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Abstract

Semantic verbal fluency is widely used in clinical and experimental studies. This task is highly sensitive to the presence of brain pathology
and is frequently impaired after frontal lesions. Besides the total number of words generated, a qualitative analysis of their sequence can add
v examined.
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aluable information about the impaired cognitive components. Thirty-four frontal patients and a group of matched controls were
esides the number of words and subcategories retrieved by each group, we analysed two distinct aspects of the word sequenc
trategy through a semantically organised store and the ability to switch from one subcategory to another. We checked whether th
mpairment changed according to the lesion site within the frontal lobe. Overall, patients produced fewer words than controls. How
ateral frontal patients presented a reduced semantic relatedness between contiguously produced words and a specifically increas
f switches to different subcategories. The performance of lateral frontal patients was in line with the hypothesis of a search strategy
nd cannot be attributed to a switching deficit. The performance of mesial frontal patients could be ascribed to a general deficit of
2005 Elsevier Ltd. All rights reserved.
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. Introduction

The semantic fluency task (Bousfield & Sedgewick, 1944;
ruenewald & Lockhead, 1980; Rosen & Engle, 1997)

equires the subject to produce as many words as possible
rom a given category (e.g. “animals”) within a brief fixed
ime. Although semantic fluency is widely used in clinical
nd experimental studies, it is still debated how the produced
ords should be evaluated in order to optimise the informa-

ion yielded by the task. The number of words produced per
e is highly sensitive to the presence of brain pathology, and is
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al (Udine, Italy), in SISSA (Trieste, Italy), in the S. Maugeri Foundation,
eruno, Italy, in Universit̀a Statale di Milano and in the Università Milano -
icocca (Milano, Italy). The study was approved by the ethical committee
f SISSA.
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useful for basic clinical purposes; however, the same me
does not give information about the specific cognitive s
of the task. For this, we should first consider how sema
fluency operates in normal subjects. Then we can attem
identify which stage of the normal processing is impaire
a patient, also with reference to our knowledge of the f
tions of different parts of the brain. The following facts se
relevant for our analysis.

When requested to produce all the items of a cate
(e.g. “fruit”), healthy subjects tend to generate sequenc
words from the same subcategory, e.g. “soft fruit”, “dr
fruit”, etc. (Gruenewald & Lockhead, 1980; Wixted &
Rohrer, 1994). After having retrieved typical and famili
items of one-subcategory subjects generally shift to an
subcategory. We can presume that shifting to a diffe
subcategory represents a more efficient strategy than
tinuing to retrieve less typical or familiar items from t
former subcategory. Accordingly, a hypothetical seque

028-3932/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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of produced fruit exemplars might be:apple–pear–orange–
tangerine–lemon–apricot–peach–strawberry–blackberry–
raspberry–chestnut–hazelnut–almond–peanut. In symbolic
notation, each word represented by a letter of the alphabet
standing for a specific subcategory, the sequence can be
written as AABBBCCDDDEEEE. Summing up, normal
behaviour seems based on two distinct aspects: knowledge
of the semantic relations within a category as the basis
for forming subcategories, and the tendency to abandon a
subcategory at a given point of the probe, i.e. to “switch”.

Among neurological patients, cases of frontal damage are
of special interest for this task. Frontal patients generate fewer
words in a semantic fluency task (Baldo & Shimamura, 1998;
Troyer, Moscovitch, Winocur, Alexander, & Stuss, 1998).
From a recent meta-analysis, the sensitivity of semantic flu-
ency to frontal lesions is comparable to that of letter fluency
and is higher than that of the Wisconsin Card Sorting Test
(Henry & Crawford, 2004), although different lesion sites,
particularly the left temporal lobe, can also cause an impair-
ment. Troyer, Moscovitch and Winocur (1997)suggested
that semantic fluency implies an executive function devoted
to strategic retrieval processes and monitoring (the “frontal
lobe” component) while a different component would be
responsible for automatic encoding and information retrieval
(the “temporal lobe” component). Imaging data provide fur-
ther evidence in favour of the crucial role of frontal areas in the
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a suitable search strategy during the word retrieval process:
we term this “loss of strategy”. In this case, the sequence of
produced words would be no longer grouped in subcategori-
cal clusters. As a consequence, we should observe a lower
average relatedness between successive words and a cor-
responding higher frequency of relative switching between
different subcategories.

A further type of deficit might affect the ability to abandon
an old subcategory for a new one, i.e. to switchafter the pro-
duction of the main exemplars of a given subcategory in order
to avoid excessive slowing down of the retrieval speed. An
example of a sequence that may be produced by a patient suf-
fering from switching deficit is:orange–tangerine–lemon–
grapefruit–clementine–strawberry–blackberry–gooseberry–
blueberry–raspberry, in symbolic notation AAAAABBBBB.
In the case of an inability to abandon a perused subcategory,
defined here as “loss of switching”, we would expect
a lower switch rate and a higher semantic relatedness
between successive words. Moreover, this class of patients
is also expected to explore less subcategories than healthy
participants.

Frontal patients could also suffer from an initiation
and activationdeficit and be simply slower while retrieving
each item of the sequence. The sequence produced in this
case would be similar to the normal one but the number of
words would be lower due to the time constraint. Also the
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eural network subserving semantic fluency (Frith, Friston
iddle, & Frackowiak, 1991; Gurd et al., 2002; Warburto
t al., 1996).

Given these findings, a consequent research task is to
ify which of the cognitive functions normally working durin
emantic fluency can be ascribed to the frontal lobes, as
nactivation is presumably responsible for the impairm
hat frontal patients present in this task. The most likely
idates (Stuss & Levine, 2002; Troyer et al., 1998) are: (i) the
eneration and implementation of an effective search
gy; (ii) the ability to switch between different subcategor
iii) the ability to initiate a task and keep it activated; (iv)
bility to monitor the task (useful, for instance, for avoid
epetitions of already retrieved words). These aspects de
closer analysis.
Compliance with a strategyis essential to conduct an e

ient search through a semantically organised store su
he semantic memory. The hallmark of a disorganised se
hrough semantic memory is the production of a disor
sed word sequence. An example of such a sequence f
ategory “fruit” may be:apple–orange–cherry–blackberry–
ear–tangerine–banana–raspberry–lemon–apricot; in sym-
olic notation, the sequence is ABCCABDCBE. The sa
ffect on sequence organization could depend on a sem
emory damage able to scramble the common assoc
nd categorical links among the items; however, the litera
oes not report reliable cases of primary semantic deficit

o frontal dysfunction. Therefore, we should presume
lthough the semantic store per se is spared in frontal pa
Sylvester & Shimamura, 2002), it cannot be acted upon
umber of subcategories and absolute number of swi
ould be less, while the relative number of switches and a
ge semantic relatedness between successive words
emain unaffected. In symbolic notation, a performanc
his type might be AABBBCC (compare with the seque
or healthy controls: AABBBCCDDDEEEE).

Finally, a failed monitoringof already retrieved words
lready used cues would increase the repetitions. The
nce of this deficit on semantic relatedness or on the nu
f switches would depend on whether or not the repeti
re included in the computations.

The literature provides evidence that the cognitive fu
ions cited above are related to the frontal lobes or
o more circumscribed parts of these structures. Fr
atients present deficits in the generation and implem

ion of strategies (Alexander, Stuss, & Fansabedian, 20;
urgess & Shallice, 1996b; Fletcher, Shallice, & Dolan
000; Gershberg & Shimamura, 1995; Incisa della
occhetta & Milner, 1993; Owen, Downes, Sahakian, Polk
Robbins, 1990; Stuss, Alexander, Palumbo, & Buck

994), in switching between cognitive sets (Owen, Roberts
olkey, Sahakian, & Robbins, 1991; Troyer et al., 1998
arrington, 2000), in the initiation of responses (Burgess
Shallice, 1996b; Godefroy, Lhullier-Lamy, & Rousseau

002) and in the monitoring and checking of an ongo
ask (Henson, Shallice, & Dolan, 1999; Luu, Flaisch, &
ucker, 2000; Reverberi, Lavaroni, Gigli, Skrap, & Shallic
005).

Coming back to semantic fluency, what we need is a
o evaluate the status of the different cognitive compon
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of the task starting from a raw series of words. In an influen-
tial work, Troyer and collaborators (1997) devised a princi-
pled solution based on a two-component model of memory
search (Moscovitch, 1992), which assumes the existence of
an executive component devoted to strategic retrieval pro-
cesses and monitoring and another component responsible
for automatic encoding and information retrieval. Accord-
ingly, Troyer and collaborators introduced two indices for
scoring semantic fluency, that they termed “switching” and
“clustering”. Switching was defined as theabsolute num-
ber of transitions between subcategories and clustering was
defined as the average number of words of semantically
related items in a sequence (“cluster”). In the study by Troyer
and colleagues, frontal patients produced a lower number of
words and, interestingly, a lower absolute number of switches
between subcategories. However, in our opinion, theabso-
lute count of the switches between different subcategories
does not help to discriminate among the above-mentioned
possible components of frontal impairment. In fact, all the
factors that decrease the number of produced words can also
affect theabsolute switch index. In particular, a mere initia-
tion deficit would decrease the absolute number of switches,
as a potentially normal sequence would be cut only because
of its slow production (see online supplementary material
for an extended discussion of these points). Strong criticism
based on the numerical implications of the proposal of Troyer
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the approach for analysing semantic fluency proposed by
Reverberi et al. (2004)closely fits the aims of the present
study. Moreover, proximity data also grants a sound and emp-
irically validated way to identify the taxonomical tree of the
explored category, providing a principled definition of the
subcategories. Indeed, only through a stringent definition of
the subcategories and a list of their components the num-
ber of switches can be reliably quantified. Since the absolute
number of switches is ambiguous, it seems wiser to calculate
therelative number of switches with respect to the sequence
length.

The aim of the present report is to analyse the cognitive
dimensions that characterise the semantic fluency impairment
of frontal patients. We studied a sample of patients affected
by frontal lesions by means of some original indices derived
from previous studies on healthy participants carried out by
our group. As the literature suggests that the mesial aspects
of the frontal lobe are related to general activation while the
lateral aspects are crucial for strategy compliance, we aimed
to verify whether the type of performance of our patients
differed according to the locus of the frontal lesion.

2. Material and methods
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nd colleagues was made byMayr (2002), while Reverberi
apitani and Laiacona (2004)pointed out the danger co
ected to a too-loose definition of subcategories and, c
uently, of switches.

Considering the different criticisms put forward rega
ng the “clustering” and “switching” indices, Reverberi a
olleagues (2004) suggested a different approach that a
ounting switches but introduces instead an index for des
ng the structure of the word sequence. Studying the
gory “fruit”, the authors preliminarily collected seman
roximity ratings for each pair of the 32 items most
uently produced in a semantic fluency task. Using t
ata, they computed the average semantic proximity bet

he pairs of successively produced words, a quantit
ndex that reflects the degree of semantic organization
equence.

The average semantic proximity seems a promising i
or rating the semantic structure of a series of words1 and

1 As an example of how this index works consider again the above
ents of sequences, “normal” versus “disorganised”, and the sequ

epresentative of “switch” and “initiation” deficits (the proximity of ea
tem to the following in the sequence is reported):

(i) Example of a hypothetical normal production: the average proxi
is 6.77 (apple-8.41-pear-3.81-orange-9.47-tangerine-8.41-le
2.33-apricot-7.50-peach-5.00-strawberry-8.31-blackberry-9.68-
berry-2.10-chestnut-6.50-hazelnut-9.00-almond-7.55-peanut).

(ii) Example of a clearly disorganised production: the average p
mity is 3.59 (apple-5.47-orange-2.81-cherry-6.68-blackberry-2
pear-3.55-tangerine-3.10-banana-2.20-raspberry-3.55-lemon
apricot).
.1. Participants

Thirty-four patients with a single frontal focal lesi
etected after either CT or MRI scan were recruited f

he Neurological and Neurosurgical ward of the Ospe
ivile of Udine (Italy): patients were classified as suffer

rom mesial or lateral lesions by two radiologists, and th
as a complete agreement between their classification
atients gave their consent to participate in the study. The
logy was mixed (Table 1). Exclusion criteria were a clinic
istory of psychiatric disorders, substance abuse or a pre
eurological disease, neuro-radiological evidence of dif
rain damage, and age under 18 or over 70 years.

Length of illness ranged from 15 to 1579 days, and
ot significantly differ between the two subgroups with
ral and mesial lesions (Mann–Whitney test,P > 0.10). For

he neoplasia cases time from surgery was taken as the
f illness. Thirty-six normal volunteers, recruited from
atients affected by slipped disc pathology at the Udine h

(iii) Example showing a switch deficit: the average proximity is7.76
(orange-9.47-tangerine-8.41-lemon-8.75-grapefruit-8.05-clemen
2.22-strawberry-8.31-blackberry-8.17-gooseberry-8.00-bluebe
8.50-raspberry).

(iv) Example showing an initiation deficit: the average proximity
6.66 (apple-8.41-pear-3.81-orange-9.47-tangerine-8.41-lemon-
apricot-7.50-peach).

The proximity index should decrease in the case of a strategic d
ncrease in the case of a switch deficit but should not be sensitive to init
roblems since a fairly “organised” sequence can be produced with

ew words.
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Table 1
Number of patients and aetiology for each lesion group

Mesial frontal
lesions

Lateral frontal
lesions

Frontal patients
overall

Glioma 2 2 4
Meningioma 15 8 23
Ependymoma 1 – 1
Stroke 2 3 5
Histiocytosis – 1 1

tal and from patients’ relatives, constituted the control group.
Controls and patients were matched for age and education
(Table 2).

2.2. Examination procedure

Participants were asked to produce as many words as pos-
sible within 3 minutes from the category “fruit”. They were
explicitly instructed to say aloud any fruit name that “popped
into mind” during the search, even if they were aware of
repeating themselves. Thepop in mind procedure (Rosen &
Engle, 1997) was preferred over the standard one (in the com-
mon test setting participants are asked to avoid repetition)
since we were interested in analysing retrieval processes, not
the post-retrieval stages such as monitoring and checking. If
participants had been instructed to avoid uttering repetitions,
an unpredictable distortion could have been introduced in the
underlying real sequence.

Before beginning the fluency task with the category
“fruit”, participants were given an example of a correct
sequence for the category “colours”. A “pop in mind” flu-
ency trial lasting 45 seconds with the category “animals”
was also carried out to ascertain task comprehension and the
compliance with instructions.

In contrast with most studies from the literature where the
allotted time was 1 minute, we collected fluency data over a 3
m eries
f of the
t uent
o

2

-
mber

of produced words (new plus repeated), and was submit-
ted to angular transformation.

(iii) The number of Subcategories represented in the list of
produced words. We used a non arbitrary classifica-
tion of fruit into discrete subcategories, based on the
authors’ previous study (Reverberi and collaborators,
2004). In that paper we estimated the semantic proxim-
ity on a 1–10 scale (where 10 indicates the top similarity)
between all the pairs derived from the set of 32 most
frequently produced fruit names. Using these data, we
identified five fruit clusters by means of a cluster anal-
ysis of the above 32 items. By means of discriminant
analysis we fixed the threshold of semantic proximity
that best discriminated pairs of fruit exemplars belong-
ing to the same cluster from pairs belonging to different
clusters (5.84). In the present study, 84 fruit names were
produced by patients and controls. The semantic prox-
imity for each of the 420 additional pairs of fruit items
was estimated by eight healthy participants (see later).
All items whose mutual semantic proximity (with the
corresponding item of the pair) was higher than 5.84
were included in the same subcategory. In this way we
identified 15 groups of fruit, eight of which included
more than two items.

The subcategory analysis was carried out consider-
ing both the raw number of produced subcategories and

the
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T
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ateral ipants

N 4
M 50 (12)
M 8.8 (2.
G 0.50
L 566 (
inutes period. This was so in order to collect a larger s
or analysis and better evaluate the strategic aspects
ask (which can be better discerned after the most freq
r familiar words of a category have been uttered).

.3. Scoring and experimental measures

We registered for each subject:

(i) The number of New Words produced in 3 minutes.
(ii) Thenumber of Repeated Words. This variable was intro

duced in the analysis as a percentage of the total nu

able 2
emographic variables of patients and controls

Mesial frontal patients L

umber 20 1
ean age (S.D.) 54 (14)
ean education (S.D.) 9.0 (3.2)
ender (female rate) 0.56
ength of illness in days (range) 352 (22–1555)
the relative number of subcategories with respect to
total number of produced words. The usefulness of t
different ways of scoring subcategories is that we h
different empirical expectations regarding these m
sures according to at least two of the hypotheses a
the nature of the cognitive deficit of frontal patients: (
switching deficit and (ii) an initiation deficit. In the ca
of a pure switching deficit we would expect a decrea
both the raw number of subcategories and the propo
of subcategories over the total number of uttered wo
In the case of an isolated initiation deficit we wo
expect to find adecrease in the number of produced su
categories, because the sequence production is s
down, but a normal proportion of subcategories w
respect to the total number of words. Finally, in the c
of a strategic deficit the predictions regarding subc
gories are less straightforward, but neither a decrea
the raw score nor a decrease of the proportional s
would be expected.

(iv) TheRelative Number of Switches, i.e. the ratio of the raw
number of observed switches divided by the total n

frontal patients Frontal patients overall Control partic

34 36
52 (13) 47 (9)

9) 8.9 (3.0) 10.3 (3.6)
0.53 0.53

15–1579) 455.5 (15–1579) –
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ber of words generated minus 1, including repetitions.
On the basis of our proximity data, we calculated the
absolute number of switches between subcategories. A
switch was defined as any transition between two items
that had a proximity index lower than 5.84. In the anal-
yses we considered the Relative Number of Switches,
not the absolute number, as we judged it more appro-
priate for the interpretation of the patients’ performance
in the present theoretical framework (see online sup-
plementary material for an extended discussion of this
point). However, also the absolute switch values will be
reported in the results.

(v) TheOrder Index. The main reason for introducing this
index was the observation that the number of switches,
number of subcategories and number of produced words
are not independent. Because the range of possible num-
ber of switches depends on both the number of subcat-
egories and number of produced words, the compara-
bility of the number of switches of different subjects
could be undermined if these subjects present differ-
ent amounts of produced words and subcategories. A
way to make the number of switches from different
participants comparable is to calculate the discrepancy
between the theoretical maximum number of switches
and the actually observed number of switches, and to
divide this discrepancy by the difference calculated as

he
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2.4. Statistical analysis

2.4.1. Our experiment had three dimensions:
(A) The number of produced words, partitioned into the sub-

types of New Words and Repeated Words.
(B) The number of Subcategories produced by each subject

and the percentage of Subcategories with respect to the
total number of produced words (also the latter under-
went the angular transformation).

(C) The “order” according to which the words were pro-
duced. This dimension can be assessed by each of the
three variables listed above, i.e. the mean Semantic Prox-
imity between each successive pair of produced words,
the Order Index, and the Relative Number of Switches.
In principle, the first of the above measures, that reflects
the whole sequence, should provide distinct informa-
tion with respect to the quantification of a discontinuous
phenomenon like switching. Notwithstanding its theo-
retical limits, we still included relative switching as a
variable because the concept of switching has been used
very often in the literature on frontal lobe disorders. We
adopted an overall protection for Semantic Proximity,
Order Index and the Relative Number of Switches.

According to the dimensions of the experiment, we
decided to run three families of statistical analyses, and
i ainst
t the
t sub-
j ons
a
m was
n ould
h rful
( 0.05
p

sted
f d out
a n
t eral
a uca-
t nts,
w pro-
c tage,
i ion.

3

s for
e

en
t

A
w orre-
s ts are
follows: theoretically admitted maximumminus theo-
retically admitted minimum number of switches. T
conceptual meaning of the Order Index is analogou
the Relative Number of Switches, but the Order In
has the advantage of avoiding the bias due to inte
pendence of the variables at issue. Moreover, the u
this index could be mandatory if one wishes to co
pare semantic fluency tasks based on categories
encompass a different number of items or subcateg
(e.g. “animals” and “fruit”). See online supplement
material for a detailed explanation on how Order In
was calculated. We have also made available onl
spreadsheet file (both in Microsoft Excel and Open X
standard) devised to automatically compute the ang
and linear Order Index from N, SC and a SW.

vi) The meanSemantic Proximity between each success
pair of produced words. This index was calculated
Reverberi et al. (2004)on a sample of 32 fruit mo
frequently reported in a semantic fluency task. Seve
eight healthy subjects were requested to rate the sim
ity between each pair of fruit. In addition, the sema
proximity for each of 420 additional pairs of fruit item
was estimated by eight healthy participants in o
to have an exhaustive and objective similarity ra
between all the pairs of successive fruit items produ
by the patients included in our experiment. Theo
cally this index ranges on a continuous scale from
10, and, accordingly, the observed values range fr
minimum of 1 (e.g. pine-kernel and watermelon) t
maximum of 10 (e.g. fig and early fig).
n each case to adopt an overall 0.95 protection ag
ype I error. All statistical comparisons within each of
hree dimensions (for all dependent variables and all
ect groups) were carried out with a multiple comparis
pproach. As such, the overall type I error riskper experi-
ent was at most 0.15. Whenever a given comparison
ot significant according to the adopted protection but w
ave become significant if viewed through the most powe
and less protected) approach, i.e. with an error risk of
er comparison, we report this finding as atrend.

The analyses were based on MANOVA and were adju
or age and education. Multiple comparisons were carrie
ccording toRoy and Bose (1953). The difference betwee

he two frontal subgroups was evaluated within a gen
nalysis including also controls, adjusted for age and ed

ion, and in a separate analysis including only frontal patie
here also the length of illness (transformed into its reci
al) was introduced. Whenever a variable was a percen
ts analysis was performed after an angular transformat

. Results

Table 3shows the means of the experimental variable
ach group.

Tables 4a and 4breport the correlation matrices betwe
he most relevant variables displayed inTable 3.

As anticipated in the Methods, a preliminary MANOV
as carried out for each of the three variable sets c
ponding to the dimensions of our experiment. The resul
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Table 3
Means of the experimental variables (S.D. in parenthesis)

Variable Controls (n = 35) Frontal mesial (n = 20) Frontal lateral (n = 14) Frontal patients (n = 34)

Number of produced words
New words 23.09 (5.48) 17.30 (4.62) 18.29 (4.53) 17.71 (4.54)
Repeated words 3.97 (4.63) 5.50 (4.12) 4.64 (3.78) 5.15 (3.95)
Repeated words/total words 0.13 (0.12) 0.22 (0.14) 0.19 (0.14) 0.21 (0.14)
Total Words 27.06 (7.09) 22.80 (6.60) 22.93 (5.00) 22.85 (5.91)

Subcategories
Subcategories 7.83 (1.52) 7.20 (1.37) 7.71 (1.86) 7.41 (1.58)
Subcategories/total words 0.30 (0.07) 0.34 (0.12) 0.35 (0.09) 0.34 (0.10)

Order
Order index 0.35 (0.12) 0.29 (0.08) 0.24 (0.10) 0.27 (0.09)
Relative number of switches 0.67 (0.09) 0.72 (0.07) 0.77 (0.07) 0.74 (0.07)
Semantic proximity 4.81 (0.53) 4.59 (0.42) 4.35 (0.53) 4.49 (0.48)
Absolute number of switches 17.69 (4.92) 15.95 (3.93) 17.50 (4.80) 16.59 (4.31)

Variables that were actually included in the statistical analyses are printed in italics.

Table 4a
Correlation matrix between the variables referring to the type of produced
words that were submitted to the statistical analysis

Repeated words/
total words

Subcategories Subcategories/
total words

New words −0.341 0.604 −0.415
Repeated

words/total
words

−0.281 −0.468

Subcategories 0.252

Table 4b
Correlation matrix between the variables referring to the order dimension
that were submitted to statistical analysis

Relative switching Semantic proximity

Order index −0.937 0.796
Relative switching −0.892

reported as theF approximation of the Wilks’ Criterion. For
the first domain (New Words and Repetitions/Total Words)
the Group factor yielded anF-value of 3.627 with df = 4.126
(P = 0.0078). For the second domain (Subcategories and Sub-

categories/Total Words), theF-value with df = 4.126 was <1
(n.s.). For the third domain (Order Index, Semantic Proxim-
ity and Relative number of Switches) theF-value (df = 6.124)
was 2.663 (P = 0.0183). This means that the number of new
words and the ratio of repeated words to total number of
words differed between groups, and the same conclusion
applies to the order indices, whereas the number of subcat-
egories and their ratio to the total number of words did not.
Accordingly, the multiple comparisons are only warranted for
the dimensions “number of produced words” and “order”.

Tables 5a and 5bshow the outcome of the multiple com-
parisons concerning the variables of the two domains for
which the group effect was significant.

The outcome of the analysis is quite clear. Both frontal
groups produced fewer New Words than Controls, without
any difference between lateral and mesial lesion groups.
The percentage of repetitions was not significantly different
between groups, showing only a trend towards being higher
in the mesial frontal group. The other domain of variables,
which evaluates the semantic relatedness between the suc-
cessively produced words, showed a consistent and robust

Table 5a
Multiple comparisons on the number of new words and the ratio of repeated words to total words

Controls vs. frontal
patients (overall)

Controls vs. frontal
mesial patients

Controls vs. frontal
lateral patients

Frontal patients:
mesial vs. lateral

New words 0.174 (0.105) 0.147 (0.105) 9)
Repeated words/total words 0.083(0.105) 0.079(0.105) 29)

Note: For each comparison we report the observed point of the Generalise significance
threshold. The comparison between frontal subgroups is reported also afte re be
also for the length of illness (second value after the comma). The type I erro nidirec
for the comparisons between Controls and Frontal patients. Significant com erl

Table 5b
Multiple comparisons concerning the variables pertaining to the “order” dime e

Controls vs. frontal
patients (overall)

Controls vs.
mesial patien

Order index 0.145(0.155) 0.046 (0.155 7)
Semantic proximity 0.094(0.155) 0.018 (0.155
Relative number of switches 0.151(0.155) 0.035 (0.155

SeeTable 5afor details on the reported statistics
0.105 (0.105) 0.001 (0.127), 0.002 (0.22
0.040 (0.105) 0.003 (0.127), 0.004 (0.2

d Beta Distribution yielded by the analysis and, in parenthesis, the
r a separate analysis that did not include controls, and could therefoadjusted
r risk was 0.05 for the whole table. The hypothesis was considered utional
parisons are printed in bold. Trends (see statistical methods) are undined.

nsion: order index, semantic proximity and relative number of Switchs

frontal
ts

Controls vs. frontal
lateral patients

Frontal patients:
mesial vs. lateral

) 0.163 (0.155) 0.047 (0.155), 0.115 (0.24
) 0.126(0.155) 0.052 (0.155), 0.148(0.247)
) 0.191 (0.155) 0.052 (0.155), 0.178(0.247)
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Table 6
Effect size of the significant comparisons and for the trends. The values reported in the table refer to Cohen’s d index. The effect size is considered large for
d > 0.80, medium for 0.50 <d < 0.80, and small for 0.20 <d < 0.50. n.s. denotes the comparisons that were originally not significant

Controls vs. frontal
patients (overall)

Controls vs. frontal
mesial patients

Controls vs. frontal
lateral patients

Frontal patients:
mesial vs. lateral

New words 1.07 1.12 0.52 n.s.
Repeated words/total words 0.62 0.71 n.s. n.s.
Order index 0.75 n.s. 0.96 n.s.
Semantic proximity 0.63 n.s. 0.87 0.51
Relative number of switches 0.86 n.s. 1.18 0.71

pattern. The semantic “chain” was less structured for the
frontal lateral group, which significantly differed from con-
trols on two variables concerning this dimension: Order Index
was decreased compared to controls, and Relative Switching
was increased. Moreover, this group showed a robust analo-
gous trend for the third variable, average Semantic Proximity,
which was decreased. Finally, as can be seen fromTable 3, the
lateral frontal group did not have a lower absolute number of
switches. Mesial frontal patients were intermediate between
controls and lateral frontal patients, and never significantly
differed from either group.

Beyond the significance values, the above findings were
confirmed by a study of the effect size according toCohen
(1988)d index: effect size is considered large ford > 0.80,
medium for 0.50 <d < 0.80, and small for 0.20 <d < 0.50.
This analysis confirmed that the effect size was large for
almost all the comparisons that were fully significant on mul-
tiple comparisons (Tables 5a and 5b) with the exception of
the contrast between controls and frontal lateral patients on
New Words (medium effect). Whenever we found a trend,
the effect was at least medium, and in some cases it was even
large. The actuald values are reported onTable 6.

4. Discussion
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subcategories, but a normal proportion of subcategories with
respect to the total words. In the latter case, the sequence
production slows down, but the sequence order should not
be affected. Given the presumed functional heterogeneity of
different frontal regions, we also checked whether distinct
patterns of production were detectable in the groups with
damage restricted either to the mesial or lateral aspects of the
frontal lobes.

The results of our investigations provide some answers
to these questions, and the pattern resulting from our analy-
sis indicates that, as presumed at the outset, the outcome of
frontal lesions changes according to which frontal region is
affected. Therefore, we will first comment on the results sep-
arately for each frontal lesion subgroup and will subsequently
address more general questions regarding the meaning of
switching and strategy deficits.

4.1. Frontal mesial subgroup

Mesial frontal patients produced fewer words than the
control group, but the three order measures showed that the
overall structure of the word sequence was not significantly
different from that of controls. Nor was the number of sub-
categories explored by mesial frontal patients significantly
lower. This outcome does not conform to any of the pat-
terns predicted for our three possible causes. Regarding the
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This experiment focused on some variables aime
escribing thequalitative structure of semantic fluency: (

hree variables sensitive to the order of produced words
o the semantic relatedness of the pairs of successively
uced words, and (b) the number of produced subcateg
based on a stringent definition of subcategory).

The study aimed to contrast three possible causes fo
educed semantic fluency of frontal patients: (i) a stra
oss, (ii) a switching deficit and (iii) an initiation deficit. In t
ase of a strategy deficit we would have expected adecrease
f the order of the word sequence (thus, a decrease of

ndex and average Semantic Proximity and an increa
elative Switching) but anormal (or even increased) num
er of subcategories. In the case of a pure switching d
e would have expected anincrease of the sequence ord
nd adecrease of both the number and the proportion
ubcategories explored. Finally, in the case of an isolate
iation deficit we would have expected to find adecrease of
oth the number of produced words and the raw numb
rder measures, the mesial frontal group means are int
iate between controls and the lateral frontal group. H
ver, this group shows a trend towards producing sequ
ore ordered than the lateral frontal patients, but no tre

owards beingless ordered with respect to normal subjec
y itself, normally ordered sequences are compatible
n initiation deficit hypothesis, but we cannot safely end

his conclusion because the mesial frontal group did
roduce a significantly lower number of subcategories
omparison between control and mesial frontal group
he raw number of subcategories measure only approa
ignificance (P = 0.066, one tailed) when judged w
he minimal protection (“hypothesis-wise”) against typ
rror.

On the whole, we think that a loss of activation is m
ore likely than a disruption of the search strategy to be

ight explanation for the fluency impairment of this gro
ut for reaching a definite conclusion a more powerful ex

ment is in order.
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4.2. Lateral frontal subgroup

The frontal lateral subgroup generated a lower number of
words while the number of subcategories did not significantly
differ from controls. However, at variance with the mesial
subgroup, their word sequences were significantly less orga-
nized than the sequences of the controls: Order Index was
decreased and Relative number of Switches was increased
with respect to the Control group, and Semantic Proximity
showed a trend toward decrease. Finally, they did not pro-
duce significantly more repetitions than the Control Group.
This pattern clearly conforms to the predictions of the strate-
gic deficit hypothesis. The number of produced subcategories
was very similar to that of control subjects, and this makes it
very unlikely that we are in the presence of a failed rejection
of the null hypothesis.

4.3. Semantic fluency and switching deficit

One of the better known and documented phenomena
presented by patients with frontal lesions is perseveration
behaviour, i.e. the repetition of former responses and the
inability to switch a response pattern to meet changes in
task demands (Milner, 1964; Owen et al., 1991; Stuss et al.,
2000; Warrington, 2000). On this basis, a switching deficit
has been hypothesised to follow lesion to frontal lobes,
p
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missed detection of experimental effects at this level. On the
contrary, the lack of significant differences in word repetition
between Controls and the Lateral Frontal Group suggests that
the latter group does not show perseverations at the semantic-
lexical level.

Secondly, the majority of tests used to induce and docu-
ment perseveration errors (not simply an increased switching
time cost) are rule attainment tasks such as the Wisconsin
Card Sorting Test (Stuss & Levine, 2002; Stuss et al., 2000)
and other instruments modelled on it (Burgess & Shallice,
1996a; Delis, Squire, Bihrle, & Massman, 1992; Owen et al.,
1993; Owen et al., 1991). In this family of tests participants
are required to sort the presented stimuli according to one
of several possible criteria (e.g. for the WCST, colour, shape
and number). At a given point, participants must abandon
the former criterion and shift to a new one according to a
change in the feedback provided by the examiner. Critically,
the criterion or cognitive set to be abandoned in favour of a
new one would probably have received, before the switch-
ing request, an amount of positive reinforcement that could
be substantial (e.g. in the WCST version in the paper by
Stuss et al., 2000the criterion changes after ten consecu-
tive correct responses). It might be that a high activation of
a particular cognitive set ismandatory in order to induce
perseveration errors. An empirical finding consistent with
our results and with the above discussed hypothesis is the
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articularly to their lateral aspect (Stuss & Levine, 2002).
n agreement with this theoretical expectation, a stud
emantic fluency by Troyer and collaborators (1998) ar
hat switching deficit is one of the leading causes of the fro
mpairment on semantic fluency. In the present study, h
ver, lateral frontal patients did not repeat significantly m
ords than controls, and the qualitative aspects of sem
uency in lateral frontal patients did not reveal the pres
f any switching deficit. Should this outcome be consid

n conflict with the theory and previous findings?
First, we need to discuss the possible claim that if we

sked participants to avoid uttering repetitions we might
bserved a difference in the repetition index between fro
atients and controls. We agree that this is a possibility. H
ver, the latter policy would have blurred the interpreta
f the hypothetical increase of repetitions. In fact, whe
articipant repeatedly utters the same word, two serial e
re necessary: (i) an already retrieved word continues to

nto mind” at a rate higher than normal, and this compone
ctive in the phase of semantic-lexical search; (ii) the pa
ant is unaware that the actually retrieved word is a repe
nd the utterance is delivered as if it were a new word.

atter phenomenon can be interpreted as a monitoring d
he very contribution of the “pop in mind” procedure is
iscriminate the origin of repetitions, since the monito
eficit component would be excluded by the explicit requ
ent to “say aloud repetitions as well”. As such, given
e were interested in the repetitions that arise at the sem

exical level (i.e. at the level of the search process), the
n mind” procedure cannot be considered responsible fo
bsence of perseveration errors in the Brixton task (Burgess
Shallice, 1996a; Reverberi et al., 2005). The Brixton task

s a rule attainment test modelled on the WCST but w
ses a less strong reinforcement schedule and more ab
ules. The settings in the semantic fluency task are eve
rone than those of the Brixton task to induce persev

ion behaviour, at least if the category “fruit” is used.
fluency test, a reasonable measure of the activation

iven subcategory at any step (s) of the test is the number
imes the subcategory active at (s-1) has been consecutive
ccessed or used. In our experiment the average cluste

or the control group – not reported in the Results –
.37 (starting the count from thefirst word of a cluster), an

herefore the average subcategory activation during th
ncy test might not have been strong enough to trigger a
f perseverative responses. It could be that in a fluency
ased on semantic categories endowed with larger se

ic clusters and stronger subcategory internal correlat
rontal patients might produce a larger number of perse
ion responses.

Third, Troyer et al. (1998)found that frontal patients ha
significantly lowerabsolute switching score than contro
hich they explained as a sign of a cognitive-shifting de
uring the task. There are both interpretation and emp
ifferences between the present study and the one by T
nd collaborators:

(i) Interpretation differences. The measure of switchin
deficit used by Troyer and collaborators – theabsolute
number of times a participant departs from a part
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lar subcategory – is sensitive also to initiation deficit,
another cognitive deficit that can affect patients with
frontal lobe damage. Therefore, the pattern found by
Troyer and collaborators could also be explained by
reference purely to an initiation deficit (see alsoMayr,
2002), particularly if we consider that only one minute
was granted to participants to accomplish the task. The
interpretation uncertainty between a deficit of switching
or initiation, however, does not apply to the decrease of
therelative switch index used in the present study.

Moreover, it can be easily verified that the relative
number of switches is closely related to the reciprocal of
the average cluster size (see online supplementary mate-
rial for further detail), another variable used byTroyer
et al. (1998). On the basis of this correspondence, we
can say that either our frontal lateral patients presented an
increase of relative switches or they presented a decrease
of average cluster size, and these conclusions would have
the same empirical content. Theoretically, we have inter-
preted an increase of relative switching (i.e. a decrease
of average cluster size) in a frontal damaged sample as
a sign of strategy deficit, while Troyer and collaborators
considered the decrease of average cluster size only a
hallmark of temporal lobe damage.

(ii) Empirical differences. Troyer and collaborators (1998)
found no significant differences in either frontal or tem-
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deficit during a pure retrieval task such as semantic fluency,
and (ii) it shows that the lateral frontal lobes are one of the
crucial anatomical substrates for the creation and implemen-
tation of an efficient retrieval strategy.
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