, adjusted R?=.750. Age (beta=—.637; p < .001), educa-
tion (beta = .284; p=.001), gender (beta=-.204; p=.01), and
ethnicity (beta=-.441; p < .001) all uniquely contributed to
the model, with minimal colinearity (tolerance > .90 for all
variables). That is, a hypothetical young highly educated
Caucasian female is most likely to have a large absolute >
adjusted discrepancy. In contrast, an older poorly educated
African-American male is most likely to have a large abso-
lute < adjusted discrepancy.

Next, to contrast the ability of the absolute OTBM ver-
sus the adjusted OTBM to predict clinical ratings of real-
world functioning, we ran pairs of regression models with
each OTBM as the sole predictor. The appropriate gener-
alized linear model response family was selected for each
outcome variable: binary logistic for dichotomous vari-
ables (GOS-E, employment status, SRS), ordered logistic
for ordinal variables (DRS), and ordinary least squares mod-
el for continuous variables (CHART). For one of the DRS
variables (Global), the proportional-odds assumption of
ordered logistic regression did not hold [y? (5)=16.99;
p=.005 for absolute OTBM], and so generalized ordered
logistic regression was used instead. Due to violations of
the assumptions of homoscedasticity and normally dis-
tributed residuals, robust errors were used for the ordi-
nary least squares models. Canonical links were used for
all models. To meaningfully compare the pairs of absolute
versus adjusted OTBM models, the Bayesian Information
Criterion (BIC) was computed for each. Lower values in-
dicate better model fit. The magnitude of difference in
BIC values between models is conventionally interpreted
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as follows (Hardin & Hilbe, 2007): between 0 and 2

“weak”), 2 and 6 (“positive”), 6 to 10 (“strong”), and > 10
(““very strong”). As can be seen in Table 2, seven of the
eight models indicated better fit for the absolute OTBM,
and there was strong evidence of superiority of the abso-
lute OTBM for three of eight (in the domains of global
functioning and employment).

To better understand the clinical significance of absolute
versus adjusted scores vis-a-vis ecological validity, the ordi-
nal and continuous outcome variables (DRS, CHART) were
dichotomized into complete independence/unrestricted (i.e.,
ceiling-level rating) versus varying levels of dependence/
restrictions. The cut-off scores on the OTBMs were chosen
to maximize overall accuracy in classifying functional status;
they ranged from T < 33 to T < 40. Differences in classifica-
tion accuracy when using the absolute versus adjusted
OTBM as the predictor was examined in two ways: (1) for
each outcome variable, across participants, and (2) for each
participant, across outcome variables.

Table 3 shows the first of these analyses, the percentage of
the sample that was classified accurately for each outcome
variable, using the absolute or adjusted OTBM as the predictor.
The absolute OTBM classified subjects at least as accurately
as the adjusted OTBM across all outcome variables, and as
much as 12.2% (median=9.7%) higher. However, none of
these pairwise differences reached statistical significance
(all 2 tests were p > .05).

In the second of these analyses, we found that partici-
pants were classified correctly on more of the eight func-
tional outcome measures when their absolute OTBM was
the predictor compared to when their adjusted OTBM was
the predictor (Wilcoxon Signed Ranks Z=-3.13; p=.002).
As can be seen in Table 4, this statistic reflects that the
absolute and adjusted OTBM resulted in identical overall
classification accuracy in exactly half of the sample, and
when they differed, participants were over five times
more likely to be classified accurately on more functional
outcome measures by their absolute OTBM than by
their adjusted OTBM (85% vs. 15%). Not surprisingly,
a more detailed analysis showed that ties in classification
accuracy occurred disproportionately often in participants
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Table 2. Bayesian information criterion values for each model and their pairwise difference

Outcome variable Predictor/OTBM
Domain Measure Response family N Absolute Adjusted (Difference)
Living Amount of supervision (SRS) Logit 52 61.87 66.54 4.67
Is the assistance of another person at Logit 44 56.03 60.96 4.93
home essential every day for some
activities of daily living? (GOS-E #2)
Community Ability to move about effectively in Gaussian* 49 442.27 443.58 1.31
Ambulation his/her surroundings (CHART
Mobility)
Are they able to travel locally without Logit 30 26.11 23.92 -2.19
assistance? (GOS-E #4)
Employment Employment status Logit 33 39.5 41.1 1.6
Employability (DRS item H) GO-Logit 52 189.2 196.1 6.9
Global Overall level of daily functioning Ordered 52 203.7 2104 6.7
(DRS item G)
Ability to occupy time with paid or Gaussian* 51 524.1 530.2 6.1

volunteer work, recreation/ leisure,
household tasks, etc. (CHART
Occupational)

Note. OTBM =overall test battery mean; SRS =Supervision Rating Scale; GOS-E=Glasgow Outcome Scale, Extended; CHART =Craig Handicap Assessment
and Reporting Technique; DRS =Disability Rating Scale; GO-Logit=generalized ordered logit.

* With robust errors.

with trivial differences (= 5 T points) between their abso-
lute and adjusted OTBMs (64 %) than those with non-trivial
differences (26%), y2 (1)=6.72; p=.010.

DISCUSSION

Normative comparisons in the psychometric assessment of
cognitive abilities are clinical neuropsychology’s defining
feature (Ivnik, 2004). The composition of normative groups
is, therefore, of fundamental importance. As the closest pos-
sible match to the examinee with respect to demographic
variables is generally regarded as optimal (Lezak et al.,
2004), demographically adjusted normative data have en-
joyed almost exclusive use to address the gamut of neuro-
psychological referral questions. This study argues that
“optimal” depends on the purpose of the comparison. If the
clinician is interested in whether a patient has declined from
their premorbid status, contrasting their obtained raw scores
with their expected premorbid scores (based on age, educa-
tion, gender, ethnicity, and any other variables that add to
their prediction) is most appropriate. This type of compari-
son quantifies impairment—how much examinees’ scores
are lowered relative to their (estimated) preinjury/disease
onset baseline. The degree of impairment is likely most pre-
dictive of the patient’s success in returning to (or continuing)
work or other premorbidly engaged-in functional activities
with extraordinary or idiosyncratic cognitive demands. If, in
contrast, the clinician is interested in determining whether
the patient’s cognitive abilities are sufficient for the demands
of universal functional tasks (e.g., activities of daily living,
driving a car, operating a cashier, etc.), comparing their raw
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scores with general healthy adult population norms, generat-
ing “absolute” scores, is most appropriate. This type of com-
parison quantifies deficiency—how low the examinees’
scores are currently, reflecting an interaction between their
premorbid baseline and brain injury/disease effects.

Data analyses from a sample of patients with postacute
traumatic brain injury provided preliminary empirical sup-
port for this conceptual argument. The aims of these analy-
ses were to explore (1) the frequency and magnitude of
differences between absolute and adjusted scores (measuring
deficiency and impairment, respectively), as well as the
characteristics of examinees with significant differences be-
tween the two, and (2) their relative ability to predict clinical
ratings of real-world functioning. With regard to the first
aim, impairment and deficiency were found to diverge often.
Approximately one third of participants in our sample ob-
tained non-trivial discrepancies (> 0.5 standard deviations)
in their OTBM, and cases of dissociation (i.e., impairment
but no deficiency and vice versa) were seen. The “risk
factors” for such discrepancies in the present sample are con-
sistent with previous studies documenting the relationship
between demographic variables and neuropsychological test
performance: age, education, gender, and ethnicity all uni-
quely contributed to predicting discrepancy. The clinical rel-
evance of this finding is that examinees with combinations
of these variables in the same direction are particularly sus-
ceptible to large absolute versus adjusted discrepancies,
and as a corollary, possible interpretive errors when the
prediction of functional status is based on the latter. For
example, an older adult with very low education may exhibit
minimal impairment, engendering little concern about their
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Table 3. Classification accuracy of absolute and adjusted overall test battery mean scores
% Correct
Outcome domain Outcome measure N Absolute Adjusted
Living Amount of supervision (SRS) 52 71.2 59.6
Is the assistance of another person at home essential 44 77.3 75
every day for some activities of daily living? (GOS-E #2)
Community Ambulation Ability to move about effectively in his/her surroundings 49 59.2 55.1
(CHART Mobility)
Are they able to travel locally without assistance? 30 93.3 93.3
(GOS-E #4)
Employment Employment status 33 75.8 63.6
Employability (DRS item H) 52 63.5 55.8
Global Overall level of daily functioning (DRS item G) 52 71.2 59.6
Ability to occupy time with paid or volunteer work, 51 74.5 62.7

recreation/leisure, household tasks, etc. (CHART

Occupational)

Note. OTBM =overall test battery mean; SRS =Supervision Rating Scale; GOS-E=Glasgow Outcome Scale, Extended; CHART =Craig Handicap Assess-

ment and Reporting Technique; DRS =Disability Rating Scale.

driving safety, while the same raw scores correspond to
moderate to severe deficiency, and likely, increased accident
risk. Of note, future refinement in the prediction of premor-
bid neuropsychological test scores, such as with oral word
reading performance (Schretlen et al., 2005; Testa, 2007),
can be expected to improve the accuracy with which pre-
postmorbid comparisons measure acquired brain dysfunc-
tion but further worsen the ecological validity of such data if
they continue to be used to predict real-world functioning.
The second aim of this study was to provide a preliminary
examination of the hypothesis that real-world functioning is
more closely related to, and, therefore, better informed by,
deficiency than impairment. In a series of regression models,
the absolute OTBM was found to be a better predictor of
clinical ratings of global real-world functioning than the ad-
justed OTBM. The strength of this evidence ranged from
positive/minimal to strong across the outcome measures,
according to standard interpretive criteria. Participants also

tended to be classified more accurately as dependent/inde-
pendent on these outcome measures by their absolute OTBM;
these differences were most evident for overall classification
accuracy, when the outcome measures were collapsed. The
relatively modest superiority of absolute over adjusted OTBM
scores in the whole sample is not surprising given that the
two were highly correlated [r(50)=.80; p < .001]. The
OTBMs were also highly similar (= 5 T points) for many par-
ticipants (two-thirds of our sample), and indeed, classifica-
tion accuracy differences were significantly less frequent in
these participants. In conclusion, absolute scores appear to
be more ecologically valid than adjusted scores for the aver-
age neuropsychological examinee with traumatic brain in-
jury. This may be less true for examinees with highly similar
absolute and adjusted scores (i.e., grossly equivalent impair-
ment and deficiency).

Several limitations of this study are noteworthy. Because
ethnic minority status and low education attainment were both

Table 4. Frequency of total correct classifications across the eight functional outcome measures for the absolute OTBM versus the

adjusted OTBM

Total correct classifications for adjusted OTBM

3 4

Total correct
classifications for
absolute OTBM

Co NI OV AW~ O

5
0
0
0
0
0

- O O O O O O O | N
A2, O OO OO O O | X

Note. Gray area, participants who were accurately classified on more of the functional outcome measures by their adjusted OTBM versus their absolute OTBM.
Black area, participants who were accurately classified on more of the functional outcome measures by their absolute OTBM versus their adjusted OTBM.
White diagonal, ties, or participants who had equivalent classification accuracy with both their OTBMs.
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over-represented in the present sample, generalizability is
limited. Certainly, further research in other clinical conditions
and samples with different demographic compositions is
needed to adequately test our hypothesis. The frequency and
magnitude of absolute versus adjusted score discrepancies are
expected to be lower in a research sample (or clinical practice
setting) that more closely reflects the American “sociocultural
mean” (but comparable to another with a composition that
differs from the national average in other ways, e.g., young
highly-educated Caucasians at a university clinic). Consistent
with the present findings, less significant discrepancies be-
tween absolute and adjusted scores should be associated with
relatively unimpressive differential ecological validity. Future
studies with larger samples could also separate out partici-
pants with trivial and non-trivial absolute/adjusted OTBM dif-
ferences in their analyses, to better understand the distinct
implications for ecological validity in examinees with these
characteristics. Another limitation is that weaker reliability of
certain functional outcome measures in our study may have
resulted in increased error and reduced power relative to anal-
yses involving functional outcome measures with stronger
reliability. Therefore, conclusions about absolute scores better
predicting some outcome domains (e.g., living independence)
and not others (e.g., community ambulation) are premature.
As well, only one, albeit the most common, method of pre-
postmorbid comparison was used in this study. Although the
present findings should hold for other methods (e.g., intelli-
gence versus memory contrasts), this remains to be empiri-
cally demonstrated. Finally, future research will be necessary
to examine the complementary hypothesis that adjusted scores
better predict resumption of one’s premorbid occupation than
absolute scores.

These limitations notwithstanding, consideration of abso-
lute scores in clinical practice may improve the ecological
validity of neuropsychological assessments and the value of
assessment-driven recommendations. This would comple-
ment, rather than contradict, other proposed methods of in-
creasing ecological validity, such as developing new tests that
more closely resemble real-world tasks (Burgess et al., 2006;
Spooner & Pachana, 2006) and supplementing test data
with observer rating scales (Chaytor et al., 2006; Sbordone &
Guilmette, 1999). Best of all, it would require no additional
administration time and minimal alteration of neuropsycholo-
gists’ assessment practices. However, clinicians will be some-
what limited by the paucity of general healthy adult population
normative data. Absolute scores are routinely provided by the
expanded Halstead-Reitan battery normative system (Heaton
et al., 2004), as well as a handful of test-specific manuals
(e.g., Heaton et al., 1993). Approximations can be found in
the descriptive statistics section of some test manuals or
can be calculated by aggregating the means of stratified data.
The descriptive statistics reported in the meta-analyses by
Mitrushina et al. (2005) may also be useful in this regard.
Considerable caution must be exercised in using these data for
normative comparisons given that they were not developed for
this purpose and may be quite disparate from population
parameters. In report writing, the category descriptors should
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reflect the type of normative comparison made (e.g., “Mildly
Impaired” would be inappropriate in reference to an absolute
score). This may actually reduce the immense variability in
assigning category descriptors among neuropsychologists
(Guilmette et al., 2008) at least somewhat.

There are also foreseeable clinical implications of the im-
pairment versus deficiency distinction other than with re-
spect to ecological validity. For example, in forensic work,
compensation in personal injury litigation based on cogni-
tive losses, or the degree of acquired cognitive problems ow-
ing to an injury, would be best informed by impairment. On
the other hand, compensation based on current employability
or earning potential, needs for in-home professional sup-
port services, etc., would be better informed by deficiency.
As another example, both the prodromal, or “mild cognitive
impairment,” phase and early dementia phase of neurode-
generative diseases are characterized by cognitive decline.
Their distinction typically lies in the preservation versus de-
terioration in daily functioning (Gauthier et al., 2006). In this
diagnostic scheme, individuals with premorbidly lower abil-
ities will more often be diagnosed as having dementia, be-
cause less of a decline will be needed before functional
impairment manifests (impairment and deficiency), whereas
premorbidly higher-functioning individuals with the same
magnitude of cognitive decline (i.e., comparable adjusted
scores) will tend not to be diagnosed with dementia (impair-
ment but no deficiency) until later. This can be thought of as
another form of ascertainment bias (cf. Tuokko et al., 2003).
Because the magnitude of decline, rather than current ability
level, is likely more predictive of future decline (i.e., the pres-
ence of neurodegenerative disease), this adds to the argu-
ment against a “preserved daily functioning” criterion in the
detection of prodromal dementia (e.g., Hallam et al., 2008).

There are also implications for research methodology.
Research on the ecological validity of traditional neuropsycho-
logical tests has largely involved correlating them with
various measures of real-world performance (see Chaytor &
Schmitter-Edgecombe, 2003 for a review of this literature).
Several such studies analyzed normed scores that are adjusted
for demographical variables rather than raw scores (e.g.,
Crowe et al., 2004; LeBlanc et al., 2000; Ready et al., 2001)
and still others did not specify. The present findings suggest
that studies analyzing adjusted scores may underestimate the
actual ecological validity of the tests being investigated.

Finally, it is important to emphasize that any kind of cog-
nitive test score (or for that matter, any measure of bodily
systems dysfunction) cannot be used in isolation to deter-
mine disability (Peterson, 2005). Rather, this endeavor de-
pends on the interplay between cognitive abilities, emotional
and neurobehavioral functioning, physical limitations (e.g.,
hemiplegia), caregiving resources, compensation strategies
and assistive technologies, and other contextual/environ-
mental factors. In other words, deficiency is more relevant
than impairment for predicting functional capacity, but must
be considered in concert with these factors, as well as non-
neuropathogenic sources of poor cognitive test performance
(Sbordone & Guilmette, 1999).
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