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Abstract

The performance of 23 patients with moderate—severe traumatic brain injury on the California Verbal Learning Test,
Second Edition (CVLT-II; Delis et al., 2000) was compared with that of 23 matched healthy controls to determine
whether recall discriminability indices, which take into account both correct target recall and intrusive errors, would
provide better diagnostic classification than traditional variables that are based exclusively on correct recall. Patients
with traumatic brain injury recalled fewer correct words, and also made more intrusive errors, on CVLT-II short and
long delay, free and cued recall trials (p < .02 for all variables after Stepdown Bonferroni correction). However,
recall discriminability indices yielded a classification of clinical versus control participants (72%) that was not
significantly different from one based on traditional variables (74%). We conclude that CVLT-II recall
discriminability indices do not routinely provide an advantage over traditional variables in patients with traumatic

brain injury. (JINS, 2007, 13, 354-358.)
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INTRODUCTION

The California Verbal Learning Test (CVLT; Delis et al.,
1987) was used widely for many years in neuropsycholog-
ical assessments to evaluate quantitative and process aspects
of learning and memory. It had demonstrated sensitivity to
a wide range of clinical conditions, ranging from various
forms of amnesia and dementia (Delis et al., 1991; Hamil-
ton et al., 2004) to traumatic brain injury (Curtiss et al.,
2001; Wiegner & Donders, 1999). In addition, the CVLT
had been shown to be a significant predictor of job perfor-
mance after acquired brain dysfunction (Kibby et al., 1998).
The revision of this instrument, the California Verbal Learn-
ing Test, Second Edition (CVLT-II), included standardiza-
tion on a much more representative normative base (Delis
et al., 2000). Some of the component indices intended to
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reflect specific underlying cognitive processes were modi-
fied (Stricker et al., 2002). Another important change was
the incorporation of indices of discriminability for short
and long delay, free and cued recall trials. These indices
incorporate in a single score the number of correct words
recalled as well as the number of intrusive errors (i.e., words
that were not on the original list), with the goal of providing
a potentially more accurate assessment of memory charac-
teristics than traditional variables that are based exclusively
on the number of target items recalled. The availability of
recall discriminability variables presented a potential advan-
tage because some patients may provide an average number
of correct items during recall trials, not because they truly
remember them selectively but because they are making
plausible guesses, including a high number of intrusions
along with correct responses.

Delis and colleagues (2005) demonstrated that the new
CVLT-II recall discriminability indices were superior to tra-
ditional variables in distinguishing the performances of
patients with Alzheimer’s disease versus Huntington’s dis-
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ease. However, this potential advantage has not yet been
demonstrated with other diagnostic groups. The purpose of
the current investigation was to determine the degree to
which these recall discriminability indices would improve
the distinction between patients with traumatic brain injury
(TBI) and matched healthy controls. At this time, there is
no published research concerning the criterion validity of
the CVLT-II in patients with TBI. Several studies involving
the original CVLT suggested that not all patients with TBI
make a lot of recall errors, but that significantly elevated
levels of intrusions may occur in those with more severe
injuries (Wiegner & Donders, 1999) and who demonstrate
more overall memory impairment (Curtiss et al., 2001). For
these reasons, it is not yet clear if the new CVLT-II recall
discriminability indices are routinely more informative than
traditional measures that are based exclusively on target
items correctly recalled after delays, in the evaluation of
patients with TBI. The current exploratory investigation was
pursued in an attempt to clarify this possibility.

METHODS

Research Participants

Following institutional review board approval, the 23 clin-
ical participants were selected from a 2-year series of con-
secutive referrals to a regional Midwestern rehabilitation
hospital, according to the following criteria: (a) diagnosis
of moderate—severe TBI, defined as an external force to
the head with witnessed loss of consciousness and associ-
ated neuroimaging evidence for an acute intracranial lesion;
(b) age between 16 and 80 years at the time of psychomet-
ric assessment (to allow applicability of available test
norms); (c) evaluation with the CVLT-II within 1 year
after injury; (d) absence of any premorbid neurological,
psychiatric, special education, or substance abuse history;
and (e) absence of current financial compensation-seeking.
During the time period that these data were collected, the
CVLT-II was routinely administered to all referred patients
with TBI, unless there were circumstances that would have
argued against it (e.g., non-English language background,
uncorrected hearing impairment). This investigation was
limited to patients with moderate—severe TBI, because
uncomplicated mild TBI is typically not associated with
significant memory impairment (Iverson, 2005; Schretlen
& Shapiro, 2003).

Following selection of the 23 clinical patients, an equal
number of healthy control participants were selected from
the CVLT-II standardization sample. These controls were
matched to the clinical participants on the basis of age,
gender, and (when possible) educational level and ethnic-
ity. None of them had known neurological or psychiatric
histories. Demographic characteristics of both groups are
presented in Table 1.

The clinical patients were seen at an average of
118.74 days postinjury (SD = 71.07; median = 99; range,

https://doi.org/10.1017/51355617707070439 Published online by Cambridge University Press

355
Table 1. Demographic characteristics of patients with
moderate—severe traumatic brain injury (TBI; n = 23)
and controls (n = 23)
Variable TBI Control

Years of age (M, SD) 34.44 (20.06) 35.26 (20.01)

Gender (n, %)

Female 8  (34.78) 8  (34.78)

Male 15 (65.22) 15 (65.22)
Level of education (n, %)

9-11 years 6  (26.09) 5 (21.74)

12 years 8  (34.78) 8 (34.78)

13-15 years 4 (17.39) 6  (26.09)

16+ years 5 (21.74) 4 (17.39)
Ethnicity (n, %)

African 1 (4.35) 2 (8.70)

Caucasian 20  (86.96) 18  (78.26)

Latino 2 (8.70) 3 (13.04)

Note. Data for control participants are from the standardization sample of
the California Verbal Learning Test, Second Edition (CVLT-II). Copyright
© 2000 by Harcourt Assessment, Inc. Used by permission. All rights
reserved.

42-270 days); always on an outpatient basis, and only when
they were medically stable. The majority (n = 17; 74%)
had sustained TBI as the result of a motor vehicle accident,
with other injuries including falls, recreational activities,
and assaults. Initial Glasgow Coma Scale scores spanned
the full range of 3—15, but all participants had positive neuro-
imaging findings, including diffuse (e.g., edema, shear injury;
n = 10) and/or focal (e.g., contusion, hemorrhage; n = 17)
lesions. Median duration of coma, defined as the days
until verbal commands were followed, was 1 day (range,
0-10 days).

MATERIALS AND PROCEDURE

The CVLT-II is an individually administered test of the
ability to learn and remember verbally presented informa-
tion. It involves the oral presentation of two word lists that
each contain 16 items, including four words from each of
four semantic categories. There are five trials of full pre-
sentation and immediate recall of the first list (A), fol-
lowed by one-time presentation and immediate recall of a
second, interference list (B). Measures of free recall and
semantically cued recall are obtained immediately after
the trial with list B, and again after a 20-min delay during
which nonverbal tasks are administered. Then, a recogni-
tion trial is presented in which the examinee is asked to
identify the 16 items from list A from a larger list that
contains various distractor items. After another 10-min delay
with nonverbal tasks, a final forced-choice trial is admin-
istered that is intended to assess level of effort and moti-
vation on the test.

Overall performance on the CVLT-II is characterized in
terms of a summary 7 score (M = 50; SD = 10), reflecting
level of correct immediate recall over the five successive
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trials of the first list (Total A1-5), with higher scores reflect-
ing better performance. In addition, the instrument allows
for the computation of numerous z scores (M = 0; SD = 1)
for a variety of other variables. The main variables of inter-
est in the present study were those from the CVLT-II recall
trials, including Short Delay Free Recall, Short Delay Cued
Recall, Long Delay Free Recall, and Long Delay Cued
Recall. For each of these recall trials, two types of z scores
were obtained: (1) the traditional scores based on the num-
ber of correct target words reported, and (2) the new recall
discriminability indices that reflect level of target recall
relative to intrusion rate. Higher z scores reflect better per-
formance on all of these variables. Finally, CVLT-II Intru-
sions were also considered. Higher z scores reflect worse
performance on this particular variable.

RESULTS

The average composite CVLT-II T score of the clinical
patients (M = 44.57; SD = 11.68) was statistically signifi-
cantly worse than that of the control participants [M = 52.08;
SD =7.03; F(1,44) =7.01; p <.02, n*> = .14]. This finding
reflects the general sensitivity of the instrument to the
sequelae of moderate—severe TBI. However, of greater inter-
est for the purposes of this investigation was the perfor-
mance of the two groups on the recall trials because the
clinical patients also had a higher z score for Intrusions
(M = .87; SD = 1.47) than the control participants [M =
.02; SD = .68; F(1,44) = 6.29; p < .02, n? = .13]. This
finding reflects that, as a group, patients with moderate—
severe TBI made more recall errors.

Figure 1a presents the performance of both groups on the
traditional CVLT-II variables that are based exclusively on
target words correctly recalled, whereas Figure 1b presents
the performance of these groups on the CVLT-II recall dis-
criminability indices for these same trials. Inspection of
these figures suggests that, with both sets of variables, the
patients with TBI typically did worse than the control par-
ticipants. Independent samples ¢ tests with the Stepdown
Bonferroni method to balance the risk of Type I and Type 11
errors revealed that these group differences were statisti-
cally significant (p < .02) for all of the eight variables.

Because group differences in average performance do
not convey information about classification accuracy that is
important for clinical diagnosis, two separate discriminant
function analyses were performed, one using the traditional
CVLT-II recall indices as independent variables, and one
using the recall discriminability indices. Group status (TBI
vs. control) was the dependent variable in both analyses.
The group of traditional indices classified 74% (34/46) of
the participants correctly, with a sensitivity of 70% and a
specificity of 78%. The group of recall discriminability indi-
ces classified 72% of the participants correctly, with a sen-
sitivity of 74% and a specificity of 70%. The difference in
overall classification accuracy fell far short of statistical
significance (z = .22; p > .40).
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Fig. 1. a: Comparison of patients with moderate—severe trau-
matic brain injury (TBI; n = 23) and controls (n = 23) on the
California Verbal Learning Test, Second Edition (CVLT-II), using
traditional recall variables. Note. Data for control participants are
from the standardization sample of the CVLT-II; copyright © 2000
by Harcourt Assessment, Inc. Used by permission. All rights
reserved. b: Comparison of patients with moderate—severe TBI
(n = 23) and controls (n = 23) on the CVLT-1I, using new recall
discriminability variables. Note. Data for control participants are
from the standardization sample of the CVLT-II. Copyright © 2000
by Harcourt Assessment, Inc. Used by permission. All rights
reserved. SDFR, short delay free recall; SDCR, short delay cued
recall; LDFR, long delay free recall; LDCR, long delay cued recall.
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DISCUSSION

The purpose of this investigation was to determine whether
new CVLT-II indices that take into account both correct and
incorrect responses on the short and long delay, free and
cued recall trials would provide a distinct diagnostic advan-
tage in the evaluation of patients with moderate—severe TBI
over traditional variables that are based exclusively on cor-
rect target words recalled. The findings indicate that clini-
cal versus control mean group differences were statistically
significant for both the traditional scores and the recall dis-
criminability indices. The indices had comparable sensitiv-
ity and specificity.

The current findings contrast with those of Delis and
colleagues (2005), who demonstrated much more pro-
nounced differences between patients with Alzheimer’s dis-
ease versus Huntington’s disease on the new CVLT-II recall
discriminability scores than on the traditional recall vari-
ables. This difference in findings may be due to the fact that
patients with Alzheimer’s disease can often be expected to
have fairly high levels of Intrusions (Delis et al., 1991), but
this finding is not necessarily ubiquitous after TBI. Although
the patients with TBI in the current investigation did have a
statistically significantly higher level of Intrusions than the
controls, their average z score on this variable was still less
than 1 SD from the normative mean. Post hoc frequency
counts suggested that only a minority (n = 9; 39%) of the
participants with TBI had a z score = 1.5 on this variable; a
level of impairment that was considered unusual because it
was not found in any of the control participants. These nine
participants also had worse overall performance in terms of
accurate recall, as reflected in the composite 7 score (M =
39.01; SD = 10.74), than the rest of the clinical patients
(M = 48.14; SD = 11.16). Due to small subgroup sizes, it
was not considered appropriate to subject these data to for-
mal statistical analyses but these findings seem consistent
with those from Curtiss et al. (2001) who found that high
levels of Intrusions on the original CVLT typically occurred
in patients who had worse overall memory impairment.
Thus, elevated Intrusion rates in the absence of deficits in
accurate recall may simply not be common enough after
moderate—severe TBI for recall discriminability variables
to yield a consistent or routine diagnostic advantage over
traditional scores.

Another possibility is that the location of the lesion
incurred in TBI may have relevance, because at least one
prior study has reported that increased intrusions on the
original CVLT tended to occur only in patients with domi-
nant temporal lobe pathology (Crosson et al., 1993). Other
studies with the CVLT-II have suggested a role of frontal,
and especially ventromedial prefrontal, dysfunction in this
regard (Baldo et al., 2002; Cato et al., 2004). We did not
have the opportunity to perform detailed localization or
volumetric lesion analyses with the current patient sample,
partly because we often did not have access to the original
neuroimaging scans and had to rely on radiology reports as
to the presence or absence of acute intracranial pathology.
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Inclusion of more advanced morphometric analyses in future
research might shed more light on the neuroanatomical bases
of accurate as well as inaccurate recall on the CVLT-II after
TBI.

A potential limitation of this investigation is that we used
a referred convenience sample, consisting only of patients
with moderate—severe injuries who had neuroimaging evi-
dence for an acute intracranial lesion. Thus, our findings
cannot be generalized to patients with mild TBI, and the
potential of the CVLT-II to discriminate between various
levels of injury severity still needs to be addressed in future
research. At the same time, a relative strength of this inves-
tigation was that the participants were screened carefully
for complicating premorbid factors, and were matched to
controls with similar demographic backgrounds.

With these reservations in mind, we conclude that the
new CVLT-II recall discriminability variables do not pro-
vide a diagnostic advantage in most patients with moderate—
severe TBI. As a guideline for clinical practitioners, we
suggest that, unless patients have highly elevated levels of
Intrusions (e.g., z = 1.5), reliance on the traditional vari-
ables will likely suffice. However, because of somewhat
modest sensitivity and specificity, regardless of which
CVLT-I variables are considered, they should never be relied
upon in isolation to determine the presence or absence of
acquired memory impairment. A specific goal for future
research is to evaluate in greater detail the construct valid-
ity of the CVLT-II in a much larger clinical sample of patients
with TBI through confirmatory factor analysis, and to explore
the possibility of subtypes of memory impairment on this
test (e.g., limited encoding, retrieval problems) through clus-
ter analysis. Such research is currently under way in our
laboratory. Exploration of the utility of CVLT-II recall dis-
criminability indices with other diagnostic groups that are
at increased risk for memory impairment (e.g., multiple scle-
rosis, Korsakoff syndrome) is also desirable.
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