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Long-term test-retest reliability of the California Verbal Learning 
Test – second edition

Andrea G. Alioto, Joel H. Kramer, Sarah Borish, John Neuhaus, Rowan Saloner, Matthew 
Wynn, and Jessica M. Foley
Department of Neurology, University of California, San Francisco (UCSF), San Francisco, CA, 
USA

Abstract

Objective—Aging is often associated with declines in episodic memory. Reliable tracking of 

memory requires assessment instruments that are stable over time to better understand changes 

potentially attributable to neurodegenerative disease. While prior studies support the test–retest 

reliability of memory instruments over brief intervals, follow-up testing in clinical settings 

typically occurs at least one-year later. The present study evaluated the long-term test–retest 

reliability of the California Verbal Learning Test – second edition (CVLT-2), a widely used 

measure of episodic learning and memory.

Method—One hundred and fifty seven healthy older adults (mean age = 68.47 years; education = 

17.28 years) underwent repeat assessment at an average of 1.30 years apart. Participants 

underwent repeat assessment using either parallel or alternate forms at follow-up. We utilized a 

standardized regression-based (SRB) approach to determine statistically significant changes in test 

scores over time.

Results—This study revealed modest 1-year test–retest correlation coefficients for the primary 

CVLT-2 measures (range = .57–.69) Results of SRB formulae are provided to assist clinicians with 

defining clinically relevant cognitive change on the CVLT-2 while controlling for confounding 

factors.

Conclusions—Findings from this study support repeat test administration of the CVLT-2 over 

longer periods, and may enhance its applicability in determining longitudinal change in memory 

performance.
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Introduction

Most test–retest reliability studies assess change over relatively brief intervals that range 

from four to six weeks. However, follow-up evaluations in clinical settings typically occur 
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after much longer durations (e.g. 12+ months; American Psychological Association, 1998). 

Few studies have evaluated the reliability of neuropsychological assessment measures over 

longer retest periods (e.g. Dikmen, Heaton, Grant, & Temkin, 1999; Mitrushina & Satz, 

1991; Snow, Tierney, Zorzito, Fisher, & Reid, 1988), and the limited available research has 

suggested that memory tests may be particularly susceptible to decreases in reliability over 

longer intervals (Dikmen et al., 1999).

Robust test stability is particularly relevant for memory tests. Decline in episodic memory in 

older individuals is often a harbinger of progressive neurological disease, and the ability to 

discern when a drop in performance represents true decline versus statistical margin of error 

is critically important.

The California Verbal Learning Test – second edition (CVLT-2; Delis, Kramer, Kaplan, & 

Ober, 2000) is a widely used measure of verbal episodic learning and memory (Rabin, Barr, 

& Burton, 2005). A list of 16 items organized into four semantic categories is presented to 

the subject over five immediate recall trials. Free and category cued recall is tested after 

short and longer (20-min) delays. A yes-no recognition trial is then presented.

Prior studies have supported the reliability of the CVLT-2 over short intervals in both clinical 

and non-clinical populations. For example, Benedict (2005) assessed 34 participants with 

multiple sclerosis, each with one-week intervals between administrations. Reliability 

coefficients ranged from .50 to .72 for participants receiving the standard form at both 

baseline and follow-up, and from .54 to .72 for those who received standard then alternate 

form administration. In another study, a large cohort of healthy adults underwent testing 

with the CVLT-2 at two time points with retest intervals ranging from 7 to 29 days (Woods, 

Delis, Scott, Kramer, & Holdnack, 2006). Reliability coefficients for all primary measures 

ranged from .80 to .84 for the standard and from .61 to .73 for the alternate form groups. 

Greater variability was found for the process measures, with reliability coefficients falling 

between .19 and .83 in the standard-standard sample, and from .06 to .74 in the standard/

alternate group.

The long-term test–retest reliability of the original (versus second edition) CVLT (Delis, 

Kramer, Kaplan, & Ober, 1987) has been established across several studies (e.g. Dangour et 

al., 2010; Rannikko et al., 2015; Royall, Palmer, Chiodo, & Polk, 2012), with the primary 

indices (e.g. sum of trials 1–5, long-delay free recall) demonstrating particularly robust 

temporal stability in healthy adults (e.g. Paolo, Tröster, & Ryan, 1995). However, in contrast 

to strong evidence for stability of the CVLT-2 over short intervals, data on the long-term 

reliability of this revised measure within healthy aging samples is lacking. While researchers 

of one study (Lundervold, Wollschläger, & Wehling, 2014) measured age and sex-related 

differences in longitudinal CVLT-2 performance among healthy adults, test–retest reliability 

was not specifically evaluated. Further, a precise method for determining reliable change in 

CVLT-2 scores across long-term evaluations is needed.

The present study therefore aims to evaluate the reliability of the standard and alternate 

forms of the CVLT-2 over an approximate one-year interval within a population of healthy 

older adults. In addition to assessing the long-term reliability of the CVLT-2, we used 
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regression-based change formulae (McSweeny, Naugle, Chelune, & Luders, 1993) to 

provide statistical guidelines for detecting significant change in individual CVLT-2 profiles 

over time and to facilitate application to clinical practice.

Method

The participants included 157 neurologically healthy older adults between the ages of 60 and 

86 years who were recruited from a longitudinal study on healthy aging and cognition; as 

part of this longitudinal investigation, each participant was administered the CVLT-2 on at 

least two separate occasions. When more than one repeat assessment was administered, 

results from the first two administrations were selected for the purposes of this study. Each 

participant was evaluated during a screening visit, which entailed an informant interview, 

neurological examination, and cognitive testing. Inclusion criteria as ‘neurologically 

healthy’ were based on a Mini-Mental State Exam (MMSE) score of ≥26, Clinical Dementia 

Rating Score (CDR) of 0, and the absence of subject or informant report of cognitive 

decline. Participants were excluded if they presented with a major psychiatric disorder, 

neurological condition affecting cognition, dementia or mild cognitive impairment (MCI), 

substance abuse, major systemic medical illness, current medications likely to affect central 

nervous system function, sensory or motor deficits that would interfere with cognitive 

testing, or current depression (Geriatric Depression Scale score of >15). The study was 

approved by the University of California San Francisco (UCSF) committee on human 

research, and written informed consent was obtained from all subjects before participating.

Participants were administered the CVLT-2 according to standardized instructions (Delis et 

al., 2000) as part of a larger battery of neuropsychological tests by a team of psychometrists 

who were trained by a board certified clinical neuropsychologist. Repeat testing was 

conducted following a minimum of 10 months. The mean test–retest interval was 406.2 days 

(SD = 47.4). Fifty-six participants underwent repeat assessment using the standard form of 

the CVLT-2 on both occasions (standard/standard), whereas the other 101 individuals 

received the standard form at baseline and the alternate form at follow-up (standard/

alternate). The demographic characteristics of the study group and their test–retest interval 

data are displayed in Table 1.

Since prior studies suggest that the CVLT-2 process variables yield poorer reliability across 

even shorter time intervals (Woods et al., 2006), only the primary indices were analyzed for 

the purpose of this study. Pearson product-moment correlation coefficients were calculated 

to assess reliability. Scores were initially winsorized using a cut point of (z = ±2.0) in order 

to reduce the effect of possible spurious outliers. Because winsorization did not result in 

meaningful change in reliability coefficients, we used unwinsorized raw scores for all 

analyses.

A standardized regression-based (SRB) approach was employed to determine the presence 

of reliable change in CVLT-2 scores (McSweeny et al., 1993). Using this approach, 

demographic variables (age, gender, education), retest interval, and time 1 CVLT-2 index 

scores were regressed on time 2 CVLT-2 primary index scores within the standard/standard 

and standard/alternate samples. Age was entered as total years at time 1. Gender was coded 
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as male = 1 and female = 2. Education was coded in total number of years achieved. Test–

retest interval was defined as number of days from time 1 to time 2. Test form at time 2 was 

coded as standard form = 1 and alternate form = 2.

Using baseline test scores and modifiers, the SRB change score equation predicts retest 

performance at time 2. The difference between the predicted score and the actual score is 

then transformed into a z-score by dividing it by the standard error of the estimate (SEE). 

Scores that exceed the ±1.645, falling at the 90% confidence interval, represent clinically 

meaningful changes.

Results

CVLT-2 primary measure means, standard deviations, and reliability coefficients are 

displayed in Table 2. Reliability coefficients for the primary CVLT-2 measures ranged from .

57 (recognition discriminability) to .69 (long-delay free recall).

Of note, three participants were determined to have a CDR of .5 at follow-up, suggesting 

possible conversion to MCI. However, reliability coefficients were comparable to the overall 

sample when these patients were omitted from the analysis, suggesting minimal influence of 

any mild cognitive changes to the results of this study. Therefore, these participants 

remained in the study sample, and results were unlikely to be influenced by their inclusion.

Results of regression analyses are provided in Table 3. Specifically, the coefficient of 

determination, SEE, and constant are provided for each CVLT-2 primary index along with 

beta weights for the time 1 score, test form, and relevant demographic variables. Base rates 

of improvement, declines, and stability of the primary CVLT-2 variables were determined. 

Difference scores falling in the predetermined CI were categorized as reflecting normal 

variability in performance, and were classified as ‘stable,’ while scores that fell outside the 

confidence interval were designated as having either improved or declined. Results indicated 

that the scores of 0–6% of participants improved, 0–8% of participants declined, and 88–

97% demonstrated stability in performance over time, which is consistent with expectation 

given the 90% confidence interval applied.

Discussion

The present study evaluated the long-term reliability of the primary measures of the CVLT-2 

over a clinically relevant (approximately one year) interval. Results revealed retest 

coefficients ranging from .57 to .69. Data from this study provide psychometric support for 

repeat test administration over longer periods, and suggests relative long-term stability of 

this measure among healthy older adults, which is particularly noteworthy given the 

protracted and clinically relevant test–retest interval.

In evaluating the size of reliability coefficients, there is considerable variability in 

interpreting what constitutes acceptable reliability for neuropsychological instruments. 

While some investigators have argued that values of at least .7 are ‘minimally acceptable’ 

(Cicchetti, 2001; Satler, 2001; Strauss, Sherman, & Spreen, 2006), others suggest lower cut-

offs of .4 to .6 (Altman, 1991; Weintraub et al., 2014). Furthermore, Charter and Feldt 
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(2001) recognize the importance of considering reliability in clinical evaluation, but argue 

against specific cutoffs for reliability coefficients. The reliability data presented in the 

current study may be particularly applicable to standard clinical use, as our one-year test–

retest interval more closely approximates the time frame in which possible memory changes 

are typically monitored in many clinical settings. Accordingly, the SRB methodology 

outlined in this study provides a means by which clinicians can more readily determine a 

statistically unusual change in these standard CVLT-2 measures.

Furthermore, these results offer an important extension of prior research that documents the 

adequate reliability of the CVLT-2 over intervals of less than 90-days (Benedict, 2005; 

Woods et al., 2006). Findings are also consistent with the small literature on long-term 

stability of other episodic memory measures. Examination of the one-year stability of the 

RAVLT, for example, found retest coefficients that ranged from .29 to .68 using parallel 

forms (Mitrushina & Satz, 1991; Uchiyama et al., 1995), and from .39 to .80 using alternate 

forms (Uchiyama et al., 1995). In another study, Woods et al. (2005) evaluated the reliability 

of the standard and component process measures of the HVLT-R after one-year, and found 

reliability coefficients ranging from .14 to .49.

The modest temporal stability found in this study may relate to several factors including the 

time interval employed. Most test manuals report test–retest correlations across relatively 

brief time intervals (e.g. days to weeks) that are far shorter than occurs during most clinical 

retesting scenarios (e.g. months to years), and the magnitude of test–retest correlations has 

been shown to diminish with increasing time periods (Duff, 2012). Furthermore, patient 

characteristics such as fatigue and motivation (Attix et al., 2009), as well as increased error 

variance related to situational factors of each testing session, can reduce the magnitude of 

test–retest reliability correlations over time (Heilbronner et al., 2010). The effects of age, 

education, and gender can also influence the degree of change across serial assessments 

(Heilbronner et al., 2010). For example, younger adults have shown higher retest 

correlations than older adults on some tests (Duff, 2012; Tombaugh, 2005). Modest 

correlations for intact individuals can also be due to regression to the mean in that high 

scores tend to decline while low scores tend to improve on subsequent testing (Strauss et al., 

2006). In addition, memory measures in particular have been found to produce poorer test–

retest reliabilities versus other cognitive tests (Dikmen et al., 1999); it has been suggested 

that lower reliability estimates may not be entirely related to methodological problems, but 

rather to the variable nature of this particular cognitive ability in healthy adults. Further, 

lower reliability may in part be due to the variable effects of practice (Dikmen et al., 1999); 

this may be the case even with the use of alternate forms since examinees may acquire a test-

taking response strategy or may become more familiar with the testing procedure 

(Heilbronner et al., 2010). Greater practice effects may be particularly present in higher IQ 

individuals since this group tends to benefit more from previous exposure (Rapport, Brines, 

Theisen, & Axelrod, 1997). Ceiling effects may also be salient among highly educated 

individuals, since their often higher time 1 score may limit the improvement in raw score 

achieved at time 2. There may also be an impact of number of retests on practice effect and 

resulting test–retest reliability (Benedict & Zgaljardic, 1998; Ivnik, Smith, & Petersen, 

1995), since the most sizable practice effect tends to occur between time 1 and time 2 (as 

was evaluated in this study), and higher values may be possible over later repeated 
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evaluations. Any combination of the aforementioned factors may be implicated in the 

current study including our evaluation of a memory instrument, one-year retest interval, the 

older age of our participants, relatively high levels of education found in our sample, and 

possible effects of practice. Furthermore, the perhaps apparent opposing impacts of these 

various factors may account for some of the remaining variance observed in our T2 scores.

Further, our post hoc analyses using a retest interval of at least 1-year (with a maximal 

interval of four years) found stable reliability coefficients over an even longer retest period. 

Reliability coefficients ranged from .58 to .68 (N = 291). These findings are particularly 

salient given that age related changes in memory performance are expected over time (Davis 

et al., 2003; Huh, Kramer, Gazzaley, & Delis, 2006), and when considering that such 

changes could compromise reliability estimates when gathered over longer periods. 

Therefore, results of our post hoc analyses provide further support for the association 

between test and retest of the CVLT-2 over time. Changes outside of our reported confidence 

ranges should be carefully inspected and evaluated for optimal diagnostic decision-making.

In clinical practice, SRB change scores may provide statistically based guidelines for 

evaluating the presence of meaningful change in a patient’s performance after a one-year 

follow-up and can be calculated using the regression variables within Table 3. Please see 

Appendix 1 for a detailed example of these calculations using the SRB change score 

formulae. Use of the SRB approach may be most appropriate for individuals who closely 

resemble the study sample, including healthy older adult patients who are highly educated 

and of Caucasian ethnicity, and whose time 1 scores are within the range of our baseline 

scores as presented in Table 2. Alternatively, our data may be less applicable for individuals 

with cognitive impairment including MCI at time 1, and for patients of younger age, lower 

education, and other ethnic backgrounds. SRB calculations using our regression coefficients 

have been programmed into a spreadsheet to enable clinicians to easily determine 

meaningful change in scores at longitudinal follow-up, and are available from the 

corresponding author upon request. Of note, SRB change scores may be most useful when 

supplemented with other relevant clinical data.

The present study utilizes a combined sample of participants who were administered both 

parallel and alternate forms at retest. Some investigators specifically argue against the use of 

alternate forms due to the potential introduction of additional error variance (i.e. content 

sampling error) as well as time sampling error associated with test–retest paradigms 

(Lineweaver & Chelune, 2003), and practice effects are not entirely avoided since a test 

taking strategy is acquired and the test format later lacks novelty (Heilbronner et al., 2010). 

However, other investigators advocate for the administration of alternate forms in 

longitudinal assessments in order to minimize the confounding effects of practice on tests of 

declarative memory (Benedict, 2005; Benedict & Zgaljardic, 1998). For example, Benedict 

(2005) evaluation of test–retest reliability of the CVLT-2 in 34 participants with multiple 

sclerosis revealed reliability coefficients that were only slightly higher in the alternate form 

group relative to the standard form group, though participants who received the alternate 

form at retest exhibited less practice effects. Benedict (2005) interpreted these findings to 

suggest that administration of the CVLT-2 alternate form at follow-up may reduce practice 

effects without adversely affecting reliability. In support of these existing practice 
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recommendations, we also observe fairly strong test–retest reliability using alternate forms 

at the second time point, which again highlights the clinical relevance of such an approach. 

Clinical decision making should be employed to weigh the relative risks versus benefits of 

parallel versus alternate forms during repeat testing, and our current results can be aptly 

applied to either selection.

We also note some potential limitations of the current study. Most notably, the external 

validity of the data may be influenced by the demographic characteristics of the study 

sample, which entailed recruitment at a university medical center setting. In particular, it is 

possible that reliability information derived from the primary CVLT-2 measures using a 

mostly Caucasian, well-educated sample of healthy older adults does not easily generalize to 

most clinical populations. However, the broad age range of our participants, methods 

employed to statistically control for relevant demographic variables, and the lack of 

significant differences between the standard/standard and standard/alternate samples, may 

improve applicability. In addition, three participants who were deemed clinically healthy at 

baseline were determined to have a CDR of .5 at follow-up, suggesting possible conversion 

MCI. However, the absence of notable changes in reliability when these participants were 

removed from the analyses suggests minimal influence of these participants to the results of 

this study.

Examination of the R2 values from the present SRB analyses suggests that demographic 

variables, retest interval, and time 1 CVLT-2 index scores account for approximately 40–

50% of the variance of time 2 scores. Although systematic and random error likely explain 

some of the remaining variance, other currently unidentified patient factors are also likely to 

contribute. Future research may aim to determine additional factors that may improve this 

percentage, including intervening variables and events of interest (i.e. surgery, medication 

intervention), practice effects, and intra-individual factors (e.g. brain changes associated 

with normal aging, baseline IQ). Future research should additionally focus on the long-term 

reliability of episodic memory measures such as the CVLT-2 across longer intervals (e.g. 2+ 

years), as well as within various clinical populations, in order to establish guidelines for 

determining reliable change across diagnostic and aging groups.
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Appendix 1

To apply the SRB approach in clinical practice, clinicians should examine the formulae and 

procedures outlined in the Methods section of this paper. To illustrate, let us assume that a 

75-year-old female patient with 16 years of education who receives the standard/alternate 

form of the CVLT-2 achieves a long delay free recall score of 12 at baseline (T1) and 9 at 

one-year follow-up (T2). The clinician can calculate a predicted T2 total learning score 

using assessment data and demographic information as follows: predicted T2 score = 

(T1score × BT1) + (age × Bage) + (education × Beducation) + (gender × Bgender) + (Retest 

Interval × BRetestInterval) + (T2test form × BT2TestForm) + constant. This equation is translated 

as = (12 × .64) + (75 × −.02) + (16 × .06) + (2 × .70) + (365 × .002) + (2 × −.31) + 3.37, 

yielding a predicted T2 score of 12.02. The difference between her actual T2 score and her 

predicted T2 score can then be calculated and translated as follows: z-score = (actual T2 
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score − predicted T2 score)/SEE = (9 − 12.02)/2.80 = −1.08. Since this z-score falls within 

the 90% confidence interval (i.e. ±1.645), the clinician would conclude ‘no change.’
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Table 1

Demographic composition of the study sample (N = 157).

Variable Mean SD Range

Test–retest interval (days) 407.22 47.47 305–540

Age (years) 68.47 7.20 60–99

Education

 <12 years .00%

 12 years 3.82%

 13–15 years 10.19%

 16 years 26.11%

 >16 years 59.87%

Gender (%)

 Female 41.4%

 Male 58.6%

Ethnicity (%)

 Caucasian 91.71%

 Hispanic 3.82%

 A sian/Pacific Islande 5.09%

 African-American .63%
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