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ABSTRACT
The purpose of the present study was to calculate the construct validity, internal consistency and
normative data of the Phonological Verbal Fluency Test (letters F, A, S, and M), Semantic Verbal
Fluency Test (Animals, Fruits and Professions categories), and Boston Naming Test (short and
standard version), and to generate normative data for these tests after adjusting for age, educa-
tion, and sex. A sample of 293 European Portuguese adults participated in the study. Results
showed adequate construct validity and internal consistency for all of the tests and the final mul-
tiple regression models found that age and education were significantly associated with P-VFT (let-
ters F, A, S, and M), S-VFT (Animals, Fruits and Professions categories), and BNT performance. Sex
was only found to have an effect on the fruit category, with women scoring higher than men. The
normative data provided in this study will contribute to improving the clinical practice of neuro-
psychology in Portugal.
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Introduction

Verbal fluency is a cognitive function that facilitates infor-
mation retrieval from memory through executive functions
such as selective attention, internal response generation,
mental set-shifting, and self-monitoring (Patterson, 2011).
The most used measures to assess this cognitive function are
verbal fluency tests (VFT; semantic and phonemic) which
allow understanding about the organization of language and
provide information about attention, short-term memory,
initiation, mental flexibility, response inhibition, processing
speed, and semantic memory (Lezak et al., 2012; Ruff
et al., 1997).

Verbal fluency tests are widely used for both research
and neuropsychological examinations since they are easy to
administer and sensitive to a wide variety of cognitive dys-
functions (Lezak et al., 2004) including brain injury (Henry
& Crawford, 2004a; Kav�e et al., 2011; Raskin & Rearick,
1996), stroke (Brady et al., 2001; Hochstenbach et al., 1998;
Kim et al., 2011), neurodegenerative conditions such as
Alzheimer’s disease (Clark et al., 2009; McDowd et al.,
2011), mild cognitive impairment (Gardini et al., 2013),
Parkinson’s disease (Henry & Crawford, 2004b; McDowd
et al., 2011), epilepsy (Gleissner & Elger, 2001; Thompson &

Duncan, 2005), and psychiatric disorders such as schizo-
phrenia (Phillips et al., 2004).

Some sociodemographic variables have been associated
with performance on both phonemic and semantic fluency
tests (Boone et al., 2007; Labos et al., 2013). It has been
reported that age influences phonemic fluency performance,
increasing from childhood to adulthood, and beginning to
decline in older ages (Auriacombe et al., 2001; Brickman
et al., 2005; Kav�e, 2005; Loonstra et al., 2001; Strauss et al.,
2006; Tombaugh et al., 1999). Nevertheless, semantic fluency
reached a peak between 10 and 12 years old (Sauz�eon et al.,
2004) and starts to decline around age 20 (Mitrushina et al.,
2005). Education level is also related to verbal fluency,
improving performance across childhood, with a dramatic
increase during the first two years of formal education
(Barry et al., 2008; Mitrushina et al., 2005; Strauss et al.,
2006). Moreover, those with more years of education tend
to achieve higher scores on both tests (Strauss et al., 2006).
Some studies have shown that cultural differences, ethnicity,
and geographic region are associated with the performance
in phonemic and semantic fluency (Ardila & Moreno, 2001;
Ostrosky-Sol�ıs et al., 2004). Specifically, Caucasians and
non-Hispanics tend to produce more words on phonemic
and semantic tasks than individuals from other ethnic
groups (Strauss et al., 2006). Regarding sex, while some
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researchers have found that sex affects the performance on
verbal fluency tests (Capitani et al., 1999; Rivera et al., 2019;
Weiss et al., 2003, 2006), with women scoring higher than
men, most studies report no sex differences (Benito-
Cuadrado et al., 2002; Boone, 1999; Cavaco et al., 2013;
Gladsjo et al., 1999; Olabarrieta-Landa, Rivera, Galarza-del-
Angel, et al., 2015; Tombaugh et al., 1999).

Normative data is available for verbal fluency for
several languages in many countries such as Spain (Alegret
et al., 2012; Benito-Cuadrado et al., 2002; Pe~na-Casanova
et al., 2009; Villodre et al., 2006), Italy (Zarino et al., 2014),
Greece (Kosmidis et al., 2004), The Netherlands (Van Der
Elst et al., 2006), Sweden (Tallberg et al., 2008), Norway
(Egeland et al., 2006), South Africa (de Picciotto &
Friedland, 2001), Saudi Arabia (Khalil, 2010), Israel (Kav�e,
2005), India (Waldrop-Valverde et al., 2015), Korea (Kim
et al., 2013; Ryu et al., 2012), Hong Kong (Lee et al., 2002),
Australia (Elkadi et al., 2006), Canada (Tombaugh et al.,
1999), Argentina (Butman et al., 2000; Olabarrieta-Landa,
Rivera, Galarza-del-Angel, et al., 2015; Zanin et al., 2010),
Mexico (Ch�avez-Oliveros et al., 2015; Olabarrieta-Landa,
Rivera, Galarza-del-Angel, et al., 2015), Brazil (Machado
et al., 2009; Zimmermann et al., 2014), Colombia
(Olabarrieta-Landa, Rivera, Vergara Torress, et al., 2015),
Bolivia, Chile, Cuba, El Salvador, Guatemala, Honduras,
Paraguay, Peru, and Puerto Rico (Olabarrieta-Landa, Rivera,
Galarza-del-Angel, et al., 2015).

Another important aspect of language is naming, which
refers to several processes that are usually activated sequen-
tially such as the perceptual recognition of the stimulus, the
participation of the semantic system, and the phonological
program containing the driving information to articulate the
names that have been previously activated (Olabarrieta-
Landa, Rivera, Morlett-Paredes, et al., 2015). The Boston
Naming Test (BNT; Kaplan et al., 1983) is one of the neuro-
psychological assessment tools most widely used to measure
language abilities, including confrontation naming or word
retrieval (Rabin et al., 2005; Strauss et al., 2006).

Given its characteristics, the BNT is used to detect com-
munication disorders and different types of aphasia in peo-
ple with diverse clinical pathologies such as dementia
(Balthazar et al., 2008; Chosak Reiter, 2000; Laine et al.,
1997; Lukatela et al., 1998; Taler & Phillips, 2008; Tsolaki
et al., 2003), stroke (Park et al., 2016; Wall et al., 2017),
traumatic brain injury (Kerr, 1995; Whiteside et al., 2015),
and epilepsy (Loring et al., 2008).

Studies have demonstrated that demographic characteris-
tics such as age (Au et al., 1995; Fern�andez-Bl�azquez et al.,
2012; Hall et al., 2012; Zec et al., 2007a) and education
(Elkadi et al., 2006; Fern�andez-Bl�azquez et al., 2012; Neils
et al., 1995; Olabarrieta-Landa, Rivera, Morlett-Paredes,
et al., 2015) influence the performance on the BNT, demon-
strating that the higher the educational level, the better the
scores. However, age seems to influence the performance of
elderly people. In fact, no decline appears to occur until
individuals turn 70 (Quinones-Ubeda et al., 2004). Although
the relationship between sex and BNT performance seems to
be weak and not well-established, some studies have found

that men outperform women in young adult samples, specif-
ically in items that are more related to traditional male roles
(Aranciva et al., 2012).

Normative data for the BNT has been collected in
numerous countries for several languages and age ranges
which confirms its popularity: Spain (Quinones-Ubeda et al.,
2004; Rami et al., 2008), Sweden (Tallberg, 2005), Belgium
(Mari€en et al., 1998), The United States of America (USA;
Lucas et al., 2005), Canada (Tombaugh & Hubley, 1997),
Australia (Worrall et al., 1995), Korea (Kim & Na, 2004),
New Zealand (Barker-Collo, 2001), Colombia (Quijano
et al., 2015), Brazil (Miotto et al., 2010), Bolivia, Chile,
Cuba, El Salvador, Guatemala, Mexico, Paraguay, Peru,
Puerto Rico (Olabarrieta-Landa, Rivera, Morlett-Paredes,
et al., 2015).

Although the VFT and the BNT have been translated
into numerous languages, no normative data for Portugal
has been systematically collected to date. Regarding semantic
and phonemic fluency tests, Cavaco et al. (2013) conducted
a normative study for the Portuguese population aged
between 18 and 98 with educational backgrounds ranging
from 0 to 20 years. However, they used the animal’s category
to assess semantic fluency, while the letters M, R, and P
were used for phonemic fluency. Although the letters M, R,
and P have also been used in studies for English and
Brazilian-Portuguese languages, in the present study we will
use the letters F, A, S, and M for phonemic fluency. As for
semantic verbal fluency, we will use the animals, fruits
and professions categories which are very commonly used
by European Portuguese neuropsychologists in clin-
ical practice.

Therefore, the purpose of the present study will be to cal-
culate the construct validity and internal consistency of the
Phonemic Verbal Fluency Test (P-VFT: letters F, A, S, and
M), Semantic Verbal Fluency Test (S-VFT: Animals, Fruits
and Professions categories), and BNT (short and standard
version) and to generate normative data for these tests in a
large sample of European Portuguese adults aged
18–91 years, adjusted by age, education, and sex.

Method

Participants

293 healthy individuals were recruited from Porto District,
Portugal. The majority of the sample were women (62.8%),
with a mean age of 49.7 (SD ¼ 20.9; range ¼ 18–91), and a
mean number of years of education of 10.5 (SD ¼ 5.1; range
¼ 3–25). The maximum error of the sample size was �
0.057 (accuracy level � 94.3%). The maximum error was
established using classical estimation assuming infinite (very
large) population sizes, where the case of maximum uncer-
tainty was assumed (p¼ 1 to p ¼ 0.5) and a confidence
interval of 95% (Gu�ardia-Olmos et al., 2007). The sampling
strategy was determined by taking into consideration factors
such as literacy level; percentage of people with primary,
secondary, and post-secondary education; and age distribu-
tion (Instituto Nacional de Estat�ıstica, 2012). See Table 1 for
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more details regarding the demographic characteristics of
the sample.

To be part of the study, participants had to meet the fol-
lowing requirements: (a) were between 18 and 95 years of
age; (b) were born and currently live in the country where
the protocol was conducted; (c) spoke European Portuguese
as their primary language; (d) had completed at least one
year of formal education; (e) were able to read and write at
the time of the evaluation; (f) scored �24 on the Mini-
Mental State Examination (MMSE; Folstein et al., 1975;
Morgado et al., 2009); (g) scored �9 on the Patient Health
Questionnaire-9 (PHQ-9; Kroenke et al., 2001); and (h)
scored �90 on the Barthel Index (Mahoney &
Barthel, 1965).

The participants also completed a self-report question-
naire about their medical history and health status. Subjects
were determined to be ineligible if they reported or
endorsed the following: (a) medical services received for
diagnosed neurological or psychiatric conditions; (b) daily
consumption and/or use of an illicit substance; (c) history of
systemic disease (e.g., diabetes mellitus); (d) regular use of
pain or other medications that may impact cognitive func-
tioning; and/or (e) severe visual and/or hearing impair-
ments. The Ethics Committee of the University of Porto
(Oporto, Portugal) approved this study. All participants
were volunteers who did not receive financial compensation
for their participation.

Instruments and measures

Verbal Fluency Test (VFT; Benton & Hamsher, 1989). The
two more commonly used modalities of the VFT are phon-
emic and semantic verbal fluency. Phonemic Verbal Fluency
Test (P-VFT) consists of producing as many words as pos-
sible in 60 s, beginning with a certain letter (for this study,
F, A, S, and M were used). Semantic Verbal Fluency Test
(S-VFT), involves producing as many words as possible
belonging to a given category in 60 s (in this study, animals,
fruits, and professions). The total score consists of the total
correct answers for each letter or each category. The test

administration and the scoring procedures was done accord-
ing to Strauss et al. (2006, p. 499).

The Boston Naming Test (BNT; Kaplan et al., 2005). In
the BNT, examinees are shown target stimuli and asked to
identify each target item within a 20-s interval per trial. If
the participant does not give a correct answer spontan-
eously, a semantic cue is given (in case of a misrecognition
error) or a phonological cue that is the initial sound of the
target word (when the semantic cue is still not enough to
generate a response, or if there has been an error that is not
of misrecognition during the spontaneous response). The
total score was considered as the sum of correct naming
spontaneous answers plus correct naming answers followed
by a semantic cue. The standard (60 pictures) and the short
(15 pictures) versions were used in this study.

Since there is not a Portuguese version of the BNT, trans-
lation, and validation of the names for each picture as well
as of the semantic and phonological cues was conducted by
the researchers in advance. The words were translated from
Spanish to Portuguese followed by back-translation from
Portuguese to Spanish by a bilingual speaker. The pictures
were presented to a group of university students (n¼ 80) in
a pilot study. All pictures obtained a percentage of nomin-
ation agreement of over 80%.

Procedure

Two Portuguese psychologists were recruited and trained in
the administration of a comprehensive neuropsychology bat-
tery that includes the VFT and the BNT tests. In order to
attain a standard management and administration process of
the tests, the following tools and visual aids were established:
(a) a randomized list to determine the order of test adminis-
tration for each participant in order to avoid order bias and
cognitive conditioning; (b) a template in Microsoft Excel for
entering information to limit bias input information; (c)
illustrated examples were used to show the most frequent
errors in the administration and scoring procedures; and (d)
a virtual folder with a security key, administered by the
study coordinator to track data entry. Data collection took
place over a period of six months in the district of Porto,
Portugal. The tests were administered in a single visit as
part of a complete neuropsychological battery lasting about
70minutes. Before testing administration, each participant
completed and signed informed consent.

Statistical analyses

Validity and internal consistency
A confirmatory factor analysis (CFA) was conducted to
evaluate the construct validity of the neuropsychology test
assuming a priori model fit composes of three factors: (1) P-
VFT (letters F, A, S, and M); (2) S-VFT (Animals, Fruits,
and Professions categories); (3) BNT (short and standard
BNT total scores). Several indices were used to test the
goodness of fit: ratio X2/df, the root mean square error of
approximation (RMSEA), comparative fit index (CFI), and

Table 1. Demographic characteristics of the sample.

Age Education Sex

Age group ni Mean SD Mean SD Woman ni Man ni
20 ± 2 years 19 20.7 1.5 12.7 2.1 13 6
25 ± 2 years 56 24.5 1.3 15.3 2.1 37 19
30 ± 2 years 16 30.4 1.6 15.3 3.8 11 5
35 ± 2 years 11 34.8 1.7 13.6 4.7 4 7
40 ± 2 years 18 40.4 1.4 12.1 4.4 7 11
45 ± 2 years 13 44.7 1.5 11.4 5.5 6 7
50 ± 2 years 28 50.2 1.2 9.6 4.8 15 13
55 ± 2 years 11 54.9 1.8 11.2 4.8 9 2
60 ± 2 years 20 59.9 1.4 9.7 4.2 15 5
65 ± 2 years 27 65.3 1.3 7.3 4.1 20 7
70 ± 2 years 21 69.4 1.5 8.0 4.3 15 6
75 ± 2 years 25 74.9 1.6 5.8 3.7 13 12
80 ± 2 years 11 79.3 1.6 4.3 1.6 7 4
>82 17 86.4 2.6 4.7 2.3 12 5
Total 293 49.8 20.9 10.5 5.2 184 109

Note. SD ¼ Standard Deviation.
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Incremental fit index (IFI). The internal consistency of each
factor was calculated through the Cronbach alpha method.

Effects of demographic variables
The effects of demographic variables on all scores (VFT: let-
ters F, A, S, and M; Animals, Fruits, and Professions catego-
ries; and short and standard BNT total scores) were
evaluated by means of multiple regression analyses. For each
variable, separate regression models were fitted to establish
variable-specific normative data. The full regression models
included as predictors: age, age2, education, education2, sex,
and all two-way interactions between these variables. Age
and education were centered (age in years � XAge in the
sample; education in years � XEduc: in the sample) before
computing the quadratic age and education to avoid multi-
collinearity (Kutner et al., 2005). The quadratic function of
age and years of education were added in the full model to
allow for quadratic effects between these predictors and each
test score. Sex was dummy coded as man ¼ 1 and woman
¼ 0. The full regression model can be formally described as:

Ŷ i ¼ B0 þ B1 � ðAge� 49:7Þi þ B2 � Age� 49:7ð Þ2i þ B3

� ðEducation� 10:5Þi þ B4 � Education� 10:5ð Þ2i þ B5

� Sexi þ Bk � Interactionsi þ ei

with the term Interactionsi referring to all two-way interac-
tions between the fixed effects. In the regression model,
the predictors that were not statistically significant
were removed, and the model was fitted again. In the con-
struction of the step model, no predictor was removed as
long as it was also included in a higher order term in the
model (Aiken et al., 1991). The following assumptions were
evaluated for all regression models: multicollinearity
(Variance Inflation Factor [VIF]�10), homoscedasticity
(participants were grouped into quartiles of the predicted
scores and the Levene’s test was applied on the residuals),
normality of the standardized residuals (Kolmogorov
–Smirnov test and histogram plots), and the existence of
influential values assess (calculation of the maximum Cook’s
distance Di½ �). The Cook’s distance was measured using Di

to the F p, n� pð Þ distribution, where p is the number of
regression parameters (including the intercept) and n is the
sample size. Influential values are considered when the
obtained percentile value is equal to or higher than 50
(Kutner et al., 2005). An alpha level of 0.01 was used in
all analyses (Van Breukelen & Vlaeyen, 2005; Van der
Elst et al., 2012).

Procedure to generate normative data
Using the final regression model that was obtained at the
end of the stepwise procedure, normative data adjusted for
demographic variables were established by means of a four-
step procedure (Rivera et al., 2019, 2020): (1) The expected
test score ðŶ iÞ is computed based on the fixed effect param-
eter estimates of the established final regression model: Ŷ i ¼
B0 þ B1X1i þ B2X2i þ :::þ BKXKi: (2) To obtain the residual

value: ei ¼ Yi � Ŷ i: (3) Using the residual standard deviation
(SDe), the value provided by the regression model (see
Table 2), residuals were standardized: zi ¼ ei=SDe: (4)
Finally, using the standard normal cumulative distribution
function, the exact percentile corresponding to the zi, if the
model assumption of normality of the residuals was met in
the normative sample, or via the empirical cumulative distri-
bution function of the standardized residuals, if the standar-
dized residuals were not normally distributed in the
normative sample. This four-step process was applied for
each test score (letters F, A, S, and M; animals, fruits, and
professions’ categories; and short and standard BNT total
scores). All analyses were performed using SPSS version 25
(IBM Corp., 2017) and R program 3.6.3 for Linux–Ubuntu
(R Development Core Team, 2020). The Rcmdr library (Fox,
2005) was used to conduct the CFA analyses.

Normative data calculator

The four-step normative procedures explained above offer
the clinicians the ability to determine an exact percentile for
a participant who has a specific score on the letter, semantic
verbal fluency test, short BNT, and standard BNT. This
method may be prone to human error, due to the number
of calculations required. To facilitate its use, the authors cre-
ated a calculator in Microsoft Excel where clinicians should
include patient information (gross score for the specific test
score, age, education, and sex) to calculate the z-score (zi)
and the percentile. This tool is freely available for all users
and may be downloaded at https://neuropsychologylearning.
com/datos-normativos-archivos-descargables/.

Results

A CFA was run using data from the nine language raw
scores and the three-factor structure. Maximum likelihood
estimation was used, and indicators were modeled as con-
tinuous variables. The goodness-of-fit tests provided initial
evidence that overall, the three-factor solution was an

Table 2. Standard Deviation (residual) for final multiple linear regres-
sion models.

Score Predicted value Ŷ i

� �
SDe (residual)

Letter F All values 3.853
Letter A �6.747 2.404

6.748–10.480 4.171
10.481–12.478 4.170

�12.479 4.113
Letter S �7.743 2.665

7.744–10.744 3.895
10.745–12.559 4.420

�12.560 3.798
Letter M All values 3.515
Animals �12.660 3.004

12.661–17.882 3.941
17.883–20.264 4.293

�20.265 4.795
Fruits All values 2.898
Professions All values 3.017
BNT Short All values 1.837
BNT Standard All values 5.298

Note. BNT: Boston Naming Test.
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adequate fit with the scores, because the ratio of the
X2/degrees of freedom was 2.14 (critical ratio cutoff of 2.0)
RMSEA of 0.06 [90% CI: 0.03� 0.08] (an RMSEA of 0.08 or
lower indicates an adequate fit). The CFI, and IFI were
0.989, where 0.90 and above is considered as good fit
(Bentler, 1990). Overall, these goodness-of-fit indices suggest
that the three-factor solution fit showed an adequate
construct validity to P-PVF, S-SVF and BNT. Internal con-
sistency was adequate for the three neuropsychological tests
(P-VFT ¼ 0.93 [CI ¼ 0.91� 0.93]; S-VFT¼ 0.86 [CI ¼
0.84� 0.89]; BNT ¼ 0.73 [CI ¼ 0.71� 0.75]).

The assumptions of multiples regression analysis were
met for all final models. There was no multicollinearity (all
VIF values < 5.153; all tolerance values < (1) or influential
cases (all Cook’s D< 0.259; relating this value to an F(6,
287) distribution yields a percentile value of 5). Levene’s test
suggested that there was homoscedasticity in all the models
except for the letter A, S, and animals’ categories. The lack
of homoscedasticity was corrected by estimating residual
standard deviation (SDe) value by quartiles of the predicted
scores Ŷ i

� �
to each regression model (see Table 2).

Standardized residuals of the models were normally
distributed (all p> 0.01, as evaluated with the
Kolmogorov–Smirnov test) so standard normal cumulative
distribution were used to convert z scores zið Þ to percentiles.

Phonemic Verbal Fluency

All final multiple regression models for letters F, A, S, and
M scores were significant (Table 3). The amount of variance
explained after adjusting for the number of predictors in let-
ter F final model was 37.8%, for letter A model 40.9%, for
letter S model 37.1%, and for letter M model 38%. The
scores for letters F, A, and S were affected by a quadratic
age effect, showing a curvilinear pattern of the scores
according to age. All scores were affected by education so
that those with higher education generated more words in
each letter. For Letter F, an interaction between education2

and sex was found, so that women outperformed men when
they both have between 1–6 and 15 or more years of educa-
tion. Instead, men outperformed women when they both
have between 7–14 years of education (see Figure 1).

Semantic Verbal Fluency

All final multiple regression models for animals, fruits, and
professions categories were significant (Table 4). The
amount of variance explained after adjusting for the number
of predictors in animals’ final model was 49.5%, for fruits
model 42.5%, and for professions model 46.4%. All catego-
ries were affected by a quadratic age effect, showing a curvi-
linear pattern of the scores according to age. Fruits and
professions’ categories scores were affected by education so
that those with higher education generated more words in
each category. For the animals’ category, an interaction
between education2 and age was found. Thus, young people
with more years of education had better performance com-
pared to those with fewer years of education. However, after
70 years of age, those with 10 years of education had similar
performance compared to those with 1 or 5 years of educa-
tion, but people with more than 15 years of education con-
tinued to outperform people with fewer years of education
(see Figure 2). Finally, the participants’ sex affected fruits’
category scores, such that women scored higher than men.

Naming

All final multiple regression models for short and standard
BNT were significant (Table 5). The amount of variance
explained after adjusting for the number of predictors in the
short BNT final model was 58.7%, and for the standard
BNT final model was 58.7%. Short and standard BNT total
scores were affected by a quadratic age and education effect,
showing a curvilinear pattern of the scores.

Discussion

The purpose of the present study was to calculate the con-
struct validity and internal consistency of the on P-VFT (let-
ters F, A, S, and M), S-VFT (animals, fruits and professions
categories), and BNT (short and standard version) and to
generate normative data for these tests in a large sample of
European Portuguese adults aged 18–91 years, adjusted by
age, education, and sex. Results showed adequate construct
validity and internal consistency for all of these tests, and

Table 3. Final multiple linear regression models for Phonemic Verbal Fluency.

Score Variable B Std. Error t Std. B p Adjusted R2

Letter F (Intercept) 11.976 0.498 24.057 <0.001 0.378
Age �0.014 0.016 �0.880 �0.058 0.380
Age2 �0.002 0.001 �2.816 �0.133 0.005
Education 0.493 0.063 7.824 0.515 <0.001
Education2 0.005 0.010 0.521 0.028 0.603
Sex 1.259 0.702 1.794 0.123 0.074
Edu2 � Sex �0.064 0.023 �2.847 �0.198 0.005

Letter A (Intercept) 10.486 0.348 30.092 <0.001 0.409
Age �0.026 0.015 �1.785 �0.110 0.075
Age2 �0.002 0.001 �2.605 �0.118 0.010
Education 0.516 0.059 8.724 0.537 <0.001

Letter S (Intercept) 11.128 0.344 32.316 <0.001 0.371
Age �0.022 0.014 �1.549 �0.098 0.122
Age2 �0.002 0.001 �3.436 �0.161 0.001
Education 0.460 0.059 7.869 0.500 <0.001

Letter M (Intercept) 10.413 0.206 50.611 <0.001 0.380
Education 0.535 0.040 13.415 0.618 <0.001
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the final multiple regression models found that age and edu-
cation were significantly associated with P-VFT (letters F, A,
S, and M), S-VFT (Animals, Fruits and Professions catego-
ries), and BNT performance. These demographic variables
accounted for 37.1–40.9% of the variance in P-VFT,
42.5–49.3% in S-VFT, and 58.7% in BNT.

The influence of demographic variables on test perform-
ance was evaluated, showing that test scores increased lin-
early as a function of education on P-VFT, S-VFT, and BNT

(see Tables 3–5). This means that higher educated individu-
als generated more words in phonemic and semantic verbal
fluency measures and produced more corrected naming
responses in BNT than less educated ones. Age was found
to have a curvilinear effect in all measures (except for letter
M in P-VFT), suggesting that performance on these tasks
declined with age. Effects of sex were inconsistent and were
only found for the fruits category (S-VFT), where women
scored higher than men.

Table 4. Final multiple linear regression models for Semantic Verbal Fluency.

Score Variable B Std. Error t Std. B p Adjusted R2

Animals (Intercept) 17.817 0.435 40.928 <0.001 0.495
Age �0.140 0.021 �6.676 �0.509 <0.001
Age2 �0.003 0.001 �3.837 �0.175 <0.001
Education 0.502 0.079 6.366 0.451 <0.001
Education2 �0.010 0.010 �0.9.9 �0.043 0.348
AgeXEdu2 0.002 0.001 2.706 0.255 0.007

Fruits (Intercept) 15.252 0.307 49.746 <0.001 0.425
Age �0.066 0.011 �5.853 �0.358 <0.001
Age2 �0.002 <0.001 �4.071 �0.183 <0.001
Education 0.204 0.046 4.451 0.274 <0.001
Sex �1.448 0.359 �4.038 �0.182 <0.001

Professions (Intercept) 13.993 0.277 50.517 <0.001 0.464
Age �0.062 0.012 �5.337 �0.313 <0.001
Age2 �0.002 <0.001 �4.977 �0.172 <0.001
Education 0.308 0.047 6.537 0.384 <0.001

Table 5. Final multiple linear regression models for BNT short and standard total scores.

Score Variable B Std. Error t Std. B p Adjusted R2

BNT short (Intercept) 12.585 0.197 63.890 <0.001 0.587
Age �0.024 0.007 �3.323 �0.177 0.001
Age2 �0.002 <0.001 �5.721 �0.219 <0.001
Education 0.304 0.030 10.256 0.546 <0.001
Education2 �0.023 0.004 �5.243 �0.207 <0.001

BNT standard (Intercept) 51.247 0.568 90.240 <0.001 0.587
Age �0.074 0.021 �3.480 �0.185 0.001
Age2 �0.007 0.001 �7.620 �0.291 <0.001
Education 0.813 0.086 9.503 0.506 <0.001
Education2 �0.059 0.013 �4.664 �0.184 <0.001

Note. BNT: Boston Naming Test.

Figure 1. Predicted mean letter F scores as a function of education and sex. Predicted expected test scores were presented to show the fitted regression
model Ŷ i ¼ 11:976þ ½�0:014 � ðAge� 49:7Þ� þ ½�0:002 � ðAge� 49:7Þ2� þ ½0:493 � ðEducationi � 10:5Þ� þ ½0:005 � ðEducationi � 10:5Þ2� þ ð1:259 � SexiÞþ
½�0:064 � ðEducationi � 10:5Þ2 � Sexi�:
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The results of this study are consistent with previous nor-
mative studies where the performance on phonological and
semantic verbal fluency tests improved with education
(Acevedo et al., 2000; Brickman et al., 2005; Casals-Coll
et al., 2013; Kav�e, 2005; Kosmidis et al., 2004; Loonstra
et al., 2001; Machado et al., 2009; Mack et al., 2005;
Mathuranath et al., 2003; Mitrushina et al., 2005;
Olabarrieta-Landa, Rivera, Galarza-del-Angel, et al., 2015;
Steinberg et al., 2005; Tallberg et al., 2008; Zimmermann
et al., 2014). Moreover, as in this study, Cavaco et al. (2013)
and Rivera et al. (2019) reported a curvilinear effect of edu-
cation in these tests. Also, verbal fluency test performance
declined with age (Acevedo et al., 2000; Cavaco et al., 2013;
Kav�e, 2005; Loonstra et al., 2001; Lucas et al., 2005;
Olabarrieta-Landa, Rivera, Galarza-del-Angel, et al., 2015;
Zarino et al., 2014; Zimmermann et al., 2014). In contrast,
in a study conducted by Olabarrieta-Landa, Rivera, Galarza-
del-Angel, et al. (2015) with a total of 3977 healthy adults
from 10 Latin American countries, they found that P-VFT
scores (Letters F, A, and S) worsened with increasing age
only in in Argentina, Honduras, Guatemala, and Paraguay.

Other studies have found no relationship between age
and verbal fluency (Buriel et al., 2004; Casals-Coll et al.,
2013; Hughes & Bryan, 2002; Machado et al., 2009; Steiner
et al., 2008; Tallberg et al., 2008; Villodre et al., 2006). For
example, in the study carried out by Casals-Coll et al. (2013)
in Spain, which evaluated 179 healthy adults, the age effect
was only observed for the category of fruits (S-VFT) and the
letter R (P-VFT). However, this might have occurred
because the sample only included individuals between 18
and 49 years of age; whereas other studies included a wider
age range (18–92 years). Moreover, it seems that the age
effect is particularly visible for persons over 70 years without
neurological or psychiatric disease (Lezak et al., 2012).

Regarding the BNT, the results of this study are in agree-
ment with previous normative studies that found better

performance with a higher number of years of education
(Elkadi et al., 2006; Fern�andez-Bl�azquez et al., 2012; Neils
et al., 1995; Olabarrieta-Landa, Rivera, Morlett-Paredes,
et al., 2015) and declined with age (Au et al., 1995;
Fern�andez-Bl�azquez et al., 2012; Hall et al., 2012;
Olabarrieta-Landa, Rivera, Morlett-Paredes, et al., 2015;
Quinones-Ubeda et al., 2004; Zec et al., 2007a, 2007b). In a
study conducted by Zec et al. (2007a) conducted with 1172
participants aged 20 to 101 years, BNT scores were generally
found to decrease when participants were between 50 and
99 years old. Similarly, Aranciva et al. (2012) carried out a
study with 179 Spanish healthy subjects aged 18–49 years
and found no age effect; suggesting that performance on the
BNT remains relatively stable until around age 50.

In the literature, the majority of studies have reported no
associations between sex, and VFT and BNT performance
(Aranciva et al., 2012; Benito-Cuadrado et al., 2002; Boone,
1999; Cavaco et al., 2013; Gladsjo et al., 1999; Harrison
et al., 2000; Lucas et al., 1998; Olabarrieta-Landa, Rivera,
Galarza-del-Angel, et al., 2015; Tombaugh et al., 1999).
However, some studies have found significant sex effects on
S-VFT when semantic categories such as fruits and profes-
sions are used (Kosmidis et al., 2004; Van Der Elst et al.,
2006). The results of this study are consistent with results
from previous studies that have shown no effect of sex on
VFT and BTN performance. However, sex effects were
found only for the fruits category, with women scoring
higher than men.

The results of this study have some important implica-
tions. For instance, the P-VFT, S-VFT, and BNT are useful
in neuropsychological evaluations to help confirm that the
patient meets standardized criteria for some neurological
disorders, to describe the patient’s cognitive profile, includ-
ing the severity and extent of impairments, and to measure
the rate of decline and response to treatment (Zec et al.,
2007b). The use of these tests (P-VFT, S-VFT, and BNT) in

Figure 2. Predicted mean animals scores as a function of age and education.
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conjunction with other cognitive tests will be useful for neu-
ropsychologists in Portugal in the differential diagnosis of
aphasia or neurodegenerative disorders including early fron-
totemporal dementia, semantic dementia, and Alzeimer’s
Disease (AD), and early AD versus early vascular dementia
(Zec et al., 2007b).

The current study has some limitations that should be
taken into account when interpreting the results. First, par-
ticipants are from the north region of Portugal (Oporto dis-
trict) and regional and cultural variances within the country
are possible but have not been taken into account. Similarly,
the majority of participants came from urban areas and
future studies should also include participants from rural
areas. Second, although participants were speakers of
European Portuguese, the proficiency level in other lan-
guages or dialects has not been measured and this variable
might affect aspects of language including verbal fluency,
confrontation naming, and word retrieval. The normative
data obtained in this study should not be used or general-
ized to people from other Portuguese speaking countries
(i.e., Brazil or the ex-colonies). Third, even though the wide
range of educational backgrounds in the Portuguese popula-
tion, participants with no formal education were not
included in the sample and the norms should be interpreted
with caution when used with such a population. It should
be noted, however, that in a normative study for the
Portuguese language conducted by Cavaco et al. (2013) in
which illiterate people were included, they found that effects
of education on semantic fluency (animals category) were
only significant from 3 years of formal education.
Additionally, subjects with a neurological and/or psychiatric
condition were excluded from the study, but the inclusion
and exclusion criteria were based on participants’ self-report.
Future normative research should include data for popula-
tions with neurological and/or psychiatric disorders as well
as for children.

Despite the limitations, it is important to mention that
compared to previous research that has developed normative
data for these three neuropsychological tests, this study has
a number of advantages. For instance, this study is one of
the few studies that include interactions between sociodemo-
graphic variables in the final regression models. These inter-
actions may improve results of the regression models with
better R2 values and lower Mean Square Errors than in pre-
vious research (e.g., Benito-Cuadrado et al., 2002, Casals-
Coll et al., 2013; Cavaco et al., 2013; Machado et al., 2009;
Olabarrieta-Landa, Rivera, Galarza-del-Angel, et al. 2015;
Zarino et al., 2014).

Finally, the current study evaluates multicollinearity and
influencing values, assumptions which were not addressed in
some previous studies (e.g., Benito-Cuadrado et al.,
2002, Casals-Coll et al., 2013; Cavaco et al., 2013; Machado
et al., 2009; Olabarrieta-Landa, Rivera, Vergara Torres, et al.,
2015; Zarino et al., 2014). In this study, multicollinearity is
evaluated using VIF and controlled by centralizing the varia-
bles and influential values were evaluated using Cook dis-
tance. Assessing these assumptions is valuable because

outliers have been found to strongly influence regression
results (Williams et al., 2013).

In conclusion, the purpose of this study was to calculate
the construct validity and internal consistency of the
Phonological Verbal Fluency Test (letters F, A, S, and M),
Semantic Verbal Fluency Test (Animals, Fruits and
Professions categories), and Boston Naming Test (short and
standard version), and to generate normative data for these
tests after adjusting for age, education, and sex. Results
showed adequate construct validity and internal consistency
for all of the tests and the final multiple regression models
found that age and education were significantly associated
with P-VFT (letters F, A, S, and M), S-VFT (Animals, Fruits
and Professions categories), and BNT performance). Sex was
only found to have an effect on the fruit category, with
women scoring higher than men. The normative data pro-
vided in this study will contribute to improving the clinical
practice of neuropsychology in Portugal. Future studies in
Portugal should continue this process of creating norms for
those neuropsychological tests that do not have yet.
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