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formal measures of executive functioning

Introduction

Executive functions (EFs) encompass higher order neu-
rocognitive processes such as planning, inhibition of 
responses and actions, strategy development and goal 
definition, flexible performance of goal-directed ac-
tions, resistance to interference, abstract thinking, prob-
lem solving, self-monitoring and self-regulation [3, 5, 16, 
17, 26]. These processes are mainly dependent on the 
frontal lobes [24] and structures connected to them such 
as the thalamus and the basal ganglia [9, 16]. A great deal 

of attention has been given to the assessment of EFs. The 
identification of executive dysfunction is useful for the 
analysis of the severity of brain injuries and for the di-
agnosis and prognosis of brain diseases like frontotem-
poral dementias (although in specific subtypes of fron-
totemporal dementias executive dysfunction may not be 
the main deficit). It is also useful to identify vascular de-
mentias and parkinsonian disorders, to discriminate 
between degenerative disorders and to evaluate the pro-
gression of these disorders over time [7]. 

In Parkinson’s disease (PD), the assessment of EFs is 
particularly relevant. PD is primarily characterized by 
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■ Abstract  Background The Fron-
tal Assessment Battery (FAB) is a 
short tool for the assessment of 
 executive functions consisting of 
six subtests that explore different 
abilities related to the frontal lobes. 
Several studies have indicated that 
executive dysfunction is the main 
neuropsychological feature in 
 Parkinson’s disease (PD). Goals To 
evaluate the clinical usefulness of 
the FAB in identifying executive 
dysfunction in PD; to determine if 
FAB scores in PD are correlated 
with formal measures of executive 
functions; and to provide norma-
tive data for the Portuguese version 
of the FAB. Methods The study in-
volved 122 healthy participants and 
50 idiopathic PD patients. We com-
pared FAB scores in normal con-
trols and in PD patients matched 
for age, education and Mini-Mental 
State Examination (MMSE) score. 
In PD patients, FAB results were 

compared to the performance on 
tests of executive functioning. 
 Results In the healthy subjects, FAB 
scores varied as a function of age, 
education and MMSE. In PD, FAB 
scores were significantly decreased 
compared to normal controls, and 
correlated with measures of execu-
tive functions such as phonemic 
and semantic verbal fluency tests, 
Wisconsin Card Sorting Test and 
Trail Making Test Part A and Part 
B. Conclusion The FAB is a useful 
tool for the screening of executive 
dysfunction in PD, showing good 
discriminant and concurrent valid-
ities. Normative data provided for 
the Portuguese version of this test 
improve the accuracy and confi-
dence in the clinical use of the FAB.

■ Key words  executive functions · 
Frontal Assessment Battery (FAB) · 
Parkinson’s disease · Portuguese 
norms
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resting tremor, bradykinesia, rigidity and postural in-
stability [21], but these motor signs coexist with cogni-
tive deficits ranging from minor disturbances to demen-
tia [6]. The main feature of neuropsychological profiles 
in PD is an impairment of EFs [6, 18]; deficits in mem-
ory, visuospatial reasoning and complex attention are 
often also present [13], and these may result from im-
paired executive functioning. Given that the compre-
hensive examination of this impairment is time con-
suming and may be distressing for some patients, brief 
screening tools are very useful. 

Dubois, Slachevsky, Litvan and Pillon [7] recently 
presented a short standardized neuropsychological test 
for the bedside assessment of EFs, the Frontal Assess-
ment Battery (FAB). The FAB takes about 10 minutes to 
be administered and can be applied by any practitioner. 
It consists of six subtests that explore neurocognitive 
processes related to the frontal lobes: conceptualization 
(Similarities task), mental flexibility (Phonological Lex-
ical Fluency task), motor programming (Luria’s motor 
series), sensitivity to interference (Conflicting Instruc-
tions task), inhibitory control (Go-No-Go task) and en-
vironmental autonomy (evaluation of Prehension Be-
havior). Each subtest is scored between 0 and 3; a 
composite score ranging between 0 and 18 indicates 
whether or not executive dysfunction is present and, if 
yes, its severity. 

In the original study [7], the FAB presented good psy-
chometric properties. It was able to discriminate be-
tween normal controls and patients with different neu-
rodegenerative diseases (discriminant validity), and it 
showed good internal consistency, inter-rater reliability 
and concurrent validity (FAB correlated with the Mattis 
Dementia Rating Scale and with Wisconsin Card Sorting 
Test, WCST). Since then, the FAB has been tested in sev-
eral clinical conditions [15, 19, 20, 22]. Oguro and col-
leagues [19], for example, have demonstrated that the 
FAB successfully discriminates normal controls from 
patients with Alzheimer’s disease and vascular dementia 
and, more importantly, it is sensitive to differences in the 
executive dysfunction profiles of Alzheimer’s and vascu-
lar dementia patients (patients with vascular dementia 
had the worst performance). Normative data have also 
been provided for healthy population samples. Two 

studies with the Italian version of the FAB [1, 15] showed 
that the scores of healthy participants were influenced 
by age and education (they were lower as age increased 
and education decreased). A study with an elderly 
healthy sample (ages 60 to 91 years) indicated a positive 
effect of education on FAB scores but a null effect of age 
[4]. 

One important application of the FAB is screening for 
executive dysfunction in PD. Because executive dysfunc-
tion is a major neuropsychological characteristic of PD 
[6], a reduced FAB score is predicted. Although some 
studies have attempted to test the ability of the FAB to 
identify executive dysfunction in PD with small groups 
of patients [7, 20], conclusive results are lacking. Such 
data are of interest because before FAB can be used with 
confidence with PD patients it should be demonstrated 
that it is sensitive to executive dysfunction in this dis-
ease. Moreover, there is no evidence about how, in PD, 
FAB results are related with measures of executive func-
tioning such as the WCST, the Trail Making Test (TMT) 
and verbal fluency tests. Correlations with these mea-
sures, if observed, would further establish the concur-
rent validity of FAB. The goals of the present paper are 
to establish the usefulness of the FAB for screening ex-
ecutive dysfunction in idiopathic PD (discriminant va-
lidity), to determine the correlations between FAB scores 
and formal measures of executive functioning (concur-
rent validity), and to establish normative data derived 
from a healthy sample of the Portuguese population. 

Methods

■ Participants

The normative study involved 122 subjects (68 women and 54 men) 
who varied widely in age and education (Table 1). They were from 
various regions of Portugal, mainly northern, from rural and subur-
ban areas as well as cities. Mean age for the whole sample was 57.2 
years (SD = 15.8 years; range = 20–81) and mean educational level in 
years was 8.7 (SD = 5.2; range = 2–22). None of the participants had 
current or past history of alcohol or drug abuse, current depression 
or psychiatric diseases, history of traumatic brain injury, neurological 
illness or other reported conditions that could affect mental state, as 
assessed by an individual clinical interview. Participants were ex-
cluded if they performed lower than the conventional cut-off of 24 in 

Education
(years)

Age (years)

20–39 40–59 60–79 > 80 Total

1–3  –  1 (F1)  6 (M1/F5) –   7 (M1/F6)

4–6  1 (F1) 19 (M4/F15) 30 (M21/F9) 1 (F1)  51 (M25/F26)

7–12  5 (M2/F3)  9 (M4/F5) 18 (M10/F8) 1 (F1)  33 (M16/F17)

> 12 15 (M6/F9) 10 (M3/F7)  6 (M3/F3) –  31 (M12/F19)

Total 21 (M8/F13) 39 (M11/F28) 60 (35M/25F) 2 (2F) 122 (54M/68F)

M male; F female

Table 1  Demographic distribution of the healthy 
sample 
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the MMSE [16]; they scored on average 28.9 (SD = 1.3; range = 24–
30).
 The clinical group consisted of 50 patients (31 men) with idio-
pathic PD diagnosed by a senior neurologist, who were on stage 3 or 
4 of the Hoehn and Yahr Disease Severity Scale [14]. PD patients were 
potential candidates for surgical intervention of deep brain stimula-
tion and underwent neuropsychological assessment as part of their 
pre-surgical evaluation. Mean age for this group was 59.9 years 
(SD = 6.0; range = 43–70) and mean duration of education was 5.5 
years (SD = 3.7; range = 3–23). All PD patients were taking dopami-
nergic medication at the time of testing; they had no history of neu-
rological illnesses other than PD and were not demented (mean 
MMSE = 28; SD = 1.3; range = 25–30). Depression was assessed with 
the Beck Depression Inventory [25]; 26 patients were not depressed, 
18 were mild to moderately or moderately to severely depressed, and 
6 were severely depressed. 

■ Materials and procedures

The healthy participants were tested individually by a neurologist or 
a psychologist. Information was provided about the purpose of the 
research and participants gave their informed consent. After a brief 
clinical interview, they completed the MMSE [8, 11 for the Portuguese 
version] and the FAB. The FAB was adapted from the original English 
version [7] into Portuguese. The battery was first translated indepen-
dently by two fluent bilinguals; these translations were then com-
pared, minor inconsistencies solved, and a preliminary version was 
produced. A cultural/linguistic adaptation was made in one of the 
subtests: the letter used in the original Lexical Fluency subtest, “S”, 
was replaced by “P”, which is as frequent in Portuguese as “S” is in 
English. This is because in Portuguese the letters S and C may corre-
spond to the same sound (e.g., in the beginning of words as in “cego”, 
blind), and this might be confusing especially for people with lower 
levels of education. After reaching consistency for all verbal instruc-
tions and performing some pilot administrations, the final version of 
the Portuguese FAB was produced.1 
 For PD patients, the data were collected by a psychologist in a 
comprehensive neuropsychological assessment. Patients were tested 
in the “on” state, when the medication minimizes or eliminates motor 
symptoms. As for the healthy participants, the MMSE and the Portu-
guese FAB were administered. In addition, the patients also performed 
the following tests of executive functioning: phonemic and semantic 
verbal fluency tests [16], TMT Part A and Part B [2] and the WCST 
[10]. The Raven’s Colored Progressive Matrices [23] (a measure of 
visuospatial reasoning), the Digit Span Test [25] (a measure of verbal 
short-term memory), and the Beck Depression Inventory [25] were 
also administered. 

Results

■ Normative data for the healthy Portuguese sample

Table 2 presents means and standard deviations of the 
total FAB scores stratified by age and education, for the 
healthy participants. The mean total FAB score was 15.14 
(SD = 2.43). A multiple regression analysis was per-
formed in order to check the influence of demographic 
variables and MMSE scores. Total FAB scores were taken 
as the dependent variable, and age, gender, education 

1 A copy of the Portuguese version of the FAB may be requested to the 
corresponding author by e-mail.

and MMSE total score as independent variables. The 
 resulting regression model excluded gender; age, 
 education and MMSE were able to explain 45.3 % of the 
total variance of the FAB [R2 = 0.453; F(4,117) = 32.59, 
p < 0.00001]. There was a strong positive effect of educa-
tion [coefficient = 0.412, t(117) = 4.77, p < 0.00001], a 
negative effect of age [coefficient = –0.231, t(117) = –
2.851, p < 0.01] and a positive effect of the MMSE score 
[coefficient = 0.2, t(117) = 2.68, p < 0.01]; thus, FAB re-
sults are lower in older and less educated subjects with 
lower MMSE scores. 

Table 3 reports the frequency distribution of the 
scores in each FAB subtest. Three of them, Similarities, 
Fluency and Go-No-Go, were the most discriminative. 
By contrast, all subjects had the maximum possible on 
Prehension Behavior. The distribution of the subscores 
as well as of the total score is skewed towards higher 
values. Cronbach’s alpha coefficient between FAB sub-
scores (Prehension Behavior was not included because 
it had zero variance) was 0.69, suggesting good internal 
consistency. 

■ The FAB and the assessment of executive functions in 
Parkinson’s disease

The performance of PD patients on the FAB and the 
other tests is shown in Table 4. As for normal controls, a 
multiple regression analysis was calculated in order to 
check the influence of age, sex, education and MMSE on 
the total FAB scores; depression scores (Beck Depression 
Inventory) were also entered as an independent variable. 
The regression model excluded gender, education and 
depression, but it included age and MMSE. It was able to 
explain 39.5 % of the total variance [R2 = 0.395; 
F(4,44) = 5.44, p < 0.0002]. There was a negative effect of 
age [coefficient = –0.275, t(44) = –2.19, p < 0.03] and a 
positive effect of the MMSE score [coefficient = 0.48, 
t(44) = 3.93, p < 0.0004]. As with normal controls, mean 
FAB scores were lower as age increased and MMSE de-
creased. Education and depression levels did not impact 
on FAB performance (p > 0.05).

Even after adjusting for age, education and MMSE, 

Table 2  Mean total FAB scores by age and education for the healthy sample 
(standard deviations are given in parenthesis)

Education
(years)

Age (years)

20–39 40–59 60–79 > 80 Total

1–3  – 15 (0) 12.2 (2.6)  – 12.6 (2.6)

4–6 16 (0) 14.2 (1.9) 13.6 (2.6) 15 (0) 13.9 (2.3)

7–12 16.2 (0.8) 16.4 (1.6) 15.3 (1.7) 12 (0) 15.6 (1.7)

> 12 17.8 (0.4) 16.8 (0.9) 16.7 (1)  – 17.3 (0.9)

Total 17.3 (0.9) 15.4 (2) 14.3 (2.6) 13.5 (1.5) 15.14 (2.43)
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which were entered as covariates in an ANCOVA, PD pa-
tients obtained lower total FAB scores than normal con-
trols [PD = 13.7 vs. normal controls = 14.9; ANCOVA, 
F(1,166) = 15.6, p < 0.0001]. This result indicates good 
discriminant validity of the FAB. The total FAB score was 
also applied to a discriminant analysis between normal 
controls and PD patients; it proved able to correctly clas-
sify 70.3 % of the cases (F = 30.45; Wilke’s lambda = 0.848, 
p < 0.00001). ANCOVAS on the FAB subscores were car-
ried out to determine which subtests discriminate better 
PD patients from normal controls. PD patients per-
formed significantly worse in Similarities [PD = 1.5; 
normal controls = 1.8; ANCOVA, F(1,166) = 15.6, p < 0.02] 
and Go-No-Go subtests [PD = 1.6; normal controls = 2.3; 
ANCOVA, F(1,166) = 20.51, p < 0.0001]. In the remaining 
FAB subtests, PD patients and normal controls did not 
differ significantly (Fs < 1).

Concurrent validity was analyzed by calculating par-
tial correlations between scores on the FAB and the other 
measures of EFs. Significant correlations were found for 
almost all measures (Table 4). Patients with higher scores 
on the FAB produced more words on the phonemic 
(r = 0.41, p < 0.01) and semantic lexical fluency tests 
(r = 0.28, p = 0.05); they made fewer perseverative errors 
on the WCST (r = –0.43, p < 0.01) and were faster on TMT 
Parts A (r = –0.41, p < 0.01) and B (r = –0.41, p < 0.01). As 
for normal controls, a positive correlation between FAB 
and MMSE scores was observed (r = 0.5, p < 0.01). A pos-
itive correlation with Raven’s Colored Matrices was also 
obtained (r = 0.43, p < 0.01). Results on the short-term 
memory measure were not correlated with the FAB 
(p > 0.05 for both forward and backward digit span). Fi-
nally, with the exception of Prehension Behavior, all of 
the FAB subscores were significantly correlated with the 

Score Subtest

Similarities Fluency Luria´s
Motor Series

Conflictual
Instructions

Go-No-Go
Task

Prehension
Behavior

0  3 (2.5)  3 (2.5)  0 (0)   0 (0)  2 (1.6)   0 (0)

1 39 (32) 17 (13.9)  4 (3.3)   4 (3.3) 27 (22.1)   0 (0)

2 48 (39.3) 31 (25.4) 21 (17.2)  16 (13.1) 25 (20.5)   0 (0)

3 32 (26.2) 71 (58.2) 97 (79.5) 102 (83.6) 68 (55.7) 122 (100)

Table 3  Frequency distributions of the scores in 
the single subtests of the FAB for the healthy sample 
(N = 122; numbers in brackets represent percent-
ages)

Tests of general cognitive function, visuospatial reasoning and verbal short-term memory

n mean s.d. Correlation with
FAB total score (r)

P value

MMSE 50 28.04 1.28 0.50 < 0.01

Raven’s Colored Progressive Matrices 47 22.83 4.31 0.43 < 0.01

Digit Span – Digits Forward 49  5.04 1.02 0.19 ns (0.19)

Digit Span – Digits Backward 49  3.31 1.07 0.09 ns (0.55)

Tests of frontal executive function

Verbal fluency – phonemic (total F-A-Sa) 49  18.69   8.7 0.41 < 0.01

Verbal fluency – semantic (animals) 50  13.42   3.75 0.28 0.05

Wisconsin CST – number of categories 45   2   1.69 0.19 ns (0.21)

Wisconsin CST – perseverative errors 45  40.82  21.48 –0.43 < 0.01

Trail Making Test A (sec to complete) 49  92.14  45.05 –0.41 < 0.01

Trail Making Test B (sec to complete) 47 376.96 208.98 –0.41 < 0.01

FAB (total score) 50  13.04   1.81 1 < 0.01

 FAB – similarities 50   1.26   0.75 0.56 < 0.01

 FAB – lexical fluency 50   1.92   0.83 0.49 < 0.01

 FAB – motor series 50   2.72   0.57 0.35 < 0.05

 FAB – conflicting instructions 50   2.58   0.76 0.49 < 0.01

 FAB – Go-No-Go 50   1.56   0.84 0.48 < 0.01

 FAB – prehension behavior 50   3   0 b b

a Letters used in the phonemic verbal fluency test; b Not computed because the variable Prehension Behavior is 
constant (all subjects 100% correct)

Table 4  Mean scores on the neuropsychological 
tests for patients with Parkinson’s disease and 
correlations with total FAB scores
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total score. So, five out of six subtests contribute to the 
total FAB score. 

Discussion

The usefulness of the FAB for the assessment of execu-
tive dysfunction in PD was put under scrutiny. Our main 
findings can be summarized as follows. There was a re-
duction in the total FAB scores in PD patients as 
 compared to healthy participants, indicating that this 
battery has good discriminant validity. Significant cor-
relations were obtained between results on the FAB and 
on the other measures of EFs, which indicate that the 
FAB also has good concurrent validity. Good internal 
consistency, measured by Cronbach’s alpha in healthy 
participants, was also observed. Overall, these results 
confirm the good psychometric properties of the FAB 
initially established by Dubois et al. [7] and further ex-
tend it to PD. 

In healthy participants, FAB scores were positively 
influenced by education and negatively influenced by 
age. The influence of age was also manifest in PD pa-
tients. These results are consistent with previous ones 
from Italian samples [1, 15] and highlight that it is im-
portant to consider these two factors in neurocognitive 
assessment. We also obtained a positive correlation be-
tween FAB and MMSE scores in healthy and PD partici-
pants. Although such a correlation was not observed by 
Dubois et al. [7] nor by Appollonio et al. [1], it was also 
reported in Beato et al.’s study with the elderly healthy 
subjects [4]. This correlation could be interpreted as a 
weakness in the discriminant validity of the FAB; how-
ever, the MMSE also examines some frontal/executive 
processes (e.g., attention and calculation; subtest Lan-
guage, 3-stage command) and this overlap could explain 
the correlation. Nevertheless, more data are needed to 
clarify the relation between the FAB and the MMSE, as 
well as the general question of how the FAB relates to 
more general measures of cognitive functions. Paviour 
and colleagues [20], for example, have documented cor-
relations of FAB scores with verbal IQ (WAIS-R), and 
with the general index of cognitive level measured by 
the Nelson Adult Reading Test, NART. 

It was also observed that the FAB subtests are not 
equally discriminative, the finer ones being Similarities, 
Fluency and Go-No-Go. Similarities and Fluency were 
also found to be the most discriminative by Appollonio 
et al. [1]. The least discriminative was Prehension Be-
havior, a subtest that aims to evaluate environmental 
autonomy (after asking the patient to put his/her hands 
palms up on his/her own knees, the examiner brings his/
her hands close to the patient’s left and right hand-palms 
and touches them without saying anything; the patient 
is given the maximum score if he/she does not sponta-
neously grasp the examiner’s hands). This subtest has 

rarely elicited a score lower than 3 in healthy partici-
pants [1, 15], and in clinical groups such as Alzheimer 
disease [19]. In our study, all participants, healthy and 
PD, had the maximum score.

In PD patients, the prediction that the FAB scores 
would be reduced, reflecting the executive dysfunction 
that characterizes this disease [6], was confirmed. They 
scored lower than normal controls, even after correcting 
for significantly related covariates such as age, education 
and MMSE scores. It is noteworthy that this result can-
not be explained by the patients’ levels of depression, 
since this variable did not impact the performance on 
FAB in the regression analysis. Because the relatively low 
mean age of our sample (59.9 yrs; in community based 
studies: 65.4 yrs in [20]; 70.5 yrs in [21]) might limit the 
generalizability of this result, we calculated a separate 
ANCOVA for a subgroup of older patients (n = 12, aged 
65 to 70 years). The difference between controls and pa-
tients was again obtained (p < 0.03), thus confirming 
that the decrement in FAB scores brought about by PD 
occurs for older patients as well as for younger ones. Re-
garding FAB subscores, differences between controls 
and patients were significant only in the Similarities and 
Go-No-Go subtests. In Prehension Behavior, as indicated 
above, all the patients had the maximum score. These 
results, together with those from healthy participants in 
ours and other’s studies [1, 15], lead us to suggest that 
the discriminative power of FAB might increase if the 
scores of the different subtests were differently weighted. 
Because Similarities, Fluency and Go-No-Go are more 
discriminative, these subtests should have a stronger 
contribution to the total score; on the other hand, given 
that Prehension Behavior reaches almost always the 
maximum score, it could be given less weight. 

Another goal of this study was to establish the con-
current validity of the FAB for use with PD patients. FAB 
scores were significantly correlated with verbal fluency 
tests, with perseverative errors in the WCST, and with 
TMT. These correlations strongly indicate that the FAB 
does measure executive functioning (it has good con-
current validity). A correlation with the Raven’s Colored 
Progressive Matrices (that tests visuospatial reasoning) 
was also observed. This may be due to the fact that vi-
suospatial deficits tend to coexist with frontal deficits in 
PD [5, 6]. By contrast, and indicating a good discrimi-
nant validity, the performance on the FAB was not cor-
related with short-term memory as measured by the 
Digit Span Test. Regarding diagnostic issues, a limita-
tion of the present study is the absence of a direct com-
parison between clinical groups; in further studies, the 
inclusion of patient control groups with other akinetic-
rigid syndromes should be considered since the differ-
ential diagnosis between these syndromes and PD is of 
clinical relevance [20].

In sum, our results show that the FAB is a useful tool 
to identify executive dysfunction in PD, giving helpful 
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information for the diagnosis of this disease and for the 
evaluation of cognitive decline. The finding that FAB 
scores correlate with well established measures of fron-
tal lobe function is important for clinical purposes be-
cause it indicates that a valid and objective measure of 
the EFs can be obtained with a test requiring minor 
training and only about 10 minutes to be administered. 
Furthermore, normative data for a Portuguese healthy 
sample are useful to improve the confidence and accu-
racy in the application of the FAB to Portuguese-speak-
ing patients. 
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