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A B S T R A C T

Background: The Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) is a common cog-
nitive screening tool. However, administration and scoring can be time-consuming, and its use of proprietary
subtests like the California Verbal Learning Test – II (CVLT-II) is financially limiting. Use of the non-proprietary
Rey Auditory Verbal Learning Test (RAVLT) may be provide a valid alternative.
Objectives: To compare the RAVLT and CVLT-II in terms of diagnostic accuracy for detecting cognitive impair-
ment, and to determine optimal cut-scores for the RAVLT.
Methods: 100 participants with MS completed the five learning trials from the RAVLT and CVLT-II. Receiver
operating characteristic analyses were used to compare the measures' sensitivities, specificities, positive pre-
dictive values (PPV) and negative predictive values (NPV), and to identify optimal cut-scores.
Results: Using a criterion of 1.5 SD below the normative sample mean, the RAVLT showed fair to good
(κs=0.21–0.41) agreement with the CVLT-II. A cut-score of 12 on Trials 1+2 of the RAVLT showed fair
sensitivity (75%) and specificity (76%) and did not differ significantly from the CVLT-II (p > .05).
Conclusions: Performance on initial learning trials of the RAVLT may provide a brief, valid, and cost-effective
alternative to the CVLT-II for screening verbal learning impairments in MS.

1. Introduction

Multiple sclerosis (MS) is a chronic, neurologic condition char-
acterized by inflammatory demyelination and neurodegeneration. Forty
to 65% of persons with MS experience cognitive impairment, which
limits full participation in daily activities such as employment, man-
agement of household finances, and social relationships [1,2]. Although
MS can impact performance across a number of cognitive domains,
research indicates that deficits are most pronounced in the areas of
processing speed and initial learning [1,3,4]. Given these findings, it is
imperative that these cognitive domains be accurately and routinely
screened as part of standard MS care to: (1) determine the need for
comprehensive cognitive assessment; (2) monitor cognitive status over
time; and (3) identify patients who would benefit from referrals to

cognitive rehabilitation treatment [5].
Historically, neurology and primary care settings have employed

brief cognitive screening tools such as the Montreal Cognitive
Assessment (MOCA) for a variety of clinical populations [6]. Although
one study showed correlations between MOCA scores and performance
on objective tests of processing speed and learning in MS, the sensi-
tivity, specificity, and other psychometric properties of the MOCA (e.g.,
cut-scores) have not been established, rendering the MOCA less optimal
for use in this population [7]. To address these limitations, a growing
body of literature has emerged in support of the Brief International
Cognitive Assessment for MS (BICAMS), a brief, sensitive, and reliable
screening battery that specifically assesses processing speed and initial
learning deficits in individuals with MS [8,9]. The BICAMS includes the
Symbol Digit Modalities Test (SDMT) [10], the five learning trials of the
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California Verbal Learning Test – II (CVLT-II) [11], and the three initial
learning trials of the Brief Visuospatial Memory Test – Revised (BVMT-
R) [12].

Like the MOCA and other brief cognitive screening tools, the
BICAMS takes< 30min to administer and score, and results can be
used to determine whether a full neuropsychological evaluation may be
warranted. However, the MOCA and similar counterparts (e.g., Mini
Mental Status Exam, MMSE) have a few advantages over the BICAMS.
Specifically, they are non-proprietary and can be scored and interpreted
within a few minutes by a non-psychologist or non-physician.
Conversely, each of the tests within the BICAMS are owned and sold by
different companies, which can create administrative and financial
burdens on busy clinics that may have limited resources. For example,
despite the excellent psychometric properties and significant clinical
utility of the CVLT-II for conducting comprehensive neuropsychological
evaluations, the costs of scoring software and record forms may not be
justified for clinics using the measure for brief screening. Second, ad-
ministration, scoring, and interpretation of the CVLT-II can be time-
intensive, especially if the administrator is using hand-scoring to de-
termine standardized scores (z or T) for each trial.

Recent studies have proposed strategies for making administration
and scoring of the BICAMS more efficient. One study examined an
abbreviated version of the CVLT-II and found that scores generated
from the first two learning trials (Trial 1 and Trials 1+ 2) provided
97.5% accuracy when compared with all five learning trials [13]. An-
other study proposed raw cut-scores for the BICAMS so that hand-
scoring time or use of expensive scoring software could be minimized
[14]. Despite availability of the abbreviated versions, however, the
CVLT-II remains a costly test given the need for purchasing proprietary
record forms.

A potential alternative to the CVLT-II is the Rey Auditory Verbal
Learning Test (RAVLT), a widely-used, reliable, and valid assessment of
auditory verbal learning and memory [15]. The RAVLT is available in
the public domain and has been used in previous MS research, in-
cluding a recent study that used the RAVLT in lieu of the CVLT-II for a
German version of the BICAMS [16]. Although prior research in a
healthy sample demonstrated equivalence of the two measures [17], a
similar study of patients with head injury showed lower normative
scores for the CVLT-II relative to the RAVLT. To our knowledge, the
RAVLT has not been compared to the CVLT-II in an MS sample. Ad-
ditionally, raw cut-scores have not yet been identified for the RAVLT.
Therefore, the aims of the present study were to: (1) compare the
RAVLT to the CVLT-II in terms of sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV) for detecting
verbal learning in an MS sample; and (2) determine optimal raw cut-
scores for the RAVLT to increase clinical utility. We hypothesized that
performance on learning trials of the RAVLT would show acceptable
and comparable diagnostic accuracy to performance on the CVLT-II.

2. Methods

2.1. Participants

One hundred participants (see Table 1) were recruited from a MS
clinic in an academic medical center located in the Pacific Northwest.
Patients in the center were approached during the course of their reg-
ularly scheduled appointment with an IRB-approved questionnaire as-
sessing interest in research participation and basic demographic in-
formation. Interested patients were then screened by research staff to
determine eligibility. If eligible, the participant completed a one-time
brief cognitive evaluation. For inclusion, participants were required to
be between the ages of 18 and 79 years old and able to read, speak, and
write in English. All procedures were approved by the university's in-
stitutional review board, and participants provided written informed
consent prior to enrolling in the study.

2.2. Procedures

The present study featured a secondary analysis of data collected as
part of a cognition measure reliability study [18]. Demographic (e.g.,
age, gender, race, and ethnicity) and disease-related variables (e.g., MS
type, date of diagnosis, co-morbid medical conditions, and medications)
were collected by research staff using chart review or a short demo-
graphic questionnaire. Following consent and enrollment, participants
completed a single 30- to 45-min study appointment. Each participant
completed four cognitive tests in the following order: SDMT, learning
trials of the RAVLT, learning trials of the BVMT-R, and learning trials of
the CVLT-II. The measures were administered orally by trained research
assistants using standardized administration instructions.

2.3. Measures

2.3.1. RAVLT
The standard RAVLT is a verbal list-learning and memory test that

has been validated in several neurologic populations [19]. After hearing
a verbally presented list of 15 unrelated words, examinees are asked to
recite as many words as they can recall. This learning procedure is
repeated for a total of five trials. Scores include the sum of words re-
called within each trial, as well as the sum of words recalled across the
five trials. Consistent with previous studies of the abbreviated CVLT-II,
raw scores were generated for Trial 1, Trials 1+ 2, and the sum of
Trials 1 through 5 referred to as Total Learning [13,14,20]. A stan-
dardized (z) score was also calculated based on manual norms [15] for
the Total Learning score.

2.3.2. CVLT-II
The CVLT-II is a verbal list-learning and memory test that is used in

the BICAMS. The CVLT-II uses a list of 16 words that are read aloud to
examinees. The 16 words can be grouped into four semantic categories
although not presented in grouped format. In each trial, the participant
is asked to recall as many words as they can, and the procedure is re-
peated for a total of five trials. Scores include the sum of words recalled
within each trial, as well as the sum of words recalled across the five
trials. Raw scores were generated for Trial 1, Trials 1+ 2, and Total
Learning. A standardized (T) score was also calculated based on manual
norms [11] for the Total Learning score.

2.4. Statistical analyses

Preliminary descriptive statistics were calculated with regard to
demographic characteristics, as well as the percentage of participants
exhibiting cognitive impairment on the RAVLT and CVLT-II. A missing
values analysis was run (χ2(111)= 81.57, p= .98), which indicated
that the data were missing completely at random and thus justified the
use of the expectation maximization (EM) method to impute values for

Table 1
Sample demographics.

Age (years) M (SD): 46.24 (12.91)
Range: 19–72

Gender Female: 74%
Male: 24%
Not Reported: 2%

Education (years) M (SD): 15.46 (2.46)
Range: 10–22

MS duration (years) 10.69 ± 8.37 (1–37)
MS type Relapsing remitting: 77%

Secondary progressive: 8%
Primary progressive: 3%
Progressive relapsing: 1%
Not reported: 11%

Abbreviations: CVLT-II=California Verbal Learning Test – II;
MS=multiple sclerosis; RAVLT=Rey Auditory Verbal Learning Test.
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missing data points [21]. See Table 2 for detailed information about
missing data from the individual trials of both measures.

Two sets of receiver operative characteristic (ROC) analyses were
run to calculate diagnostic classification accuracy (i.e., the area under
the curve; AUC). For the first set of analyses, raw RAVLT and CVLT-II
scores (Trial 1, Trials 1+ 2, and Total Learning) were plotted against
the criterion variable – impairment on the standardized Total Learning
score of their respective measure. Impairment was defined as either 1.5
or 2.0 standard deviations below the normative sample mean (i.e.,
z≤−1.5 or 2.0 for the RAVLT; T≤35 or 30 for the CVLT-II).
Sensitivity, specificity, PPV, and NPV values were then calculated based
on the optimal cut-off score, per the Youden index, for each test [22]. In
addition to comparing the AUCs using the R package pROC [23], the
level of agreement between the measures was assessed using Cohen's
kappa (κ), which has been previously used in other validation studies of
cognitive assessment in MS [20,24]. Interpretive labels (and ranges) for
kappa values are: less than chance (< 0.01); slight (0.01–0.20); fair
(0.21–0.40); moderate (0.41–0.60); substantial (0.61–0.80); and almost
perfect (0.81–0.99).

Given that the first set of analyses identified cognitive impairment
based on different normative samples from each test's manual, the
proposed cut-off scores and resulting sensitivities, specificities, and
predictive values could not be directly compared between the RAVLT
and CVLT-II. Thus, for the second set of analyses, the criterion variable
– cognitive impairment – was defined as 1.5 or 2.0 SD below the nor-
mative sample mean on both measures. Cut-off scores for each measure
were then plotted against the criterion variable and compared with
regard to AUCs, sensitivities, specificities, PPVs, and NPVs using the R
package DTComPair [25].

3. Results

Demographic and clinical characteristics of the study sample are
presented in Table 1. The sample was predominately female (74%) with
relapsing remitting MS (77%). On average, they were 46.24 years old
(SD=12.91), had 15.46 years (SD=2.46) of education, and had MS
for 10.69 years (SD=8.37). The percentages of impaired participants
were numerically similar for the RAVLT and CVLT-II (see Table 3).
Individually, 8 participants were impaired on both measures, 8 on just
the RAVLT, 7 on only the CVLT-II, and 77 evidenced no impairment for
−1.5 SD below the normative mean. At 2 SD below the normative
mean 5 individuals were impaired on both measures, 4 on just the
RAVLT, 4 on only the CVLT-II, and 87 evidenced no impairment.

Results from the first set of ROC analyses are presented in Table 4.
For participants who were at least 1.5 SD below the normative sample
mean, raw RAVLT scores of 5, 12, and 42 were the optimal cut-offs for
Trial 1, Trials 1+ 2, and Total Learning scores, respectively. Cut-offs of

4, 12, and 39 were optimal for the CVLT-II. Classification accuracies
(AUCs) were not significantly different between the two measures (Trial
1: p= .85; Trial 1+ 2: p= .16; Total Learning: p= .15), and agree-
ment levels were respectively fair, moderate, and fair for Trial 1, Trials
1+ 2, and Total Learning. For participants who were at least 2.0 SD
below the normative sample mean, raw RAVLT scores of 5, 13, and 42,
and raw CVLT-II scores of 4, 11, and 35 were optimal cut-offs for Trial
1, Trials 1+ 2, and Total Learning, respectively. The AUCs did not
differ significantly between the two measures (Trial 1: p= .68; Trial
1+ 2: p= .31; Total Learning: p= .09), and agreement levels were
respectively fair, slight, and fair for Trial 1, Trials 1+ 2, and Total
Learning.

Results from the second set of ROC analyses are presented in
Table 5. For participants who were at least 1.5 SD below the normative
sample mean on both tests, AUCs were not significantly different be-
tween the RAVLT and CVLT-II (all ps > 0.05). Additionally, sensitivity,
specificity, and predictive values did not significantly differ between
the measures (all ps > 0.05); however, the RAVLT exhibited lower
specificity for Trial 1 that approached statistical significance (64% vs
76%; p= .06). Consistent with results from the 1.5 SD criterion, AUCs
were not significantly different between the RAVLT and CVLT-II (all
ps > 0.05) for participants who were at least 2.0 SD below the nor-
mative sample mean on both tests. However, several differences
emerged for other ROC metrics at the 2.0 SD criterion. For Trial 1,
Trials 1+ 2, and Total Learning, the RAVLT exhibited significantly
lower specificity than the CVLT-II (Trial 1: 64% vs 77%, p= .04; Trials
1+ 2: 65% vs 81%, p < .01; Total Learning: 76% vs 93%, p < .01).
The RAVLT also exhibited lower PPV on Total Learning (18% vs 42%,
p= .02). The RAVLT and CVLT-II exhibited no significant differences
with regard to sensitivity or NPV.

4. Discussion

Overall, as a non-proprietary screening measure of verbal learning,
results from the present study support the use of the RAVLT as a
comparable measure to the CVLT-II for detecting cognitive impairment
in individuals with MS. Given the financial barriers often inherent to
conducting evidence-based neuropsychological assessment, the present
findings offer the potential for using the RAVLT as a cost-effective al-
ternative to the CVLT-II, without compromising clinical care. Regular
screening for cognitive impairment is imperative for comprehensive MS
care [26] and has clinical implications for monitoring disease pro-
gression and cognitive intervention outcomes. These findings are also
consistent with prior literature showing equivalence between RAVLT
and CVLT raw scores in a healthy sample [17]. Additionally, this study
proposed useful raw cut-scores for the RAVLT, which further support
ease and efficiency of administration.

Although overall study findings supported the use of the RAVLT, a
few notable differences emerged between the measures. When using a
criterion of 2.0 SD below the normative sample mean to define cogni-
tive impairment, the RAVLT exhibited poorer specificity than the CVLT-
II on all initial learning trial scores, and poorer PPV on the Total
Learning score. In contrast, these differences were not observed when
using a criterion of 1.5 SD below the normative sample mean. Thus,
clinicians who elect to use the RAVLT should be mindful to use the

Table 2
Missing data for all trials of the CVLT-II and
RAVLT out of 100 participants.

N

RAVLT
Trial 1 8
Trial 2 6
Trial 3 7
Trial 4 8
Trial 5 7
Total raw score 7

CVLT-II
Trial 1 0
Trial 2 0
Trial 3 0
Trial 4 1
Trial 5 1
Total raw score 1

Table 3
Classification of cognitive impairment on the RAVLT and CVLT-II.

1.5 SD below the mean 2.0 SD below the mean

RAVLT only 8% 4%
CVLT-II only 7% 4%
Both measures 8% 5%

Abbreviations: CVLT-II= California Verbal Learning Test – II; RAVLT=Rey
Auditory Verbal Learning Test.
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recommended cut-off scores of 5 for Trial 1 and 12 for Trials 1+ 2. Use
of a more stringent cut-off of 13 for Trials 1+ 2 will not improve
specificity for identifying more impaired patients. Overall, a cut-off
score of 12 for Trials 1+ 2 on the RAVLT provided the highest level of
agreement with the CVLT-II, suggesting that the combined score from
the first two trials of the RAVLT may provide the best alternative to the
abbreviated CVLT-II when administering the BICAMS. Of note, the
optimal cut-offs for the CVLT-II in the present study were the same as
those identified in a prior study [13].

The significant findings of this study must be contextualized with
the limitations of this study. As a secondary analysis, the original study
design did not counterbalance the RAVLT and CVLT-II order of ad-
ministration; however order of administration was not found to be a
significant factor in an earlier study comparing the RAVLT and CVLT
[17]. Additionally, the RAVLT and CVLT-II were not co-normed using
the same sample, which could account at least in part for the specificity
differences observed between the measures at the 2.0 SD criterion. It is
also important to note that the use of raw scores on the abbreviated
RAVLT or CVLT are not intended to replace full neuropsychological
evaluations. Based on the available data only initial learning was
evaluated. Future studies should examine delayed recall. Of note,
however, many studies in MS have found learning as the primary deficit
[1,3,4]. Using these measures as screeners does not identify impairment
in other cognitive domains, or factors that may impact cognition such
as effort or emotional state. However, using either of these as screeners
of verbal learning, potentially along with the SDMT or alternate

measure of processing speed, may help identify which patients would
benefit from a more comprehensive evaluation. Sample homogeneity
should also be acknowledged. The sample from this study was largely
female, diagnosed with relapsing-remitting MS, and of high education.
Therefore, additional research is needed to determine if similar results
are found in males, individuals with low education, and those with
progressive forms of the disease. Finally, additional data would be
needed to determine if the proposed cut-off scores for the RAVLT pre-
dict overall performance on a full neuropsychological battery.

Although there are limitations to this study, the present findings
may benefit and encourage screening of verbal learning abilities in
clinics with limited resources. Impairments in initial learning are
common among those with MS, and can have deleterious effects on
quality of life and daily activities. Given the emerging research in
support of cognitive rehabilitation for learning and memory impair-
ments in MS [27,28], routine screening may help identify those most in
need of intervention. Despite neuropsychological assessment, including
use of the BICAMS, having a number of financial and administrative
barriers, the present study provides evidence for inclusion of a free
learning measure that, when using specified cut-offs, is equivalent to its
proprietary counterpart. Findings support consideration for additional
prospective research utilizing the RAVLT in persons with MS, and ex-
ploration for other accessible, cost-effective measures for screening
cognitive impairment in MS.

Table 4
Criterion validity and level of agreement between the RAVLT and CVLT-II against their respective standardized scores.

1.5 SD below the mean 2.0 SD below the mean

RAVLT CVLT-II RAVLT CVLT-II

Trial 1 AUC 0.80
(0.69, 0.90)

0.81
(0.69, 0.93)

0.85
(0.74, 0.96)

0.80
(0.63, 0.98)

Cut-off 5 4 5 4
Sensitivity 0.75

(0.47, 0.92)
0.60
(0.33, 0.83)

0.89
(0.51, 0.99)

0.67
(0.31, 0.91)

Specificity 0.69
(0.58, 0.78)

0.81
(0.71, 0.89)

0.67
(0.56, 0.76)

0.79
(0.69, 0.87)

PPV 0.32
(0.18, 0.49)

0.36
(0.19, 0.57)

0.21
(0.10, 0.38)

0.24
(0.10, 0.46)

NPV 0.94
(0.84, 0.98)

0.92
(0.83, 0.97)

0.98
(0.90, 1.00)

0.96
(0.88, 0.99)

κ 0.21 0.21
Trials 1+ 2 AUC 0.87

(0.78, 0.95)
0.94
(0.88, 0.99)

0.85
(0.74, 0.96)

0.93
(0.83, 1.00)

Cut-off 12 12 13 11
Sensitivity 0.75

(0.47, 0.92)
0.93
(0.66, 0.97)

0.78
(0.40, 0.96)

0.78
(0.40, 0.96)

Specificity 0.81
(0.71, 0.88)

0.84
(0.74, 0.90)

0.67
(0.56, 0.76)

0.85
(0.75, 0.91)

PPV 0.43
(0.25, 0.63)

0.50
(0.31, 0.69)

0.19
(0.09, 0.36)

0.33
(0.15, 0.57)

NPV 0.94
(0.86, 0.98)

0.99
(0.91, 1.00)

0.97
(0.88, 0.99)

0.98
(0.90, 1.00)

κ 0.41 0.20
Total learning AUC 0.96

(0.92, 0.99)
1.00
(0.97, 1.00)

0.95
(0.90, 1.00)

1.00
(1.00, 1.00)

Cut-off 42 39 42 35
Sensitivity 0.94

(0.68, 1.00)
0.93
(0.66, 1.00)

1.00
(0.63, 1.00)

1.00
(0.63, 1.00)

Specificity 0.85
(0.75, 0.91)

0.92
(0.83, 0.96)

0.79
(0.69, 0.87)

0.97
(0.90, 0.99)

PPV 0.54
(0.34, 0.72)

0.67
(0.43, 0.85)

0.32
(0.17, 0.52)

0.75
(0.43, 0.93)

NPV 0.98
(0.91, 1.00)

0.99
(0.92, 1.00)

1.00
(0.94, 1.00)

1.00
(0.95, 1.00)

κ 0.38 0.22

Notes. 95% confidence intervals are presented in parentheses.
Abbreviations: AUC= area under the curve; CVLT-II= California Verbal Learning Test - II; NPV=negative predictive value; PPV: = positive predictive value;
RAVLT=Rey Auditory Verbal Learning Test.
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