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Abstract Semantic verbal fluency test is frequently used

in clinical practice to assess lexical retrieval and production

in neurological and psychiatric diseases. Semantic category

is a crucial variable to consider in patients with language

disorders. Norms for this task were collected from a pop-

ulation of 290 Italian healthy participants with age ranging

from 18 to 98 years. The aim was to provide normative

data both for the global score and for each semantic cate-

gory (animals, fruits, brands of cars). Multiple regression

analysis revealed that age and education significantly cor-

related with the global score and with single semantic

categories. In particular, increasing age negatively affected

performance, whereas the performance increased with a

higher education. Statistically significant differences

between men and women were found only for brands of

cars. The availability of equivalent scores for the single

semantic categories will prove useful in clinical practice

since it allows the comparison of single semantic catego-

ries in patients with language disorders.
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Introduction

Semantic verbal fluency

Verbal fluency tests, both on phonological and on semantic

cue, are very popular in clinical and experimental neuro-

psychology: they are used in order to assess executive

functions, lexical retrieval and production [1]. Several

brain regions, in particular left frontal and temporal areas,

are involved in this task [2]. Accordingly, not only aphasic

patients, but also patients with frontal damage, without

aphasic deficits are impaired on verbal fluency [3]. Verbal

fluency tasks are therefore submitted to patients with dy-

sexecutive disorders, due to brain injury [4], schizophrenia

[5], mild cognitive impairment [6], Alzheimer’s disease

[7], fronto-temporal dementia or Parkinson’s disease [8].

However, it is verbal fluency on phonemic cue, which is

more sensitive to left frontal damage and to psychiatric

syndromes [9], whereas verbal fluency on semantic cue

proves to be impaired especially in patients with temporal

lesions, Alzheimer’s disease, semantic dementia or Par-

kinson’s disease [10, 11].

The distinction between living and non-living categories

seems to be the main feature on which objects knowledge

is organized. Different neuropsychological models have

been proposed to explain category-specific deficits. The

first model assumes that the living/non-living distinction is

based upon the different weight that visuo-perceptual and
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functional attributes have in the identification of members

of these categories [12]; a second model suggests that

evolutionary pressure resulted in the elaboration of dedi-

cated neural mechanisms for the domains of living (ani-

mals and plants) and non-living (artifacts) things [13]. A

third model proposes that the different level of intercon-

nections existing between perceptual and functional fea-

tures in living and non-living things may be more

important than the weighting of these features [14].

Numerous authors have suggested that the opposition

between living and non-living is probably too general and

they highlight the necessity of a more fine distinction

within each category [15, 16]. In these studies the authors

described patients that, within living impairments, showed

selective impairments for animals or for fruits and vege-

tables. Two different hypotheses tried to explain this cat-

egory-specific semantic deficit within living domain.

Caramazza and colleagues [14, 16] proposed the ‘‘domains

of knowledge’’ hypothesis that assumes that neural selec-

tion may have generated specialized and separated neural

circuits for different sub-categories of living things, in

particular for animals, fruits and vegetables, because these

things had potentially two different roles in human survival

(animals are potentially dangerous, while fruits and vege-

tables are source of food). Gainotti [17], based on a review

of literature, suggested that only the dissociation between

living and non-living reflects a real neuro-anatomical

organization, while the difficulties within the same cate-

gory of living things (animals and fruits) are probably the

results of social roles, familiarity factors and gender

effects. Moreover Gainotti and colleagues [18] studied the

importance that various sensorimotor modalities played for

different categories of living things: visual, auditory and

language information seems to play a dominant role in the

representation of ‘‘wild animals’’, whereas taste, olfactory

and visual informations are very important in the repre-

sentation of fruits, vegetables and flowers. These authors

hypothesized that the differences within the living domain

could reflect this representation that different categories

had in different anatomical part of the brain.

Neuropsychological, neuroimaging and direct stimula-

tion studies in neurosurgical patients have confirmed the

existence of specific areas for different semantic categories

[12, 13, 19–22]. Papagno and co-workers [22], by means of

DES on patients with low-grade and high-grade glioma

(HGG) submitted to awake surgery, found that patients

produced errors in naming living objects during stimulation

of the posterior part of the left middle temporal gyrus (BA

21) and of the left inferior frontal gyrus (BA 45), while the

stimulation of the posterior part of the supramarginal gyrus

(BA 40) and of the superior temporal gyrus (BA 22)

interfered with naming of non-living objects, both at a

cortical and subcortical level. These sites differ from those

typically observed in neuropsychological and neuroimag-

ing studies [21–24], probably because of a cerebral reor-

ganization observed in low-growing tumors. Finally,

functional neuroimaging studies have demonstrated, during

naming of animals, a bilateral activation of the left inferior

temporal lobe and the fusiform gyrus, while naming of

artifacts activated the posterior medial temporal gyrus, the

inferior temporal gyrus bilaterally, the left medial temporal

gyrus and the left premotor region [13, 19, 23].

Normative data

Normative data on semantic fluency are specific for each

language and population. Almost in all variants of this task

the participants asked to produce as many words as pos-

sible belonging to a given semantic category, over a period

of 60 s for each category. For the Italian population nor-

mative data have been collected by Novelli et al. [24], by

Spinnler and Tognoni [25], by Capitani and colleagues

[26], and recently by Costa and colleagues [27].

In the Novelli’s version [24], categories are animals,

fruits and brands of cars. The score corresponds to the total

number of words produced. The score is affected by age

and education, but gender has no effect. Spinnler and

Tognoni [25] assessed colors, animals, fruits and cities; in

this task 2 min is allowed for each semantic category. The

global score is represented by the mean of words. Also in

this version age and education proved to affect perfor-

mance. Capitani and colleagues [26] assessed animals,

tools, fruits and vehicles and found an effect of age and

education; more specifically, fruits and tools were signifi-

cantly affected also by gender, with women showing a

better performance than men for fruits, and men a higher

performance than women for tools. Costa and colleagues

[27] assessed animals, fruits and colors, with the score

corresponding to the total number of words produced in a

period of 1 min for each category. The score is affected by

age, education and gender (women produced significantly

more words than men).

Normative data for different languages (English, Por-

tuguese, Spanish, Swedish and German) have also con-

sidered the effects of demographic variables, such as age,

education and sex [28–33], with some studies considering

only the semantic category of animals [30–33]. Age always

proved to significantly and negatively affect performance

[28–33]. Apart from Spanish and German [29, 33], also

education significantly affects performance [28, 30–32],

while gender has proved to be significant only for the

category ‘‘professions’’, with a significant advantage for

male [33]. In Portuguese and English [28, 32] also the

number of subcategories or ‘‘cluster’’ (for example wild

animals, domestic animals, courtyard animals, fish, etc.)

and steps between clusters [32] were considered. In both
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studies education significantly affected the amplitude of

clusters and the number of steps between clusters [28, 30],

while age differently affected the number of steps between

clusters.

Before the recent work of Costa and colleagues [27]

normative data for the Italian population were available

only for people under 75 years [24]. In recent years, there

has been a significant increase in the average length of life,

which can be estimated at 85 years [34]. Therefore, our

aim was to review the normative data of semantic fluency,

also considering that the increasing use of the modern mass

media may have enhanced the availability of knowledge

related to different semantic categories [35]. Finally unlike

Costa and colleagues [27], we collected normative data for

each category separately.

Materials and methods

Participants

290 healthy Italian volunteers (n = 290), 142 males and

148 females took part in this study between March 2010

and March 2012. Participants’ mean age was 54.10 years

(range 19–98, SD = 19.2) and mean education was

12.26 years (range 3–23, SD = 4.26). Inclusion criteria

were: (1) age C18 years, (2) absence of neurological or

psychiatric diseases, no history of alcohol and/or drug

abuse, potential medical diseases, (3) right handedness.

Participants were balanced for demographic variables (age,

education, sex) that may affect performance (see Table 1)

and divided in seven groups according to age (19–29,

30–39, 40–49, 50–59, 60–69, 70–79, C80), and in five

groups according to education (B5, 6–8, 9–13, 14–16,

C17). They were recruited from different sources: (1) rel-

atives, friends and colleagues of the authors, (2) spouses,

relatives and caregivers of in-patients and out-patients of

the hospital where two authors (BZ and AC) worked

(Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Pol-

iclinico, Milan, Italy). The ethnic background of all par-

ticipants was Caucasian and all were living in Italy and

educated in Italian. Participants did not receive any finan-

cial reimbursement or any other compensation. The study

was approved by the local ethical committee of the Uni-

versity of Milano-Bicocca.

Table 1 Distribution of the

study group according to age,

educational level and gender

Values are number of subjects

Educational level Age (years)

19–29 30–39 40–49 50–59 60–69 70–79 C80 Total

B5

Men 0 0 0 3 5 5 5 18

Women 0 0 0 3 5 5 5 18

6–8

Men 3 5 5 5 5 5 3 31

Women 2 5 7 6 5 5 5 35

9–13

Men 6 5 5 5 5 5 5 36

Women 6 5 6 6 5 6 5 39

14–16

Men 5 5 3 5 2 1 3 24

Women 5 6 5 5 2 2 0 25

C17

Men 7 5 6 5 3 5 2 33

Women 5 7 5 5 3 3 3 31

Total

Men 21 20 19 23 20 21 18 142

Women 18 23 23 25 20 21 18 148

Table 2 Means, medians, standard deviations, and cut-off scores

obtained by the subjects in the semantic fluency test and subtest

Test Media (SD) Mediana Cut-off

Semantic fluency test 38.22 (7.96) 38.16 B23.58

Semantic fluency-category

‘‘animals’’

15.51 (3.56) 15.11 B9.62

Semantic fluency-category

‘‘fruits’’

12.82 (2.97) 12.68 B7.52

Semantic fluency-category

‘‘brand of cars’’

9.97 (3.3) 9.85 B4.48
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Test and procedure

Participants were asked to produce as many words as pos-

sible belonging to a given category in 1 min for each cat-

egory. As mentioned, the three categories used were

animals, fruits and brands of cars. The examiner said: ‘‘Now

you should tell me all the names that come to mind

belonging to a specific category that I will indicate. For

example, I could say: flowers and you could tell me: tulips,

roses, primrose, etc. I will tell you when you can stop. Let’s

start with animals’’. The total number of correct items

generated for each category is recorded. The score is rep-

resented by the total number of words produced for the three

categories. A word repeated twice is counted only once.

Statistical analysis

Statistical analysis and scoring were performed according to

the method described by Capitani [36]. Multiple regression

analyses were performed to evaluate the effect of demo-

graphic variables (age, education and sex) on performance.

For the global score and for each semantic category, the first

step was to identify the linear model through a covariance

analysis. For each demographic variable we have tried raw

score and logarithmic, quadratic and reciprocal transforma-

tion; we adopted raw score transformation of all the demo-

graphic variables (age, education and gender) which proved

most effective in reducing the residual variance. Raw scores

were adjusted, according to the relative influences of those

variables that had a significant effect.

Correction grids were derived to adjust, when necessary,

the performance of each newly tested participant for the

effect of age, education, and gender. Adjusted scores were

then used to compute tolerance limits. A subject’s score is

considered normal when it lies within the highest 95 % of

the population whereas it is pathological if it falls within

the lowest 5 %. Inferential cut-off scores were then derived

to define the score at which or below which the probability

that an individual belongs to the normal population is

\0.05. Scores equal to or lower than the cut-off score were

considered pathological. Adjusted scores were then trans-

formed into a 5-point interval scale, from 0 to 4 equivalent

scores, following a method used for other neuropsycho-

logical tests [25]. Zero corresponds to a score below the

5 % tolerance limit. one, two, three are intermediated

score, and four corresponds to a score better than a mean.

Equivalent scores simply combine non-parametric toler-

ance limits and the demographic adjustment [36].

Results

The mean and median scores for the three categories sep-

arately and together, and the cut-off values, are given in

Table 2. Multiple regression analysis with age, gender, and

education as independent variables were performed for the

global score [F(3,286) = 84.196 p \ 0.0001] and consid-

ering separately each category: animals [F(3,286) =

55.139 p \ 0.0001), fruits [F(3,286) = 55.139 p \
0.0001], vehicles [F(3,286) = 70.376 p \ 0.0001]. Age

and education significantly affected the global score

(t = -2.867, p \ 0.01, t = 2.768, p \ 0.01, respectively),

and each category considered separately: animals (t =

-2.395, p = 0.01, t = 2.470, p = 0.01, respectively),

fruits (t = -2.514, p = 0.01, t = 2.096, p \ 0.05,

respectively) and brands of cars (t = -2.393, p = 0.01,

t = 2.417, p = 0.01, respectively). Gender did not affect

performance with animals and fruits, while it did for brands

of cars (t = -4,929, p \ 0.0001). Correction grids are

reported in Tables 3 and 4.

Discussion

We collected normative data for semantic fluency in order

to update the current Italian normative data of Novelli and

Table 3 Correction grid and equivalent scores for the semantic fluency test

Education (years) Age (years)

B25 26–30 31–35 36–40 41–45 46–50 51–55 56–60 61–65 66–70 71–75 76–80 81–85 C86

B5 0.0 1.0 2.1 3.1 4.1 5.1 6.1 7.2 8.0 9.1 10.0 11.1 11.8 12.6

6–8 -2.9 -1.5 -0.3 0.5 1.3 2.4 3.2 4.5 5.8 6.4 7.5 8.2 9.5 10.2

9–13 -6.9 -5.9 -3.3 -3.7 -2.8 -2 -1.0 0.3 1.2 2.1 3.1 4.3 5.1 6.2

14–16 -9.5 -8.6 -7.3 -6.3 -5.6 -4.3 -3.5 -2.5 -1.8 -0.2 0.4 1.5 2.7 3.4

C17 -9.9 -9.5 -8.3 -7.4 -6.4 -5.4 -4.2 -3.4 -2.2 -1.5 -0.3 0.6 1.4 2.6

Adjusted score = raw score - [-0.197 9 (age - 54.1)] - [0.868 9 (education - 12.2586)]

Equivalent score

0 1 2 3 4

Semantic fluency test B23.58 23.59–28.34 28.35–33.08 33.09–38.62 C38.63
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colleagues [24] extending the age interval to 98 years,

considering the increase in the mean age of the population;

furthermore, we analyzed separately each category in order

to provide a tool to evaluate category-specific deficit in

patients with cerebral lesions.

A significant effect of age and education was found as in

previous standardization on the Italian population [24–27].

We observed, in particular, that performance decreases with

aging, as occurs in most neuropsychological tests with a few

exceptions, such as naming by description [24]. Education

improves performance, while gender does not affect the global

score with one exception: men proved to obtain a better score

than women on brands of cars. No relevant changes in the cut-

off have been found in the present study as compared to the

normative data collected by Novelli and collegues [24].

However, some differences can be clearly seen in the cor-

rection grids: in the present study age and education required

larger corrections. This result shows that world change scan

affect normal population and therefore it is necessary to

update normative data for neuropsychological tests.

In order to highlight the importance of neural struc-

tures located in the left temporo-parietal cortex for

Table 4 Correction grid and equivalent scores for the category ‘‘animals’’, ‘‘fruits’’ and ‘‘brand of cars’’ of the semantic fluency test

Education (years) Age (years)

B25 26–30 31–35 36–40 41–45 46–50 51–55 56–60 61–65 66–70 71–75 76–80 81–85 C86

Animals

B5 -0.1 0.4 0.8 1.2 1.5 1.9 2.2 2.6 2.9 3.3 3.6 4.0 4.27 4.6

6–8 -1.0 -0.5 -0.1 0.2 0.5 0.9 1.2 1.6 2.1 2.32 2.7 3.0 3.4 3.7

9–13 -2.5 -2.1 -1.6 -1.3 -1.0 -0.7 -0.4 0.1 0.4 0.8 1.1 1.6 1.8 2.2

14–16 -3.4 -3.1 -2.7 -2.3 -2.0 -1.5 -1.3 -0.9 -0.7 -0.1 0.1 0.5 0.9 1.4

C17 -3.6 -3.4 -3.1 -2.7 -2.3 -2.0 -1.5 -1.2 -0.8 -0.6 -0.1 0.2 0.5 0.9

Adjusted score = raw score - [-0.071 9 (age - 54.1)] - [0.316 9 (education - 12.2586)]

Fruits

B5 -0.1 0.3 0.7 0.9 1.2 1.5 1.7 2.0 2.2 2.6 2.8 3.1 3.3 3.6

6–8 -0.9 -0.4 -0.1 0.1 0.4 0.7 0.9 1.3 1.6 1.8 2.1 2.3 2.7 2.9

9–13 -2. -1.7 -1.3 -1.0 -0.8 -0.6 -0.3 0.1 0.4 0.6 0.9 1.2 1.4 1.8

14–16 -2.7 -2.4 -2.1 -1.8 -1.6 -1.2 -1.0 -0.7 -0.5 -0.1 0.1 0.5 0.8 1.1

C17 -2.8 -2.7 -2.3 -2.1 -1.8 -1.5 -1.2 -1.1 -0.6 -0.4 -0.1 0.2 0.4 0.7

Adjusted score = raw score - [-0.056 9 (age - 54.1)] - [0.243 9 (education - 12.2586)]

Brand of cars

B5

Men -0.8 -0.4 -0.1 0.2 0.5 0.8 1.2 1.4 1.7 2.0 2.3 2.6 2.8 3.1

Women 2.5 3.0 3.4 3.6 3.8 4.1 4.4 4.8 5.0 5.4 5.6 5.9 6.1 6.5

6–8

Men -1.9 -1.6 -1.1 -0.9 -0.8 -0.4 -0.1 0.2 0.6 0.8 1.2 1.4 1.6 2.0

Women 1.3 1.8 2.0 2.3 2.6 2.9 3.2 3.6 4.0 4.1 4.4 4.7 5.1 5.3

9–13

Men -3.7 -3.5 -3.1 -2.8 -2.6 -2.3 -2.0 -1.7 -1.4 -1.1 -0.8 -0.5 -0.2 0.1

Women -0.6 -0.3 0.2 0.4 0.7 1.0 1.2 1.6 1.9 2.2 2.5 2.9 3.1 3.5

14–16

Men -4.8 -4.8 -4.3 -4.1 -3.8 -3.4 -3.2 -3.0 -2.7 -2.2 -2.1 -1.7 -1.4 -1.0

Women -1.7 -1.3 -1.1 -0.7 -0.5 -0.1 0.1 0.5 0.7 1.1 1.3 1.6 1.9 2.2

C17

Men -5.2 -5.1 -4.7 -4.5 -4.2 -3.9 -3.5 -3.3 -3.0 -2.8 -2.3 -2.1 -1.9 -1.5

Women -1.9 -1.8 -1.5 -1.2 -0.9 -0.6 -0.2 0.0 0.4 0.6 0.9 1.2 1.5 1.8

Adjusted score = raw score - [-3.314 9 (sex - 0.50)] - [-0.059 9 (age - 54.1)] - [0.391 9 (education - 12.2586)]

Equivalent score

0 1 2 3 4

Animals B9.62 9.63–11.55 11.56–13.17 13.18–15.25 C15.26

Fruits B7.52 7.53–9.49 9.5–11.12 11.13–12.95 C12.96

Brand of cars B4.48 4.49–6.11 6.12–7.82 7.83–10.05 C10.06
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recovering and naming objects belonging to different

categories living (animals and fruits) and non-living

(brands of cars), we report a comparison between two

small samples of patients with temporal and parietal brain

tumors. We compare 30 patients: 10 with left parietal

glioma and 20 with left temporal glioma. In our groups

all the patients with a parietal glioma have a normal score

before surgery and only two patients (20 %) have a

pathological score in almost one category post surgery.

Differently in the temporal group of patients 3 (15 %)

have an abnormal score in almost one semantic category

before surgery and 14 patients (70 %) show a pathologi-

cal score after surgery. In particular patients with tem-

poral brain tumors have an impairment mainly in living

categories (animals and fruit, 55 % for both categories),

as reported in literature [37–39]. Patients with brain gli-

oma probably have had a reorganization of neural struc-

tures involved in our task given their different tumor

location and the rate of growth [22].

To explain how to use the correction grid, both for the

global score and for each category, we report as example a

single case of a patient (MV), male, 42 years old, with

8 years of education, affected by a left temporal HGG.

After surgery, the patient obtained a global score of 35:13

for animals, 7 for fruits and 15 for brands of cars. Given his

age and education, the raw score can be adjusted by adding

1.3 to the global score. Similarly, 0.5 should be added to

the raw score for ‘‘animals’’, 0.4 to ‘‘fruits’’, and 0.8 for

‘‘brands of cars’’. The adjusted global score is therefore

36.3, which corresponds to a normal performance, with an

equivalent score of 3; the adjusted score for animals (13.5)

is also in the normal range corresponding to an equivalent

score of 3, as is the score for ‘‘brands of cars’’ (14.2), which

corresponds to an equivalent score of 4. In contrast, the

adjusted score for fruits (7.4) corresponds to an equivalent

score of 0 (abnormal score). This result suggests that

considering each category separately represents a remark-

able advantage in clinical and experimental setting since it

enables to detect single-category deficit.

Verbal fluency (both phonologic and semantic) tests are

among the most widely used neuropsychological tools in

the assessment and monitoring of dementia [35]. In par-

ticular, semantic fluency as compared to phonological

fluency seems to be more sensitive in detecting early def-

icits in semantic dementia and Alzheimer’s disease [7].

The specificity and sensitivity of the semantic fluency test

could help in an early diagnosis of language impairment

[40].

References

1. Lezak MD (2004) Neuropsychological assessment, 4th edn.

Oxford University Press, UK

2. Birn RM, Kenworthy L, Case L, Caravella R, Jones TB, Ban-

dettini PA, Martin A (2010) Neural systems supporting lexical

search guided by letter and semantic category cues: a self-paced

overt response fMRI study of verbal fluency. Neuroimage

49(1):1099–1107. doi:10.1016/j.neuroimage.2009.07.036

3. Baldo JV, Shimamura AP (1998) Letter and category fluency in

patients with frontal lobe lesions. Neuropsychology

12(2):259–267

4. Henry JD, Crawford JR (2004) A meta-analytic review of verbal

fluency performance in patients with traumatic brain injury.

Neuropsychology 18(4):621–628. doi:10.1037/0894-4105.18.4.

621

5. Phillips TJ, James ACD, Crow TJ, Collinson SL (2004) Semantic

fluency is impaired but phonemic and design fluency are pre-

served in early-onset schizophrenia. Schizophr Res

70(2–3):215–222. doi:10.1016/j.schres.2003.10.003

6. Gardini S, Cuetos F, Fasano F, Pellegrini FF, Marchi M, Venneri

A, Caffarra P (2013) Brain structural substrates of semantic

memory decline in mild cognitive impairment. Curr Alzheimer

Res 10(4):373–389. doi:10.2174/1567205011310040004

7. Venneri A, McGeown WJ, Hietanen HM, Guerrini C, Ellis AW,

Shanks MF (2008) The anatomical bases of semantic retrieval

deficits in early Alzheimer’s disease. Neuropsychologia

46(2):497–510. doi:10.1016/j.neuropsychologia.2007.08.026

8. Ibarretxe-Bilbao N, Junque C, Marti MJ, Tolosa E (2011) Brain

structural MRI correlates of cognitive dysfunctions in Parkin-

son’s disease. J Neurol Sci 310(1–2):70–74. doi:10.1016/j.jns.

2011.07.054

9. Baldo JV, Shimamura AP, Delis DC, Kramer J, Kaplan E (2001)

Verbal and design fluency in patients with frontal lobe lesions.

J Int Neuropsychol Soc 7(5):586–596

10. Hodges JR, Patterson K, Waed R, Garrard P, Bak T, Perry R,

Gregory C (1999) The differentiation of semantic dementia and

frontal lobe dementia (temporal and frontal variants of fronto-

temporal dementia) from early Alzheimer’s disease: a compara-

tive neuropsychological study. Neuropsychology 13(1):31–40

11. Baldo JV, Schwartz S, Wilkins D, Dronkers NF (2006) Role of

frontal versus temporal cortex in verbal fluency as revealed by

voxel-based lesion symptom mapping. J Int Neuropsychol Soc

12(6):896–900. doi:10.1017/S1355617706061078

12. Warrington EK, Shallice T (1984) Category-specific semantic

impairments. Brain 107:829–859

13. Martin A (2007) The representation of object concepts in the

brain. Annu Rev Psychol 58:25–45. doi:10.1146/annurev.psych.

57.102904.190143

14. Caramazza A, Shelton JR (1998) Domain-specific knowledge

systems in the brain: the animate-inanimate distinction. J Cogn

Neurosci 10(1):1–34. doi:10.1162/089892998563752

15. Farah MJ, Wallace MA (1992) Semantically-bounded anomia:

implications for the neural implementation of naming. Neuro-

psychologia 30(7):609–621

16. Caramazza A, Mahon BZ (2003) The organization of conceptual

knowledge: the evidence from category-specific semantic defi-

cits. Trends Cogn Sci 7(8):354–361. doi:10.1016/S1364-

6613(03)00159-1

17. Gainotti G (2005) The influence of gender and lesion location on

naming disorders for animals, plants and artefacts. Neuropsych-

ologia 43(11):1633–1644. doi:10.1016/j.neuropsychologia.2005.

01.016 (Epub 2005 Feb 25)

18. Gainotti G, Ciaraffa F, Silveri MC, Marra C (2009) Mental

representation of normal subjects about the sources of knowledge

in different semantic categories and unique entities. Neuropsy-

chology 23(6):803–812. doi:10.1037/a0016352

19. Damasio H, Grabowski TJ, Tranel D, Hichwa RD, Damasio AR

(1996) A neural basis for lexical retrieval. Nature

380(6574):499–505. doi:10.1038/380499a0

1410 Neurol Sci (2014) 35:1405–1411

123

http://dx.doi.org/10.1016/j.neuroimage.2009.07.036
http://dx.doi.org/10.1037/0894-4105.18.4.621
http://dx.doi.org/10.1037/0894-4105.18.4.621
http://dx.doi.org/10.1016/j.schres.2003.10.003
http://dx.doi.org/10.2174/1567205011310040004
http://dx.doi.org/10.1016/j.neuropsychologia.2007.08.026
http://dx.doi.org/10.1016/j.jns.2011.07.054
http://dx.doi.org/10.1016/j.jns.2011.07.054
http://dx.doi.org/10.1017/S1355617706061078
http://dx.doi.org/10.1146/annurev.psych.57.102904.190143
http://dx.doi.org/10.1146/annurev.psych.57.102904.190143
http://dx.doi.org/10.1162/089892998563752
http://dx.doi.org/10.1016/S1364-6613(03)00159-1
http://dx.doi.org/10.1016/S1364-6613(03)00159-1
http://dx.doi.org/10.1016/j.neuropsychologia.2005.01.016
http://dx.doi.org/10.1016/j.neuropsychologia.2005.01.016
http://dx.doi.org/10.1037/a0016352
http://dx.doi.org/10.1038/380499a0


20. Capitani E, Laiacona M, Mahon B, Caramazza A (2003) What

are the facts of semantic category-specific deficits? A critical

review of the clinical evidence. Cogn Neuropsychol

20(3):213–261. doi:10.1080/02643290244000266

21. Gainotti G (2000) What the locus of brain lesion tells us about the

nature of the cognitive defect underlying category-specific dis-

orders: a review. Cortex 36(4):539–559

22. Papagno C, Gallucci M, Casarotti A, Castellano A, Falini A, Fava

E, Giussani C, Carrabba G, Bello L, Caramazza A (2011) Con-

nectivity constraints on cortical reorganization of neural circuits

involved in object naming. Neuroimage 55(3):1306–1313. doi:10.

1016/j.neuroimage.2011.01.005

23. Gainotti G (2011) The organization and dissolution of semantic-

conceptual knowledge: is the ‘amodal hub’ the only plausible

model? Brain Cogn 75(3):299–309. doi:10.1016/j.bandc.2010.12.

001

24. Novelli G, Papagno C, Capitani E, Laiacona N, Vallar G, Cappa

SF (1986) Tre test clinici di ricerca e produzione lessicale: tar-

atura su soggetti normali. Archivio Psicologia, Neurologia Psi-

chiatria 47(4):477–506

25. Spinnler H, Tognoni G (1987) Standardizzazione e taratura ita-

liana di test neuropsicologici (Italian standardization of neuro-

psychological tests). Ital J Neurol Sci (suppl. 8):1–120

26. Capitani E, Laiacona M, Barbarotto R (1999) Gender affects

word retrieval of certain categories in semantic fluency tasks.

Cortex 35(2):273–278

27. Costa A, Bagoj E, Monaco M, Zabberoni S, De Rosa S, Papan-

tonio AM, Mundi C, Caltagirone C, Carlesimo GA (2013)

Standardization and normative data obtained in the Italian pop-

ulation for a new verbal fluency instrument, the phonemic/

semantic alternative fluency test. Neurol Sci 35(3):365–372.

doi:10.1007/s10072-013-1520-8

28. Brucki SMD, Rocha MSG (2004) Category fluency test: effects

of age, gender and education on total scores, clustering and

switching in Brazilian Portuguese-speaking subjects. Braz J Med

Biol Res 37(12):1771–1777. doi:10.1590/S0100-879X2004001

200002

29. Casals-Coll M, Sánchez-Benavides G, Quintana M, Manero RM,

Rognoni T, Calvo L, Peña-Casanova J et al (2013) Spanish

normative studies in young adults (NEURONORMA young

adults project): norms for verbal fluency tests. Neurologı́a

28(1):33–40. doi:10.1016/j.nrl.2012.02.010
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