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ABSTRACT

The aim of this study was to establish normative data for the Spanish version of the
California Verbal Learning test, the Test de Aprendizaje Verbal Espafia-Complutense
(TAVEC). Through different sub-tests, the TAVEC allows verbal learning and episodic
memory to be evaluated, an assessment that was carried out on a sample of 382 cognitive
healthy Spanish individuals aged 60—90 years old. Unlike the participant’s educational level,
their age and sex significantly influenced performance in the TAVEC. We provide tables that
allow the scaled scores obtained with this test to be adjusted for age and other tables with the
relevant adjustments for sex. The normative data obtained in this study will help more
precisely interpret the performance of older Spanish adults in the TAVEC, enhancing the
utility of this neuropsychological test to evaluate verbal learning and episodic memory in

clinical settings, and in relation to healthy aging.

Keywords: Spanish version of the California Verbal Learning Test; TAVEC; normative data;

aging; episodic verbal memory.

Public Significance Statements

The present study provides updated normative data for the Spanish version of the California
Verbal Learning test, the Test de Aprendizaje Verbal Espafia-Complutense (TAVEC) in
Spanish older adults. The norms produced here are age and sex adjusted, enhancing the utility
of this neuropsychological test to evaluate verbal learning and episodic memory in both

clinical and research contexts.



INTRODUCTION

As aging is the main risk factor for cognitive decline and dementia (Hebert et al., 2010), there
is a clear need for standardized cognitive assessment tests that are sufficiently sensitive to
identify age-related cognitive decline at its earliest stages. Using such tools will enable
appropriate psychological and pharmacological interventions to be designed and
implemented. Establishing normative data for cognitive tests in older adults is also essential
to screen for impairment and to track the progression of cognitive decline (O’Connell et al.,
2019). In this sense, the use of relatively large samples is necessary to ensure that the scores
obtained are unbiased estimates of the population parameters (Miller et al., 2015). Normative
data enable an individual’s specific scores to be compared with their reference group based
on the variables that may be associated with cognitive performance, such as age, sex and
educational level (Busch & Chapin, 2008). In Spain, the need to develop normative data for
cognitive aging has been satisfied through different studies, among which the Spanish
Multicenter Normative Studies (NEURONORMA Project) (Pefia-Casanova et al., 2009a)
stands out, providing normative data for a set of cognitive tests (Adrian et al., 2015; Contador

et al., 2016; Pefia-Casanova et al., 2009b).

Age-related episodic memory failure is one of the earliest cognitive signs of Mild Cognitive
Impairment (MCI), a condition associated with a higher risk of progression to dementia
(Albert et al., 2011; Garcia-Herranz et al., 2016; Petersen et al., 2001). Several cognitive
tools are now available to assess verbal learning and memory, such as the California Verbal
Learning Test (CVLT) (Delis et al., 1987), the Rey Auditory Verbal Learning Test (RAVLT)
(Rey, 1964), the Buschke Selective Reminding test (BSRT) (Buschke, 1973), and the free
and cued selective reminding test (FCSRT) (Buschke, 1984). The Spanish version of the

CVLT, the Test de Aprendizaje Verbal Espafia-Complutense (TAVEC) (Benedet &



Alejandre, 1998, 2014), is one of the cognitive tests most widely used with Spanish speaking
populations and it has some advantages over other verbal memory tests. First, it has good
psychometric properties, with a higher reliability coefficient than those observed in the
aforementioned verbal learning tests (Benedet & Alejandre, 1998). Second, it is a sensitive
tool to classify amnestic MCI subtypes -amnestic and multidomain- in both clinical and
research contexts (Juncos-Rabadan et al., 2012; Rodriguez-Rodriguez et al., 2008; Sales-
Galéan, 2013). Third, the structure and design of this test allows the three basic processes
involved in memory to be distinguished: encoding, storage, and retrieval of verbal
information. Indeed, the different sub-tests assess the capacity to learn auditory material,
short and long-delay recall, the use of semantic cues and the recognition memory of
previously presented information. Finally, this test has ecological validity as it uses lists of

words like “shopping lists”.

Although normative data that is adapted to Spanish populations exists for the TAVEC, giving
it added value as a diagnostic test, this dates back to 1998. However, it must be borne in mind
that the sociodemographic characteristics of older Spanish people, as well as their cultural
and social influences, have changed significantly over the past 23 years. Moreover, of the
1,015 individuals initially sampled, only 175 were over 65 years of age, such that older
individuals were apparently underrepresented at that time. In addition, among the older
population the normative data for the Spanish TAVEC only discriminated between 3 age
groups: 55-64; 65-74; and >74 years old. It is well known that verbal episodic memory
declines with advancing age, an effect that is believed to begin between the ages of 65 and 70
years old (Messinis et al., 2016; Kramer et al., 2020; van der Elst et al., 2005). Therefore, it
would appear to be necessary to elaborate more detailed and accurate age-specific normative
data to define whether an individual’s performance is within the expected range for normal

aging, or whether it can be considered as memory impairment.



Another important limitation of the existing normative data for the TAVEC concerns the
absence of any adjustment for the effects of sex or educational level, since the z-scores are
only age-corrected. Indeed, significant sex-differences have been reported in verbal memory
tests, with females consistently outperforming males (Gale et al., 2007; Kramer et al., 2020).
Regarding the influence of formal education on the performance of different verbal episodic
memory tests, the data from different normative studies are controversial or inconsistent.
Some reported a significant influence of education (Pefia-Casanova et al., 2009b; Stricker et
al., 2020), whereby individuals with a higher educational level perform better, while others

found no such effect (Ivnik et al., 1997; Kramer et al., 2020; Messinis et al., 2016).

The quality of the normative data for cognitive assessment is crucial to maximize the
diagnostic and descriptive accuracy of subjects' test scores. Despite the fact that a new edition
of the TAVEC was produced in 2014 and a parallel version of this test was published (Nieto
et al., 2014), the associated normative data were not revised. Given that the scores associated
with any normative data must be re-evaluated periodically (Evers et al., 2010), the main
objective of this work was to provide updated normative data for the TAVEC derived from a
large sample of healthy, monolingual Spanish older adults, evaluating the effects of age, sex

and education in order to adequately stratify the normative data obtained.

METHODS

Participants

We selected 457 healthy, Caucasian, Spanish, monolingual (Spanish-speaking) older adults
who were already enrolled on a larger, ongoing longitudinal research study to determine the
prevalence and progression of MCI in the Autonomous Community of Madrid (Spain)

(Garcia-Herranz et al., 2016; Garcia-Herranz et al., 2019). The participants were selected



according to the following criteria: a) they were between 60 and 90 years old; b) they were
living independently; c) they were monolingual Spanish-speaking and; d) scored >25 on the
Mini-Mental State Examination (MMSE - Spanish version MEC-35) (Lobo et al., 1979).
They were recruited through an advertisement placed in several cultural and educational
centers for older adults in urban and suburban areas. The study protocol was approved by the
ethical committee of the Universidad Nacional de Educacion a Distancia (UNED, Spain) and
it was carried out in accordance with the tenets of the Helsinki Declaration governing
research on human subjects. The exclusion criteria applied were: (a) previously diagnosed
MCI or a neurodegenerative disease; (b) a disabling chronic disease; (c) a psychiatric
disorder (e.g., major depression); (d) a marked neurological abnormality; (e) severe sensory
deficit; (f) diabetes; (g) having experienced a prior cerebrovascular accident; (h) traumatic
brain injury; (i) metabolic disease; and (k) the use of any drug that may affect cognitive
function (i.e.: anticholinergic drugs, corticoids, benzodiazepines, etc.). Similarly, participants
were excluded if the score with the shortened Spanish version of the Geriatric Depression
Scale (GDS-15) (Sheikh & Yesavage, 1986) was >6 or if the Blessed Dementia Scale (BDS)
- Part A (Blessed et al., 1968) returned a value >3.5. Accordingly, the final study cohort

consisted of 382 research participants after 75 participants were excluded.

Instruments

Like the original versions of the CVLT (Delis et al., 1987), the Spanish version of the CVLT
— the Test de Aprendizaje Verbal Espafia-Complutense (TAVEC) (Benedet & Alejandre,
1998, 2014) — is composed of two lists, A and B, each with 16 items from four semantic
categories. List B of TAVEC has 16 words that differ from those in list A. Both lists contain
words that belong to four semantic categories (4 words for each category). Two of the
semantic categories (fruits and spices) are common to both lists, while the other two are

specific to each list. List A is presented first, followed by a free recall session. List A is



presented over five learning trials in which the subject recalls as many items as possible after
each trial. After Trial 5, each participant is presented with an interference list (List B).
Subsequently, the participant is again asked to recall the items from List A (short delay free
recall (SDFR)) and then cued with each of the four categories of words in List A (short delay
cued recall (SDCR)). After a 20-minute delay, a long delay free recall (LDFR) and long delay
cued recall (LDCR) trials are administered. The last part of the test is the recognition (R)
task, in which a list of 44 items is read to the participants and they are asked to indicate

whether or not each item was on List A.

Of all the test variables, we focused on the following 9 variables: 1) performance in trial 1, as
a measure of immediate memory; 2) performance in trial 5, as a measure of immediate
memory and learning; 3) the total number of words recalled over the five trials, as an
indicator of the subjects’ learning curve from List A; 4) performance with List B to assess

retroactive interference; 5) SDFR; 6) SDCR; 7) LDFR; 8) LDCR; and 9) recognition (R) hits.

Procedure

All the research participants were interviewed in order to collect their personal and
sociodemographic data, and all the neuropsychological assessments were performed by
psychologists with adequate training. The participants all provided their written consent
before they were examined using a neuropsychological battery, in accordance with the

guidelines of the UNED.

Statistical analysis



All the statistical analyses were carried out using the IBM SPSS Statistics 25 package. We
applied the same uniform normative procedure as that used previously in the MOANS studies
(lvnik et al., 1992; Ivnik et al., 1997) and in the Spanish NEURONORMA studies (Pefia-

Casanova et al., 2009a). The uniform normative procedure followed was:

1) An overlapping interval strategy (Pauker, 1988) was adopted to maximize the number of
participants that contribute to the normative distribution at each mid-point age interval.
The age distribution of the cohort allowed us to calculate norms for 7 mid-point age range
groups: 60-66, 67-69, 70-72, 73-75, 76-78, 79-81 and 82-90 (see supplementary Table

s1).

2) The correlation coefficients (r) and coefficients of determination (R®) were calculated to
analyze the effects of sociodemographic variables (age, years of education and sex) in all

the TAVEC sub-tests.

3) We created tables of age-adjusted normative values. The frequency distribution of the raw
scores was converted into age-adjusted scaled scores (SSa) to ensure a normal distribution
(Ivnik et al., 1992; Pefia-Casanova et al., 2009a). A cumulative frequency distribution of
the raw scores was generated for each age range so that percentile ranks could be assigned
to direct scores based on their place within a distribution. We then transformed the direct
scores to SSa scores (i.e.: scaled scores from 2 to 18) based on the percentiles. This
transformation produces a normalization of the distribution (mean = 10 and SD = 3) that

makes it possible to perform a linear regression analysis.

4) By convention, when determination coefficients (R?) values of univariate regressions are
less than .05 (i.e.: 5% of the shared variance), the variable studied does not have a relevant
effect and it would not be necessary to control for this (Lucas et al., 2005). Such was the

case of the variable years of formal education, since in our sample none of the R? values in



the TAVEC sub-tests exceeded .05. Therefore, we first applied a correction for age and

subsequently, for sex using the equation: SSags = SSa — (B*Sex)

RESULTS

Descriptive statistics for all the sociodemographic variables are provided in Table 1. The
participant’s ages ranged between 60 and 90 years old (mean age = 68.98 years, SD = 5.78)
and their level of education ranged from having no formal studies to having post-graduate
degrees (mean education = 13 years, SD = 5.98) (see Table 1). For selected participants, the
mean score in MMSE Spanish version was 32.8 (range from 25 to 35), indicating no

impairment in cognitive functioning.

(Insert Table 1 here)

There was a significant and negative correlation between age and education in the sample (r =
-.22, p <.01). By contrast, there were no differences between male and female participants in
terms of age, although there were differences in terms of the years of education (t = 5.84,
p<.001, mean education of males = 15.07 years, SD = 6.02; mean education of females =
11.58 years, SD = 5.53). In our sample, the Cronbach's alpha coefficient for both the
semantic categories and for the total of the items in the five trials was 0.88 and 0.91,
respectively. These coefficients are higher than those obtained from the original scores from
the TAVEC (0.80 and 0.86, respectively), as well as those from the CVLT study (0.74 and

0.69 respectively).

Raw scores from the TAVEC are presented from the whole sample, and they are also
presented segregated by sex in Table 2.

(Insert Table 2 here)
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Correlations (Pearson’s, r) and shared variance (R?) of the TAVEC sub-tests scores with age
(years), education (years) and sex were assessed (Table 3). Accordingly, age and sex, but not
education, accounted for the raw score variance of all measures. Age-adjusted scaled scores
(SSa) for the TAVEC sub-tests are presented in the supplementary material (Tables S2-8).
(Insert Table 3 here)

The regression coefficients (B) for each of the TAVEC scores and the adjustment of these
scores according to sex were calculated (see supplementary Table S9 and S10, respectively),
bearing in mind that the value obtained in the SSags is rounded down to the nearest integer

using the TRUNC (variable) function (for example, 10.75 becomes 10).

Discussion

In the present study we have obtained updated normative data for one of the most relevant
and widely used cognitive tests used to assess Spanish speaking older adults, the TAVEC.
We assessed the influence of sociodemographic variables like age, years of education and sex
in a large sample of cognitively healthy Spanish speakers in the age range of 60 to 90 years
old. A decline in performance was detected in all the immediate and delayed recall sub-tests
with increasing age, indicating the importance of using age stratified TAVEC normative data.
In addition, we observed a significant effect of sex in all the TAVEC sub-tests explored,
evidence of the need to adjust these scores for sex. No significant effect of the years of

education was observed in our sample.

We initially investigated the existence of significant effects of age on the performance in the
TAVEC, detecting a decline in all the TAVEC sub-test scores with advancing age. These
findings are in line with previous normative studies in which age influenced verbal learning

and episodic memory performance (Kramer et al., 2020; Thielen et al., 2019; van der Elst et
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al., 2005). Furthermore, the original TAVEC study also found an age-related decline in all the
TAVEC measures but, compared to our sample, participants older than 74 years showed
lower raw scores in the TAVEC sub-tests suggesting that verbal memory decline is slower in
our sample. It should be noted that the original TAVEC was based on the study of 1,015
adults aged from 16 years old, of which only 175 were over 65 years of age (Benedet &
Alejandre, 1998). These older participants were only differentiated into two age groups
(normative data for 65-74 years and for older than 74 years) regardless of sex. However, here
we included 382 cognitive healthy adults, 227 females and 155 males, in the age range of 60
to 90 years old, with an even distribution across seven age groups. Therefore, our older adult

sample is more than twice the size of that in the original TAVEC study.

In addition, we examined whether the years of formal education influenced performance in
the TAVEC sub-tests in our older adult cohort. Our regression analysis indicated that the
years of education explained less than 5% of the variance in the TAVEC scores. Therefore,
the level of formal education did not affect the normative TAVEC data, as reported in the
original version (Benedet & Alejandre, 1998), even though our sample has a higher
proportion of participants with secondary and further education than in the original TAVEC
study. There is a considerable debate concerning the influence of education on the
performance of verbal episodic memory tests and there are some inconsistent findings in the
literature. Thus, a significant contribution of this variable has been seen in some studies
(Pefia-Casanova et al., 2009b; Stricker et al., 2020; Thielen et al., 2019), suggesting some
benefits of education on learning capacity (Labos et al., 2008), whereas formal education did
not apparently influence this type of memory elsewhere (Ivnik et al., 1997; Kramer et al.,
2020; Messinis et al., 2016; Speer et al., 2014). In this regard, it has been suggested that

education does not explain more than the level of intelligence could (Strauss et al., 2006).
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We also evaluated the potential effect of sex on the performance in the TAVEC sub-tests,
which revealed that females performed better than males in terms of total recall, in both the
short and long-term free recall tests, as well as in the tests of recall with cues (both short and
long-term). Our findings are also consistent with other normative data studies on verbal
episodic memory tests, indicating the existence of sex differences and pointing to a better
performance of females than males (Kramer et al., 2020; Messinis et al., 2016; Stricker et al.,
2020; Sundermann et al., 2019; van der Elst et al., 2005). Sex differences in the TAVEC
performance may be related to distinct approaches in the coding and learning of verbal
information, as well as with the type of organizational strategy used (Delis et al., 1988; Gale

et al., 2007).

While we provide age and sex adjusted norms here, it should be noted that the previous
TAVEC norms were not adjusted by sex. The data obtained here support the need to provide
sex-adjusted normative data for a number of reasons, not least because we found significant
sex differences in the performance of the TAVEC. Previous normative data studies
recommended that sex differences should be taken into account in the evaluation of age-
related changes in cognitive function, especially when verbal learning and episodic memory
is assessed (Gale et al., 2007; Stricker et al., 2020; van der Elst et al., 2005). Indeed, sex-
adjusted normative data will increase sensitivity for amnestic MCI diagnosis and therefore,
special attention should be paid to the fact that if normative data adjusted for sex are not used,
the diagnosis of MCI in females could be delayed until a more advanced disease state is
reached than in males (Stricker et al., 2020; Sundermann et al., 2019).

Another important difference with respect to the normative data originally proposed by
Benedet & Alejandre (1998) can be found in the presentation. Instead of proposing z-scores
based on means and standard deviation, the revised normative data presented here were

obtained by applying the statistical procedures for data analyses previously used to establish
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the study’s norms (lvnik et al., 1992; Ivnik et al., 1997; Pefia-Casanova et al., 2009a). Thus,
we included scaled scores (SSass) following age and sex adjustment. This type of
presentation permits a more precise interpretation of the individual's memory performance,
and it enables clinicians and researchers to make reliable comparisons using a variety of
commonly used neuropsychological tests. The normative data produced here will enable
memory deficits to be detected early and will improve diagnostic accuracy in both sexes,
reducing the risk of misdiagnosis, especially in cases of suspected MCI or of any other
neurodegenerative pathology like AD (Pefia-Casanova et al., 2009b; Speer et al., 2014,
Stricker et al., 2020; Sundermann et al., 2019). As MCI is usually defined by memory scores
at least 1.5 SD below the expected levels in the absence of dementia, and in conjunction with
subjective memory complaints (Petersen et al., 2001), in our normative data adjusted score
values <5 would correspond to a performance below normal that might indicate a possible

memory deficit.

The present work has some limitations, one of which is related to the selection of the
participants. We are aware of the limited representation of very old participants (aged
between 75 and 90 years) and the smaller number of males. Alternatively, it must be borne in
mind that the normative data presented here was obtained for a monolingual Spanish
population drawn from urban and suburban areas, and therefore it may not be possible to
generalize this to Spanish speaking countries other than Spain. Future studies should also
include bilingual participants, as well as participants from rural areas, both for comparison
and to enhance the generalizability of the results. In addition, longitudinal studies may help to
develop robust normative standards for TAVEC, reflecting only the most cognitively stable

sample of older adults.
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In conclusion, we believe that the normative data presented here further supports the use of
the TAVEC as one of the reference tests to assess verbal learning and memory in

monolingual Spanish older populations, both in a clinical and research context.
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Table 1. Sociodemographic characteristics of the sample (n = 382)

N %
Sex
Female 227 59.4
Male 155 40.6
Age (years)
60-64 93 24.3
65-69 138 36.1
70-74 89 23.3
75-79 43 11.3
80+ 19 5.0
Education (years)
<5 33 8.6
6-7 36 9.4
8-9 45 11.8
10-11 53 13.9
12-13 36 9.4
14-15 42 11.0

>16 137 35.9




Table 2. Means and standard deviation for all the measures of the TAVEC for the total
sample and for males and females

Total Female Male

N =382 N =227 N =155 p-value Effect
Measures Size

Mean SD Mean SD Mean SD
Trial 1 6.01 2.04 6.38 2.12 5.46 1.79 .000 .046
Trial 5 11.33  2.69 12.03 2.37 10.30 2.80 .000 .066
List A 46.81 11.06  49.90 10.48  42.29 10.32  .000 .067
List B 553 2.04 5.87 2.07 5.02 1.90 .000 .042
Short delay free recall 9.05 3.26 9.75 3.22 8.02 3.04 .000 .068
Short delay cued recall  10.23  2.75 10.88 2.68 9.28 2.59 .000 .081
Long delay free recall 9.65 337 10.42 3.29 8.53 3.19 .000 .076
Long delay cued recall  10.38  2.94 11.03 2.88 9.43 2.78 .000 .072
Recognition 1434 174 14.52 1.76 14.07 1.68 .014 .016

Statistically significant p <.05



Table 3. Correlation (r) and shared variances (R?) of the raw scores with age, years of
education and sex

Raw score Age (years) Education Sex
TEST r R® r R’ r R
Trial 1 -0.18°  0.03 0.06 0.00 0.22° 0.05°
Trial 5 -0.22°  0.05° 0.03 0.00 0.31° 0.10°
List A -0.22°  0.05° 0.03 0.00 0.34° 0.11°
List B -0.19°  0.04 0.11 0.01 0.20° 0.04
Short delay free recall -0.18°  0.03 0.05 0.00 0.26° 0.07°
Short delay cued recall -0.16°  0.03 0.06 0.00 0.28° 0.08°
Long delay free recall -0.21°  0.04 0.03 0.00 0.27° 0.08°
Long delay cued recall -0.16°  0.03 0.04 0.00 0.27° 0.07°
Recognition -0.11*  0.01 0.03 0.00 0.13* 0.02

2 Significant correlation at p <.01 (2-tails); ° Significant correlation at p <.05 level (2-tails); ¢ R* > .05
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Supplementary material
Legend
To use the tables correctly, select the appropriate table that corresponds to the age of the

individual, find their SSA, and then refer to the corresponding SSAgS to correct for sex.



Supplementary Table S1. TAVEC mid-point groups (according to Pauker's strategy)

Age range for the

Groups Midpoint age Age range for midpoint norms Sample size
1 65 <66 (60-66) 60-70 250
2 68 67-69 63-73 258
3 71 70-72 66-76 223
4 74 73-75 69-79 156
5 77 76-78 72-82 96
6 80 79-81 75-85 57
7 83 >82 (82-90) >78 (78-90) 35




Supplementary Table S2. Age-adjusted TAVEC scores (SSa) for the age range 60-66 (age
range for norms = 60-70)

TAVEC
Percentil Scaled
range score TRIAL1 TRIAL5 LISTA LISTB SDFR SDCF LDFR LDCRF R
<1 2 <2 <5 <23 <2 <1 <4 <0 <3 <10
1 3 2 - 23 -- 1 4 0 3 10
2-3 4 - 5 24-27 -- 2-3 5 1-3 4 --
4-6 5 - 6 28-29 2 4 6 4 5-6 11
7-12 6 3 7-8 30-35 3 5 -- 5 -- 12
13-20 7 4 9 36-40 -- 6 7 6 7 --
21-30 8 - 10 41-43 4 7 8 7-8 8-9 13
31-42 9 5 11 44-46 -- 8 9 9 10 --
43-57 10 - - 47-50 5 9 10 10 -- 14
58-69 11 6 12 51-53 6 10 11 11 11 --
70-79 12 7 13 54-57 -- 11 12 12 12 15
80-87 13 8 - 58-61 7 12 13 13 13 --
88-93 14 9 14 62-63 8 13 14 14 14 --
94-96 15 10 15 64-66 9 14 -- -- -- --
97-98 16 - - 67 10 15 15 15 15 --
99 17 11 16 68-70 11 16 16 16 16 16
>99 18 >11 >16 >70 >11 >16 >16 >16 >16 >16
Sample size
250

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.



Supplementary Table S3. Age-adjusted TAVEC scores (SSa) for the age range 67-69 (age range
for norms = 63-73)

TAVEC
Percentile  Scaled
range score TRIAL1 TRIAL5 LISTA LISTB SDFR SDCR LDFR LDCR R
<1 2 <2 <4 <21 <1 <1 <4 <0 <2 <10
1 3 -- 4 21-22 1 1 4 0 2 10
2-3 4 2 5 23-26 -- 2-3 5 1-3 3-4 --
4-6 5 -- 6 27-29 2 -- -- 4 5 11
7-12 6 3 7-8 30-33 -- 4-5 6 5 6 12
13-20 7 -- 9 34-39 3 6 7 6 7 --
21-30 8 4 -- 40-41 4 7 8 7 8 13
31-42 9 5 10 42-45 -- 8 9 8-9 9 --
43-57 10 -- 11 46-49 5 9 10 10 10 14
58-69 11 6 12 50-53 -- 10 11 11 11 --
70-79 12 7 13 54-57 6 11 12 12 12 15
80-87 13 8 -- 58-60 7 12 -- 13 13 --
88-93 14 9 14 61-63 8 13 13 14 14 --
94-96 15 10 15 64-66 9 14 14 -- 15 --
97-98 16 -- -- 67-68 10 15 15 15 -- --
99 17 11 16 69-71 11 16 16 16 16 16
>99 18 >11 >16 >71 >11 >16 >16 >16 >16 >16
Sample
size 258

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.



Supplementary Table S4. Age-adjusted TAVEC scores (SSa) for the age range 70-72 (age range for
norms = 66—76)

TAVEC
Percentilerange o0 ° TRIAL TRIAL LIST LIST LDCR
score . c A 5 SDFR SDCR LDFR R
<1 2 <2 <4 <22 <0 <0 <4 <0 <2 <10
1 3 - 4 2223 0 0 4 0 2 10
2-3 4 2 5 2426 1 1-2 5 1-3 3-4 -
4-6 5 - 6 2729 - 3 - 4 5 11
7-12 6 3 7 30-34 2 45 6 5 6 12
13-20 7 - 8 3538 3 6 7 6 7 -
21-30 8 4 9 39-41 - 7 8 7 8 13
31-42 9 - 10 42-44 4 8 9 8 9 -
43-57 10 5 11 4547 5 9 10 9 10 14
58-69 11 6 12 4852 - 10 11 10-11 11 15
70-79 12 7 13 5356 6 11 - 12 12 -
80-87 13 ~ - 5759 7 12 12-13 13 13 -
88-93 14 8 14 60-62  -- 13 - - 14 -
94-96 15 9 15 6366 8 14 14 14 - -
97-98 16 10 - 67 9 15 15 15 15 -
99 17 11 16 6870 10 16 16 16 16 16
>99 18 >11 >16  >70 >10  >16 >16 >16 >16  >16
Sample size
223

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.



Supplementary Table S5. Age-adjusted TAVEC scores (SSa) for the age range 73-75 (age range for
norms = 69-79)

TAVEC
Percentilerange  gled  TRIAL  TRIAL LIST LDCR
ore 1 ¢~ LISTA 7' SDFR SDCR LDFR R
<1 2 <2 <4 <20 <0 <1 <4 <0 <3 <7
1 3 - 4 2023 0 - 4 - 3 7
2-3 4 2 5 2428 1 1 — 0 4 f(')
4-6 5 - 6 29 - 2-3 5 13 - 11
7-12 6 3 7 30-33 2 4 6 4 56 12
13-20 7 - 8 34-36 3 5 - 5 7 -
21-30 8 4 9 37-40 - 6 7-8 6 - 13
31-42 9 - 10 4142 4 7 - 7-8 89 -
43-57 10 5 11 43-46 5 8 9 9 10 14
58-69 11 6 - 4751 - 9 10 10 11 15
70-79 12 - 12 52-55 6 10 11 11 - -
80-87 13 7 13 56-58 - 11 12 12 12 -
88-93 14 8 14 59-61 7 12-13 13 13 13 -
94-96 15 9 15 62-65 89 14 14 14 14 -
97-98 16 10 - 66-69 - - 15 15 - -
99 17 11 16 7071 10 15 16 16 15 16
>99 18 >11 >16 >71 >0 >15 >16 >16 >15  >16
Sample size
156

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.
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Supplementary Table S6. Age-adjusted TAVEC scores (SSp) for the age range 76-78 (age range for
norms = 72-82)

TAVEC
Percentile range Scaled
score TRiAL TRIAL 5 LET LI§T SDFR  SDCR LDFR LDCR R
<1 2 <2 <3 <19 <0 <0 <3 <0 <2 <6
1 3 - 3 19 0 0 3 - 2 6
2-3 4 - 4-5 20-28 1 1-2 4 0-1 3-4 7-9
4-6 5 2 6 29-30 - - 5 2-3 - 10
7-12 6 3 7 31-33 2 3 -- 4 5 11
13-20 7 - 8 34-35 3 4-5 6 5 6 12
21-30 8 4 9 36-38 - 6 7-8 6 7-8 13
31-42 9 - - 39-42 4 7 - 7 9 14
43-57 10 5 10 43-45 - 8 9 8-9 10 -
58-69 11 6 11 46-49 5 9-10 10-11 10 11 15
70-79 12 - 12 50-56 - - - 11 12 -
80-87 13 7 13 57-58 6 11 12-13 12 - -
88-93 14 8 14 59-61 7 12-13 14 13 13-14 -
94-96 15 9 15 62-65 8 14 - 14 - -
97-98 16 10 16 66-70  9-10 15 15-16 15-16 15-16 16
99 17 - - - - - - - - -
>99 18 >10 >16 >70 >10 >15 >16 >16 >16 >16
Sample
size 96

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.



Supplementary Table S7. Age-adjusted TAVEC scores (SSa) for the age range 79-81 (age range for
norms = 75-85)

TAVEC
Percentile
range Scaled TRIAL1 TRIAL LISTA LIST SDFR SDCR LDFR LDCR R
score 5 B
<1 2 <1 <2 <12 <2 <0 <3 <0 <4 <5
1 3 -- -- 12 -- -- -- -- -- --
2-3 4 -- 2-4 13-18 -- -- 3 -- 4 5-6
4-6 5 1 5 19-27 -- 0-1 4 0-1 -- 7-8
7-12 6 2 6-7 28-32 2 2 5 2-3 5 9-11
13-20 7 3 -- 33-34 -- 3 6 4 6 12
21-30 8 -- 8-9 35-37 3 4-5 7 5 7 13
31-42 9 4 -- 38-40 4 6-7 8 6 8 --
43-57 10 -- 10 41-44 -- 8 9 7-8 9-10 14
58-69 11 5 11 45-47 5 9 10 9-10 11 --
70-79 12 6 12 48-54 -- 10 11 11 12 15
80-87 13 7 -- 55-57 6 11 12-13 12 -- --
88-93 14 8 13 58-60 -- 12-13 -- 13 13 --
94-96 15 9 14 61 7-8 14 14 14 14 --
97-98 16 10 15-16 62-66 9 15 15 15-16 15-16 16
99 17 -- -- -- -- -- -- -- -- --
>99 18 >10 >16 >66 >9 >15 >15 >16 >16 >16
Sample size
57

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.



Supplementary Table S8. Age-adjusted TAVEC (SS,) for the age range 82-90 (age range for norms
= 78-90)

TAVEC
Percentile Scaled score
range TRIAL TRIAL LIST LIST SDFR SDCR LDFR LDCR R
1 5 A B
<1 2 <1 <2 <12 <2 <0 <4 <1 <2 <5
2-3 4 -- -- 12-13 -- 0 -- -- 2 --
4-6 5 1 2-3 14-19 -- 1-2 -- 1 3-4 5-7
7-12 6 2 4-5 20-25 -- -- 4 2-3 5 8-9
13-20 7 3 6-7 26-32 2 3 5 4 -- 10-11
21-30 8 -- -- 33-34 3 4 6-7 5 6 12
31-42 9 4 8-9 35-37 4 5-6 8 6 7-8 13
43-57 10 -- 10 38-42 -- 7-8 9 7-8 9 14
58-69 11 5 11 43-46 5 9 10 9-10 10 --
70-79 12 6 12 47-48 -- 10 11 11 11 15
80-87 13 7 -- 49-54 6 11 12 -- 12 --
88-93 14 8-9 -- 55-60 -- 12 13-14 12-13 13-14 --
94-96 15 -- 13 -- 7-8 13-14 -- -- 15 --
97-98 16 10 14 61 9 15 15 14 16 16
99 17 -- -- -- -- -- -- -- -- --
>99 18 >10 >14 >61 >9 >15 >15 >14 >16 >16
Sample size
35

SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall; LDCR, Long delay cued recall; R, Recognition.



Supplementary Table S9. Regression coefficients to correct for the effect of sex (5)

TAVEC p

Trial 1 1.234276
Trial 5 2.034077
List A 2.160523
List B 1.241495
Short delay free recall 1.694118
Short delay cued recall 1.786585
Long delay free recall 1.725082
Long delay cued recall 1.723177
Recognition 1.338016
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Supplementary Table 10. TAVEC sex-adjusted scores (SSas= SSa - (6 * Sex) (Male = 0 and Female = 1).

Trial 1 Trial 5 List A List B SDFR SDCR LDFR LDCR
SSa M F M F M F M F M F M F M F M F M F
2 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0
3 3 1 3 0 3 0 3 1 3 1 3 1 3 1 3 1 3 1
4 4 2 4 1 4 1 4 2 4 2 4 2 4 2 4 2 4 2
5 5 3 5 2 5 2 5 3 5 3 5 3 5 3 5 3 5 3
6 6 4 6 3 6 3 6 4 6 4 6 4 6 4 6 4 6 4
7 7 5 7 4 7 4 7 5 7 5 7 5 7 5 7 5 7 5
8 8 6 8 5 8 5 8 6 8 6 8 6 8 6 8 6 8 6
9 9 7 9 6 9 6 9 7 9 7 9 7 9 7 9 7 9 7
10 10 8 10 7 10 7 10 8 10 8 10 8 10 8 10 8 10 8
11 11 9 11 8 11 8 11 9 11 9 11 9 11 9 11 9 11 9
12 12 10 12 9 12 9 12 10 12 10 12 10 12 10 12 10 12 10
13 13 11 13 10 13 10 13 11 13 11 13 11 13 11 13 11 13 11
14 14 12 14 11 14 11 14 12 14 12 14 12 14 12 14 12 14 12
15 15 13 15 12 15 12 15 13 15 13 15 13 15 13 15 13 15 13
16 16 14 16 13 16 13 16 14 16 14 16 14 16 14 16 14 16 14
17 17 15 17 14 17 14 17 15 17 15 17 15 17 15 17 15 17 15
18 18 16 18 15 18 15 18 16 18 16 18 16 18 16 18 16 18 16

M, male; F, female; SDFR, Short delay free recall; SDCR, Short delay cued recall; SDFR, Long delay free recall;
LDCR, Long delay cued recall; R, Recognition.
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