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Objective: As part of the Spanish normative studies project in young adults (NEURONORMA
young adults), we provide age- and education-adjusted normative data for 3 semantic fluency
tasks (animals, fruits and vegetables, and kitchen tools), three formal lexical fluency tasks
(words beginning with P, M and R), three excluded-letter fluency tasks (words excluding A, E
and S) and a verb fluency task.

Material and methods: The sample consisted of 179 participants who are cognitively normal
and range in age from 18 to 49 years. Tables are provided to convert raw scores to scaled scores.
Age- and education-adjusted scores are provided by applying linear regression techniques.
Results: The results show that education impacted most of the verbal fluency test scores, with
no effect related to age and only minimal effects related to sex.

Conclusions: The norms obtained will be extremely useful in the clinical evaluation of young
Spanish adults.

© 2011 Sociedad Espanola de Neurologia. Published by Elsevier Espafa, S.L. All rights reserved.

Estudios normativos espanoles en poblacion adulta joven (proyecto NEURONORMA
jovenes): normas para los test de fluencia verbal

Resumen

Introduccion: Los test de fluencia verbal se utilizan con frecuencia en la practica clinica con
el fin de explorar el lenguaje y las funciones ejecutivas.

Objetivo: En el presente estudio, como parte de los estudios normativos espafoles del proyecto
NEURONORMA jovenes, se aportan datos normativos ajustados por edad y escolaridad para
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3 tareas de fluencia semantica (animales, frutas y verduras, y utensilios de cocina), 3 tareas
de fluencia formal (palabras que empiezan por P, M, y R), 3 tareas de fluencia de letra excluida
(palabras que no contienen A, E, y S) y una tarea de fluencia de verbos.

Material y métodos: La muestra esta formada por 179 participantes, cognitivamente nor-
males, de entre 18 y 49 anos de edad. Se aportan tablas para convertir las puntuaciones brutas
en escalares y tablas para realizar los ajustes pertinentes por edad y escolaridad a partir de

Resultados: Los resultados obtenidos muestran la influencia de la escolaridad para la mayoria
de los test de fluencia verbal, escaso efecto de la edad y minimo efecto del género.

Conclusiones: Las normas obtenidas aportan datos de gran utilidad clinica para la evaluacion

© 2011 Sociedad Espaiiola de Neurologia. Publicado por Elsevier Espaia, S.L. Todos los derechos

34
regresiones lineales.
de poblacion adulta joven espanola.
reservados.

Introduction

The primary objective of the NEURONORMA project (NN) is to
collect normative data for frequently used neuropsychologi-
cal tests in an adult population older than 49." The present
study (NEURONORMA young adults [NNy]) collects normative
data from an adult population aged 49 and younger using
the same tests. The general characteristics of this study are
described in another article.?

Our article, within the framework of the project men-
tioned above, presents normative data from young adult
subjects (aged 18—49) on 10 verbal fluency (VF) tests: 3
semantic fluency tasks (SVF) for animals, fruits/vegetables
and kitchen tools; 6 formal fluency tasks (FVF); 3 initial let-
ter tasks (ILF); 3 excluded letter tasks (ELF) and a verb
fluency task (VVF). This last is a new test which we have
added to the neuropsychological test battery used in the NN
project.

VF tests provide data about the subject’s attention,
short-term memory, ability to begin and maintain verbal
production, mental flexibility, response inhibition capacity,
mental processing speed, and semantic memory.? They are
widely used for both research and neuropsychological exam-
inations since they are both easy to administer and sensitive
to a wide variety of cognitive dysfunctions.*~¢

VF tests are numerous and available in multiple versions
that appear in some compilations of neuropsychological
tests.“7-® Many neuropsychological test batteries include a
VF test. Most versions evaluate production of words pertain-
ing to a set grammatical category in the period of 1 minute.
The most common categories of FV tests are semantic (ani-
mals) and formal (initial letter).

Benton developed the first oral version of the FVF test’;
its most recent version is the Controlled Oral Word Associa-
tion Test (COWAT).> While there is currently no consensus on
which version is the most appropriate for studying FVF, the
most commonly employed test of ILF in English uses the let-
ters F, A, and S. Crawford et al.'® developed another type of
FVF task, excluded letter fluency, which Shores et al."" used
to gather normative data for young adults.

A wide array of categories has been proposed for studying
SVF: animals, fruits and vegetables, kitchen tools, items in
a supermarket, or personal names. The most widely studied
category is names of animals.'?

The VVF, developed by Piatt et al., studies production
of words in the verb category. The same researchers also

provided normative data for both the elderly'>' and young
adults.”

Several normative studies have shown how sociodemo-
graphic factors affect performance on VF tests. Specifically,
scores show significant age and education effects.'o=22
Tombaugh et al.' concluded that FVF is more sensitive to
education, while the SVF is more sensitive to age. Other
studies have described a positive relationship between ver-
bal intelligence and FV in older adults.?3-2

Whether or not there is a sex effect on the number of
words generated in VF tasks is a matter for debate. While
most studies show only minimal evidence of a sex effect for
these tasks, other studies have found sex to be significantly
correlated with SVF. 1626 A meta-analysis carried out by Loon-
stra et al." concluded that there was a clear sex effect on
the COWAT test.

Most studies in the literature describe an ethnicity effect
on VE.'7Z7 However, other studies, such as the one by
Kempler et al.,?® attribute differences in performance to
linguistic issues and not to any effect of ethnicity per se.

Other factors, such as bilingualism or the geographic
region, may also influence performance on VF tasks.?’

Benton et al.? considered ranges of frequencies for let-
ters in Spanish in order to develop a multilingual test battery
to test for aphasia, the Multilingual Aphasia Examination.
Many Spanish-language neuropsychological test batter-
ies include VF tasks.39733 Furthermore, numerous studies
provide normative data in Spanish.34=#? Artiola et al.3' pro-
posed using the letters P, M, and R for the FVF task in order
to minimise language effects. Other studies have compared
results from bilingual and non-bilingual Spanish speakers on
tasks in English and Spanish.'¢?743 Researchers recently pro-
posed a standard method for administering the VF test in
Spanish. 4

To date, many normalisation studies for VF tasks have
focused on age and sex effects in adults older than 50
(see Mitrushina et al.?). On the other hand, some stud-
ies warn against applying validated normative data from
adults over 50 in younger subjects, given that the impact
of sociodemographic variables changes throughout the sub-
ject’s lifetime.?' Results from numerous studies stress the
need for normative data appropriate for studying VF in
the young adult population. The purpose of our study is
to present an initial description of performance on formal,
semantic, and verb VF tasks in a young adult population in
a specific cultural and linguistic context.
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Material and methods
Subjects

Recruitment methods and sample characteristics have
already been described in another article.? To summarise,
we recruited 179 white subjects who had been educated in
Spain and were either native Spanish speakers or bilinguals.
The sample was stratified by age and educational level.
None of the subjects presented cognitive disorders; scores
on the Mini-Mental State Examination (MMSE)*# were >24
and scores on the Memory Impairment Screen (MIS)*”* were
>4,

Neuropsychological measurements

We followed the neuropsychological protocol established for
the NN project.3* All tests were administered according to
the procedures published in their manuals.

Below, we describe the specific methods for administer-
ing each of the VF tests.

Semantic fluency. Test makes use of 3 semantic cate-
gories: animals, fruits and vegetables, and kitchen tools.
Subjects are allowed 60seconds to provide answers for
each category. They received the instructions described in
the Barcelona test manual.32 Only correct responses were
counted; we did not list incorrect responses or repeated
answers, including words for the 2 sexes of the same species
unless the root words were etymologically different (an
example in English would be ‘stallion’ and ‘mare’). Variant
words for the same animal species were also eliminated, as
well as generic terms in cases in which the subject named
more than 1 animal corresponding to a generic group (for
example, if the subject named both ‘bird’ and ‘canary’, only
‘canary’ was counted). Electrical appliances were excluded
from the ‘kitchen tools’ category.

Formal VF with a set initial letter. Subjects were asked
to name as many words starting with a specific letter as
possible in 60seconds. Subjects performed the task for the
letters P, M, and R. These letters were used in the same
way as we describe in NN,3* and were chosen because they
are well-suited to the Spanish lexicon (unlike F, A, and S).3'
Proper names and derivative words were not permitted.

Formal VF with a set excluded letter. Subjects were asked
to name as many words as possible not containing a specific
letter in 60seconds. Excluded letters were A, E, and S, as
stated in the NN project.3* Proper names and words derived
from previous answers were not permitted.

Verb fluency. Subjects were asked to name as many verbs
or ‘action words’ as possible during 60seconds. Different
verbal forms of the same action were not counted (to cite an
equivalent English example, answering ‘sing’ and ‘singing’
would count as a single answer).

Statistical analysis

A uniform statistical analysis was carried out for all neu-
ropsychological tests included in the project due to its
role as a co-normalisation study. The procedure can be
summarised as follows: (a) we calculated the cumulative

frequencies of the raw scores on all the VF tests. Percentile
ranges were assigned to raw scores according to their posi-
tion within the distribution. Percentile ranges were then
converted to NSS (NEURONORMA Scaled Scores) ranging
from 2 to 18. This conversion of raw scores produces an
approximation of a normal distribution (mean + standard
deviation: 10+3) that permits use of linear regression
models; (b) NSS correlation coefficients (r) and coefficients
of determination (R?) were determined for age, years of
education, and sex for each of the VF tests. Adjustments
were applied only to those variables with a percentage of
explained variance exceeding 5% and a statistically signifi-
cant coefficient of regression. (c) The NSS was adjusted for
age, education, and sex according to the following formula:
NSSageas = NSS — (81 x [age — 35] + B; x [education — 13]

+ B3 x sex), using the regression coefficient (8) from this
analysis as the basis for adjusting for age and education.
The resulting value was truncated to the next lower
integer.

Results

Table 1 displays the array of frequencies of raw scores for the
entire group aged 18 to 49, with the corresponding scaled
scores and percentile ranks. To use the table, we select the
patient’s raw score for each test and identify the corre-
sponding NSS and the percentile rank.

Based on the NSS, and given a normal distribution for
the sample, we calculated the correlation coefficient (r)
and coefficient of determination (R?), which are shown in
Table 2. The variable ‘education’ explained a large part
of the variance on most of the VF tests: animals (10.2%),
fruits/vegetables (10%); initial letter ‘P’ (8.1%) and ‘M’
(10.8%); excluded letter ‘A’ (10.8%), ‘E’ (9.6%), and ‘S’
(8.3%); and verbs (18.7%). This was not the case for ini-
tial letter ‘R’ and kitchen tools, for which the percentage
of variance explained by education was less than 5%. Age
explained 6.7% of the variance in performance on the SVF
test for fruits/vegetables and 6.6% of the variance for initial
letter ‘R’. There was no significant age effect on any of the
other tests. No sex differences were observed for any of the
VF tests.

Multiple regression coefficients were used to adjust for
age and education by using the formula for NSSxge. Based
on these data, we created age and education adjustment
tables which doctors can use to adjust scores (Tables 3—5).
Tables 3 and 4 are used by selecting the variable ‘years of
education’ or ‘age’ on the top row in order to ascertain the
correction to be applied to the NSS for each test. Table 5 is
used by selecting the variables ‘age’ from the top row and
‘years of education’ from the left column to determine the
correction to apply to the score.

Discussion

The main objective of our study was to obtain normative
data from young Spanish adults completing a wide range
of VF tests as part of a co-normalisation project for neu-
ropsychological testing tools. The methodology is described
in another article.



Table 1 Scalar scores and percentiles corresponding to the verbal fluency tests.

9¢

NSS Percentile Semantic Formal Verbs
ranges
Animals Fruits/vegetables Kitchen tools Initial letter Excluded letter
P F R A E S
2 <1 1—11 1-10 1-6 1-6 1—4 4 1-2 1-5 1-6 1-8
3 1 12—13 — 7 7 5 5 3 6 7 9
4 2 14 11 8 8 6 6 — 7 8-9 —
5 3-5 15—16 12 9—-10 9—-10 7 7 4 — 10 10—11
6 6—10 17 13—14 11 11 8 8 5 8 11 12—14
7 11-18 18—19 15—16 12 12 9 9—10 6 9 12—13 15—16
8 19-28 20 17—18 13 13 10—11 11 7 10 14 17—18
9 29—40 21-22 19 14 14—15 12—13 12 8-9 11-12 15—-16 19-20
10 41-59 23-24 2021 15—16 16—18 14—15 13—14 10—11 13—14 17—19 21-23
11 60—71 25-26 22 17 19 16—17 15—16 12 15 20-21 24
12 7281 2728 23-24 18—19 2021 18 17 13—14 16 22-23 25-26
13 82-89 29-30 25 20 22 19-20 18—19 15—16 17 24-25 27—-29
14 90—94 31 26—28 21 23-24 21-22 20 17 18—19 26—28 3034
15 95—97 32-33 29 2224 25—-26 23-24 21-22 18—19 2021 29-30 35-37
16 98 34-36 30 25 27 25 23 20-21 22 31-32 38—-39
17 99, 37 31-32 26 28-29 26—27 24 22-27 23-25 33-35 40—45
18 >99 >37 >32 >26 >29 >27 >24 >27 >25 >35 >45
Number of 178 178 178 178 179 179 178 179 178 177
subjects

SS: scalar scores.

‘e 19 110)-sjese) ‘W
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Table 2 Correlation coefficients (r) and coefficients of determination (R?) of the scaled scores by age, education, and sex.

Age (years) Education (years) Sex
r R? r R? r R?
Animals 0.114 0.013 0.320° 0.102°¢ —0.131 0.017
Fruits/vegetables 0.258° 0.067¢ 0.317° 0.100°¢ 0.1612 0.026
Kitchen tools 0.164° 0.027 0.1522 0.023 0.133 0.018
Initial letter ‘P’ 0.1652 0.027 0.284° 0.081¢ 0.059 0.003
Initial letter ‘MW’ 0.1662 0.027 0.329° 0.108¢ 0.091 0.008
Initial letter ‘R’ 0.256° 0.066¢ 0.1852 0.034 —0.072 0.005
Excluded letter ‘A 0.1852 0.034 0.328° 0.108¢ —0.117 0.014
Excluded letter ‘E’ 0.002 0.000 0.310° 0.096°¢ —0.010 0.000
Excluded letter ‘S’ —0.045 0.002 0.288° 0.083¢ —0.058 0.003
Verbs —0.027 0.001 0.432° 0.187¢ —0.002 0.000

a Correlation significant at a level of .05 (bilateral).
b Correlation significant at a level of .01 (bilateral).
¢ RZ>0.05.

Table 3  Education-adjusted table for verbal fluency tests.
Education (years)
8 9 10 11 12 13 14 15 16 17 18 19 20
Animals® +1 +1 0 0 0 0 0 0 0 —1 —1 —1 —1
Initial letter ‘P’° +1 0 0 0 0 0 0 0 0 0 —1 —1 —1
Initial letter ‘M’€ +1 +1 0 0 0 0 0 0 0 —1 —1 —1 —1
Excluded letter "A’ +1 +1 0 0 0 0 0 0 0 —1 —1 —1 =1
Excluded letter ‘E’® +1 0 0 0 0 0 0 0 0 0 —1 —1 —1
Excluded letter ‘S’ +1 0 0 0 0 0 0 0 0 0 —1 —1 —1
Verbs? +1 +1 +1 0 0 0 0 0 —1 —1 —1 —1 —1
a g=0.271.
b g=0.232.
¢ B=0.255.
d 8=0.263.
e f=0.241.
f g=0.237.
8 B=0.355.

Table 4 Age-adjusted and education-adjusted table corre-
sponding to the verbal fluency test for initial letter ‘R’.2

Age (years)

18-22 23-47 4849
+1 0 —1
a 3=0.077.

Results show a clear education effect on 8 of the VF tests
(animals, fruits/vegetables, initial letters ‘P’ and ‘M’, all
excluded letter tests, and verbs). This was not found for
kitchen tools and initial letter ‘R’. The education effect
was the most marked for the VF tasks for initial letter ‘M’,
excluded letter ‘A’, and the VVF tests. These results are
consistent with a large majority of normative studies which
have found a significant education effect on FVF and SVF test
results.816-19.22,25-30.499-51 The fact that the education effect
is more marked for listing verbs and naming words begin-
ning with ‘M’ or not containing ‘A’ may indicate that higher
cultural and educational levels*'"'2 (a better knowledge of

the grammar and spelling of the language in question) aid in
performing these tasks. These results support the hypothesis
that this type of fluency test is more sensitive for detec-
ting executive function disorders.'"'? Our results are also
consonant with results from the Tombaugh et al.'? study that
describes education as being better than age at predicting
performance on VF tests.

Performances on only 2 of the VF tests (fruits/vegetables
and the initial letter ‘R’ tests) displayed an age effect.
There were no significant age differences for the rest of the
tests. These results do not coincide with generic conclu-
sions from prior studies that describe decreasing VF with
increasing age,'®~22 while they do coincide with other stud-
ies that found no significant differences.? In contrast, the
relationship observed between age and the SVF test for
fruits/vegetables and the ILF test for ‘R’ was opposite to
that found in the studies indicated above. In our study, age
had a positive effect and was associated with better per-
formance on those tests. The positive effect of age on test
performance may be linked to our sample characteristics,
including the age range studied (<50 years). Subjects in
this age group have not begun to experience any type of
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-2
-2
-2
-2

-2
-2
-2
-2

46 47 48 49
1
2
-2
-2

—1
-2
-2
-2

-2
-2
-2

4 45
2
2

43
-2
-2

42
-2
-2

-2
-2

40 41
2

39
-2

38
+1
-2

+1

36

+1

35
+1
+1

34
+1
+1

Age?
33
+1
+1

32
+1
+1
+1

+1
+1
+1

+1
+1
+1

29
+1
+1
+1

28
+1
+1
+1
+1

27
+1
+1
+1
+1

26
+1
+1
+1
+1

+1
+1
+1
+1

25

24
+1
+1
+1
+1

+1
+1
+1
+1

23

+2
+1
+1
+1

22

+2
+1
+1
+1

+1

20 21
+2
+1
+1
+1

+1

19
+2
+2
+1
+1
+1
+1

18
+2
+2
+2
+1
+1
+1
+1
=0.076.
0.258.

Table 5 Age-adjusted and education-adjusted table for the verbal fluency test for naming fruits and vegetables.

Education (years)®

10
1
12
13
14
15
16
17
18
19
20
3B
bg

age-related decline, which takes place after middle age.
The more limited capacity to name fruits and vegetables
among younger subjects could reflect poorer knowledge of
vocabulary in this specific semantic field. This could be due
to the changes in eating and consumption habits that have
taken place over the last few decades. Results from this
study may support other studies concluding that perfor-
mance on the FVF test peaks between the ages of 30 and 39
and begins to decline in middle age.?1%:17,18,21,26,28,52,53 They
may also support research by Chan and Poon>* who observed
a peak in performance between the ages of 19 and 30 with
declining scores as age increased. However, our findings do
not coincide with prior studies that observed a decline in
scores beginning at the age of 20.% Neither did we observe
a stronger relationship between age and SVF than between
age and FVF as some authors have proposed.'17:18

No significant sex effects on performance were detected
for any of the VF tests in our group. We find conflicting
data regarding the influence of this variable on VF tests
(please refer to the review by Mitrushina et al.?). The results
obtained in our study support those concluding that there is
no sex effect on performance on VF tests.'223

With regard to studies published in Spanish using adult
subjects younger than 50, our results with regard to the
effect of education on VF support findings by Buriel et al.”
and Villodre et al.>® However, we did find a different age
effect for some of the ELF tests and the SVF test for animal
names.

Compared to results from the NN study for the group of
adults over 50,3 our study revealed different age effects.
This is probably due to the effects of ageing on performance
on VF tests which begin to appear in middle-aged subjects.
Findings for education were similar, as education had the
same effect on performance in both groups.

We should mention that this is the first study presenting
data for a wide range of VF tests (3 SVF, 3 ILF, 3 ELF, and
1 VVF) that were all administered to a single sample of adults
younger than 50.

Conclusions

This study corroborates the effect of education on VF tasks
and also highlights the minimal age and sex effects on per-
formance of these tasks within the age range studied here.
This project provides normative data for VF in a younger
population of Spanish adults. Our data have been processed
in order to facilitate clinical diagnosis and permit analysis
alongside other neuropsychological tests of all kinds.
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