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ABSTRACT

Background. The BVMT-R, an evolution of the original test, is a visuospatial
memory test that evaluates immediate, delayed and recognition memory.Though,
BVMT-R is a visual-graphic test and someone could claim that it should not be
affected by lingual diversity, literature contains data that supports the effect of
demographic factors(age, gender, level of education, language, culture, urban versus
rural populations etc.).These studies indicated the need for wvalidation of
neuropsychological tests in the target population. To our knowledge, there are no
normative data regarding the BVMT-R concerning the Greek population.

Aim. The aim of our study was the development of norms and the examination of the
effect of certain demographic factors (age, gender and education) on the performance
on the test for the Greek population.

Methods. This was an observational descriptive study. 381 participants were recruited
from the general population with the convenience sampling method and subdivided in
groups regarding gender , age, and education.Participants received a battery of four
tests including all the phases of the BVMT-R test within about twenty five minutes.
Descriptive analyses were performed to explore distribution of age, education, gender
and hand preference within the sample. Multiple linear regression analyses were
performed to explore the effect of demographic variables (age, educational level and
gender) on BVMT-R performance.

Results. Results of the multiple linear regression analyses indicated that the model
explained 48.9% and 48.0% of the variance of the Total and the Delayed Recall score
of the BVMT-R respectively and that the model was a significant predictor for both of
them.One-way ANOVAS revealed a significant effect of age and level of education in
all BVMT-R scores with the exception of Response Bias. Finally, a 2-sample t-test
did not reveal any statistical significant differences between genders.

Conclusion.Our study confirmed the findings of previous studies showing a
significant effect of age and level of education on performance and yielded BVMT-R

norms that can be applied in the Greek population.
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Normative Data of the Brief Visuospatial Memory Test — Revised (BVMT-R) in
the Greek Population

1. Introduction

1.1 Visuospatial ability

Visuospatial ability briefly refers to an individual’s capacity to identify visual
and spatial relationships in his environment. The visuospatial function relies on
complex cognitive processes necessary to identify, integrate, and analyze space and
visual  form, details, structure and spatial relations in  multiple
dimensions. Thesespatial abilities are critical to functional independence. They allow
us to locate targets in space, visually perceive objects, and understand the two- and
three-dimensional (2D and 3D) spatial relationships among objects and our
environment. These abilities allow us to safely navigate our environment through the
accurate judgment of direction and distance(de Bruin, N., Bryant, D. C., MacLean, J.
N., & Gonzalez, C. L. 2016).Impaired visuospatial skills can be very incapacitating
and result in, for example, poor driving ability or difficulty navigating in space. The
visuospatial skills are impaired from various clinical conditions such as trauma,
stroke, dementia etc.Clinicians observed that the clinical course of patients
undergoing cognitive rehabilitation was largely consistent with their performance on
memory tests and consequently emerged the idea of the practical effects of these tests

(Benedict, 1988).

1.2 The Brief Visuospatial Memory Test (BVMT and BVMT-Revised)

The Brief Visuospatial Memory Test (BVMT) was developed by Benedict
several decades ago in an urgent need to establish a simple and compact
neuropsychological test that could reliably evaluate the course of patients with
cognitive disorders. The BVMT is the final product of several years of research that
concentrated the existed knowledge and practice of older tests in a new powerful,
compact and refined tool. The validity and reliability of the test was assessed and
approved to be satisfactory (inter-rater reliability coefficient Pearson’s r > 0.8,
concurrent validity with Weschler Memory Scale; Benedict, R. H., & Groninger, L.,
1995).


https://en.wikipedia.org/wiki/Cognition

The original BVMT after its use in the early years appeared to present certain
limitations: firstly, it was not very sensitive to subtle changes in performance,
secondly the subject’s fluctuations in attention seemed to affect their performance,
assessment of learning was missing and finally the exclusion of recognition tests was
deemed to be problematic. Most of these problems were addressed with a revision of
the test that appeared several years later and has been used the last few decades with
very  satisfactory results (BVMT-R; Benedict, Schretlen, Groninger,
Dobraski&Shpritz, 1996). In this revised test, a second administration procedure was
inserted to assess learning over successive trials, a recognition trial was added and the

scoring system had been changed aiming to increase its sensitivity in subtle changes.

The BVMT-R is a visuospatial memory test that evaluates immediate, delayed
and recognition memory. The patients are shown a display of six figures, arranged in
a 2 X 3 matrix for 10 seconds. After 10 seconds, the matrix is removed from sight and
patients are asked to recall and reconstruct the figures from memory. Learning is
assessed with two additional 10 second exposures of the matrix, followed by a
delayed recall and a recognition trial. Delayed recall is evaluated 25 minutes later
with figure drawing without any further exposure to the matrix. Scoring is based on
the individuals’ accuracy of drawing the figures. Finally, a recognition trial follows,
in which patients are asked to identify figures shown to them previously. Six
equivalent forms can be used to assure that prior exposure will not confound the
results (Benedict, 1997). Scoring is based on the accuracy of drawing and the correct
location of the drawing. Full credit (two points) is received when both criteria are met,
one point for either correct position or correct drawing and zero points for missing or

unidentifiable objects.

1.3 Normative data of the BVMT-R

Originally the test has been validated with normative data from an English-
speaking sample, with researchers concluding that education and gender did not
influence results. Only correction for age revealed to be important (Benedict &

Groninger, 1995).

Though, BVMT-R is a visual-graphic test and someone could claim that it
should not be affected by lingual diversity, literature contains data that supports the

effect of demographic factors(language, culture, urban versus rural populations



etc.)on both verbal and visual tests (Perkins & Deregowski, 1982). Even more, it has
been shown that factors associated with cultural diversity affect performance on the
specific test (Pineda et al., 2000). Based on this information and accounting for the
increasing numbers of Spanish-speaking population in the US the test was validated
for the specific population and norms for this population were generated (Cherner et
al., 2007). The results of this study revealed that education played a significant role in
this population and also other unidentified cultural factors such as religion, language,
financial status, ethics and values etc., that affect performance are discussed. A more
recent publication strongly considers the influence of demographic factors such as
age, education and race/ ethnicity on performance on these tests, with the latter
viewed as a proxy for other factors such as academic exposure, education quality,
academic resources, acculturation, socioeconomic status, social exposure, societal
discrimination etc.(Norman et al., 2011).A validation of the test in the Brazilian
population presented similar resultsshowing that age as well as education affected
performance on the test (Miotto et al., 2012). These studies indicated the need for
validation of neuropsychological tests in the target population in general.

The BVMT-R is used either independently or as part of theBrief International
CognitiveAssessment for Multiple Sclerosistest (BICAMS)which includes the
Symbol Digit Modalities Test (SDMT), thesecond edition of the California Verbal
Learning Test (CVLT2) and the revised Brief Visuospatial Memory Test (BVMT-R)
and evaluates an over-all cognitive function.Several countries, including Greece, have
validated the BICAMStest for their population (Niino et al., 2017; Ozakbas et al.,
2017; Polychroniadou et al., 2016; Sousa et al., 2018), while there is not much data
on validation of the BVMT-R alone (Argento et al., 2016; Cherner et al., 2007; Miotto
et al., 2012). Since this test has a significance of its own in different clinical settings
and, as has been aforementioned, demographic factors affect the performance of the
test, it seems prudent to use normative data of the population for which the test will be

aimed at.

To our knowledge, there are no normative data regarding the BVMT-R
concerning the Greek population. The aim of our study was the development of such
norms and the examination of the effect of certain demographic factors (age, gender

and education) on the performance on the test for the Greek population.



2. Method

2.1 Design. This was an observational descriptive study.

2.2 Participants. The participants were recruited from the general population with the
convenience sampling method and subdivided in groups regarding gender (two
groups: male and female), age (six groups: 16-22, 23-29, 30-39, 40-49, 50-59, 60+
years of age) and education (three groups: 0-9, 10-12, 13+ years of education).
Inclusion criteria were the absence of any neurological or psychiatric disorder after
careful screening including the Mini Mental State Examination (MMSE; Folstein et
al., 1975). This categorization yielded a sum of 36 groups of at least 10 participants
each resulting in a total number of minimum 360 participants.Due to difficulties in
recruiting participants in the 16-49 age groups with 0-9 years of education, we
excluded the 0-9 education groups for the ages 16-49 from the study. In the remaining
28 groups with a minimum of ten participants per group leading to a total of a

minimum of 280 participants, we finally recruited 381 participants.

2.3 Procedures.Participants wereprovided with an information letter describingthe
aims of the research and the procedure.An informed consent form was signed by all
the participants.Participants received a battery of four testsincluding all the phases of
theBVMT-R test within about twenty five minutes.The three other tests, none of
which had a visuospatial component to avoid conflict, were administered between the
immediate and delayed recall phases for distraction purposesand in order to have the
necessary 25 minutes between them.For BVMT-R, six geometric designs(APPENDIX
A) were shown to the participants for 10 seconds, and afterward, they were asked to
reproduce as many of the designs as possible. The test includedan immediate recall
phase (three trials), a delayed recall (after 25 minutes) and a recognition trial.

2.4 Statistical analysis. An SPPS IBM version 21 software was used for statistical
analysis. Descriptive analyses were performed to explore the distribution of age,
education, gender and hand preference within the sample.Multiple linear regression
analyses were performed to explore the effect of demographic variable (age,

educational level and gender) on BVMT-R performance. The sample was divided into



six age groups: 16-22, 23-29, 30-39, 40-49, 50-59 and 60+ years of age and was
further classified into three educational levels: 0-9, 10-12 and 13+ years.

3. RESULTS

3.1 General DemographicData

Descriptive analyses were performed to explore the distribution of age, education,

gender and hand preference within the sample (Table 1).

Table 1

General demographic data.

N =381

AGE(in years; M, SD, Min, Max) 44.7+18.6 (MIN:16; MAX:87)
EDUCATION(in years; M, SD, 134+3.2 (MIN:0; MAX:16)
Min, Max)
GENDER (n, %) MALES FEMALES

171 (44.8%) 211 (55.2%)
HAND PR (n, %) RIGHT LEFT AMBI

347 (90.8%) 28 (7.3%) 7 (1.8%)

Note. M = Mean; SD = Standard Deviation; Min = Minimum; Max = Maximum; Hand Pr = Hand preference;
Ambi = Ambidextrous

Table 2 describes the demographic characteristics by all six age groups, three

educational levels and two genders.

Table 2
Distribution between groups.

0-9M 09F 10-12 M 10-12F 13+M  13+F TOTAL

16-22 0 0 16 10 10 10 46
23-29 0 0 10 10 29 22 71
30-39 0 0 10 10 11 16 47
40-49 0 0 10 14 10 19 53
50-59 4 7 13 21 11 23 79
60+ 16 20 10 19 10 10 85

381

Note.16-22 = Age Group from 16 to 22 years old; 23-29 = Age group from 23 to 29 years old; 30-39 = Age
group from 30 to 39 years old; 40-49 = Age group from 40 to 49 years old; 50-59 = Age group from 50 to 59
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years old; 60+ = Age group from 60 years oldand over; 0-9 = Education from 0 to 9 years; 10-12 = Education
from 10 to 12 years; 13+ = Education from 13 years and over; M = Male; F = Female

3.2 Test of Normality

To decide if parametric statistics could be performed, a test of normality was applied.
More specifically, a test of normality was performed for all BVMT-R sub-scores:
Trials 1, 2, 3 Total and Delayed Recall score, Learning score, Discrimination Index
and Response bias. The Kolmogorov-Smirnov indicated that normality was not

assured for any of the sub-scales (all p <.05). Table 3 shows the results of the

normality test.

Table 3

Normality test results

Total Delayed Discrimination Response
Triall  Trial2 Trial3 Recall Learning Recall Index Bias

N 381 381 381 381 381 381 381 381
NormalParam Mean 5.54 8.25 9.59 23.37 4.17 9.30 5.25 5365
eters™® SD 3.173 3426 3220 9.157 3.024 3.434 1.598 35738
MostExtreme Absolute  .092 168 263 152 123 245 363 365
Differences Positive .092 137 227  .084 123 216 .320 365

Negative -.081 -168 -263 -.152 -.082 -.245 -.363 -.339
TestStatistic .092 168 263 152 123 245 363 365
p value .000° .000°  .000° .000° .000¢ .000° .000¢ .000¢

a. Test distribution is Normal.
b. Calculatedfromdata.

c. LillieforsSignificanceCorrection.

The results indicate that the assumption underlying the application of the use of
parametric statistics was not met. However, because the sample was big enough (381

participants; Field, 2013), parametric statistics could be performed.

3.3 General effect of demographic variables
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Multiple linear regression analyses were performed to explore the effect of
demographic variable (age, educational level and gender) on BVMT-R performance.
The sample was divided into six age groups: 16-22, 23-29, 30-39, 40-49, 50-59 and
60+ years and was further classified into three educational levels: 0-9, 10-12 and 13+

years.

Results of the multiple linear regression analyses indicated that the model
explained 48.9% and 48.0% of the variance of the Total and the Delayed Recall score
of the BVMT-R respectively and that the model was a significant predictor for both of
them  (Total Recall F(3,378)=120,491; p<.001 and  Delayed  Recall
F(3,378)=116,097; p<.001).

Age, educational level and gender contributed significantly to the model for
both Total Recall (Age B= -.275, p<.001,95%CI [-.315, -.235]; Educational Level
B=.702, p<.001,95%CI [.467, .938]; Gender B=2.067,p=.003,95%CI [.728, 3.407])
and Delayed Recall (Age B= -.100, p<.001,95%CI [-.115, -.085]; Educational Level
B=.278, p<.001,95%CI [.188, .367]; Gender B=.773, p=.003,95%CI [.266, 1.280]).

The model explained 3.7% of the variance of the Learning score of the
BVMT-Rand the model was a  significant  predictor (Learning
F(3,378)=4,836; p<.005). Only educational level contributed significantly to the
model for Learning (Educational Level B=.169, p<.005,95%CI [.062, .276].

The model explained 14.9% of the variance of the Discrimination Index score
of the BVMT-R and the model was a significant predictor
(F(3,378)=22,004; p<.001). Age, educational level and gender contributed
significantly to the model for the Discrimination Index score (Age B= -.025,
p<.001,95%CI [-.034, -.016]; Educational Level B=.072, p<.01,95%CI [.019, .125];
Gender B=.379, p=.014,95%CI [.077, .680]).

Finally, the model was not a significant predictor for the Response Bias score

(F(3,378)= 1,037; p=376).

3.4 Effect of Age

A one-way ANOVA was performed to investigate the effect of age on
BVMT-R performance between the six age groups. The results revealed a significant
effect of age in all BVMT-R scores except for Response Bias (p=.100; Table 4). Post-
hoc Bonferroni test revealed that in general older participants (age group 60+)

performed significantly worse compared to younger participants (age groups 16-22,
12



23-29, 30-39, 40-49 and 50-59). Regarding only the Learning score, significant

differences were revealed only between the 16-22 age group and the 60+ group.

Table 4
F and p values for all BVMT-R subscales concerning the effect of Age.

BVMT-R subscales F )4

TRIAL 1 32,344 <.001
TRIAL 2 50,009 <.001
TRIAL 3 51,991 <.001
Total Recall 55,470 <.001
Delayed Recall 50,630 <.001
Learning 2,880 .014
Discrimination Index 12,400 <.001
Response Bias 1,862 .100

3.5 Effect of Educational Level

A one-way ANOVA was performed to investigate the effect of educational level
on BVMT-R performance between the three educational groups. The results revealed
a significant effect of educational level in all BVMT-R scores except for Response
Bias (p=.394; Table 5). Post-hoc Bonferroni test revealed significant differences
between all educational groups: participants with an educational level of 0-9 years
performed significantly worse than participants with 10-12 years and participants with
10-12 years significantly worse than participants with 13+ years. Regarding only the
Learning score significant differences were revealed only between the 0-9 education

group and the 13+ group.

Table 5
F and p values for all BVMT-R subscales concerning the effect of Educational level.

BVMT-R subscales F y
TRIAL 1 36,105 <.001
TRIAL 2 62,829 <.001
TRIAL 3 87,557 <.001
Total Recall 70,392 <.001
Delayed Recall 66,698 <.001
Learning 6,934 .001
Discrimination Index 16,405 <.001
Response Bias 0.935 394
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3.6 Effect of Gender

Finally, a 2-sample t-test was performed to investigate the effect of gender on
BVMT-R performance. Results did not revealany statistically significant differences
between gender (all p>.05)indicatingno gender differences in the performance of

BVMT-R for our sample.

4. DISCUSSION

Though the accuracy of neuropsychological tests is confounded by
demographic variables(Perkins & Deregowski, 1982), there is still an ongoing debate
regarding the necessity to develop norms for every specific population. Those skeptics
on the development of such norms are presented with two main arguments: firstly,
that developing such norms for every population is rather impractical and secondly
that defining populations with certain demographic variables might overcome the
identification of critical factors in performance on the tests(Bagley, 1995; Marcopulos
& McLain, 2003). In any case neuropsychological instruments are in need to be
validated for at least some important measures that have been shown to affect
performance such as age, genderand level of education.In the last several years there
has been a trend towards the identification of other demographic variables beyond the
classical age, education and gender variables(Cherner et al., 2007). In this context
and addressing the urgent need for an instrument that could be applied accurately in

the Greek population, we conducted the current study.

While the original BVMT-R norms missed the effects of age and education on
performance, this has been attributed to the limited range of these variables in this
study(Cherner et al., 2007). Our study confirmed the findings of previous studies
showing a significant effect of age and level of education on performance(Cherner et
al., 2007; Norman et al., 2011;Miotto et al., 2012).While the explanation of the effect
of aging on memory tests is rather obviously attributed to the well-known memory
decline with advancing age, there is no clear explanation of the effect of years of
education on performance. A simple explanation might be that continuous memory
training which is interwoven with the process of learning can maintain and even
improve memory capabilities.Even gender seems to have been expressed significantly
in our regression model, without,though, this being confirmed in further comparison

of our 2 groups. Regarding gender, there have been studies suggesting a female
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predominance in verbal working memory, while males outperform females in
visuospatial memory tasks (Lawton & Hatcher, 2005; Robert & Savoie,
2006).Performance is highly dependent in different studies by the specific tasks under
research(Wang & Carr, 2014). In any case we did not identifyany differences between
genders in our sample, possibly due to the selected task. Since the regression model
examines the three variables concurrently, the dissociation we had between regression
models and t-tests could be explained from inherent characteristics of the population
with women presenting with fewer years of education, especially in older ages, and a
higher life expectancy, thus, the gender variable is expressed as significant in the

regression model through discrepancies in the two other variables.

A limitation of the current study, due to certain characteristics of the Greek
population,was the difficulty to recruit participants younger than 50 years in the low
education groups.A similar remarkregarding the USA population has been mentioned
by Cherner et al., (2007). To be more accurate, a request for demographic information
was submitted to the Greek National Statistical Service (NSS). According to NSS in
this age group the percentage of the population with 0-9 years of education was less
than 5% with a trend to decline,thus, these groupswere excluded.Based on the
obligatory national education system in Greece the trend is towards the diminution of
such subgroups. Even more, a large part of such population, discontinues education
due to health issues or due to cultural habits (certain minorities e.g. the Roma
population) making them unsuitable for the development of norms of a healthy

population by definition.

While the development of age and education specific norms for BVMT-R
might confront a need for the assessment of patients in the Greek population, there is
still a lot of work to be done in the field of cross-cultural neuropsychology. The
current study contributed towards this trend and needs to be reinforced by future
studies that will attempt to shed lighton the role of other parameters such as culture
and ethnicity, supplemented by comparison clinical studies with unhealthy
populations that will implement the new findings.Future studies will hopefully lead to
the development of refined neuropsychological instruments with high specificity and

sensitivity.
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APPENDIX B. INFORMATIONLETTER

EOviko koaw Kamodwstproko IMavemotipuio AOnvav
Latpuci) Xyoin, A’ Nevporoyukny Kiwvuc)
ArevBuvvrig Kadnyntig Asovidag Xte@avig
"Evtumo tinpo@opnong
YTAOGMIXH NEYPOYYXOAOTI'TKQN AOKIMAXIQN

20G EVNUEPOVOLUE OTL EKTALOEVHEVOL YUYOAGYOL YOPNYOLV VELPOYVYOAOYIKEC OOKILUGIES
(Visual Search and Attention Test, Tower of London, Symbol Digit Modalities Brief
Visuospatial Test, Wisconsin Card Sorting Test kot dAAeg), ywo va otabuiotodv oe
AVTUTPOCMOTELTIKO delyla Tov EAANVIKOD TANBVGHOD MGTE GTNV KAMVIKN TPAEN Ol LETPNGELS
TOV SOKIUAGIOV VO EIvol EYKVPES Kol 0EIOTIOTEG.

Kdabe avBpomog €xel yevetikd yopaxtnploTikd mov tov kabiotodvpovadikd. QoT1oco,
popaletal Le Toug GuVAVOPOTOVE TOL KOWAIMNUOYPAPIKAE cTotyeio (UAO, NAKia, LOPPOTIKO
eminedo) Kol TOid YOPUKTNPIOTIKA oG opadag mov dwfiel oto 1010 mepPaiiovial
LOpALeTal KOWE TOAMTIGTIKA OPMUEVE, KOWVWOVIKO YEYOVOTOKOL OIKOVOUKES GLUVONKES, TOL
€0KOAOL TOV €VIAGGOLV GE SLOKPITOMANIGIO OUAdOS OVOPOPAS KOl £TGL HOG EMITPEMETOL
OTOTIOTIKA VOOULYKPIVOUUE TO, YOPOUKTNPICTIKGE TOV S10QpOpOvV OUAd®mV HE TIG OmOoieg
oANAemdpa tavtiletat, Tpoosdiopiletan kot avayvopiletar.H diepedvnon kot ektipnon tov
HeTAPANTOV ™G  avOpOTIVINGOLUTEPLPOPAG KOl YEVIKOTEPH — TMV  OVOTEPMOV
VONTIKOVAEITOVPYLDY Y10 EPEVVNTIKOVG 1 KOl KAWVIKOVG Adyovg otnpiletalce WouyoUeETpIkég
OTOTIOTIKEG HEBOOOVG KOl 0 GTAOGUEVEGOOKILAGIEG MGTE Ol LETPNCELS VAL val £YKVPES Kot
a&16mioTeg.

Ot vevpoyvyoroyikég odokipacieg Kotaokevalovtar kot otafuilovior yuo va ehéyyovv
GUYKEKPIUEVEG KAVOTNTES KOOEEOTTEG Ko €ivVOL OVTIOEOVTOAOYIKO VO YPTGLLOTOLOVVTOL
YWAAAOVG AGYOLS 1| VO YOPTYOUVTOL OTUTIMG KOl OO OVEKTAIOELTOTPOCMONO GE JPOPETIKO
TOAMTIOUIKO Kol YAMGOIKO TANIGI0 HECKOTO TN S1dyveon katl a&loAdynon avlpodmov. ZTig
MEPMTMOCEIGOVTEG €AMAOYEVEL O Kivovvog amd Tig avalldmioteg peTprioelg vaegayovion
AavOoGUEVE GUUTEPACUATA.

Y10 mhoiclo g €pevvog Ba yopnynbodv ot mpog otdOuionovapepOUEVEG JOKILAGIES GE
efehovtég eviihikeg Gve TV 16 ETOVIE GTOLELDON, LECT], AVATEPT] KOl OVATOTN EKTAIOEVOT),
HEUMTPIKNY YADGGO TV EAANVIKT. X1V GUVEYELQ, e OTATIOTIKNENEEEPYOGIO TOV LETP|CEDV
0o vToAoyloTOOV Yoo KAOEQVTITPOCOTEVTIKY opddo pe Pdon v mAwio, To VA0 Kot
TOLOPPOTIKO EMIMESO Ol PLGLOAOYIKES TIUEG (VOPLES) LEGOS OPOG, TUTIKY OTOKAGT] KOt E0POG
(QUGLOMOYIK®V TIUADV.

H dwdikacio yoprynong dev eival emepuPartikn, Exet pkpndtapkela, dev kovpdalel, 0ev amontel
Waitepn TPoomADELD KOLYEVIKOTEPO TO DAKO TOV SOKLLAGI®V EIVal 0KIVOLVO Y10, TNCGMUATIKN
OKeEPALOTNTO N TNV YUYXOAOYIKN VYElo Tovovupetexdvimv. H yopriynon tov dokipacidv Oa
mpoypatorombel  omd  EKTAUOELUEVOVG  WULXOADYOVS KOL  VELPOYVYOAOYOVS,  ELOIKA
EKTTOLOEVIEVOVE Y10l TOV GLYKEKPIUEVO GKOMO, Ld TNV emomteiot TOLV VIELOVVOL Yoo TNV
épevva, Kabnynt), xvpiov lodvvn Zorown.
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Olo ta tpoceTiKA cTotyeio £ival avmOVVLO Kol TPOGTATELOVTOL OO TOV VOLO:

«O YPoyol0yos oty GOKNGN TOV EXAYYEAUOTOS TOD EPEVVE, Kol OLI0A0YEITHV TPOTWTIKOTHTO, KOl
Y GOUTEPIPOPE. TOV aVOPOTOD Kol epyaletal UETIS KOOIEPMUEVES apyéS Kal uedodovs e
Emiotiung e Woyoloyiag yotnv aliomoinon koi peltioon tovg... O Yoyoldyog mpémst vo.
mpel amoivtneyeudbeta yio. oo paboivel, § ovTiAoufoveTor KoTo TV GoKNON TOVETOYYEAUATOS
z00., [Nopog: 991/1979 (DEK 278/t. A'/20-12-1979)].

Yrev0vvog épevvag
lodvvng Zarodvng

Avominpotg Kabnynmg latpng Zyoing EKIIA,

A Nevporoyikn Khvikn, Nevpoyvyoroyiké Epyastiiplo
Arvywnrelo Nocokopeio

Boo. Xoeiag 74- TK 115 28, Abfva

TnA.: 210-7289141, Email: zalonis@eginitio.uoa.gr
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APPENDIX C. CONSENTFORM
"Evtumo Xuvaiveong

O/H KOATOOU DTOYEYPOLEVOG/T]  wneententet et et et et e e et e e e ereee e e Mnraoveo
0Tl evnuepdOnka  S1e0dKE Yoo TN OULUUETOYN WOV o1 HEAET ¢ oTabpiong
Nevpoyvyorhoyik®v SOKIHAGIOV Tov eKTOVEiTol and to Nevpoyvyoroykd Epyactiplo tov
Avywvnteiov  Nocokopeiov, kot pov 600nke mn dvvoatdémra va 0écm  epoTiHoTe TO
omolaamToVTONKOY 1KOVOTOUTIKA.

Atvo ) ovykatdfeon Hov, AGTE Ta OEO0UEVO OO TN GLULLETOYN LoV Vo, apyelofetnBoiv, vo
avaAvBovv péco otatioTikng enetepyaciog kot va dnpoctevfodv avovopa. To dedopéva
avtd oeba eivol ovouaoTikd kot o 0o mepiEyovy KAmow GAAN TANpoQopic. TOL Vva
ATOKOAVTTEL TNVTALTOTNTA Hov. Ta avdvopo avtd dedopéva pmopel va xpnoipomombodyv 6To
UEALOV Y10, pedéteceykekpiuéveg omd v Emtponi| Agovtoloyiag.

Kotavod 611 cuppetoyn pov givorl eBeAovTikn kot S1otnpd To SIKAIMLLO LoV VO A0y mPT oM
omdTV TapoLGH UEAETN) OMOLONTOTE OTIYUN, Y®PIC olTohdynon kot yopig ovtd vo
EMNPEACEL LEOIOONTTOTE TPOTO TNV LOTPLKN LoV TEPIBoAym 1] To. SIKALDOUATE [LOV.

Hpepopnvia:

Ovopo kow Er@vopo oopperéyovra:Ovopa ko Ex@vopo gpgovnti:

YnoypapnYmoypagn
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APPENDIX D. NORMS OF BYMT-R FOR THE GREEK POPULATION

BVMT TRIAL 1
EDUCATIONAL LEVEL (in years)
0to9 10 to 12 13+
n M SD MI MA n M SD MIN MAX n M sD wmi
N X N
AGE GROUP
16-22 26 823 1,91 a4 12 20 795 2,46 !
Male 16 7,94 1,85 4 11 10 890 243
Female 10 8,70 1,90 6 12 10 7,00 2,10 ¢
23-29 20 6,70 2,03 3 11 51 6,24 2,89  (
Male 10 7,40 1,43 5 10 29 541 2,54  C
Female 10 6,00 2,28 3 11 22 732 2,98
30-39 20 7,10 2,96 0 11 27 704 282 -
Male 10 7,40 3,38 0 11 11 873 286 °
Female 10 6,80 2,44 3 11 16 588 2,12  :
40-49 24 592 3,07 1 12 29 6,00 2,70 1
Male 10 4,90 3,01 1 9 10 6,00 3,35 i
Female 14 6,64 2,89 2 12 19 6,00 2,29  :
50-59 M1 445 281 0 9 34 447 234 0 11 34 6,09 2,69 :
Male 4 250 328 O 8 13 3,85 235 0 7 11 6,73 2,96  :
Female 7 557 1,68 3 9 21 486 2,25 0 11 23 578 2,50  :
60+ 36 1,56 2,07 0 7 29 3,00 2,20 0 7 21 4,43 2,65 1
Male 16 106 1,30 0 4 10 2,10 1,58 0 4 11 4,00 230 1
Female 20 1,95 246 O 7 19 3,47 233 0 7 10 4,90 2,91 1
BVMT TRIAL 2
EDUCATIONAL LEVEL (in years)
0to9 10 to 12 13+
n M SD MIN MAX n M SD MIN MAX N M SD M MA
N X
AGE GROUP
16-22 26 10,65 1,41 8 12 20 11,10 1,26 8 12
Male 16 10,56 1,37 8 12 10 11,50 1,02 9 12
Female 10 10,80 1,47 8 12 10 10,70 1,35 8 12
23-29 20 9,50 1,80 4 12 51 992 1,90 6 12
Male 10 10,00 1,18 7 12 29 969 191 6 12
Female 10 9,00 2,14 4 12 22 10,23 1,83 6 12
30-39 20 9,95 2,62 1 12 27 981 245 3 12
Male 10 9,80 3,40 1 12 11 1064 1,82 6 12
Female 10 10,10 1,45 8 12 16 925 266 3 12
40-49 24 8,79 2,53 3 12 29 886 258 3 12
Male 10 8,40 2,65 3 12 10 880 264 5 12
Female 14 9,07 2,40 5 12 19 889 255 3 12
50-59 1M1 6,91 2,15 5 11 34 7,24 3,03 0 12 34 909 263 2 12
Male 4 6,75 2,49 5 11 13 6,46 2,95 2 11 11 873 3,19 2 12
Female 7 7,00 1,93 5 10 21 7,71 2,98 0 12 23 926 229 2 12
60+ 36 2,94 2,92 0 11 29 514 3,18 0 12 21 662 336 2 12
Male 16 1,69 1,89 0 7 10 3,50 2,16 1 8 11 573 3,19 2 11
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Female 20 3,95 3,20 0 11 19 6,00 3,29 0 12 10 760 326 3 12
BVMT TRIAL 3
EDUCATIONAL LEVEL (in years)
0to9 10 to 12 13+
n M SD MI MA n M SD MI MA n M SD M
N X N X N
AGE GROUP
16-22 26 11,31 1,29 8 12 20 11,80 0,40 11
Male 16 10,88 1,49 8 12 10 11,90 0,30 11
Female 10 12,00 0,00 12 12 10 11,70 0,46 11
23-29 20 1095 1,12 8 12 51 11,31 1,16 8
Male 10 10,90 1,14 8 12 29 11,21 1,30 8
Female 10 11,00 1,10 9 12 22 11,45 094 8
30-39 20 10,80 206 3 12 27 11,44 099 8
Male 10 10,40 2,76 3 12 11 11,73 045 11
Female 10 11,20 0,75 10 12 16 11,25 120 8
40-49 24 10,42 198 4 12 29 10,28 1,95 4
Male 10 960 233 4 12 10 990 217 6
Female 14 11,00 1,41 7 12 19 10,47 1,79 4
50-59 11 855 239 5 12 34 88 298 1 12 34 1044 225 3
Male 4 750 2,87 5 12 13 854 305 4 12 11 1000 2,73 5
Female 7 914 1,8 7 12 21 9,00 2,93 1 12 23 1065 1,95 3
60+ 36 38 358 0 12 29 68 317 0 12 21 852 313 3
Male 16 2,69 266 O 9 10 610 221 3 9 11 791 3,63 3
Female 20 480 392 0 12 19 721 352 0 12 10 920 227 5
BVMT TOTAL RECALL
EDUCATIONAL LEVEL (in years)
0to9 10 to 12 13+
n M SD MIN MAX N M SD MI MA n M SD M MAX
N X N
AGE GROUP
16-22 26 30,19 3,76 20 36 20 30,85 3,31 24 36
Male 16 29,38 3,84 20 35 10 32,30 3,26 27 36
Female 10 31,50 3,23 26 36 10 29,40 2,65 24 33
23-29 20 27,15 3,99 18 35 51 27,47 514 16 36
Male 10 2830 2,45 23 32 29 2631 491 16 34
Female 10 26,00 4,82 18 35 22 2900 504 16 36
30-39 20 2785 7,14 4 35 27 2830 568 15 36
Male 10 2760 929 4 35 11 31,09 494 20 36
Female 10 28,10 3,96 22 35 16 26,38 534 15 36
40-49 24 2513 690 8 36 29 2514 656 9 35
Male 10 22,9 7,31 8 32 10 24,70 7,82 12 35
Female 14 26,71 611 14 36 19 2537 578 9 34
50-59 11 20,18 7,32 10 33 34 2053 759 1 35 34 2562 686 7 34
Male 4 16,75 8,58 10 31 13 1885 7,30 7 29 11 2545 840 10 33
Female 7 22,14 5,62 17 33 21 21,57 7,58 1 35 23 2570 599 7 34
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60+ 3 836 7,77 0 29 29 1469 769 1 29 21 19,57 852 6 35
Male 16 544 5,05 0O 19 10 11,80 553 5 22 11 1764 856 6 31
Female 20 10,70 8,72 0 29 19 1621 821 1 29 10 21,70 7,94 10 35
BVMT LEARNING
EDUCATIONAL LEVEL (in years)
0to9 10 to 12 13+
n M SD MI MA N M SD MI MA n M SD MIN MAX
N X N X

AGE GROUP
16-22 26 354 169 0 6 20 395 2,73 0 10
Male 16 369 153 1 6 10 3,60 3,17 0 10
Female 10 3,30 1,90 O 6 10 430 2,15 0 8
23-29 20 425 219 0 7 51 514 261 0 12
Male 10 3,50 2,06 O 6 29 593 2,43 2 12
Female 10 500 2,05 1 7 22 409 247 0 9
30-39 20 370 2,19 1 9 27 448 2,47 0 8
Male 10 3,00 1,55 1 5 11 3,00 2,52 0 8
Female 10 4,40 250 1 9 16 550 1,84 0 8
40-49 24 442 223 0 9 29 417 2,05 0 8
Male 10 4,70 2,45 1 10 3,90 1,97 1 8
Female 14 421 2,04 0 8 19 432 2,08 0 7
50-59 1 400 154 2 6 34 426 243 -2 10 34 526 647 0 40
Male 4 475 1,09 3 6 13 477 278 -1 10 11 6,55 10,74 1 40
Female 7 357 159 2 6 21 395 213 -2 7 23 465 2,35 0 9
60+ 3 256 2,65 -1 12 29 3,76 1,77 0 7 21 4,00 2,31 0 10
Male 16 1,81 2,04 -1 6 10 360 1,91 O 6 11 391 2,61 0 10
Female 20 315 292 0 12 19 384 169 1 7 10 410 1,92 1 7
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BVMT DELAY RECALL
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50-59 11 8,73 2,53
Male 4 7,75 2,95
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BVMT DISCRIMINATION INDEX

EDUCATIONAL LEVEL (in years)

Oto9 10 to 12 13+
n M SD MI MA n M SD MI MAX n M SD wmI MAX
N X N N
AGE GROUP
16-22 26 5,92 0,27 5 6 20 5,95 0,22 5 6
Male 16 5,88 0,33 5 6 10 6,00 0,00 6 6
Female 10 6,00 0,00 6 6 10 5,90 0,30 5 6
23-29 20 5,95 0,22 5 6 51 5,57 1,29 0 6
Male 10 5,90 0,30 5 6 29 548 1,30 1 6
Female 10 6,00 0,00 6 6 22 568 1,26 0 6
30-39 20 545 1,9 -3 6 27 5,63 1,36 -1 6
Male 10 5,00 2,68 -3 6 11 536 2,01 -1 6
Female 10 5,90 0,30 5 6 16 581 0,53 4 6
40-49 24 571 0,61 4 6 29 5,34 1,65 -3 6
Male 10 5,60 0,66 4 6 10 5,70 0,46 5 6
Female 14 5,79 0,56 4 6 19 5,16 1,98 -3 6
50-59 11 4,73 1,48 2 6 34 515 1,80 -3 6 34 559 0,81 2 6
Male 4 3,75 1,79 2 6 13 500 2,39 -3 6 11 555 0,50 5 6
Female 7 529 0,88 4 6 21 524 131 0 6 23 561 092 2 6
60+ 36 3,86 1,93 0 6 29 4,28 191 -1 6 21 4,67 2,34 -1 6
Male 16 3,81 1,70 1 6 10 3,80 1,66 -1 5 11 3,64 280 -1 6
Female 20 3,90 2,10 0 6 19 453 198 0 6 10 5,80 0,60 4 6
BVMT RESPONSE BIAS
EDUCATIONAL LEVEL (in years)
0to9 10 to 12 13+
n M SD MIN MA n M SD MIN MA n M SD MIN MAX
X X
AGE GROUP
16-22 26 051 010 03 075 20 0,49 0,05 0,25 0,5
Male 16 0,55 0,10 0,5 075 10 0,50 0,00 0,5 0,5
Female 10 0,46 0,08 0,3 05 10 0,48 0,08 0,25 0,5
23-29 20 050 000 O5 oO5 51 049 0,12 0,08 0,93
Male 10 0,50 0,00 0,5 05 29 047 0,12 0,08 0,8
Female 10 0,50 0,00 0,5 05 22 051 011 0,25 0,93
30-39 20 051 009 025 0,75 27 0,50 0,08 0,25 0,81
Male 10 0,54 0,08 0,5 075 11 0,53 0,09 0,5 0,81
Female 10 0,48 0,08 0,25 05 16 0,48 0,06 0,25 0,5
40-49 24 055 0,14 025 093 29 0,52 0,14 0,25 0,75
Male 10 053 0,13 0,25 0,75 10 0,58 0,11 0,5 0,75
Female 14 0,57 0,14 05 093 19 0,49 0,15 0,25 0,75
50-59 11 o055 021 025 09 34 o055 018 0,17 093 34 045 0,16 0,1 0,93
Male 4 0,76 0,16 0,5 09 13 049 014 017 0,75 11 041 0,12 0,25 0,5
Female 7 043 011 0,25 05 21 059 019 025 093 23 048 0,17 0,1 0,93
60+ 36 0,52 0,23 o 09 29 o058 020 0,17 0,88 21 049 0,14 0,17 0,5
Male 16 052 0,20 0,17 0,83 10 057 0,22 0,17 083 11 0,51 0,16 0,25 0,83
Female 20 0,53 0,26 0 09 19 o058 018 0,17 088 10 046 0,10 0,17 0,5
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