% Maastricht University

Rey's verbal learning test: normative data for 1855
healthy participants aged 24-81 years and the
influence of age, sex, education, and mode of
presentation

Citation for published version (APA):

van der Elst, W., van Boxtel, M. P. J., van Breukelen, G. J. P., & Jolles, J. (2005). Rey's verbal learning
test: normative data for 1855 healthy participants aged 24-81 years and the influence of age, sex,
education, and mode of presentation. Journal of the International Neuropsychological Society, 11(3), 290-
302. https://doi.org/10.1017/S1355617705050344

Document status and date:
Published: 01/01/2005

DOI:
10.1017/S1355617705050344

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

« A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.

« The final author version and the galley proof are versions of the publication after peer review.

« The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

« Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
« You may not further distribute the material or use it for any profit-making activity or commercial gain
« You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl
providing details and we will investigate your claim.

Download date: 19 Apr. 2024


https://doi.org/10.1017/S1355617705050344
https://doi.org/10.1017/S1355617705050344
https://cris.maastrichtuniversity.nl/en/publications/6333e0f7-89a7-4011-a4da-7fc9f0939df6

Journal of the International Neuropsychological Society (2005), 11, 290-

302.

Copyright © 2005 INS. Published by Cambridge University Press. Printed in the USA.

DOI: 10.1017/51355617705050344

Rey’s verbal learning test:

Normative data for 1855 healthy participants
aged 24-81 years and the influence of age,
sex, education, and mode of presentation

WIM VAN DER ELST,! MARTIN P. J. VAN BOXTEL,' GERARD J. P, VAN BREUKELEN,?

AND JELLE JOLLES'

'Maastricht Brain and Behavior Institute, and European Graduate School of Neuroscience (EURON), Maastricht University

2Department of Methodology and Statistics, Maastricht University

(RECEIVED August 24, 2004; 1sT REVISION December 6, 2004; AccepTED December 9, 2004)

Abstract

The Verbal Learning Test (VLT; Rey, 1958) evaluates the declarative memory. Despite its extensive use, it has been
difficult to establish normative data because test administration has not been uniform. The purpose of the present
study was to gather normative data for the VLT for a large number (N = 1855) of healthy participants aged 2481
years, using a procedure in which the words to be learned were presented either verbally or visually. The results
showed that VLT performance decreased in an age-dependent manner from an early age. The learning capacity of
younger versus older aduits differed quantitatively rather than qualitatively. Females and higher educated
participants outperformed males and lower educated participants over the entire age range tested. Presentation mode
affected VLT performance differently: auditory presentation resulted in a better recall on Trial 1 (a short-term or
working memory measure), whereas visual presentation yielded a better performance on Trial 3, Trial 4, and Delta

(a learning measure). (JINS, 2003, 17, 290-302.)

Keywords: Verbal learning test, Normative data, Presentation mode

INTRODUCTION

The declarative aspect of memory—the memory for spe-
cific facts or experiences (Squire, 1987)—is of particular
interest in neuropsychology (Lezak, 1995; Woodruff-Pak.
1997). Consequently, a large number of tests to assess declar-
ative memory have been developed, most notably the Ver-
bal Learning Test of Rey (1958), the Buschke Selective
Reminding Test (Buschke, 1973), and the California Verbal
Learning Test (Delis et al., 1987). The present study focuses
on the Verbal Learning Test (VLT; Brand & Jolles, 1985;
Rey. 1958), an easily administered multitrial learning test
(Lezak, 1995). In the VLT, fifteen monosyllabic words are
presented in five subsequent trials, with a free recall proce-
dure immediately following each presentation. After a delay

Reprints requests to: Wim Van der Elst, Faculty of Medicine, Depart-
ment of Psychiatry and Neuropsychology, Maastricht University, 6200
MD. Maastricht, The Netherlands. E-mail: W.vanderelst@NP.unimaas.nl
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of about 20 min, there is an additional free recall trial, fol-
lowed by a recognition trial. Although the VLT is widely
used in clinical practice and in memory research, its admin-
istration has not been uniform, which makes the finding of
normative data difficult (Schmidt, 1996). Thus in this study,
we sought to establish normative data for the VLT, using a
procedure in which words were presented visually, on a
computer screen, or auditorily, by means of an audio sys-
tem. The normative data were derived from a cross-sectional
study involving a large number of healthy participants (N =
1855) aged 24-81 years, matched for education and sex.
We decided to evaluate both auditory and visual stimulus
presentation because earlier studies with other learnin g tasks
suggested that presentation mode significantly affects the
performance on short-term memory tasks. More specifi-
cally, auditorily presented material is recalled better than
visually presented material. This phenomenon has been
termed the “modality effect” (see e.g., Greene, 1992: Pen-
ney, 1989), and has been observed in both younger and
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older adults (Taub, 1972, 1973). In contrast with short-term
memory tasks, modality effects are conspicuously absent in
long-term memory tasks (Penney, 1989). These results sug-
gest that certain VLT measures, especially the Trial 1 score,
might be significantly influenced by the mode of presenta-
tion, since it measures short-term memory. It is important
to have normative data for two different sensory modality
versions of the VLT (Van Boxtel et al., 2000) because par-
ticipants, and especially older individuals, may have visual
or hearing impairments. This is especially relevant in the
clinical assessment of older patients (La Rue, 1992), in
whom a diagnosis of dementia may depend—in part—on
the VLT performance score.

Previous research has suggested that the VLT perfor-
mance is significantly affected by demographic variables,
most notably age, sex, and education. For a comprehensive
overview of previous VLT research, the reader is referred to
Schmidt (1996). Geffen et al. (1990) found in a study of
153 healthy participants (age range 16—86 years) that females
outperformed males and that general VLT performance
deteriorated with increasing age. Lannoo and Vingerhoets
(1997) reported similar findings in their study of 200 healthy
participants aged 18-74 years. They found that females,
young adults, and participants with a higher educational
level performed better than males, older adults, and lower
educated participants. Uchiyama and colleagues (1995)
investigated the influence of test form, age, ethnicity, and
education on VLT performance in a large sample of 2056
healthy bisexual and homosexual HIV-seronegative males.
Age was negatively and education positively related to
general VLT performance. In contrast, Bolla-Wilson and
Bleecker (1986) found that age affected performance on
the first two learning trials only and that education did not
have any effect in their study of 114 participants aged
between 40-84 years. However, higher verbal intelligence
was associated with a better performance as was sex, with
females performing better than males. Savage and Gouvier
(1992) investigated the influence of age and sex in a sample
of 134 healthy participants aged 16-76 years. They reported
a significant negative influence of increasing age on gen-
eral VLT performance, whereas sex had no influence on
test performance.

Since most—but not all—VLT studies suggested that
demographic factors, such as age, sex, and education, sig-
nificantly affect VLT performance, the influence of these
variables on VLT performance was investigated (next to
presentation mode) in the present study in order to ade-
quately stratify the normative data.

METHOD

Participants

The data used in this study were derived from the Maas-
tricht Aging Study (Bosma et al., 2003; Jolles et al., 1995;
Van Boxtel et al., 1998, 2000), a prospective study of deter-
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minants of cognitive aging. Participants were recruited from
the Registration Network Family Practices, a sample frame
for research in primary care (Metsemakers et al., 1992).
Individuals were invited to participate in the study by their
general practitioners, rather than by the project staff, because
this was expected to improve participation and study com-
pliance. All participants were aged between 24—81 years,
and all were without documented medical conditions that
could interfere with normal cognitive aging: individuals
with chronic neurological pathology (e.g., dementia, cere-
brovascular disease, epilepsy, parkinsonism, and malignan-
cies related to the nervous system), mental retardation,
psychopathology, or chronic psychotropic drug use were
excluded. The sample was stratified for age (12 levels, rang-
ing from 25 £ 1 year, 30 = 1 year, . . ., to 80+1 year), sex,
and level of education (3 levels: low, average, and high).
Level of education (LE) was assessed by classifying formal
schooling in a system often used in the Netherlands (De
Bie, 1987), which is comparable with the International Stan-
dard Classification of Education (UNESCO, Paris, 1976).
Three groups were formed—those with at most primary
education (LE low), those with junior vocational training
(LE average), and those with senior vocational or academic
training (LE high). These three levels of education corre-
sponded with an average of respectively 8.60, 11.41, and
15.25 years of full-time education in the sample (SD =
1.95, 2.48, and 3.31, respectively).

Not all data for the 1855 participants administered the
VLT were included in the analyses. Data of participants
who scored less than 24 on the Mini-Mental State Exami-
nation (Folstein et al., 1975) were excluded, since they could
not be considered to be “cognitively intact”. For the audi-
tory VLT version, an additional exclusion criterion was a
hearing loss of 35 dB or more in the better ear. After these
corrections—which excluded the data of 75 participants—
the data of 1780 participants were analyzed (auditory VLT,
n = 450; visual VLT n = 1330). Basic descriptive data for
the sample are provided in Table 1. The ethnic background
of all participants was Caucasian, and all participants were
native Dutch speakers.

Procedure and Instruments

All participants were tested individually at the neuropsy-
chological laboratory of the Brain and Behaviour Institute
(the Netherlands) using a Dutch adaptation of the VLT, the
Groningen Vijftienwoorden Test (Groningen Fifteen Words
Test), which had been developed earlier by Brand and Jolles
(1985). These authors constructed six VLT versions using a
pool of 410 monosyllabic words in the Dutch language.
These words have a frequency of 20 to 400 per million
according to the De La Court count of Dutch words (Lin-
schoten, 1963). Only common words were used which are
acquired early in life (before age 6 years) and refer to con-
crete objects such as flower, crown, bear, tree, etc. Poten-
tially ambiguous words and words referring to emotional
factors were not used. Various possible categories of words
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Table 1. Descriptive characteristics of the sample (N = 1780)

Age Level of education frequency Male:female
Age group N Mean SD Low Average High ratio
25 £ | year 157 2543 .90 2] 75 61 78:79
30 £ 1 year 151 30.62 .87 20 78 53 77:74
35 £ 1 year 159 3554 91 34 76 49 79:80
40 % | year 156  40.51 .88 36 74 46 77:79
45 x| year 161  45.54 92 50 71 40 80:81
50 =1 year 161 50.30 90 53 71 37 79:82
55 %1 year 161 5544 .90 84 50 27 82:79~
60 * 1 year 158  60.60 .83 73 65 19 82:76
65 =1 year 158 65.47 .87 86 52 20 78:80
70 £ 1 year 153 70.29 82 82 51 20 81:72
75 £ 1 year 147 75.14 78 78 47 21 69:78
80 £ 1 year 58  79.83 .87 36 8 13 25:33
Total 1,780 5129 16.22 653 718 406 887:893

Note. Data on level of education were missing from 3 participants.

(e.g., animals, body parts, parts of the house, furniture)
were evenly distributed over the lists in order to control for
potential semantic associations. Auditory associations were
controlled for each list. The test versions were evaluated in
control experiments after which particular words were dis-
carded and replaced by new words. The test versions were
eventually shown to be parallel and used in numerous drug
studies in which repeated administration of parallel ver-
sions of tests is essential (e.g., Hijman et al., 1992). In the
present study, we used one of these six parallel versions.

The test instructions were read aloud by the experi-
menter. The participant was required to listen to, or to watch,
the fifteen words that were presented by means of an audio
system (auditory version) or on a computer screen (visual
version) and to repeat as many words as possible as soon as
the presentation stopped. There was no restriction on the
output order. The first trial was followed by four more trials
in which the words were presented in identical order. When
the fifth trial was completed, a fixed battery of other cog-
nitive tests was administered for about 20 min. These tests
did not involve the learning of verbal material in order to
avoid interference with the previously learned VLT words
[for a description of these tests, see Jolles et al. (1995)].
After the delay—and unexpectedly for the participants—
the instruction was given to recall the words learned (delayed
recall). This was followed immediately by a recognition
test, involving yes/no recognition of the fifteen words inter-
mixed with fifteen nontarget words.

Stimulus words were presented for 1 s, with an interstim-
ulus interval of 1 s. In the auditory VLT, the words were
presented by the digitized voice of a professional speaker,
using a high-fidelity stereo speaker system connected to a
standard PC-microcomputer. In the visual VLT, stimuli were
presented on a 17-inch computer screen operated by a stan-
dard PC-microcomputer. All words were displayed in cap-
ital letters of the font ‘Times’ size 72, in white against a

black background and in the center of the screen. If neces-
sary, the visual VLT was performed with optical correction
for nearby vision.

The auditory VLT version was administered to one-
fourth of the sample, and the visual VLT to three-fourths of
the sample. The participants were divided at random over
the conditions on a 1:3 basis (ratio of the number of partici-
pants in the auditory versus visual VLT condition) and with
the restriction that the proportion of participants that were
assessed with the visual versus auditory VLT was equal for
each Age group X Level of education X Sex cell.

The data were collected by five test assistants who had
been intensively trained in test administration by the neuro-
psychologists and physician of the project staff. Members
of the project staff visited the test assistants during assess-
ment of the VLT at least once a week to ensure uniform test
administration and data collection,

Outcome Measures

The following measures were analyzed: (1) Trial 1, 2, 3, 4,
and 5 score, the number of correctly recalled words in each
of these learning trials. (2) Repetitions, that is, the total
number of words repeated over Trials 1-5. Only words
that were repeated during the first recall-attempt per trial
were scored as repetitions (e.g., flower—crown—bear—
crown—. . ). This precludes that words repeated during the
often-seen strategy of overtly repeating a sequence of words
are scored as repetitions. (3) Delayed recall, the number of
correctly recalled words after the 20-min delay. (4) Total
recall -5, the total number of correctly recalled words
summed over the five learning trials. (5) Total recall 1-3,
the total number of correctly recalled words summed over
the first three learning trials. (6) Delta, which was calcu-
lated as the Trial 3 score minus the Trial 1 score. The latter
two scores were used because ceiling effects are often
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observed in the VLT, especially in younger adults: the
increase in the number of words recalled is especially pro-
nounced during the first three learning trials, which makes
the scores for the last two learning trials to some extent
redundant. Delta differs from the Total recall 1-3 score
because it is a learning measure that corrects for the Trial 1
score, which is a measure of short-term and working mem-
ory. (7) Recognition, calculated as the number of correct
hits minus the number of false positives. This measure is
equivalent to the Recognition Percent Correct score (= [true
positives + true negatives]/30) proposed by Harris et al.
(2002). (8) A Retention score, calculated as the Delayed
recall score divided by the Trial 5 score. Thus a retention
score of .75 indicates that the individual’s score on the
delayed recall score was 25% lower than that person’s score
in Trial 5.

Data Analysis

Multiple linear regression models were fitted using a step-
down hierarchical procedure for the VLT measures adjusted
for Age, (Age)? (which enables modelling of quadratic age
effects), Sex, Level of education, and Mode of presenta-
tion. Since previous VLT research provided equivocal results
with respect to the influence of demographic factors on
VLT performance—especially with respect to education and
sex—the interactions between Age and Education, Age and
Sex, (Age)? and Education, and (Age)? and Sex were also
included in the model. Age was centered (Age = calendar
age minus 50) before the quadratic terms and interactions
were computed. This was done in order to avoid multicol-
linearity (Marquardt, 1980; Neter et al., 1989), because high
levels of multicollinearity may lead to technical problems
when estimating the regression coefficients (Aiken & West,
1991). Level of education (LE) was dummy coded with LE
average as the reference category. The dummies LE low
and LE high were always either both included in, or both
excluded from, the model, since they belong together and
represent the effect of the categorical predictor education.
Similarly, their interactions with another predictor were
always either both included in or excluded from the model.
Nonsignificant predictors (p > .005*) were excluded from
the model, but no predictor was removed from the model as
long as it was also included in a higher order term in the
model. In particular, Age was never removed if (Age)? or
any interaction involving Age or (Age)? was still in the
model. The reason for this is that the p-value of any predic-
tor is arbitrary (depending on the coding used for predic-
tors) if that predictor is part of a higher order predictor in
the model (Aiken & West, 1991). The assumptions of regres-
sion analysis (homoscedasticity, normal distribution of the
residuals, absence of multicollinearity, and absence of “influ-
ential cases”) were tested for each model. Homoscedasticity
was evaluated by visual inspection of the scatter plots of the

*A lower alpha level was chosen in order to avoid Type I errors due to
multiple testing.
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residuals against the predicted values. Normal distribution
of the residuals was investigated by visual inspection of the
histograms and the normal probability plots. The occurrence
of multicollinearity was checked by calculating the Variance
Inflation Factors (VIFs), which should not exceed 10
(Belsley et al., 1980). Cook’s distances were calculated to
identify possible influential cases. All analyses were per-
formed using the SPSS 10.0 for Macintosh software package.

Normative data can then be obtained by calculating the
residuals for each VLT score (¢; = observed score — pre-
dicted score): after standardization of the residuals (Z; =
e; /SD[residual]), the performance of the participant can
be evaluated via a Z distribution table with cumulative
probabilities.

RESULTS

The regression models are presented in Table 2. No signif-
icant influence of outliers was observed (maximum Cook’s
distance .07). The VIFs of the predictors in the regression
models were at most 2.7, well below the cut-off value. The
Repetitions score was square root transformed (v Repeti-
tions) because of positively skewed residuals before trans-
formation of the score.

Age was by far the strongest predictor of performance on
all VLT scores (see standardized B’s, Table 2), with the
exception of Delta. An additional quadratic effect of age on
VLT performance was observed for most VLT scores, with
the exception of Delta, although the quadratic trend was
less important than the linear age effect. Females and highly
educated participants scored significantly higher than males
and their less educated counterparts on most VLT mea-
sures. Mode of presentation differentially affected VLT per-
formance: the Trial 1 score was higher with the auditory
VLT compared to the visual VLT, and the opposite was
found for the Trial 3, 4, Delta, and v/ Repetitions score. The
influence of presentation mode on the VLT Trials 1-5 and
the Delayed recall trial performance is shown in Figure 1,
for four broad age groups (2436 years, 39-51 years, 54—66
years, and 69-81 years).

Only one significant interaction was found: an Age X LE
low interaction on the Trial 1 score. Figure 2 depicts the
predicted Trial I scores for male participants for the visual
VLT (the shape of these plots was identical for females and
for the auditory VLT, with a constant value added or sub-
tracted to the predicted scores—see Table 2). As shown in
Figure 2. low-educated participants performed worse com-
pared to average/high-educated participants for all ages,
but the difference in performance between the level of edu-
cation groups decreased with increasing age.

Normative data are obtained by calculating the par-
ticipant's predicted VLT scores, using the regression
models (see Table 2). The residuals of each score are then
calculated (¢; = observed score — predicted score), and
standardized (Z; = e, /SD[residual]) using Table 3. Note
that the scatter plots of the residuals against the predicted
values showed a trend to heteroscedasticity (a decrease in
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Table 2. Multiple linear regression models of the VLT scores following a step-down hierarchical procedure: the full
model included Age, (Age)?, LE low, LE high, Sex, Mode of Presentation, Age X LE low, Age X LE high, Age X

Sex, (Age)? X LE low, (Age)? X LE high and (Age)? X Sex

S .

W. Van der Elst et al. Paa———

Score Variable B Std. Error B T Standardized B R?
Trial 1 (constant) 5.627 .085 66.323%*

Age —.048 .004 —12.644** —.422

(Age)? —.0005 0 —2.959* —.064

Sex —.425 .076 —5.578** —.116

LE low —.537 .094 —5.745%* —.141

LE high 417 102 4.092%* .095

Mode of presentation 353 087 4.059%* 083"

Age X LE low 018 .006 3.057* .095

Age X LE high ~.0074 .006 —1.187 —.032 259
Trial 2 (constant) 8.972 .098 91.097%*

Age —.052 .003 —17.113%* —-.378

(Age)? —.0006 0 ~2.899* —.060

Sex —.808 .092 —8.751** —.181

LE low —.594 .108 —5.483%* —.128

LE high 514 121 4.26]1** .097 257
Trial 3 (constant) 10.909 .109 100.340**

Age —.053 .003 —16.510%* —.363

(Age)? —.0008 0 —3.771%=* —.078

Sex -.971 .098 —9.904** —.204

LE low —.678 115 —5.890%* —.137

LE high 491 .128 3.833%* .087

Mode of presentation —.493 112 —4.408** —.090 .265
Trial 4 (constant) 11.865 107 111.229%*

Age —.050 .003 —15.915%= —.349

(Age)? —.0009 0 —4.776%* —.099

Sex —.995 .096 —10.343** —.213

LE low —.691 113 —6.121%* —.142

LE high 523 126 4.157** .094

Mode of presentation —.358 110 —3.266%* —.066 265
Trial 5 (constant) 12.462 103 121.489%*

Age —.046 .003 —14.632%* —.327

(Age)? —.0007 0 —3.640%** -.077

Sex —-1.018 .096 —10.584** —.222

LE low —.670 113 —5.932%* —.141

LE high 497 126 3.956%* .091 .237
Total recall 1-5 (constant) 49.672 401 123.945%*

Age -.247 012 —19.916%* —.416

(Age)? —.0033 .001 —4.250%* —.084

Sex —4.227 376 —11.253%* —.220

LE low —3.055 441 * —.153

LE high 2.496 491 109 334
Total recall 1-3 (constant) 25.440 243 104.816%*

Age -.150 .007 —19.968%: —.422

(Age)? —.0016 0 —3.454%x* —.069

Sex -2.217 227 —9.748%* -.193

LE low —1.699 267 —6.361%* —.143

LE high 1.467 297 4.932%% 107 318
Delta (constant) 5.100 .068 T4 881 %

Age —-.013 .003 —4.747%* -.109

Sex —-.502 .089 —5.651** —.130

Mode of presentation —.858 102 —8.385** -.192 064

continued
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Table 2. Continued

Score Variable B
Delayed recall (constant) 10.924
Age —.073
(Age)? —.0009
Sex —1.197
LE low —.844
LE high 424
Retention (constant) 871
Age —.003
(Age)? —.00005
Sex —.029
Recognition (constant) 14.191
Age -.034
(Age)? —.0008
Sex —.398
vRepetitions (constant) 2.052
Age —.013
(Age)? —.0004
Sex —.129
Mode of presentation —.280

295

Std. Error B T Standardized B R?

128 85.374**
004 —18.440** —.401

0 —3.704%* —.076
120 —9.985** —.203
141 —5.99]** —.138
157 2.707 060 282
.007 125.526** -

0 —13.652%% ~.310

0 —3.405% -.077
.008 —3.812%* —.085 116
.090 157.143%*
.003 —10.757%* —.248

0 —3.867** —.089
101 —3.957%* —.090 .084
.040 50.947%*
.001 —9.815%* —.226

0 —3.945%* —.091
.043 -3.021* —.068
.049 —5.702%% —.129 .086

Note. LE = Level of education. Coding of the predictors: Age = calendar age — 50; (Age)? =
Female = 0; LE Low: Low Education = 1, Average or High Education

Education= 0; Mode of Presentation: Auditory version = 1, Vi
*p < .005; **p < .001.

the variance as a function of the predicted scores) for the
Recognition and Retention scores. Therefore, the standard
deviations of the residuals of these two scores were calcu-
lated as a function of the predicted scores divided into quar-

(calendar age — 50)%; Sex: Male = 1,
= 0; LE High: High Education = 1, Low or Average

sual version = 0

tiles (Table 3). After standardization of the residuals, the
participant’s: performance can be evaluated via a Z distri-
bution table with cumulative probabilities (or a simplified
version thereof, see Table 4).

16
24 - 36 years 39 - 51 years 54 - 66 years 69 - 81 years
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12 ‘/,ﬁ o -
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Fig. 1. Mean VLT Trial 1, 2, 3, 4, 5, and Delayed recall scores for four Age grou
years, and 69-81 years), separated for Presentation mod

ps (24-36 years, 39-51 years, 54—-66
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Predicted Trial 1 score
H

0 T r T T T r

25 30 35 40 45 50 55

T T T T

60 65 70 75 80

year year year year year year year year year year year year

Fig. 2. Predicted VLT Trial 1 scores for male participants on the visual VLT, per Level of education category as a

function of Age.

For example, the visual VLT was administered to a
60-year-old man with a low level of education. The partici-
pant recalled 5 words in the Delayed recall trial. The pre-
dicted Delayed recall score for this person would be 8.063
(= 10.924 4 ((60 ~ 50) * —.073) + ((60 — 50)2 * —.0009) +
(1% —1.197) + (1 % —.844) + (0 * .424)), with a residual of
—3.063 (¢; = 5 — 8.063). The SD(residual) equals 2.496
and the standardized residual —1.227 (= —3.063/2.496),

Table 3. Standard deviations of the residuals per VLT measure

Measure Predicted score SD (residual)
Trial 1 General (all scores) 1.584
Trial 2 General (all scores) 1.923
Trial 3 General (all scores) 2.042
Trial 4 General (all scores) 2.003
Trial 5 General (all scores) 2.003
Total recall 1-5 General (all scores) 7.826
Total recall 1-3 General (all scores) 4.739
Delta General (all scores) 1.873
Delayed recall General (all scores) 2.496
Retention General (all scores) .163
=.795 191
Between .796 and .852 172
Between .853 and .886 154
= 887 127
Recognition General (all scores) 2.119
=13.285 2.972
Between 13.286 and 13.937 2.250
Between 13.938 and 14.172 1.549
=14.172 1.300
vRepetitions General (all scores) 899

—_—
—_——

which corresponds to a p-value of .11, and can be consid-
ered “below normal” according to Table 4.

Tables A1-A4 (in Appendix) provide normative tables
based on the regression models in Table 2 for the Trial 1,
Delta, Delayed recall, and Recognition scores, stratified by
their statistically significant predictors.t If an individual is
not exactly 25, 30, . . ., 80 years old, then the person’s age
should be rounded up to the closest age given. If the per-
formance of such an individual is borderline-normal accord-
ing to these tables (e.g., Z value ~ — 1.28), the regression
models presented in Table 2 can be used to determine the
exact Z values.

DISCUSSION

The results of the present study showed highly significant
effects of age on VLT performance. Interestingly, the age-
related decline in performance started early in life, in a
highly linear fashion: the linear age effect was a much
stronger predictor of VLT performance than the quadratic
age effect. Put in another way, the age-related differences in
general VLT performance were more manifest in a quanti-
tative than in a qualitative way—although the absolute num-
ber of recalled words differed as a function of age, the
shape of the learning curve was similar (see Figure 1). The
results suggested that younger adults outperformed older
adults because of a better performance on Trial 1. These

-_—

TDue to space constraints, we only provide normative tables for the
most important VLT measures here. Other scores can be evaluated using
the described normative procedure. In the course of 2005, a normative
handbook will aiso made available via Neuropsych Publishers (http://
wWwWw-np.unimaas.nl/)
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Table 4. Z score intervals with the corresponding proportion
of individuals with a score falling within this interval and
corresponding verbal labels

Percentage

within this
Z Score interval interval Verbal label
Below —2.0 2.3% Very poor performance

Between —2.0 and —1.5 4.4%
Between —1.5 and —1.0 9.2%

Poor performance
Below normal

Between —1.0 and —0.5 15% Normal

Between —0.5 and 0.5 38.3% Normal

Between 0.5 and 1.0 15% Normal

Between 1.0 and 1.5 9.2% Above normal
Between 1.5 and 2.0 4.4% Good performance
Above 2.0 2.3% Very good performance

differences in Trial 1 performance may be due to differ-
ences in processing speed, as suggested by Bolla-Wilson
and Bleecker (1986). In clinical practice, the Total recall
1-5 score is the most commonly used learning summary
score (Schmidt, 1996). The results of the present study,
however, suggest that this measure is not the most appro-
priate one. Such a summary measure suggests that the dif-
ferences in learning capacity over the first five trials in the
VLT vary largely as a function of age, which was not sup-
ported by the results of the present study (see Figure 1).
The same criticism applies to the Total recall 1-3 score,
although this score has the advantage over the Total recall
1-5 score in that it takes ceiling effects, at least theoreti-
cally, into account. A measure such as Delta (= Trial 3 —
Trial 1 score) might be a more appropriate learning mea-
sure, since it corrects for Trial 1 performance and takes
ceiling effects into account, and thus gives a more realistic
estimation of the verbal learning capacity of an individual.

Although Schmidt (1996) suggested that the effect of sex
appears to be of limited importance in interpreting VLT
results, the present study clearly showed significant effects
of sex on all VLT measures, with women consistently out-
performing men. This finding is in agreement with studies
that point to the superior verbal abilities of women, for
example on verbal episodic memory tasks (e.g., Herlitz &
Yonker, 2002; Yonker et al., 2003) and verbal fluency tasks
(e.g., Rideout & Winchester, 1990). With regard to educa-
tion, the negative impact of a low level of education—as
compared to an average level of education—on VLT per-
formance was larger than the positive impact of a high level
of education on most VLT scores (see the standardized B
values in Table 2). Furthermore, the significant Age X Low
level of education interaction on the Trial 1 score suggested
that the differences in performance between the low level
of education group and the average /high level of education
group decreased with increasing age.

It should be noted that Bolla-Wilson and Bleecker (1986)
found no effect of education on VLT performance, in con-
trast to the results of the present study. This difference is
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most likely attributable to the fact that Bolla-Wilson and
Bleecker (1986) used education together with a verbal intel-
ligence measure as predictors of the VLT performance (next
to age and sex). It is possible that a variable such as (verbal)
intelligence is a more appropriate estimator of a person’s
general ability than is education, especially in older indi-
viduals. Indeed, before the 1960s most people did not con-
tinue their schooling, mostly for reasons other than their
intellectual capacity, for example, for socio-economic rea-
sons (Jolles et al., 1995). Nevertheless, we used level of
education as an estimator of general ability instead of ver-
bal intelligence for two main reasons. First, in order to facil-
itate the use of normative data, it is important to use a
readily available stratification variable. Use of verbal intel-
ligence as a predictor of the VLT performance means that a
person would also have to complete a verbal intelligence
test before the normative VLT data could be used. This is
time-consuming and expensive, and might be difficult in
certain groups, for example, elderly people, people with
attention disorders, people with a hearing impairment, etc.
Second, as with any measurement of a psychological func-
tion, there is an error component in the obtained score of a
verbal intelligence test. This would introduce an extra source
of error to the model (the error component in the score on
the verbal intelligence test) in addition to the error compo-
nent for the different VLT measures.

Mode of stimulus presentation had a significant, but not
uniform, influence on some VLT measures. Thus the Trial 1
score was higher with the auditory VLT (in accordance with
the modality effect), the Trial 3, 4, Delta, and « Total rep-
etition scores were higher with the visual VLT. It should be
noted that in the models predicting the Delayed recall and
Trial § scores, the predictor Mode of presentation was deleted
in the final step of the hierarchical procedure, but was almost
significant (p = .008 and p = .010, respectively). Thus, the
pattern of results suggests that auditory presentation is asso-
ciated with a better performance of tasks depending mainly
on short-term or working memory processes ( VLT Trial 1),
whereas visual presentation is associated with a better per-
formance of tasks that depend on long-term memory pro-
cesses (VLT Delayed recall trial) or tasks that depend on a
mixture of short-term and long-term memory processes (VLT
Trials 3. 4. and 5). This stresses the importance of using
normative data appropriate for the test procedure (stimulus
presentation) used. This aspect tends to be overlooked in
clinical practice, when tests are computerized even though
the normative data were obtained for noncomputerized tests.

At present, it is not known whether the visual VLT or the
auditory VLT version should be used as first choice to assess
verbal memory or to detect pathological conditions such as,
for example. dementia. This issue merits further investiga-
tion. However, an important issue to keep in mind regard-
ing this question concerns earlier findings by Van Boxtel
and colleagues (2000). These authors suggested that the
auditory VLT version underestimates the true memory capac-
ity of people with mild to moderate degrees of hearing loss,
even after the volume at which the VLT words are pre-
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Fig. 3. Mean auditory VLT Total recall 1-5 scores for males (left) and females (right) separated for Age category (and

95% Confidence Interval).

sented is adjusted for individual hearing ability. Impor-
tantly, Van Boxtel et al. (2000) also reported a large overlap
in hearing acuity between people who did or did not report
hearing loss. Therefore, we recommend that the visual VLT
version be used to test participants with an unknown
(objective) hearing status (even if the participant claims not
to have a hearing loss) or with a (even mild) hearing
impairment.

The present data were obtained for a healthy population
of native Dutch speakers. It can be questioned whether the
normative data of the Dutch VLT are applicable to individ-
uals who have a different native language or cultural back-
ground. Recent studies suggested that words that are selected
using the same criteria (e.g., comparable with regard to
semantic and phonemic features, words that seem equally
concrete, words that seem as difficult or easy to cluster by
association, etc.) lead to comparable test versions across
countries and languages (Van den Burg & Kingma. 1999).
This was the case when we compared our data for the audi-
tory VLT version with the results of Geffen and colleagues
(1990) obtained with an English-speaking sample. After rede-

fining the age categories of our sample to match those of

Geffen et al. (1990) (see Figure 3), we found that the mean
VLT Trial 1, 2, 3, 4, 5, and Total recall 1-5 scores in our
sample were not significantly different from the correspond-
ing mean scores in their sample (all p > .01%) for all age by
sex groups (see Figure 3 for the Total recall 1-5 score).
We were not able to compare the scores for the visual
VLT (because Geffen and colleagues did not administer a

FA series of two-tailed r-tests per age by sex group were performed
instead of a more appropriate technique, for example ANOVA with Age
category and Sex as between subject factors, since we did not have access
to the raw dataset of Geffen et al, (1990).

visual VLT version), and for certain VLT measures, such as
Recognition and Delayed recall (because Geffen and col-
leagues used different test administration and scoring pro-
cedures, which means that these scores are not comparable).
However, we expect it to be unlikely that English-speaking
people would score differently from Dutch-speaking peo-
ple on a visual version of the VLT, especially when differ-
ences were not found with the auditory version of the VLT.
Supporting evidence for this claim can also be found in a
study of Mgller and colleagues (1998), who showed that
the Visual Verbal Learning Test (in three trials instead of
five) was culturally robust when evaluated in seven differ-
ent language areas (English, Danish, Dutch. French, Ger-
man, Greek, and Spanish). Thus, the results of these studies
suggest that normative data for a Dutch sample (and nor-
mative data for a sample with a language very similar to
Dutch, such as German; see Heubrock, 1994) can also be
used for samples of English-speaking people.

In summary. we established normative data for the audi-
tory and visual version of the VLT. The data were derived
from a large sample of 1855 cognitively intact men and
women of different educational levels and ages (range 2481
years). We used multiple regression models to establish nor-
mative data that account for the effects of these variables.
The results showed that VLT performance is superior in
women, decreases with age, and is associated with level of
education. Performance on VLT Trial 1, which depends
mainly on short-term or working memory, was better with
the auditory version, whereas performance on VLT trials
that depend on long-term memory processes or trials that
depend on a combination of short-term and long-term mem-
ory processes was better with the visual version. Further-
more, although the Total recall 1-5 score is currently the
most frequently used VLT learning summary measure, our




Rey’s verbal learning test: Normative data

results indicated that Delta (= Trial 3 — Trial 1) may pro-
vide a better estimation of the verbal learning capacity of
an individual.
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APPENDIX

Table Al. Normative VLT data for the Trial 1 score stratified b

¥ Mode of presentation, Level of education, Sex, and, Age

(25, 30, ..., 80 years). The raw test score leading to a particular Z-value is given for Z-values indicating the percentiles
5, 10, 20, 50, 80, 90, and, 95
\Mﬁ_x
Male Female
z cam 0 Aewyes L ey
value prob. 25 30 35 40 45 S0 55 60 65 70 75 80 25 30 35 40 45 50 55 60 65 70 75 80
_

164 95 77 77 76 75 74 73 71 69 67 65 62 59 81 81 80 79 78 77 75 73 71 69 66 63
12890 71 71 70 69 68 67 65 63 61 59 56 53 76 75 75 74 73 71 70 68 66 63 6.1 58
E 84 80 64 64 63 62 61 60 58 56 54 52 49 46 69 68 68 67 66 64 63 61 59 56 54 5.1
o 0 S0 51 51 50 49 48 47 45 43 41 39 36 33 55 55 54 53 52 51 49 47 45 43 40 37
- 84 20 38 37 37 36 35 33 32 30 28 25 23 20 42 42 41 40 39 38 36 34 32 30 27 24
-128 .10 31 30 30 29 28 26 25 23 21 18 16 13 33 35 34 33 32 31 29 27 25 23 20 17
L6405 25 25 24 23 22 21 19 17 15 13 10 0729 29 28 27 26 25 23 21 19 17 14 1.1
64 95 87 86 84 82 80 78 75 73 70 66 63 59 91 90 88 87 85 82 80 77 74 71 67 63
= g 128 .90 81 80 78 77 75 72 7.0 67 64 61 57 53 85 84 83 81 79 77 74 71 68 65 6.1 58
5 £ 84 80 74 73 71 70 68 65 63 60 57 54 50 46 78 77 76 74 72 70 67 64 61 58 54 5.1
3 3 0 S0 61 60 58 56 54 52 49 47 44 40 37 33 65 6.4 62 6.1 59 56 54 51 48 45 4.1 3.7
2 = 8420 48 46 45 43 41 39 36 33 30 27 24 20 52 51 49 47 45 43 40 38 35 31 28 24
L2810 41 39 38 36 34 32 29 26 23 20 17 1345 44 42 40 38 36 33 31 28 24 21 17
164 05 35 34 32 30 28 26 24 21 1.8 14 | 07 39 38 36 35 33 30 28 25 22 19 15 11
.64 .95 93 91 89 87 85 82 79 76 73 69 65 61 97 95 94 91 89 86 84 80 77 73 69 65
128 90 87 86 84 82 79 76 74 70 67 63 59 5591 90 88 86 83 81 78 75 7.1 68 64 60
) B4 80 80 79 77 75 72 69 67 63 60 56 53 +8 84 83 81 79 76 74 71 68 64 61 57 53
= 0 2067 65 63 61 59 56 53 S0 47 43 39 35 7 70 68 65 63 60 58 54 51 47 43 39
- -84 300 5452 50 48 46 43 40 37 33 30 16 22 58 56 54 52 50 47 44 41 38 34 30 26
=128 100 47 45 43 41 39 36 33 30 26 23 19 15 50 49 47 45 43 40 37 34 31 27 23 19
“he4 05 41 39 37 35 33 30 27 24 20 17 13 09 45 44 42 40 37 34 32 28 25 21 17 13
L6495 81 80 80 79 78 76 75 73 7.1 68 66 6.3 85 84 84 83 82 80 79 77 75 72 70 67
) 128 .90 75 74 74 73 72 70 69 67 65 62 60 57 79 79 78 77 76 75 73 1 69 67 64 61
2 B4 80 68 67 67 66 65 63 62 60 S8 55 33 50072 72 70 70 69 68 66 64 62 60 57 54
= 0 S0 55 54 54 53 52 50 49 47 45 40 40 37 59 58 58 57 56 54 53 51 19 46 44 41
84200 41 41 40 39 38 37 35 33 3 29 g 2345 4SS 44 44 42 40 39 38 35 33 30 28
T128 100 3403433 32 30 30 28 26 24 29 19 16 39 38 38 37 3.6 34 33 31 29 26 24 2]
L6405 29 28 28 27 26 24 23 21 19 16 14 U033 32 32 30 30 28 27 25 23 20 18 15
= 6495 9.0 89 88 86 84 82 79 7.6 73 70 66 63 95 93 92 90 88 86 83 80 7.7 74 71 67
S 9 12890 85 83 82 80 78 76 73 70 68 64 61 57 89 88 86 84 82 80 78 75 72 68 65 6.1
> B4 B0 78 76 75 73 71 69 66 64 61 57 54 50 82 81 79 77 75 73 71 68 65 62 58 54
é z 0 S0 64 63 62 60 58 56 53 50 47 44 40 37 6.9 67 66 64 62 60 57 55 51 48 45 4
i 4 ©84 200 5050 48 47 45 42 40 37 34 31 27 23 55 54 53 51 49 46 44 41 38 35 31 28
—128 100 44 43 40 40 38 35 33 30 27 24 20 16 48 47 46 44 42 40 37 34 31 28 24 2
“le4 05 38 37 36 34 32 30 27 24 21 18 14 LI 43 41 40 38 36 34 31 29 25 22 19 15
164 .95 96 95 93 91 88 86 83 80 76 73 69 65 101 99 97 95 93 90 87 84 81 77 73 69
12890 00 B9 87 85 83 80 77 74 71 67 63 59 95 93 91 89 87 84 81 78 75 71 67 63
k) 84 80 84 B2 80 78 76 73 70 67 64 60 56 50 88 86 84 B2 B0 77 74 71 68 64 60 56
= 0 S0 7069 67 65 62 60 57 54 50 47 43 39 75 73 70 69 67 64 6.1 58 55 51 47 43
-~ “84 20057 55 54 50 49 46 44 40 37 33 29 25 61 60 58 56 53 S1 48 45 41 38 34 30
T128 100 50 49 47 44 42 39 37 33 30 26 20 I8 54 53 51 49 46 44 41 38 34 31 27 23
o405 44 43 40 39 36 34 30 28 24 21 17 13 49 47 45 43 41 38 35 32 29 25 21 17
e — if_*k—‘ii:*:,i*i sl —_—

Note. LE = Level of cducatic

on; Cum. prob. = cumulative probability.
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Table A2. Normative VLT data for the Delta score stratified by Mode of presentation, Sex, and, Age (25, 30, . . ., 80 years). The raw
test score leading to a particular Z-value is given for Z-values indicating the percentiles 5, 10, 20, 50, 80, 90, and, 95

Male Female

Age in years Age in years
z Cum. 5 Y & Y

value prob. 25 30 35 40 45 50 55 60 65 70 75 8 25 30 35 40 45 50 55 60 65 70 75 80

'E_o 164 95 80 79 79 78 17 77 716 15 75 74 713 73 85 84 84 83 82 82 81 80 80 79-78 78
o ‘% 128 9 73 73 72 71 71 70 69 69 68 67 67 66 78 78 17 76 76 15 74 74 73 72 72 71
;’ %0 84 80 65 64 64 63 62 62 61 60 60 59 58 58 70 69 69 68 67 67 66 65 65 64 63 63
E :‘% 0 50 49 49 48 47 47 46 45 45 44 43 43 42 54 54 53 52 52 51 50 50 49 48 48 47
--;’ B -84 20 33 33 32 32 31 30 30 29 28 28 27 26 39 38 37 37 36 35 35-34 33 33 32 31
i -128 10 25 25 24 23 23 22 21 21 20 19 19 18 30 30 29 28 28 27 26 26 25 24 24 23
= -164 05 19 18 17 17 16 15 15 14 1.3 13 12 1.1 24 23 22 22 21 20 20 19 18 18 17 16
En 164 95 71 71 70 69 69 68 67 67 66 66 65 64 76 76 75 T4 74 73 72 72 71 71 70 69
5 § 128 90 65 64 63 63 62 61 61 60 59 59 58 57 70 69 68 68 67 66 66 65 64 64 63 62
; ?_? 84 80 56 56 55 54 54 53 52 52 51 51 50 49 61 61 60 59 59 58 58 57 56 56 55 54
£ % 0 50 41 40 39 39 38 37 3.7 36 35 35 34 34 46 45 44 44 43 42 42 41 40 40 39 39
E 3 -84 20 25 24 24 23 22 22 21 20 20 19 18 18 30 29 29 28 27 27 26 25 25 24 23 23
< i -128 10 L7 16 15 15 14 13 1.3 1.2 1 11 10 10 22 21 20 20 19 18 18 17 16 16 15 15
= -164 05 10 09 09 08 07 07 06 05 05 04 03 03 15 14 14 13 12 12 11 1.0 1.0 09 08 038

Note. LE = Level of education; Cum. prob. = cumulative probability.

Table A3. Normative VLT data for the Delayed recall score stratified by Level of education, Sex, and, Age (25, 30, . . ., 80 years).
The raw test score leading to a particular Z-value is given for Z-values indicating the percentiles 5, 10, 20, 50, 80, 90, and, 95

Male Female

Age in years Age in years
Z  Cum. £

value prob. 25 30 35 40 45 50 55 60 65 70 75 80 25 30 35 40 45 50 S5 60 65 70 75 80

1.64 95 142 141 139 136 133 130 126 122 117 11.2 106 100 150 150 150 148 145 142 13.8 134 129 124 118 112
128 90 133 132 13.0 127 124 121 11.7 11.3 108 103 9.7 9.1 145 144 142 139 136 133 129 125 12.0 11.5 109 103

z 84 80 122 121 119 116 113 11.0 106 102 97 92 86 8.0 134 133 131 128 125 122 11.8 114 109 104 98 92

o 0 50 101 100 98 95 92 89 85 81 76 7.0 65 59 113 1.2 110 107 104 101 97 93 88 83 17 71

4 -84 20 80 79 77 74 711 68 64 60 55 50 44 38 92 91 89 86 83 80 76 72 67 62 56 50
‘-128 10 70 68 66 63 60 57 53 49 44 39 33 27 81 80 78 75 72 69 65 61 56 51 45 39

-164 05 61 59 57 54 51 48 44 40 35 3.0 24 18 72 71 69 66 63 60 56 52 47 42 36 30

; 1.64 95 150 149 147 145 142 13.8 134 130 125 120 114 108 150 150 150 150 150 150 146 142 3.7 132 126 120
3 g 128 90 142 140 138 13.6 133 129 125 121 11.6 11.}1 105 99 150 150 150 148 145 141 13.7 133 128 123 117 111
2 g 84 80 13.1 12.9 127 125 122 11.8 11.4 11.0 105 100 9.4 838 143 141 139 137 134 130 126 122 117 112 106 100
; 3 0 50 11.0 10.8 106 104 101 97 93 89 84 79 73 67 122 120 11.8 11.6 113 109 105 1001 96 91 B85 79
> 2 -84 20 89 87 85 83 80 76 72 68 63 58 52 46 101 99 97 95 92 88 84 80 75 70 64 58
£ -128 10 78 76 74 72 69 65 61 57 52 47 41 35 90 88 86 84 81 77 73 69 64 59 53 47
§ —-164 05 69 67 65 63 60 56 52 48 43 38 32 26 81 79 77 75 712 68 64 60 55 50 44 38
164 95 150 150 150 149 146 142 139 134 129 124 119 1.2 150 150 150 150 150 150 150 146 141 136 13.1 124

- 128 90 14.6 144 142 14.0 137 133 13.0 125 120 115 11.0 103 150 150 150 150 149 145 142 137 132 127 122 115

;:;:0 84 .80 135 133 131 129 126 122 119 114 11.0 104 99 92 147 145 143 141 138 134 13.1 126 121 11.6 11.1 104

@ 0 50 114 113 11.0 108 105 102 9.8 93 89 83 7.8 7.2 126 124 122 120 11.7 113 11.0 105 101 95 90 83

-8 20 93 92 89 87 84 81 7.7 72 68 62 57 51 105 104 101 99 96 93 89 84 80 74 69 63
—-128 .10 82 81 78 76 73 70 66 61 57 51 46 40 94 93 90 88 85 82 78 73 69 63 58 52
—164 05 73 72 70 67 64 61 57 52 48 42 37 31 85 84 81 79 76 73 69 64 60 54 49 43

Note. LE = Level of education; Cum. prob. = cumulative probability.
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Table A4. Normative VLT data for the Recognition score stratified by Sex and Age (25, 30, . . ., 80 years). The raw test score
leading to a particular Z-value is given for Z-values indicating the percentiles 5, 10, 20, 50, 80, 90, and, 95

Male Female

Age in years Age in years
z Cum. £

value prob. 25 30 35 40 45 50 55 60 65 70 75 80 25 30 35 40 45 50 S5 60 65 70 75 80

164 .95 150 150 150 150 150 150 150 150 150 150 150 150 150 15.0 150 150 150 150 150 150 150 150 150 150

5 =

; g 1.28 .90 150 150 150 150 150 150 150 150 150 150 150 150 15.0 150 150 150 150 150 15.0 150 150 150 150 15.0
2 gﬁ 84 80 150 150 150 150 150 150 150 150 150 150 149 145 150 15.0 150 150 150 150 150 150 150 150 150 149
; 2 0 S0 141 142 141 140 139 13.8 13.6 134 131 128 124 121 145 146 145 145 143 142 140 138 135 132 12.8 125
2 84 20 128 129 128 128 126 119 117 11.5 10.6 103 9.9 9.6 134 135 134 134 132 13.1 127 119 116 107 103 100
;‘g i —128 10 122 122 1201 121 120 109 107 105 93 90 86 82 129 129 129 128 127 125 120 109 106 94 90 86
22 164 05 116 116 11.6 115 114 101 99 97 82 79 76 72 124 124 124 123 122 121 115 101 98 83 80 76

Note. LE = Level of education; Cum. prob. = cumulative probability.




