€Y Routledge

g Taylor &Francis Group

The Clinical Neuropsychologist

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ntcn20

Regression-based normative data for the Rey
Auditory Verbal Learning Test in Norwegian and
Swedish adults aged 49-79 and comparison with
published norms

Jacob Espenes, Ingvild Vello Eliassen, Fredrik Ohman, Erik Hessen, Knut
Waterloo, Marie Eckerstrom, Ingrid Myrvoll Lorentzen, Cecilie Bergland,
Madelene Halvari Niska, Santiago Timén-Reina, Anders Wallin, Tormod
Fladby & Bjern-Eivind Kirsebom

To cite this article: Jacob Espenes, Ingvild Vallo Eliassen, Fredrik Ohman, Erik Hessen, Knut
Waterloo, Marie Eckerstrém, Ingrid Myrvoll Lorentzen, Cecilie Bergland, Madelene Halvari

Niska, Santiago Timon-Reina, Anders Wallin, Tormod Fladby & Bjgrn-Eivind Kirsebom (2022):
Regression-based normative data for the Rey Auditory Verbal Learning Test in Norwegian and
Swedish adults aged 49-79 and comparison with published norms, The Clinical Neuropsychologist,
DOI: 10.1080/13854046.2022.2106890

To link to this article: https://doi.org/10.1080/13854046.2022.2106890

8 © 2022 The Author(s). Published by Informa ﬁ Published online: 13 Aug 2022.
UK Limited, trading as Taylor & Francis

Group
\]
(& suomit your article to this journal il Article views: 623
A PN
& View related articles (3' (!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ntcn20


https://www.tandfonline.com/action/journalInformation?journalCode=ntcn20
https://www.tandfonline.com/loi/ntcn20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13854046.2022.2106890
https://doi.org/10.1080/13854046.2022.2106890
https://www.tandfonline.com/action/authorSubmission?journalCode=ntcn20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ntcn20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/13854046.2022.2106890
https://www.tandfonline.com/doi/mlt/10.1080/13854046.2022.2106890
http://crossmark.crossref.org/dialog/?doi=10.1080/13854046.2022.2106890&domain=pdf&date_stamp=2022-08-13
http://crossmark.crossref.org/dialog/?doi=10.1080/13854046.2022.2106890&domain=pdf&date_stamp=2022-08-13

Routledge

Taylor & Francis Group

THE CLINICAL NEUROPSYCHOLOGIST
https://doi.org/10.1080/13854046.2022.2106890

39a311N0Y

B OPEN ACCESS | crecforupast

Regression-based normative data for the Rey Auditory
Verbal Learning Test in Norwegian and Swedish adults
aged 49-79 and comparison with published norms

Jacob Espenes*® @), Ingvild Vgllo Eliassen<? @), Fredrik Ohman®f @), Erik

Hessen®d, Knut Waterloo*® (), Marie Eckerstromée, Ingrid Myrvoll
Lorentzen? (), Cecilie Bergland?, Madelene Halvari Niska?,
Santiago Timén-Reina“9, Anders Wallin¢, Tormod Fladby" (®» and
Bjorn-Eivind Kirsebom?

2Department of Psychology, Faculty of Health Sciences, The Arctic University of Norway, Tromsg, Norway;
bDepartment of Neurology, University Hospital of North Norway, Tromsg, Norway; ‘Department of
Neurology, Akershus University Hospital, Larenskog, Norway; “Department of Psychology, University of
Oslo, Oslo, Norway; ®Department of Psychiatry and Neurochemistry, Institute of Neuroscience and
Physiology, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden; Wallenberg Centre
for Molecular and Translational Medicine, University of Gothenburg, Gothenburg, Sweden; 9Departamento
de Inteligencia Artificial, Universidad Nacional de Educacién a Distancia, Madrid, Spain; "Institute of
Clinical Medicine, University of Oslo, Oslo, Norway

ABSTRACT

Objective: The Rey Auditory Verbal Learning Test (RAVLT) is a
widely used measure of episodic verbal memory. To our knowl-
edge, culturally adapted and demographically adjusted norms for
the RAVLT are currently not available for Norwegian and Swedish
adults, and imported North American norms are often used.
We here develop regression-based norms for Norwegian and
Swedish adults and compare our norms to North American
norms in an independent sample of cognitively healthy adults.
Method: Participants were 244 healthy adults from Norway and
Sweden between the aged 49 and 79years, with between 6 and
24years of education. Using a multiple multivariate regression-based
norming procedure, we estimated effects of age, sex, and years
of education on basic and derived RAVLT test scores. The newly
developed norms were assessed in an independent compari-
son group of cognitively healthy adults (n=145) and compared
to recently published North American regression-based normes.
Results: Lower age, female sex and more years of education pre-
dicted higher performance on the RAVLT. The new norms ade-
quately adjusted for age, education, and sex in the independent
comparison group. The American norms corrected for demograph-
ics on all RAVLT trials except trials 4, 7, list B, and trials 1-5 total.
Test-retest (M=2.55years) reliability varied from poor to good.
Conclusion: We propose regression-based norms for the RAVLT
adjusting for pertinent demographics. The norms may be used for
assessment of Norwegian and Swedish adults between the aged
of 49 and 79years, with between 6 and 24years of education.
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Introduction

The Rey Auditory Verbal Learning Test (RAVLT) is a widely used measure of episodic
verbal memory in the field of neuropsychology (Boake, 2000). It is a multi-trial, 15-item
word list test that enables assessment of fundamental memory processes, including
acquisition, interference effects, retention, and retrieval (lvnik et al., 1992). The RAVLT
is sensitive to learning and memory deficits in several clinical groups, including
patients with mild cognitive impairment (MCl; Estévez-Gonzélez et al., 2003), Alzheimer’s
Disease (AD; Ricci et al., 2012), left hemispheric brain pathology (Loring et al., 2008),
and neuropathologies of various etiologies (Powell et al., 1991). RAVLT scores are
good markers for progressive episodic memory deficits typical in common age-related
conditions such as AD and MCI due to AD (Belleville et al., 2017). Delayed recall
performance on the RAVLT has demonstrated adequate to excellent diagnostic accu-
racy for identifying which individuals with MCI will progress to AD dementia (Eckerstrom
et al.,, 2013; Ewers et al., 2012).

Sociodemographic factors have been found to influence RAVLT performance. Age
effects are consistently reported in middle-aged and older adults, showing declining
performance with increasing age (Lavoie et al., 2018; Messinis et al., 2016; Stricker
et al, 2021). Findings are somewhat less consistent regarding the influence of sex
and educational attainment. Several studies indicate a clear female advantage on
RAVLT performance (Asperholm et al., 2019; Lavoie et al., 2018; Stricker et al., 2021;
Sundermann et al., 2016; 2017; Van Der Elst et al., 2005) while others find no signif-
icant influence of sex (Marqués et al., 2013; Messinis et al., 2016). In contrast, an older
meta-analytic review of demographic influences on RAVLT performance suggests a
male advantage on some trials, and otherwise no effects of sex on performance
(Mitrushina et al., 2005). Individuals with more years of education often obtain higher
scores on the RAVLT (Bezdicek et al.,, 2014; Lavoie et al., 2018; Messinis et al., 2016;
Stricker et al., 2021; Van Der Elst et al.,, 2005). However, meta-analytic evidence has
indicated no significant effect of education on performance (Mitrushina et al., 2005).

Linguistic and cultural differences may also contribute to systematic variation of
RAVLT performance in different populations. Norms from different cultural groups are
not necessarily interchangeable. Which norm set we choose to apply on an individual’s
scores may influence their likelihood of being classified as memory-impaired (Strauss
et al.,, 2006). Local norms for the RAVLT have been developed for older adults with
diverse cultural and linguistic backgrounds including north American (Stricker et al.,
2021), Venezuelan (Correia & Osorio, 2014), French-Canadian (Lavoie et al., 2018),
Greek (Messinis et al., 2016), Israeli (Vakil et al., 2010), and German (Boenniger
et al., 2021).

To our knowledge, there are currently no demographically adjusted test norms
for the RAVLT available for the Norwegian or Swedish middle-aged and older adults.
Demographically adjusted and locally sourced normative material is needed to
increase the likelihood for an accurate evaluation of memory function in this pop-
ulation. Thus, the first objective of this study was to develop normative data for the
RAVLT for Norwegian and Swedish adults ages 49 to 79years applying a multiple
multivariate approach (Van der Elst et al., 2017). Secondly, clinicians in Norway and
Sweden have several sets of norms available for use such as the newly developed
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population-based regression-based norms from the Mayo Normative Study (Stricker
et al, 2021) that may or may not be appropriate in a Scandinavian population. Thus,
the study’s second objective was to compare the currently proposed norms with
published norms from Stricker et al. (2021) in an independent sample of cognitively
healthy participants with subjective cognitive decline (SCD) from Norway and Sweden.

Methods and materials
Participants

The present study included 244 healthy control participants from three related research
projects on early phases of dementia diseases conducted in Norway and Sweden; the
Dementia Initiation study (DDI, n=70); the Gothenburg Mild Cognitive Impairment
(MCl) study (n=121); and the Oslo MCI study (n=53). Healthy controls included from
DDI were assessed at the Akershus University Hospital or the University Hospital of
Northern Norway between January 2013 and June 2020. The Oslo MCI study is the
predecessor of the ongoing DDI study, and assessments were performed at the
Akershus University hospital between 2005 and 2013. Participants included from the
Gothenburg MCI study were assessed at the Sahlgrenska University Hospital, Sweden,
between January 2001 and March 2014. Healthy controls from DDI- (n=70) and the
Oslo MCI- study (n=70) were primarily recruited from spouses of symptom group
participants and secondarily through advertisements in local media and from the
orthopedic wards. Healthy controls included from the Gothenburg MCI study (n=121)
were primarily recruited through senior citizen organizations, and a small proportion
were relatives of symptom group participants. All studies followed a similar standard-
ized procedure for assessment that included neurological and psychical examination,
neuropsychological assessment and self and informant-reported medical history. Most
participants agreed to submit blood samples and cerebrospinal fluid samples. However,
these were not analyzed for the purpose of this study. For a complete description of
the Gothenburg MCI cohort, methods, and study procedures, see Wallin et al. (2016).
For DDI see Fladby et al. (2017) and for Oslo MCI refer to Hessen et al. (2014).
Joint criteria for inclusion applied to all healthy controls employed in the normative
analyses of the present study (n=244) was aged 49 through 79, the absence of sub-
jective symptoms of cognitive decline, mini mental state examination (MMSE) > 26,
and a native language of Norwegian or Swedish. The normative sample was split
between 122 participants speaking Norwegian and 122 speaking Swedish. Two par-
ticipants spoke Norwegian as the second language. Fifty participants were between
aged 49 and 58; 122 were between 59 and 68years; and 72 were between 69 and
79years. Education ranged between 6 and 24years of education. Every full year of
formal education attained by the participants was counted, excluding degrees of the
same level. Exclusion criteria were developmental disorders, neurological disease,
intellectual disability, severe somatic disorders that might negatively influence cog-
nitive performance, history of stroke, or severe psychiatric disorder, including major
depression. Apart from MMSE, results on cognitive screening tests and neuropsycho-
logical measures were not used to verify cognitive normalcy or exclude participants
as this potentially excludes normal healthy participants, thereby reducing variation
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associated with normal aging, thus limiting the generalizability and validity of the
norms. Scores from participants who did not complete the RAVLT or had missing
scores on any RAVLT trial was excluded from the analysis. Thus, only participants with
complete RAVLT administrations were included.

Between cohort comparisons of demographics and cognitive performance

Participants were recruited from three related research projects, and potential cohort
effects were investigated. While the Gothenburg and -Oslo MCI cohort participants
on average had fewer years of education, there were no cohort effects on RAVLT raw
scores adjusted for age differences, years of education, and sex, except for trial 1.
Scores on trial 1 were analyzed in a regression model, which included the predictor’s
cohort (dummy coded to account for three cohorts), age, years of education, and
sex. Results showed that control participants recruited from the Oslo MCI study on
average remembered 0.738 fewer words than the controls from DDI, adjusting for
differences in education, age and sex (b=-0.738, 95% Cl [-1.327, —.150], p = .014,
F(5, 238) = 10.246, and p = <.001). There were no significant differences between the
Oslo MCI cohort and participants from the Gothenburg MCI study.

Independent comparison group to assess norms

The DDI study and Gothenburg MCI study also include participants with subjective
cognitive decline (SCD), and at the time of analysis, 145 cognitively healthy partici-
pants with SCD had available assessments on the RAVLT. These were included in a
separate sample to evaluate and compare the current proposed norms with published
norms from Stricker et al. (2021). All SCD participants underwent the same standard-
ized procedure for assessment as previously described for healthy controls, including
the general exclusion and inclusion criteria, and MMSE score > 26. SCD participants
were included via referrals from general practitioners to memory clinics, and self-referral
following public advertisements aimed at individuals with memory complaints. As
such, memory deficits were the main cognitive complaints. SCD was determined by
self-report the following proposed guidelines in Jessen et al. (2014) and Molinuevo
et al. (2017). All participants with SCD were subject to a clinical interview about the
nature of progression since onset, experience of cognitive deficits in other domains,
familiar history, and affective symptoms. To ensure cognitive normalcy and differentiate
participants presenting SCD from MCI, recommendations from Albert et al. (2011)
were applied and participants were excluded if they presented objective cognitive
decline, operationalized as a score 1.5 standard deviation below the normative mean
on at least one of the following neuropsychological tests (applied normative correc-
tions in parenthesis); The Trail Making Test B (Espenes et al., 2020; Reitan & Wolfson,
1985), Controlled Oral Word Association test (COWAT, Heaton et al., 2004; Lorentzen
et al., 2021), Silhouettes from Visual Object and Space Perception Battery (VOSP,
Eliassen et al., 2020; Warrington & James, 1991). Participants with SCD from the DDI
cohort were excluded on basis of the CERAD word list-delayed recall (Fillenbaum
et al., 2008; Kirsebom et al., 2019). Participants from the Gothenburg MCI cohort did
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not perform the CERAD word list delayed recall and were instead excluded based on
the RAVLT trial 7 (Rey, 1958; Stricker et al., 2021).

To investigate if the SCD group would be suitable as an independent group for
comparing normative adjustments, their RAVLT scores were compared to those of the
controls (Table 1). Regression analyses indicated no significant differences between
groups adjusting for differences in years of education, age, and sex, except for trial
4, where a minor difference was observed. The SCD group on average remembered
0.742 more words compared to the healthy controls (b=0.742, p = .032, and 95% ClI
[0.063, 1.420]). The confidence interval suggests that this difference could be very
small, possibly spurious, as there is no theoretical basis for trial 4 differing substan-
tially from other parts of the RAVLT. We therefore conclude that the comparison group
comprised of individuals presenting SCD had comparable scores to the healthy control
group on the RAVLT, indicating that they were suitable as an independent compari-
son group.

RAVLT test version and administration

RAVLT assessments were performed by clinical psychologists or psychologists-in-train-
ing. Firstly, the participant is instructed to try to remember as many words as possible
from a list of words that is about to be read aloud. Then, a list of 15 words (list A),
is read aloud to the participant, to which the participant is required to recall as many
words as possible directly after. This is repeated for a total of five trials, and the
participant is required to freely recall as many words as possible after each

Table 1. Demographics, raw scores of the normative sample of healthy controls and the inde-
pendent comparison group comprised of cognitively healthy participants with subjective cognitive
decline (SCD).

Normative sample of Independent
healthy controls comparison group

Variables (n=244) (n=145) /%2 p
Age Mean (SD) [range] 64.3 (6.8) [49-79] 62.3 (6.7) [49-77] 2.952 .003
Female n (%) 138 (56.6 %) 91 (62.8 %) 1.444 n.s.
Years of education Mean (SD) 12.7 (3.3) [6—24] 14.0 (3.2) [6—21] -3.666 <.001

[range]
Trial 1 Mean (SD) 5.5 (1.7) 5.8 (1.9) 0.260 n.s.
Trial 2 Mean (SD) 8.3 (2.1) 8.7 (2.2) —0.094 n.s.
Trial 3 Mean (SD) 9.7 (2.4) 10.5 (2.5) 1.306 n.s.
Trial 4 Mean (SD) 10.8 (2.4) 12.0 (4.5) 2.150 .032
Trial 5 Mean (SD) 11.4 (2.5) 12.0 (2.1) 0.397 n.s.
Trial 6 (immediate memory) 9.3 (3.1) 10.3 (2.6) 1.263 n.s.

Mean (SD)
Trial 7 (delayed memory) Mean 9.0 (3.1) 10.1 (2.5) 1.522 n.s.

(SD)
Trials A1-A5 total Mean (SD) 45.6 (9.6) 48.4 (9.2) 0.687 n.s.
List B Mean (SD) 5.4 (1.8) 5.6 (2.0) —0.425 n.s.

Notes. n = Number of participants; p=p-value; t=t statistic; n.s. = non-significant result (p > .05); Results are
presented as mean (Standard deviation) [range] except for sex which is characterized by female percentage.
¥for RAVLT scores, test statistics refer to mean difference between groups controlling for age, years of education,
and sex. For age and years of education, independent samples t-tests with Welch correction were conducted; x?

= Chi Square test for 2x2 table.
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presentation. After five consecutive trials, a distractor list (B) containing 15 separate
words is presented, and the participant is asked to freely recall as many words as
possible from this new list. Following immediately, without cues or renewed presen-
tation, the participant is asked to recall list A again (trial 6). After a timed delay of
30 minutes, during which other neuropsychological tests with non-verbal stimuli were
conducted, the participant is required to freely recall List A once more (trial 7),
reflecting delayed verbal memory. On the RAVLT, the primary variables are correctly
recalled words on learning trials (trial 1 to 5), list B, trial 6, and trial 7. In addition,
derived measures (Table 2) are often computed to provide evaluations of learning
(Ivnik et al., 1990), inhibition and interference effects, and retention (i.e.,, correctly
recalled words after 30-minute delay relative to the number of words previously
recalled).

Norwegian participants were administered a Norwegian translation of the RAVLT
word list, available in English in Lezak et al. (2012). Likewise, the Swedish participants
from the Gothenburg MCI cohort used a translated Swedish version. English, Norwegian,
and Swedish versions of the RAVLT with standardized instructions and word lists A
and B are presented in appendix A. Norwegian and Swedish versions of the RAVLT
were not backtranslated or otherwise formally validated. The Swedish Gothenburg
MCI study employed a different protocol for administering the recognition trial than
the Norwegian cohorts from DDI and Gothenburg-Oslo MCl and we therefore do not
present normative data for this part of the test.

Regression norming procedure

Following procedures described in Van der Elst et al. (2017), multivariate regression-based
norms were developed based on the performance of the included healthy controls
(n=244) on all primary RAVLT measures. Exploratory analyses confirmed that all primary
RAVLT measures were moderately to highly correlated (r = .289-.868), suggesting that

Table 2. Primary and the derived measures on the RAVLT.

RAVLT measures Description

Primary measures

Trial 1 Number of correctly recalled words from list A after
first learning trial

Trial 2 Second learning trial

Trial 3 Third learning trial

Trial 4 Fourth learning trial

Trial 5 Fifth learning trial

List B Free recall of list B

Trial 6 Recall of list A without renewed presentation

Trial 7 Thirty-minute delayed recall of list A

Derived measures

Trials 1-5 total learning Y (Trial 1, Trial 2, Trial 3, Trial 4, Trial 5)

Learning over trials (Trials 1-5 total—(Trial 1*5))

Learning rate? (Trial 5—Trial 1)

Proactive inhibition® (Trial 1—list B)

Retroactive inhibition? (Trial 5—Trial 6)

Long-term percentage retention (100 * (Trial 7/Trial 5))

Note: ¥ = sum; primary measures are reported in order of administration;

2Positive score on learning rate indicate that more words were repeated at Trial 5 than Trial 1.

bPositive score indicate inhibition effect, that is, more words were recalled in Trial 1 compared to List B, or more
words recalled in Trial 5 compared to Trial 6.
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primary RAVLT measures was suitable for multivariate analysis. Correlations between
primary RAVLT measures and demographical variables are presented in Appendix A.2.1.

A preliminary multivariate regression model with predictors age, age?, education,
education?, age*education interaction, sex, sex*age interaction, trial, trial*age inter-
action, trial*education interaction, trial*sex interaction, and a dummy coded variable
accounting for cohort-effects was fitted. Age and education were mean-centered to
avoid bias due to multicollinearity and improve interpretation of coefficients. Trial
was dummy coded with 7 dummies and trial 1 as the reference category. The pre-
liminary model was subsequently simplified and reduced by hierarchically dropping
one covariate at a time in a stepwise manner and comparing log-likelihood ratios of
models. The model selection process and associated test statistics are presented in
Appendix A.2. Maximum likelihood estimation was used because this allows for clas-
sical likelihood ratio testing of nested models (i.e., directly comparing simpler models
with complex models). If the simplified model with one reduced covariate did not
significantly reduce log-likelihood, then the simplified model was preferred and sub-
sequently used as reference model for further simplification. A nominal alpha-level
criterion of a = .01 was used. Once the mean structure of the model could not be
simplified further without deterioration, the correlation structure of the model was
attempted simplified using a homogenous/heterogeneous compound symmetry (CS)
and a first-order autoregressive covariance structure (AR (1)). Results indicated that
the default unstructured covariance matrix provided the best fit to the data. Once
adequate mean structure and covariance structures were obtained, estimates were
re-calculated using restricted maximum likelihood (REML), which may reduce small
sample bias (Van der Elst et al., 2017; Verbeke & Molenberghs, 2009).

For the derived RAVLT variables, we fitted conventional univariate multiple regression
models that were assessed for linear, nonlinear and interaction effects of age, education,
and sex. These predictors were included if they significantly an improved model fit (p
<.05). Histograms and QQ-plots of standardized residuals indicated slight deviations
from normality for the measure long-term percentage retention (LTPR), and some caution
is advised when interpreting extreme scores (e.g., T<30) for this measure. Normative
models for the secondary variables are provided in Table 4. We assessed all normative
measures for influential cases and outliers that might disturb or unduly influence nor-
mative measures. Cases deemed highly influential and abnormal were excluded from
analysis to ensure the validity of normative estimates. The variables proactive inhibition
and retroactive inhibition were non-normally distributed and had no significant associ-
ation with demographic variables. We therefore calculated the inverse cumulative dis-
tribution based on the performance of the entire normative sample (n=244) for these
measures. Raw scores and corresponding percentiles are provided in Table 5. All analyses
were conducted using the Statistical Package for Social Sciences (SPSS) version 28, JASP
version 0.16.1 (JASP Team, 2022), and R version 3.6.2 (R Core Team, 2020).

Calculating normative performance using regression-based norms

Three steps are required for calculating the normative performance: (1) estimating
the predicted performance using regression coefficients, (2) subtracting the actual
observed score from the predicted score, (3) standardization. Firstly, because age and
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years of education was mean centered for all analyses, they must be calculated relative
to the age (M=64.3), and years of education (M=12.7), in the normative sample
(Table 1). Every full year of formal education is counted, excluding degrees of the
same level. For instance, a participant could reach 24years of education by 13years
basic schooling, a professional degree of 6years and a Ph.D. position intended for
Syears. Then, predicted performance is calculated applying the coefficients in Tables
3 and 4. Regression coefficients from the multivariate regression model are applied
using the following formula: [Intercept + (individual sex*sex coefficient) + (age cen-
tered*age coefficient) + (years of education centered*education coefficient) + (coef-
ficient for Trial n) + (years of education centered * coefficient for education for Trial
n) + (individual sex * sex coefficient for Trial n)]. This produces a predicted score
based on individual demographics. The predicted score is then subtracted from the
individual obtained score. Lastly, the normative score is standardized to the Z-scores
following: [Obtained score —predicted scaled score/standard deviation of the residuals
obtained from the regression=2Z-score]. As customary, Z-scores were further converted
to T-scores with a mean of 50 and standard deviation of 10 by [T=Z *10+50].

As an example, suppose that a 70-year-old female with 15years of education remem-
bered 10 words on trial 2. Age centered equals 5.7 [= 70—64.3] and years of education
centered is 2.3 [15—12.7]. Thus, the predicted score equals 9.1 [= (5.053 + (1 * 0.761) +
(5.7 * =0.041) + (2.3 * 0.128) + 2.457 + (1 * 0.540) + (2.3 * 0.097))]. The standardized
residual for Trial 2 is 1.813. So, the T-score is 55 [= ((((10—9.1)/1.813) *10)) + 50].

Table 3. Coefficients from multivariate regression for normative adjustments on the primary
variables from the RAVLT based on 244 healthy adult participants.

b 95 % Cl

Parameter b [LL, UL] s.e. t p SD residual
Intercept 5.053 [4.750, 5.356] 0.155 32.643 <.001 1.589
Age —-0.041 [-0.065, —0.017] 0.012 -3.318 .001

Education 0.128 [0.066, 0.189] 0.031 4.076 <.001

Sex 0.761 [0.357, 1.166] 0.206 3.692 <.001

Trial 2 2.457 [2.140, 2.773] 0.161 15.218 <.001 1.813
Trial 3 3.826 [3.458, 4.193] 0.187 20.422 <.001 2.068
Trial 4 5.099 [4.694, 5.504] 0.207 24.655 <.001 2.167
Trial 5 5.591 [5.183, 5.999] 0.208 26.876 <.001 2.119
Trial 6 3.282 [2.765, 3.798] 0.264 12.454 <.001 2.677
Trial 7 3.151 [2.643, 3.658] 0.259 12171 <.001 2.695
List B 0.181 [-0.174, 0.536] 0.181 1.001 317 1.673
Edu*Trial 2 0.097 [0.033, 0.160] 0.032 2.984 .003

Edu*Trial 3 0.122 [0.049, 0.196] 0.038 3.253 .001

Edu*Trial 4 0.120 [0.039, 0.202] 0.042 2.898 .004

Edu*Trial 5 0.158 [0.076, 0.240] 0.042 3.777 <.001

Edu*Trial 6 0.212 [0.109, 0.316] 0.053 4.010 <.001

Edu*Trial 7 0.230 [0.128, 0.332] 0.052 4.425 <.001

Edu*List B 0.053 [-0.018, 0.124] 0.036 1.458 .145

Sex*Trial 2 0.540 [0.120, 0.961] 0.215 2.518 .012

Sex*Trial 3 0.620 [0.132, 1.108] 0.249 2.489 013

Sex*Trial 4 0.318 [-0.221, 0.857] 0.275 1.155 248

Sex*Trial 5 0.571 [0.029, 1.113] 0.277 2.063 .039

Sex*Trial 6 0.900 [0.213, 1.587] 0.350 2.569 .010

Sex*Trial 7 0.712 [0.037, 1.387] 0.344 2.069 .039

Sex*List B —0.415 [-0.887, 0.057] 0.241 -1.722 .085

Notes: Intercept represents reference category Trial 1; b = unstandardized beta coefficient; s.e. = standard error of
the unstandardized beta coefficient; SD residual =standard deviation of the residuals; Sex was coded (0=male,
1=female); Age and Education were mean centered, thus Age = (calendar age—64.3); Education/Edu = (the
number of years of education obtained—12.7).
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Table 4. Coefficients from multiple regressions for derived RAVLT measures based on 244 healthy
adult participants.

b 95 % Cl Partial Adj. SD

Parameter b [LL, ULl s.e. t p R? R? residual
Trials 1-5 total 42.269 [40.752, 43.839] 0.783 53.988 <.001 .300 7.982

intercept
Trials 1-5 total —-0.269 [-0.423, —0.116] 0.078 —3.458 <.001 .048

age
Trials 1-5 total 1.095 [0.782, 1.409] 0.159 6.888 <.001 165

education
Trials 1-5 total 5.854 [3.795, 7.913] 1.045 5.601 <.001 116

sex
LTPR intercept 77.377 [75.289, 79.466] 1.060 72.983 <.001 .073 16.493
LTPR age —0.427 [-0.741, —0.113] 0.159 —2.682 .008 .029
LTPR education 1.054 [0.408, 1.700] 0.328 3.215 .001 .041
LOT intercept 16.972 [15.685, 18.259] 0.653 25.977 <.001 .068 6.699
LOT education 0.479 [0.221, 0.738] 0.131 3.652 <.001 .052
LOT sex 2.152 [0.440, 3.863] 0.869 2477 .014 .025
LR intercept 5.591 [5.181, 6.001] 0.208 26.877 <.001 .064 2.133
LR education 0.158 [0.076, 0.240] 0.042 3.777 <.001 .056
LR sex 0.571 [0.026, 1.116] 0.277 2.063 .040 .017

Notes: LTPR, long-term percentage retention (100 * (Trial 7/Trial 5)); LOT, Learning over trials (Trials 1-5 total—(Trial
1*5)); LR=learning rate (Trial 5—Trial 1); b=unstandardized beta coefficient; s.e. = standard error of the unstan-
dardized beta coefficient; SD residual =standard deviation of the residuals; Sex was coded (0=male, 1=female);
Age and Education were mean centered, thus Age = (calendar age—64.3); Education = (the number of years of
education obtained—12.7).

Comparison of the proposed norms to published norms

T-scores on primary RAVLT measures and trials 1-5 total were calculated for the
independent comparison group following the method described in the previous
passage. Each participant in the independent comparison group was assigned two
different demographically adjusted T-scores; one set of T-scores using our proposed
norms; one set applying norms from Stricker et al. (2021). Multiple regression analyses
on T-scores were performed to investigate if the predictors sex, age, or education
explained variance in T-scores. Because T-scores should already be adjusted for dif-
ferences in age, education, and sex a significant result implies that T-scores were not
adequately corrected for these demographic variables. To reduce error due to chance
capitalization, a nominal alpha criterion level of a = <.01 for omnibus ANOVAs were
used for all analyses. Coefficients related to significant ANOVAs were then interpreted
following a conventional a-level criterion of p <.05. Plots comparing T-scores produced
by norms for trial 7 and fitted lines based on predictors age, education and sex are
presented in Figure 1.

Norm calculator

The proposed norms are available in a free web-based tool that computes the regres-
sion equations. To obtain normative T-scores for both RAVLT measures the user simply
needs to enter valid demographic values (sex, age, and years of education) and
raw-scores from the RAVLT trials. The tool is implemented as a self-contained HTML/
Javascript webpage, available at (https://uit.no/ressurs/uit/cerad/ravlt-calc.html) and
is released as open source at (https://github.com/DDI-NO/RAVLT-calc) under Apache
License, version 2.0.


https://uit.no/ressurs/uit/cerad/ravlt-calc.html
https://github.com/DDI-NO/RAVLT-calc
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Figure 1. Linear plots of trial 7T-scores computed with Stricker et al. (2021) norms, unadjusted
scores and proposed norms.

Test-retest reliability

A sub-set of the normative sample (n=98) had available follow-up assessments on the
RAVLT allowing for test-retest reliability analysis. The test-retest sample consisted of 65
women (66%) and 33 men (34%) with a mean age of 66.5years old (SD=6.6) and 12.5
(SD=3.2) years of education. None of the included participants in the test-retest sample
progressed to MCl, dementia or reported symptoms associated with SCD. The average
time between assessments was 2.55years (SD=0.53). Intraclass correlation (ICC) estimates
and 95% Cls were calculated based on a single rating, absolute-agreement two-way
mixed-effects model. Values less than 0.5 are indicate poor reliability, 0.5—0.75 moderate
reliability and 0.75-0.9 indicate good reliability (Koo & Li, 2016).

Ethics

The Norwegian Regional committees for medical and health research ethics (REK)
approved the DDI project from which the current study draws upon. Guidelines in
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Helsinki declaration of 1964 (revised 2013) and the Norwegian Health and Research Act
were followed. The Gothenburg MCI study was approved by the local ethics committee
and conducted in accordance with the Helsinki declaration. All participants gave written
informed consents, including the right to withdraw and potential risks and rewards.

Results
Effects of demographics on the RAVLT test performance

The final multivariate model included significant effects of age, education, and sex
across all RAVLT trials. As shown in Table 3, higher age was related to lower scores
and more years of education were associated with more words recalled on the RAVLT.
As expected, participants recalled more words with repeated presentation of the
word list as reflected in the coefficients for trials 2-5, where the reference category
is trial 1. Results showed that female participants on average recalled 0.76 more
words compared to men on trial 1, adjusted for differences in age and education.
Furthermore, the effects of education and sex, but not age, differed for subsequent
trials of the RAVLT. The interaction term education * trial suggests that the effect of
education increased for later parts of the RAVLT. The effect of education was stron-
gest for trial 6 reflecting immediate memory recall (b=0.21) and trial 7 which reflected
30min delayed recall (b=0.23). Similarly, the interaction term sex * trial indicate that
the difference between men and women was most pronounced on trial 6 (b=0.90)
and trial 7 (b=0.71), where women on average remembered 1.62 and 1.43 more
words compared to men. List B, reflecting immediate recall of the novel word list
B, did not differ significantly from the reference category trial 1. The effects of edu-
cation and sex did not differ significantly on list B compared to trial 1.

On the derived measure trials 1-5 total (i.e, sum of words correctly recalled in
trials 1-5), there were significant effects of age, sex, and education comparable to
the observed effects on trials 1 to 5 separately. On the derived measure long-term
percentage retention (LTPR), reflecting the amount of previously learned words on
trial 5 retained after a 30-minute delay, lower age (b=-0.43), and higher education
(b=1.05) were significantly related to higher percent retained words (Table 4). We
included two measures reflecting learning between trial 1 and trial 5 on the RAVLT,
namely learning over trials (LOT) and learning rate (LR). On both measures, higher
education predicted increased learning from trial 1 to trial 5 (b=0.48; b=0.16) and
women attained significantly higher scores on learning measures than men (b=2.15;
b=0.57). Lastly, on the measures proactive and retroactive inhibition, we found no
significant effect of sex, age, or education. Because these variables followed a
non-normal distribution, we report percentiles based on the inverse cumulative dis-
tribution of the normative sample (Table 5).

Adjustment of demographics using published norms

Results from multiple regression analysis on demographically adjusted T-scores apply-
ing norms from Stricker et al. (2021) indicated significant effects of age, education,
and sex in the independent comparison group. Omnibus ANOVAs indicated that norms
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Table 5. Raw scores to percentile ranks based on the inverse cumulative
distribution of the normative sample (n=244).

Percentile rank Retroactive inhibition Proactive inhibition
2 7 4
5 6 3
10 4-5 2
25 3 1
50 2 0
75 1 -1
920 0 -2
95 -1 -3

Note: Positive scores indicate inhibition effect, i.e., more words were recalled in Trial 1
compared to List B (proactive inhibition), or more words recalled in Trial 5 compared
to Trial 6 (retroactive inhibition).

from Stricker et al. (2021) did not adequately adjust for demographics on trial 7 (F(3,
141) = 5.563, p = .001), trial 4 (F(3, 139) = 6.517, p = <.001), list B (F(3, 140) = 4.690,
p = .004), and trials 1-5 total (F(3, 140) = 3.379, p = .006). As shown in Table 6,
adjusted R? values indicated that age, sex, and education explained 10.4% of the total
variance on trial 4, 8.7% on trial 7, 7.2% on list B, and 6.6% on trials 1-5 total. Stricker
et al. (2021) norms did not adequately correct for the effect of age and sex on these
trials. On trial 4, list B, trial 7, and trials 1-5 total, female participants were on average
estimated 6.9, 4.6, 4.2, and 3.9, T-scores lower than males, respectively, and higher
age predicted higher T-scores in all analyses. Omnibus ANOVAs indicated that the
current proposed norms adequately adjusted for demographics in the independent
comparison group on all measures. However, as shown in Figure 1, there was a ten-
dency for faulty adjustment of education on trial 7, especially for males. In fact, the
coefficient for education was significant (b=-0.53, p = .021), although omnibus
ANOVAs indicate that the combined effect of predictors was not significant.

Test-retest reliability

Trials 6, 7, and trials 1-5 total, showed the best reliability in the follow-up sample,
indicating moderate to good reliability. Trials 1 to 5 all had poor and poor-to-moderate
reliability. Out of the derived measures, reliability estimates varied from poor to
moderate for some trials, with retroactive inhibition and long-term percent retention
showing the best reliability.

Discussion
Effects of demographics on the primary measures

We present normative data on the RAVLT based on the performance of a healthy
control group from 49 to 79years from Norway and Sweden (n=244). The effect of
age in this study stands out as small compared to some previous studies, which all
have quoted age as the best predictor for performance (Bezdicek et al., 2014; Cavaco
et al.,, 2015; Messinis et al., 2016; Stricker et al., 2021 ). On the combined measure
trials 1-5 total, age explained merely 4.8% of the total variance in scores, compared
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to 16.5% from education and 11.6% from sex. In other words, in this sample consisting
of participants between 49 and 79years from Norway and Sweden, we found less
difference between the younger and elderly participants than expected from other
studies. The weak effect of age might be due to the narrower age range comprised
solely of middle-aged to elderly adults. Furthermore, the effect of age was the same
for different trials on the RAVLT. The effect of age was the same for the initial learning
trials as for the 30-minute delayed recall, which is consistent with some (Bezdicek
et al., 2014; Messinis et al., 2016; Stricker et al., 2021), but not all studies (Boenniger
et al., 2021; Cavaco et al,, 2015; Lavoie et al., 2018). Weak effects of age in normative
scores are not necessarily a weakness, as some studies have indicated that age-related
deterioration might reflect undetected preclinical Alzheimer’s disease and other patho-
logical processes (Harrington et al., 2018; Yu et al.,, 2015).

Women outperformed men on all primary RAVLT trials, and the difference was
greatest on trial 6 and trial 7, which has also been demonstrated in the previous
studies (Sundermann et al., 2017, 2016). Stricker et al. (2021) argued for the necessity
of demographically adjusted T-scores that incorporate sex. Their results demonstrated
that women significantly outperformed men, and that failure to adjust for sex caused
underestimation of amnestic mild cognitive impairment (aMCl) for women and over-
estimation for men. Previous studies of sex differences on the RAVLT specifically, and
verbal memory in general, have found that women outperform men (Asperholm et al.,
2019; Van Der Elst et al., 2005) even in samples with Alzheimer’s pathology (Sundermann
et al., 2017; 2016). As such, our results contribute to the collection of the previous
studies that indicate the importance of adjusting for sex on the RAVLT. Despite women
performing better than men on trial 7, we found no significant difference on long-term
percent retention (LTPR). This suggests that the difference observed between men
and women on trial 7 was mainly due to women successfully learning more words
on the initial learning trials, and not better retainment of previously learned material
per se. Indeed, women were able to learn more words on trial 1, reflecting attentional
ability (Woodard, 2006, pp. 105-142), but also amassed more words over the subse-
quent trials, as reflected in the secondary measures learning over time (LOT) and
total learning (TL, Ivnik et al., 1992; Vakil et al., 2010).

Previous studies in samples with comparable educational composition have gen-
erally found that education explained a substantial proportion of the variance in
scores, but less so than observed in this Scandinavian sample (Bezdicek et al., 2014;
Messinis et al., 2016; Stricker et al., 2021; Van Der Elst et al., 2005). This might be due
to cultural differences between cohorts, possibly reflecting differences in the educa-
tional system and availability of education, or simply variation due to the estimation
method. We entered education as a continuous predictor in all analyses and included
participants with an extensive range of educational attainment. It is not feasible to
provide a conclusive explanation for the difference between norms, particularly in
terms of cultural differences, but this highlights the importance of locally sourced
norms from a suitable sample that resembles the intended population. Of note, we
have previously shown that on the Trail Making Test (TMT), Scandinavians with high
education attainment were over-penalized (i.e., received too low T-scores) when apply-
ing norms from a North American sample by Heaton et al. (2004) and Espenes et al.
(2020). On the other hand, Lorentzen et al. (2021) demonstrated that Scandinavians
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with high educational attainment received too high T-scores compared to the expected
normative mean on the controlled oral word association test (COWAT FAS), thus indi-
cating that norms under-adjusted for the effects of education. In sum, we argue that
local norms are necessary as the results from the current study suggests that education
was more closely related to performance on the RAVLT; the effect of age was smaller;
and previous investigations have found foreign norms to inadequately adjust for
education when applied in a Scandinavian sample.

Evaluation of norms in an independent comparison group

A key objective of this study was to assess if the proposed norms sufficiently cor-
rected for demographics in an independent comparison group and compare perfor-
mance with norms from Stricker et al. (2021). Norms from Stricker et al. (2021)
adequately corrected for demographics on all RAVLT trials, except trial 4, list B, trial
7 and trials 1-5 total (Table 6). The unstandardized coefficients for age were positive,
indicating that increases in age were related to increased T-scores. Also, female
participants were on average estimated about half a standard deviation lower T-scores
than males. This suggests that both the generally unfavorable effect of higher age
on RAVLT performance, and the difference between men and women, was exagger-
ated when applied in the independent comparison group. As shown in Table 6, the
current proposed norms adequately adjusted for age, education, and sex on all RAVLT
trials in the independent comparison group. Regarding education, norms from Stricker
et al. (2021) adequately adjusted in all trials. From Figure 1 it is apparent that the
current proposed norms produced T-scores on trial 7 that exhibited some
under-adjustment, especially for males with low levels of education. Although the
omnibus ANOVA indicate that the model was insignificant, the individual coefficient
for education on trial 7 was significant (p = .021; Table 6). This likely stems from
sample characteristics; the independent comparison group consisted of very few
male participants with lower levels of education that displayed results that exceeded
normative expectations. As such, we cannot guarantee the external validity of these
results. However, we believe they provide some indication of the norms’ ability to
adjust in a Scandinavian sample and are valuable for direct comparison of normative
adjustments.

Failure to adequately correct for demographics can lead to faulty estimates of the
participants’ performance, thus influencing the rate of correctly diagnosed patients
with amnestic mild cognitive impairment (Stricker et al., 2021). In the normative
sample and the independent comparison group females outperformed men on the
RAVLT. Applying norms from Stricker et al. (2021) exaggerated the sex difference on
the RAVLT such that males had higher T-scores than female participants. Over- or
underestimation of performance on the RAVLT may result in missed treatment oppor-
tunities or unnecessary treatment, which may negatively affect quality of life (Stricker
et al., 2021). Failure to adjust for age and education is most apparent in the end
ranges of predictors, that is, for the youngest and oldest and individuals with either
very low or very high levels of education. For example, a 68-year-old male with
19years of formal education enrolled in the independent comparison group remem-
bered 5 words on the 30-min delay on the RAVLT (trial 7). Applying norms from
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Stricker et al. (2021) the calculated T-score is T=43 compared to T=30 applying the
current proposed norms. Thus, applying diagnostic criteria for amnestic mild cognitive
impairment (aMCl, Albert et al., 2011; Bondi et al., 2014), this could have implications
for correctly diagnosing aMCl and providing adequate treatment.

Test-retest reliability

Test-retest reliability is important for neuropsychological tests that are used to inform
decisions on the cognitive status of patients at the time of assessments and their
likely functioning in the future (Sherman et al, 2011). Trial 1, LOT and LR showed
poor reliability (Table 7). This might be expected on attentional measures that typically
show lower test-retest reliability as attention is considered a "changeable trait”
(Sherman et al., 2011) compared to verbal memory, which may be regarded "trait-like”
and stable in healthy participants. Thus, clinicians should exercise caution interpreting
these measures in isolation. Instead, clinicians concerned with the reliability of test
scores are recommended to use trials 1-5 total as a measure of acquisition, attention,
and learning which showed moderate to good reliability. Both trial 6 and trial 7
showed moderate-to-good reliability, and LTPR showed poor-to-moderate reliability.
The same pattern of test-retest reliability was reported by Stricker et al. (2021), though
our reliability estimates were slightly lower overall. This is likely due to the longer
test-retest interval in this study (2.5years compared to 1.5years) and small sample
size (n=98) for the follow-up group, thus inflating the associated 95% confidence
intervals.

Effects of demographics on the derived measures

We provided norms for retroactive and proactive inhibition measures, which might
have utility in specific clinical samples burdened with executive deficits. Proactive
inhibition refers to the reduced ability to learn new material due to interference from

Table 7. Test-retest reliability of RAVLT measures based on a subset
of the normative sample (n=98).

95% ClI
Measure ICC [LL, UL]
Trial 1 0.324 [0.135, 0.491]
Trial 2 0.504 [0.335, 0.642]
Trial 3 0.511 [0.343, 0.647]
Trial 4 0.457 [0.279, 0.604]
Trial 5 0.560 [0.407, 0.682]
List B 0.549 [0.394, 0.674]
Trial 6 0.749 [0.646, 0.825]
Trial 7 0.712 [0.598, 0.797]
Trials 1-5 Total 0.659 [0.528, 0.759]
Learning over trials 0.174 [0.028, 0.363]
Learning rate 0.178 [-0.021, 0.364]
Proactive inhibition -0.030 [-0.228, 0.17]
Retroactive inhibition 0.378 [0.193, 0.537]
Long-term percent retention 0.532 [0.372, 0.661]

Note: ICC, intraclass correlation coefficient.
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the previously learned material, and is derived on the RAVLT by comparing perfor-
mance on list B to trial 1. On the other hand, retroactive inhibition refers to the
reduced ability to recall the previously learned material after inference has occurred
(list B) and is measured by comparing performance on trial 5 with trial 6. We did not
observe a significant difference between list B and trial 1 (Table 3), thus indicating
no significant proactive inhibition in the normative sample on average. In line with
the previous normative studies on cognitively healthy adults, we found no significant
relationship between proactive inhibition and age (Boenniger et al., 2021; Vakil et al.,
2010) or sex (Boenniger et al., 2021), or education. Proactive inhibition has been
shown to be deficient in patients with frontal lobe lesions on a paired association
test compared to healthy controls (Depue, 2012; Shimamura et al., 1995). Reduced
performance on inhibition tasks has been associated with deficits in inhibition,
response competition, deficits in source memory, and over-activation of irrelevant
memory items (Vakil et al, 2010). As such, it may be expected to find significant
deficits in inhibition (either proactive or retroactive) in clinical samples. However, as
far as we are aware, there have been no studies comparing performance on these
measures in samples with MCl or AD dementia on the RAVLT. Some retroactive inhi-
bition appears to be normal, as participants on average remembered about 2 fewer
words on trial 6 than trial 5 (Tables 1 and 3). Patients with schizophrenia have been
shown to be susceptible to retroactive inhibition, owning to executive demands
associated with retroactive inhibition. Specifically, the ability to; inhibit responses,
verbal fluency to govern retrieval of target items; and memory of temporal order
(Torres et al,, 2001). Boenniger et al. (2021) and Vakil et al. (2010) found a small effect
of age on retroactive inhibition, and Boenniger reported that men presented slightly
more retroactive inhibition than women. Nevertheless, we found no significant effect
of age, sex, or education on retroactive inhibition. Due to the lack of association to
demographic variables, we simply report percentile ranks on these measures for cli-
nicians to inform decisions on abnormal/normal performance.

Limitations

Some limitations of the current study are to be addressed. Firstly, participants were
not formally screened for auditory deficits which might influence performance on the
RAVLT. However, all participants with hearing aids were instructed to use these when
applicable. The normative sample from which norms were computed was not a ran-
domized sample of the Norwegian and Swedish population. We therefore cannot
guarantee that this sample reflects the population in general. However, this limitation
is not specific to this study. Still, it remains a common issue in the normative litera-
ture, with exceptions such as the Mayo normative study (Stricker et al., 2021) and
the Rhineland study (Boenniger et al., 2021). Also, compared to some previous studies,
the normative sample of the current study is relatively small, which influences the
degree of certainty that a normative score reflects the true population parameters,
especially for extreme scores (e.g., 1.5 SD below the sample mean, Crawford &
Garthwaite, 2008; Oosterhuis et al., 2016). Lastly, while the experience of SCD is gen-
erally considered a normal and benign condition in an aging population (Bassett &
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Folstein, 1993; Hessen et al,, 2017), it is nevertheless a known risk-factor of neurode-
generative disease (Jessen et al., 2014). However, all included participants were cog-
nitively healthy at the time of analysis, also supported by mean RAVLT scores being
largely equivalent to our Normative sample (Table 1).

Conclusion

We propose regression-based test norms for the RAVLT based on a sample of healthy
Swedish and Norwegian participants between 49 and 79years old. A free online norm
calculator is offered to improve availability of norms in clinical settings. Test-retest
reliability analyses indicated that basic RAVLT trials showed poor-to-moderate reliability,
while measures of total learning and verbal memory showed moderate-to-good reli-
ability. Our results indicate that the current proposed norms successfully adjust for
age, education, and sex in the independent comparison group. Norms from Stricker
et al. (2021) overestimated the effect of age and difference between sexes on parts
of the RAVLT. Notably, the failure to adequately adjust for demographical variables
on the 30-min delayed recall (trial 7) might have implications for correctly diagnosing
amnestic mild cognitive impairment (@MCl) in Scandinavian adults and elderly.
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Appendix A

A.1. RAVLT test version and administration procedures in Norwegian
and Swedish

Table A.1. Wordlists for RAVLT.

Norwegian Swedish English

List A List B List A List B List A List B
Tromme Bord Trumma Skrivebord Drum Desk
Gardin Jeger Gardin Polis Curtain Ranger
Mane Fugl Mane Fagel Bell Bird
Kaffe Sko Kaffe Sko Coffee Shoe
Skole Ovn Skola Spis School Stove
Foreldre Fjell Bror Berg Parent Mountain
Klokke Briller Klocka Glas Moon Glasses
Hage Handkle Tradgard Penna Garden Towel
Hatt Sky Hatt Moln Hat Cloud
Bonde Bat Bonde Bat Farmer Boat
Nese Lam Nos Lamm Nose Lamb
Kalkun Pistol Kalkon Pistol Turkey Gun
Farge Blyant Férg Handduk Color Pencil
Hus Kirke Hus Kyrka House Church
Elv Fisk Flod Fisk River Fish

Table A.1.2. Norwegian items for RAVLT recognition.

Klokke Hjem Handkle Bat Briller
JN JN JN JN JN
Vindu Fisk Gardin Varm Strompe
JN JN JN JN JN
Hatt Méne Blomst Foreldre Sko

JN JN JN JN JN
Lave Tre Farge Vann Laerer
JN JN JN JN JN
Jeger Ballong Bord Bonde Ovn
JN JN JN JN JN
Nese Fugl Gevaer Rose Rede
JN JN JN JN JN
Vaer Fjell Fargestift Sky Barn
JN JN JN JN JN
Skole Kaffe Kirke Hus Tromme
JN JN JN JN JN
Hand Mus Kalkun Fremmed Karamell
JN JN JN JN JN
Blyant Elv Kilde Hage Lam
JN JN JN JN JN

Note. We do not provide normative data for the recognition trial. Correct items from list A are highlighted in bold
text.

A.2. Swedish Administration procedures

ADMINISTRERING A1 - A6
En ordlista bestaende av 15 ord ldases upp for patienten.

Jag kommer att ldsa upp en lista med ord fér dig, och jag vill att du férs6ker Idgga orden pa
minnet. Ndr jag har ldst listan klart, sa vill jag att du sdger de ord du kan minnas. Det dr mdnga
ord, sG du kommer inte att kunna minnas alla, men f6rs6k minnas sG mdnga du kan.
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Las listan i ett tempo av ungefarligen ett ord per sekund. Nér patienten aterger, notera i
protokollet vilken ordning orden aterges i, samt eventuella upprepningar och konfabulationer.
Néar patienten har varit tyst en stund, fraga om hon minns nagot mer. En del patienter ger
upp snabbt vid denna uppgift och kan behdva uppmuntras att forsoka tdnka en liten stund
till.

Nu kommer jag att ldsa den hdr listan nagra ganger. Efter varje gang vill jag att du rdknar upp
de ord du minns. Du ska ocksa ta med de ord som du har sagt tidigare.

Efter den femte retentionen lases en distraktionslista bestdende av nya ord upp, och pati-
enten ska aterge ord fran den nya listan.

Nu kommer jag att lésa en lista med helt nya ord. Aven nu vill jag att du f6rséker att minnas
dem, och sedan sdga de ord du kan komma ihdg ndr jag har Idst listan fdrdigt. Den hdr listan
kommer jag bara att Idsa en gang.

Patienten uppmanas darefter att aterge vad hon nu minns fran den forsta listan. Efter mo-
ment A6gar testledaren vidare i protokollet med 6vriga uppgifter i ca 30 minuter.

ADMINISTRERING A7

Efter ca 30 minuter ombeds patienten igen att dra sig till minnes den férsta listan.

A.3. Norwegian administration procedures

Administrering liste A, fgrste presentasjon (trial 1).

Jeg vil na lese opp en liste med ord. Her ngye etter, for ndr jeg er ferdig vil jeg at du skal gjen-
ta s mange som du kan huske. Rekkefalgen du sier det i har ingenting d si. Bare prov G husk sa
mange du kan.

Liste A, andre presentasjon (trial 2).

Na vil jeg lese den samme listen med ord igjen og pd samme mdte vil jeg at du skal gjenta sa
mange ord som du kan huske, inkludert de ordene du sa forste gangen. Rekkefalgen som du sier
ordene har ingenting a si, bare gjenta s mange ord du klarer uansett om du sa det farste gang.

Gjenta instruksjonen ved behov for trial 3-5.

Direkte etter femte presentasjon skal liste B administreres. Si:

Jeg vil né lese opp en ny liste med ord, og pd samme mdte som fer skal du preve huske sd
mange ord som mulig fra denne nye listen. Rekkefolgen du sier det i har ingenting a si.

Uten fornyet presentasjon av liste A skal testdeltager gjenkalle liste A pa nytt. Si:

Kan du pa nytt si alle ordene du husker fra den forste listen?

Etter 30 minutter skal testdeltager gjenta liste A for siste gang. Si:

For litt siden leste jeg opp en liste med ord til deg flere ganger og du skulle forsgke laere disse
ordene. Kan du gjenta disse ordene en gang til?
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